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107 - Collaborative logistics and planning in the forest sector

KG | - 1228 (Uni Freiburg)
IUFRO17-4001 Routing of logging trucks in Norway

Ronngvist, M.* (1); Fjeld, D. (2); Flisberg, P. (3)
(1) Université Laval, Quebec, Canada; (2) NIBIO, As, Norway; (3) Foretry Research Institute of Sweden, Uppsala, Sweden

Abstract: Routing of logging trucks when many aspects are considered is difficult. A system called Calibrated Route Finder has been developed
in Sweden and is currently in use. This project looks into the question if the same system is also applicable in Norway. There are a number of
differences. One is the tariff system. Another is the road characteristic. There are many more mountains in Norway and the roads are steeper.
We look into a process to test the Swedish system in Norway. We discuss some alterations and their advantages/disadvantages. We test on a
number of collected preferred routes in Norway.

Routing, network, roads, transport, collaboration

KG | - 1228 (Uni Freiburg)
IUFRO17-512 Balance Technical Efficiency and Harvesting Volume/Area at the Regional Forestry Timber Production

Nitami, T.* (1)
(1) Forest Utilization, Dep. Forest Sciences, TOKYO, Japan

Abstract: In the business of regional forest utilization, the process condition grasping and the evaluation to decision making on business flow are
inevitable for profitable forestry through the complex of multi processes and the compositions. ICT cloud system is useful to create the service
system to support their tasks by functions. It is provided by the database on the site data, the operation data, the product data, data on the
commercial flow, the transportation data, and so on, and the set of assistant tools for decision making through them. The framework composition
and the function mechanism for introduce them above need us to balance equipping techniques and the production volume considering the
regional forestry business maturity and the scale. Here it assumed to use a tower yarder operation to produce 50 m3/day/team, in a forestry
region where final felling in 60 years and thinning in 20 and 40 years thorough sustainable circulating management, then we have the annual
man-made forest operation around in 900 ha. A model to find the balance was discussed and the detail variation was studied when introducing
thinning efficiency and so on.

harvesting, forest planning, machinery, balance

KG | - 1228 (Uni Freiburg)
IUFRO17-4166 Potentials for developing geographical barter in Norwegian wood supply

Fjeld, D.* (1); Rénnqvist, M. (2)
(1) NIBIO, As, Norway; (2) Université Laval, Quebec, Canada

Abstract: The practice of wood barter between procurement organizations is used to both balance supply and reduce transport costs. Barter
between assortments and supply periods is used primarily to attain balance while geographical barter has been shown to potentially reduce
transport costs by between 5 and 15 percent. The goal of this study was to examine the potential transport cost savings for geographical barter in
varying topographies in Norway. Three case studies were made: i) direct flows of one assortment to three sawmills, ii) combined road and rail
flows of one assortment to two main pulpwood markets, and iii) direct flows of four assortments to five sawmills. For direct flows in the most
constrained topography the total potential cost savings was limited to 4 percent. For combined road and rail flows over a larger area the potential
total savings varied between 11 and 13 percent. While restrictions for individual rationality prevented increased costs for any part, the suggested
solution provided competitive advantage for only one market. For the final case of four assortments to five mills the savings varied from 0 to 10
percent between assortments. In this case, there were clear patterns of cross-flows of the same assortment generating mutual savings for both
parts with easily identifiable areas for potential barter.

collaboration, transport costs, business models

KG | - 1228 (Uni Freiburg)
IUFRO17-1009 Collaboration through standardization

Rénnqvist, M.* (1); Flisberg, P. (2); Svenson, G. (2)
(1) Université Laval, Quebec, Canada; (2) Foretry Research Institute of Sweden, Uppsala, Sweden

Abstract: Standardization is a powerful approach to enable collaboration. A standardized definition of log products enables wood bartering
between two or several companies. This may lead to savings in the range 5-15%. Standardized distance measurement make it possible for
transporters to work with several companies in a fair and transparent process. Best practice among stakeholders can be used to balance a range
of conflicting objectives and support the most efficient routing to drivers. The weights are set through an inverse optimization process where
detailed description of best practice is used as a baseline. The routes generated with the weighted objective aims to minimize stress, cost, fuel
consumption, emissions and increase traffic safety. We describe such a system developed in Sweden which has been used since 2010 by the
SDC, the logistic hub in Swedish forestry, and today is used by more than 60% of the overall 2 million transports done. We provide a description
of some of the most important historical development of the system and how it is implemented at more than 100 companies. Today most
contracts are based on the distance and special additions takes into account special considerations like hilly and curvy areas or extensive use of
low quality roads. We describe a new standardized contract setting where the economic compensation is based on the resistance to drive along
a route. This can be done using the developed system. Today thee is also an increased interest from all stakeholders to further focus on lowering
emissions and consider different truck configuration with respect to gross weight limits. This also consider detailed analysis in terms of
acceleration, braking and waiting at intersections. These developments and experiences are described in this presentation.

collaboration, transportation, routing, emissions
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78 - Forest Operation and Ergonomics: Challenge and Solutions.

KG | - 1228 (Uni Freiburg)
IUFRO17-811 Hand Planter Ergonomics: Characterizing Physically Demanding Work in the Southeastern United States

Granzow, R.* (1); Schall, M. (1); Smidt, M. (2)

(1) Auburn University, Department of Industrial and Systems Engineering, Auburn, Alabama, United States; (2) Auburn University, School of
Forestry and Wildlife Sciences, Auburn, Alabama, United States

Abstract: Low back and neck/shoulder musculoskeletal disorders (MSDs) are prevalent among reforestation hand planters. While previous
investigations have documented the intense cardiovascular demands of manual planting, limited information is available regarding exposures to
physical risk factors associated with the development of MSDs among hand planters. This study employed surface electromyography (EMG) and
inertial measurement units (IMUs) to characterize the muscle activation patterns, upper arm and trunk postures, movement velocities, and
physical activity (PA) of reforestation hand planters in the Southeastern United States over one entire work shift. Results indicate that hand
planters are exposed to higher muscle activation patterns and more extreme upper arm and trunk postures and movement velocities than
workers in several other occupational groups that commonly report a high prevalence of MSDs, including construction, automotive
manufacturing, and healthcare workers. The findings indicate a need for continued field-based research among hand planters to identify and/or
develop maximally effective intervention strategies and tools.

MSDs; posture; physical activity; muscle activity

KG | - 1228 (Uni Freiburg)

IUFRO17-3446 Studying work in tropical forests: the need for integrative research approaches

Lewark, S.* (1)
(1) Chair Forest Work Science, University Freiburg, Freiburg, Germany

Abstract: Social sustainability is a major issue of SFM, strongly based on ergonomically sound forest operations. Therefore ergonomic study
and valuation are essential for development of forest operations. This commitment of work scientists is expressed with the motto "fitting the task
to the human". An adequate work design is needed for forest operations in industrialized countries, but even more so in developing tropical and
subtropical countries, where by trend working conditions are more severe and work even more heavy. Often forest operations, working systems
and tools are less standardized. Introduction and use of appropriate technology are pivotal. Development of forest operations should be
accompanied by stress and strain study, together with time study. But this is not sufficient. Ergonomists have to understand and integrate
findings from other relevant disciplines, like rural sociology, regional research or development studies. Ideally interdisciplinary cooperation is
done and research questions and methods are included into work study from the beginning.

In many countries we observe outsourcing, work done by contractors, not by employees of the forest enterprises themselves. This means that
forest work science has to look on the specific characteristics of smaller or larger contracting enterprises, especially their working conditions as
well as the underlying factors, at an operational level and in the societal environment. This must include all traditional tasks of forest work, like
nursery work, planting, tending, pruning, harvesting, forest road construction and maintenance and also those connected with ecosystem
services.

Research according to the traditional objectives and themes of work science, i.e. the design of work places and methods, will be continued. But
the strategy of work science in future is oriented towards an inclusion of social and economic conditions as well as regional chains of added
value into the sectoral research.

forest work, integrative work study, tropics

KG I - 1228 (Uni Freiburg)

IUFRO17-3114 The Effect of Slash Reinforcement of Strip Roads on Rutting, Forwarder's Fuel Consumption, Driving Speed and Whole
Body Vibrations

Mohtashami, S.* (1); Jonsson, R. (1); Eliasson, L. (1); Ring, E. (1)
(1) The forestry research institute of Sweden, Skogforsk, Uppsala, Sweden

Abstract: Tree tops and branches, i.e. slash, extracted in final fellings can be used as forest fuel or to reinforce strip roads to prevent or reduce
rutting. In a randomized block trial, fuel consumption, driving speed, proportion of strip road with rutting and operator's whole body vibrations
during forwarding were studied when driving a laden forwarder on strip roads with and without slash reinforcement. The weight of the laden
forwarder was 44 Mg. The study was carried out in south-central Sweden during fall 2014.

The driving on slash reinforced strip roads showed indications to lower diesel consumption compared with unreinforced roads. Driving speed and
whole body vibrations was not affected by slash reinforcement. The proportion of rutting was 20 percent higher on roads without slash cover than
on slash-reinforced roads and positively correlated with number of passages. Slash reinforcement increases the evenness of the strip road, and
may thus affect both travel speed and fuel consumption. Travel speed is expected to increase and fuel consumption to decrease. However, as
these factors interact, further studies of speed and fuel consumption are required.

logging operations, slash reinforcement, forwarder
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KG | - 1228 (Uni Freiburg)
IUFRO17-909 A Biomechanical Analysis of Tropical Matang Mangrove Forest Operation Workers in Perak, Malaysia

Gandaseca, S.* (1); Empawi, A. (1); Nyangon, L. (1); Achutan, K. (1); Jaafar, M. (1); Mohamad Pazi, A. M. (1)
(1) Department of Forest Production, Faculty of Forestry, Serdang, Malaysia

Abstract: The objectives of this study are to clarify physiological work loads and physical loads acting on the lumbar region of workers and to
propose a safe work environment in tropical forestry operations. The research was conducted in the Tropical Matang Mangrove Forest, Perak,
Malaysia. In this study, heart rates and the physical lumbar burden of mangrove forest operation workers were measured for three types of work,
these are, felling-bucking and manual skidding. In addition, the load moment on the L5/S1 and the disc compression force were calculated using
low-back biomechanical models. As a result, in the load moment on the L5/S1 disc, felling-bucking and human skidding were classified as very
heavy and heavy, respectively. In the average compression force on the L5/S1 disc during felling-bucking and human skidding were estimated
and found to be below the Action Limit (AL) by National Institute for Occupational Safety and Health (NIOSH). However, it was also found that
some work posture types during felling-bucking by chain saw were sometimes above AL.

biomechanical model, forestry work, heart rate, lo

KG | - 1228 (Uni Freiburg)

IUFRO17-1235 Assessment of heavy metal contamination in sediment along Sungai Sepetang, Perak

GANDASECA, S.* (1)
(1) department of forest procduction, faculty of forestry, Selangor, Malaysia

Abstract: Content: In Matang Mangrove Forest, there are numerous activities occur along Sungai Sepetang such as agriculture, fishery, timber

and tourism. These activities may affect the sediment quality as there are many services provided around the mangrove forest at for nearby

communities. Thus, this study was needed to be done in order to determine the heavy metal concentrations in sediment at Sungai Sepetang.

Apart from that, these studies were also conducted to find if that any high heavy metal contamination of sediment along the river zone at Sungai

Sepetang. The concentration of heavy metal was being compared for 3 different zones (upstream, middlestream and downstream) and 5 different

depths (0-15 cm, 15-30 cm, 30-50 cm, 50-100 cm, >100 cm). As for each zone and depth, 75 sediment samples were collected using peat auger.

This study was carried out by adopting standard methodology that was mostly used in previous studies of sediment contamination. The obtained

data were analyzed using Statistical Analysis System (SAS) Version 9.2 to find mean comparisons between the zones and depths. As the result

of heavy metal contamination assessment in sediment, it was determined that upstream has the highest amount of Lead 6.028 a( +0.758), Zinc
82.97a(+£19.043)and Copper7.688a (+0.648).0n the other hand , depth 1 (0-15 cm) has shown the higher amount of Zinc 84.46a ( +34.130)
Copper 7.707a (£1.172) and Iron 2428.53a(+23.33). In conclusion, sediment is one of the river component that has wide potential for heavy
metal contamination. However, it is recommended for further research to be done in order to provide detailed findings for mangrove forest

particularly on zones and depths.

Sediment, zones, depth, heavy metal, Mangrove
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KG | - 1098 (Uni Freiburg)
IUFRO17-916 Challenges in addressing merchantability of forest stands throughout the supply chain in the US Pacific Northwest

Washington, C.* (1); Latta, G. (1)
(1) University of Idaho, Moscow, Idaho, United States

Abstract: Management of forests in the inland US Pacific Northwest (PNW) provides economic, ecological and social benefits. In many cases
this management is predicated on value recovery of forest commodities removed. There are a variety of regional supply chain issues that limit
merchantability and thus management options. 1) The forest resource is scattered and ownerships with differing management objectives are
interwoven. 2) The forest products manufacturing base across all market levels is likewise dispersed. 3) A harvest typically generates a diverse
mix of commodities which must be marketed to an equally diverse set of buyers. To address these challenges, this project first evaluates stand
level merchantability issues and then incorporates those results into a spatial analysis of the PNW region. The resulting spatial analysis provides
multiple regional maps highlighting merchantability hot-spots for both supply and demand. Supply hot-spot maps focus on the forest resource
and indicate issues related to ownership, species composition, and age-class structure. Demand hot-spot maps focus on the forest products
manufacturing base and indicate issues related to transportation, byproducts, and value recovery. The analysis provides useful information for
targeting policy actions, public land management initiatives like Good Neighbor Authority, or investment opportunities to foster a nascent
bioeconomy.

supply chain, merchantability, spatial analysis

KG I - 1098 (Uni Freiburg)

IUFRO17-1625 New methods to estimate, analyze and map forest characteristics, wood quality and resources over large landscapes at
high resolution

Anderson, N.* (1); Hogland, J. (1); Chung, W. (2)

(1) Rocky Mountain Research Station, U.S. Forest Service, Missoula, United States; (2) Oregon State University, Department of Forest
Engineering, Resources and Management, Corvallis, United States

Abstract: The United States Forest Service has developed an object-oriented .NET library of tools for statistical and spatial analysis of natural
resources called the RMRS Raster Utility. In this paper we present a case study illustrating a variety of novel statistical and computational
techniques and tools that can be used to map forest characteristics, estimate wood quality and yield, and prioritize silvicultural treatments, as well
as facilitate biomass procurement planning for bioenergy and bioproducts facilities. For a 20,000 km2 procurement area in Montana, USA, we
used fixed plot inventory data and 1-meter color infrared imagery to map vegetation characteristics, including trees per acre, basal area, and
above ground biomass by species. Then, using parameters associated with silvicultural objectives, we prioritized treatments across the region.
Estimates of biomass removals were then linked to road data and regionally specific forest operations and logistics information to produce a
facility-specific spatial gate cost model and procurement optimization routine with supply curves. Though we used the RMRS Raster Utility's free,
add-in toolbar for ESRI's ArcGIS software, the methods presented can be replicated in almost any GIS environment, and can be applied to
diverse, multi-scale spatial inputs to produce useful natural resource mapping, management and planning products.

Logistics, operations, GIS, spatial analysis

KG | - 1098 (Uni Freiburg)
IUFRO17-1390 Defining the value of the stand using integrated LiIDAR and multisource GIS data.

Sanz Pareja, B.* (1); Malinen, J. (1); Leppéanen, V. (2); Tokola, T. (1); Valbuena, R. (3); Kauranne, T. (4)

(1) University of Eastern Finland, Joensuu, Finland; (2) Arbonaut, Joensuu, Finland; (3) University of Cambridge , Cambridge, Finland; (4)
Arbonaut, Lappeenranta University of Technology, Joensuu, Finland

Abstract: Prehas is a decision support tool developed by the Finnish Forest Research Institute for assessing the amount and value of
harvestable timber, including predictions of timber assortment recovery, length-diameter distribution of logs and value recovery. Prehas-Finland,
one of the versions of this software, can predict the technical quality affecting the bucking of the stems predicted from the stm-data by the MSN
method; its bucking simulator can consider this predicted technical quality of the stems and produces timber assortment recovery estimates with
or without estimated technical quality. The study area was located close to the municipality of Kiihtelysvaara (Finland). The main species in this
area are Scots pine, followed by Norway spruce and a minor proportion of broadleaved species. The field survey data was a stratified sample
with 79 square-shaped plots whose measurements were made between May and June 2010. The orthophoto was taken on 31 May 2009. The
ALS data were collected on 26 June 2009, with an average point density of 11.9 pulses/m2. Metrics at grid cell level were computed over a
regular grid of 25 m x 25 m cells covering the entire scanning area. Stands were delineated using ArboLiDAR and ArcGIS software. The stand
delineation produced 67 stands which were distributed into 27 different properties; 36 field plots were located inside the produced stands. A
complete tree list was estimated by means of ALS remote sensing. The method generated an estimation along the entire diameter at breast
height and height frequency distribution at discrete 1 cm-wide diameter classes. The value of the estimated stem group was assessed by using
the bucking-to-value simulator included in Prehas. The goal of this research is to present sound methodology for timber stand valuation, to be
used either by timber buyers or sellers as a decision support tool.

Prehas; k-MSN method; value; quality; bucking.
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KG | - 1098 (Uni Freiburg)
IUFRO17-728 Estimating external quality of stems for pre-harvest assessment of timber assortments

Malinen, J.* (1); Kilpelainen, H. (2); Verkasalo, E. (2)
(1) University of Eastern Finland, Joensuu, Finland; (2) Natural Resources Institute Finland, Joensuu, Finland

Abstract: Pre-harvest information is needed for adjusting timber purchasing, pricing, stand allocation, bucking objectives and timing of forest
operations to meet the needs of production using roundwood as a raw material. The information should include the volumes and qualities of
sought timber assortments. For this bucking simulator fed by stem specific prediction for stand properties is essential.

The development of remote sensing methods together with computing methods offers possibilities to predict harvested volumes, timber
assortment recoveries and length-diameter distribution of logs. Despite the importance, the prediction of external quality affecting on bucking and
assortment recovery is still difficult and rarely considered.

Preharvest assessment software, developed for the purpose, is capable to produce stemwise prediction of harvestable stock based on previously
collected CTL-harvester stem data (stm-data). These stems can be bucked by bucking simulator in order to produce timber assortment and log
length-diameter recoveries utilizing case specific bucking objectives. In addition to dimension data, the software includes stem specific quality
database with over 13000 stems measured for external quality. These data can be utilized for estimating external quality for stemwise prediction
of harvestable stock. In the presentation, the methodology utilized and the results of validation of quality predictions are presented.

Quality, bucking, assortment, value, recovery

KG | - 1098 (Uni Freiburg)

IUFRO17-428 Using acoustic tools to select for improved mechanical properties in a tree breeding programme for Sitka spruce (Picea
sitchensis)

Macdonald, E.* (1); Lee, S. (2); Lundqvist, S.-O. (3); Connolly, T. (2); Gardiner, B. (4); Cameron, A. (5)

(1) Inverness College UHI, University of Aberdeen, Inverness, United Kingdom; (2) Forest Research, Roslin, Midlothian, United Kingdom; (3)
Innventia, Stockholm, Sweden; (4) EFI Atlantic , Cestas, France; (5) University of Aberdeen, Aberdeen, United Kingdom

Abstract: In plantation forestry the wood supply chain starts with the selection of planting stock. Tree improvement programmes across the world
have delivered improvements in the growth and wood properties of many species. In the UK a 50-year programme of selection and breeding of
Sitka spruce, the main commercial softwood species, has enhanced growth rate and stem form while maintaining wood density. However, there
has been little work to date on breeding to improve wood stiffness, a critical property in the mechanical performance of construction timber. In this
study we report on the potential for using acoustic tools to screen for improved wood stiffness in the UK Sitka spruce breeding programme.

Two progeny ftrials planted in 1985 were selected for the study, each containing 61 full-sibling families. Diameter at breast height, Pilodyn pin
penetration (indirect assessment of wood density) and acoustic velocity (indirect assessment of wood stiffness) were measured on standing
trees. 30 families were selected for destructive analysis; clearwood stiffness and strength were measured in 3-point bending tests and wood
density was measured using x-ray densitometry. A sub-sample of material was tested using the Silviscan instrument to obtain detailed pith to
bark data relating to wood density, earlywood and latewood width, microfibril angle and cross-sectional tracheid dimensions. Correlations
between indirect assessments of stiffness and density on standing trees and the destructive measurements made in the laboratory will be
reported, together with correlations between and among the wood properties measured and their genetic parameters. The results of this study
will inform future Sitka spruce tree breeding and help to deliver an improvement in the mechanical properties of future timber entering the wood
supply chain in the UK.

KG | - 1098 (Uni Freiburg)
IUFRO17-4003 Modelling wood quality of Douglas fir in France

Longuetaud, F.* (1); Mothe, F. (1); Colin, F. (1); Deleuze, C. (2)
(1) INRA, Champenoux, France; (2) ONF, Département R&D, Dole, France

Abstract: Douglas fir has become a species of increasing importance in France due to its fast growth and good wood properties (e.g.,
mechanical stability and durability). The objective of this work is to help define new and innovative forest management strategies in order to
produce the resource for tomorrow and to meet the demand of the industry. A range of methods (including X-ray tomography) developed to
assess wood quality of trees were applied to Douglas fir trees from four stands located in France and representing three age classes and
contrasted thinning intensities. Several properties were analysed as a function of tree age and stand density: radial and vertical variations of
wood density and moisture content, knottiness, stem taper and the amount of sapwood and its taper along the stem. For some of these
properties, when possible with enough accuracy, predictive statistical models are proposed. In particular, a model for predicting the knot diameter
profile and another one for predicting the sapwood taper are described.

basic specific gravity, water content
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KG | - 1098 (Uni Freiburg)
IUFRO17-1994 Accuracy of knot end point detection in CT images of Douglas-fir logs

Longo, B. L.* (1); Briichert, F. (2); Becker, G. (1); Sauter, U. H. (2)

(1) University of Freiburg, Department of Forest Utilization, Freiburg, Germany; (2) Forstliche Versuchs- und Forschngsanstalt - BW, Abteilung
Waldnutzung, Freiburg, Germany

Abstract: Due to climate change Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) has been presenting a large potential concerning wood
utilization in Germany, therefore regarded as an alternative to spruce. Considering its vigorous increment, many trees have been pruned to
increase the wood quality. Thus, it is primordial to identify where a knot ends, in order to optimize sorting procedures and predict the amount of
wood free of defects. As an asset in knot quantification, computerized tomography (CT) is increasingly being used as a non-destructive method
to detect and measure knots. Hence, this study aims to apply the algorithm developed by Johansson et al. (2013) and evaluate its accuracy in
detecting the knot end point in CT images of Douglas-fir logs. The material is composed by 6 trees at the age of 78 from south-west Germany.
The knots were randomly selected, considering full and pruned knots throughout the stem length. As a reference method for validation, the knots
were also measured on physical samples. Preliminary analyses indicate that despite having a significant correlation between the methods, there
are still uncertainties, which may be due to the lower contrast between the knot and its surroundings in the sapwood area. Therefore, further
investigation is recommended.

X-ray scanning, clear wood, algorithm validation

KG I - 1098 (Uni Freiburg)
IUFRO17-4017 Impact of partial cutting on sawmill profitability in the eastern boreal forest of Canada

Paradis, N. (1); Achim, A.* (1); Auty, D. (2); D'Amours, S. (1)
(1) Université Laval, Québec, Canada; (2) Northern Arizona University, Flagstaff, United States

Abstract: The eastern boreal forest of Canada is characterised by long return interval of severe, stand-initiative forest fires. Under these
principles of ecosystem-based management, the natural disturbance regime prevailing in this region demands a more frequent use of partial
cuts. Increased harvesting costs currently restrain the use of partial cuts in commercial operations, especially in the context of the limited
profitability of a value chain that relies on the harvesting small stems close the to the northern limit of productive forests. However, the added mill
productivity resulting from the selection of the largest stems of a stand in thinnings 'from above' has rarely been assessed. The main objective of
this study was to evaluate the financial benefits associated with the processing of stems supplied from partial cuts in various stand types of the
eastern boreal forest of Canada. The software platform Logilab was combined with the sawing model StatSAW to perform simulations aiming at
the maximum profit for a mill with a productivity of 300 000 m3 / year. Results showed that the supply from partial cuts generated higher profits at
the sawmill in 19 of the 24 analyzed stand types. The maximum increase of $ 3.00 per m3 of round wood was reached in old uneven-aged forest
dominated by balsam fir accompanied by black spruce. The average increase for the 19 stands was $ 1.12 per m3. Such added profitability in the
sawmill should be considered when assessing the overall cost of partial cuts along the whole forestry wood chain.

Partial cuts, forestry woodchain
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K9 (Konzerthaus Freiburg)

IUFRO17-1681 Study courses on forest ergonomics aiming at basic competences - examples from the University of Freiburg

Lewark, S.* (1)
(1) Chair Forest Work Science, University Freiburg, Freiburg, Germany

Abstract:

Forest Ergonomics (Forstliche Arbeitswissenschaft) has traditionally been a study subject in the forestry programmes in Germany. This
presentation focusses on ergonomics courses held in the 1995 study programme. The one week course on stress and strain is used as an
example of working for basic students' competences in ergonomics. Other work study courses dealt with projects on wage systems, occupation
related legislation, exploring the labour market for graduates, social science and gender aspects of forest work, mostly dealing with forest work in
Germany, sometimes with forest work under tropical conditions.

The course objectives were achievement of knowledge of work study methods (time, stress and strain study), the ability to execute such studies,
but also affective orientation. This course used pruning of forest trees as example, with many short work cycles, as a minimum number of cycles
has to be evaluated to make the study meaningful.

Compact courses like this allow didactic approaches following the learning paradigm in a methodically inherent way, working on practical tasks.
They allow students to achieve the competences they will need in their future work because the tasks are close to reality of working life. Students
enjoyed the change between classroom and field work.

K9 (Konzerthaus Freiburg)

IUFRO17-4167 Perspectives on forest ergonomics

Heinimann, H.* (1)
(1) Future Resilient Systems, Singapore-ETH Centre, Singapore, Singapore

Abstract: Ergonomics as a scientific discipline emerged to solve worker health and safety issues, which still are important in the work systems
that are labor dominated. Mechanization shifted the focus to man-machine interface design, and automation has been replacing supervision,
control and cognitive functions, which moved the interests of ergonomics to socio-technical systems. By the end of the 1990s, a paradigm shift
moved ergonomics into a new area that is characterized by "distributed cognition". Proponents found evidence that any type of social group -
crew, team, department, etc. - has a joint capability to keep awareness high, to anticipate disruptions, to retrieve patterns of action that proved to
be useful in the past, and to implement preventive or corrective actions. "High reliability organizations (HRO)" is one corresponding stream of
research, while "resilience engineering" is a second one.

The presentation aims to (1) characterize the essence of the HRA and resilience engineering approaches to ergonomics, and to (2) discuss if
and how those new approaches could be useful for forestry. The interesting thing is that the investigation of a forest fire fighting disaster of 1949 -
resulting in the death of 13 firefighters - was one of the starting points of the high reliability organization conceptualization. The challenges are
how to introduce the set of thinking, covering the range from "health and safety" to "distributed cognition" into forest education and practice, and
how to shape organizational factors that are contributing to high reliability behavior.

High reliability, ergonomic concepts

K9 (Konzerthaus Freiburg)
IUFRO17-421 Analyzing OSH Problems in Indonesian Forest Operation: A STAMP-System Dynamics Approach

YOVLLE. .Y.*(1)
(1) Faculty of Forestry, Bogor Agricultural University, Bogor, Indonesia

Abstract: The problem on occupational safety and health, work productivity, and comfortability in the forest operation has been emerged as a
global issue since last decades. Taking Indonesian forest operations as the object of this study, we try to propose the strategy in promoting a
good man-work environment interaction, especially in the occupational safety and health. This study covers laws, regulations, responsible
bodies, its tasks and roles, and interaction among them, not only at national level but also at the working group level. Considering this scale, we
use a STAMP analysis together with system dynamics approach as they can examine the role of each component, the control line, the feedback
and information flow. This study shows the position of current OSH control structure compared to the theoretical control structure. The
combination is also able to identify many exogenous variables that act as levers on the system behaviors. In the end, the study offers strategies
in organizational and policy design.

policy design, control structure
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IUFRO17-1690 Development of ergonomics in Polish forestry

Sowa, J.* (1)
(1) University of Agriculture in Krakow, Krakow, Poland

Abstract: The development of ergonomics in Poland can be basically dated since 1964, when the first national Ergonomic Section was founded.
The following milestones were reached in 1970's, when a number of institutions emerged, including the Ergonomic Commission of the Polish
Academy of Sciences (PAS)(1972), the Committee on Ergonomics of PAS (1974),and the Polish Ergonomics Society (1977). In 1968 the first
Polish handbook entitled "Ergonomics. The issues of human adjustments to work" (by Jan Rosner), was published. However, the history of
ergonomics in Poland is far much longer, associated with the activity of Prof. Wojciech Jastrzebowski. He was the scientist who defined the term
of ergonomics as a scientific discipline concerned with work, for the first time in the world, in 1857. In Polish forestry the science of ergonomics
was introduced on three faculties of forestry as early as in 1960's. At the beginning of 1980's the Faculties of Forestry in Krakow, Poznan and
Warsaw started giving lectures on "Ergonomics and labor protection"). We owe the greatest achievements in the field of ergonomics in forestry to
the following scientists: J. Fibiger, J. Jozefciuk, K. Rogalinski, Z. Muszynski, and J. Bielski, J.Sowa and D.Giefing. Presently, the issue of
ergonomics in forestry are conducted by the third generation of teachers: W. Nowacka, W. Grzywinski, and K. Leszczynski. Amongst the major
scientific and research achievements in the scope of ergonomics in Polish forestry one should name papers and monographs concerning the
ergonomic optimization of technologies of forest works, minimization of physical and mental workload on worksites in forestry, model studies on
reducing the work arduousness and improving the comfort and safety of work. Summing up, Poland is undoubtedly a country where the science
of ergonomics dynamically develops. A great number of Polish forest ergonomists actively participate in proceedings of international scientific
and research communities.

Poland, forestry, ergonomics, development

K9 (Konzerthaus Freiburg)
IUFRO17-2136 Mechanization in forestry and benefits at the local level. Polish study

Nowacka, W. L.* (1)
(1) Faculty of Forestry, Warsaw University of Life Sciences, Warszawa, Poland

Abstract: This study analyzes the interrelationship between mechanization in Polish forestry and local communities benefits. Local benefits are
defined by this study as outcomes that, directly or indirectly, have positive influence upon people and families living within or nearby forests.

In view of the nature of the issues studied, quantitative field research methods, including structured interviews and questionnaires were used to
supply detailed data. Studies were developed at two levels: detailed case studies based on two questionnaires and literature, documentary
analysis.

Mechanized wood harvesting is fast developing in many former planned economies East Europe Countries. In Poland strong and lasting
mechanization of wood harvesting has started almost two decades ago and rapid growth is noted. The fast growing mechanization of forestry in
Poland is perceived by rural communities with a great interest. It is one of the leading forces of local growth. Research indicates that forest is a
source of family growth and improvement for 75% of respondents. Forest is a place of employment for almost half of investigated families (one or
more person employed in forestry). The diverse of benefits is described based on possessed questionnaires and literature survey.

mechanization, ergonomics, local communities

K9 (Konzerthaus Freiburg)
IUFRO17-2326 Sustainable and Constructive Strategy of Ergonomic Research in Forestry

Yamada, Y.* (1)
(1) Ehime University, Graduate School of Agriculture, Matsuyama, Japan

Abstract: Around forest and forestry, new technologies and concepts have been realized for last decade. Especially, the evolution of ICT (GPS,
LiDAR, GIS, UAV, and so on) is remarkable and has contributed greatly in forest and forestry. Moreover, new utilization of wood (CLT, cellulose
nanofiber, and so on), energy use of wood (bioenergy, bioethanol, and so on), improvement of wood supply-chain, ecological service of forest,
social benefit of forest, and forest certification are changing conventional concepts of some regional forest managements. According as those
new movements, ergonomics had better expand its research sphere. In this report, | will present new sphere which future ergonomic research
had better include, and propose a content of world standard ergonomic textbook.

ergonomics, strategy, future concept, textbook
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IUFRO17-2798 Physiological workload at forester and deputy forester workstations in Poland

Grzywinski, W.* (1); Tomczak, A. (1); Jelonek, T. (1); Burzynska-Jedrzejczak, G. (1); Naskrent, B. (1); Sawastian, K. (1);
Skonieczna, J. (1)

(1) Poznan University of Life Sciences, Faculty of Forestry, Poznan, Poland

Abstract: Forester and deputy forester are two the most numerous workstations in forestry in Poland. Both workstations are occupied by about
10.5 thousand employees in State Forests in Poland. They are response for planning, organizing and supervising of all technological and
administrative activities in forest district area. The aim of the study is recognition of physiological workload at these workstations, its variability in
different stages of forest district difficulty and in particular seasons of a calendar year. The study was carried out on over 400 foresters and
deputy foresters in the whole country. On the ground of the newest classification of economic difficulty of forest districts (the main factor of this
classification is the volume of timber harvesting) they were divided into 3 categories: (1) - easy, (2) - moderate, (3) - difficult. The study was
conducted in a forest district with two-man cast: forester and deputy forester. Physiological workload was evaluated on the basis of constant
heart rate (HR) measurement with the Polar H7 and accelometer AciGraph GT9X. In the paper there are presented the average values of HR in
particular seasons of a calendar year and in the whole year. Total physiological workload was also analyzed in relation to the stage of forest
district difficulty.

forester, deputy forester, workload, HR rate

K9 (Konzerthaus Freiburg)

IUFRO17-1400 The course of physiological functions in connection with listening to selected sounds

Filo, P.* (1); Janousek, O. (2)
(1) Mendel University in Brno, Brno, Czech Republic; (2) Brno University of technology, Brno, Czech Republic

Abstract: The main objective of the study was to find relations between the listening to selected acoustic stimuli and the course of physiological
functions in 52 examined persons. Studied were also differences in the subjective perception of the sounds. The acoustic stimuli were 7-minutes
lasting records of the sound of chainsaw in operation and of the typical sound in the forest (rustling of leaves, blowing of wind). Physiological
functions were: abdominal respiration, thoracic respiration and their amplitude and frequency, electro dermal activity, body temperature, heart
rate (total blood pulse, blood volume pulse, blood volume amplitude) and motility. The values of blood volume amplitude measured in the
individuals exposed to the sound of chainsaw were markedly lower than the values observed in the individuals listening to the sound of forest.
The examined persons listening to the sound of chainsaw also exhibited a higher rate of homogeneous distribution (lower variance) of the values
of this physiological function. Mean values of physiological functions from selected time intervals were compared too. The course of most
physiological functions briskly changed in both groups within 210 - 240 seconds from the start of measuring, this showing most in abdominal
respiration, skin conductance level and blood pulse. On the other hand, some of the functions such as blood volume amplitude, thoracic
respiration and body temperature exhibited significant changes already after 70 - 90 seconds. The results indicate that the course of
physiological functions is more determined (modulated) by the sound of chainsaw. Differences in the subjective condition of probands were
analyzed both in connection with the comparison of sounds themselves and separately prior to and after the exposure. The probands felt that
their capacity of memorizing and learning improved after exposure to the sound. By contrast, the persons exposed to the sound of chainsaw felt
more tired than before the exposure.

physiological functions, acoustic stimuli, sound

K9 (Konzerthaus Freiburg)

IUFRO17-2028 Eye-tracking studies - new opportunities in analyzing work processes in forestry

Szewczyk, G.* (1); Sowa, J. (1)
(1) University of Agriculture in Krakow, Krakéw, Poland

Abstract: Analyses of eyeball movements (eye-tracking) are employed, i.a. in developmental psychology, cognitive science, medicine, Human-
Computer Interface systems. This research aimed to establish the possible applications of eye-tracking in analyzing logging processes, and
covered worksites of harvester's operators, more and less experienced, working in mature and thinned pine stands. The studies were conducted
using the Tobii Pro Glasses 2 analyzer, and included analyses of eye scanpath, areas of interest, variability in duration of eye focusing (fixations),
and eye shifting between the successive points (saccades). The level of work experience was reflected by the number of saccades and
regressions (eye shifting back to the previous point), greater while examining less experienced operator. Varied work experience was also legible
in different visual scenes. During cutting operations more experienced operator put more attention to the material being processed. Less
experienced operator focused his sight also on upper parts of trunks, crowns and a harvester head. Variable duration of fixations and saccades
indicated various behaviors of operators determined by their experience, difficulty of operations and readiness to work. Eye-tracking may
significantly complement standard physiological methods of worksite analysis, since it records not only the outcome of operations performed, but
also the manner of their performance.

ergonomics, eye-tracking, logging, harvester
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IUFRO17-426 IS0 standards for solid biofuels and their application in practise

kofman, P.* (1); Kofman, P. (1)
(1) COFORD, Dublin, Ireland

Abstract: Standards have been developed first in Europe (CEN) and on this basis in ISO. Standards exist for terminology, requirements and
classes, quality requirements, measuring methods, sampling and sample preparation, health and safety and quality assurance.

The requirements and classes standard (ISO16225) describes in detail what quality demands there are on a long list of solid biofuels, such as
wood pellets, wood chips, briquettes and firewood.

Quality assurance and certification are rather common for wood pellets (DIN+ and EN-plus), but rarely seen for other fuels like wood chips and
firewood.

The Wood Fuel Quality Assurance scheme in Ireland seeks just to do that. Each participationg company must write their own handbook and keep
a ledger of their own measurements and these are checked at irregular intervals by an independent certification body. Sofar 16 companies have
joined the WFQA scheme:only one for wood pellets, 11 for firewood and 6 for wood chip. Some companies have been certified for more than one
fuel.

Conclusions:
ISO standardisation facilitates world trade of solid biofuels by laying down quality requirements as well as defining measuring methods and
terminology

Using standards also helps in quality assurance

As far as known, Ireland is the only country that offers certification for other wood fuels than wood pellets. The WFQA offers certification for wood
chips, firewood , wood briquettes and wood pellets

standardisation, certification, wood fuel quality

K 2-4 (Konzerthaus Freiburg)

IUFRO17-92  Managing knife wear and chipper settings to increase productivity, fuel efficiency and product quality

Spinelli, R.* (1)
(1) CNR IVALSA, Sesto Fiorentino, Italy

Abstract: The competitive capacity of forest biomass depends on the ability of producers to minimize production cost, while maximizing product
quality. Improvement efforts can be directed towards two main areas: operational planning and machine setting. With regards to the latter,
operators may manipulate target chip length and knife replacement schedules to best effect. It has been convincingly shown that increasing
target chip length may result in a productivity gain of 20 to 30%, and in a reduction of fuel consumption up to 50%. Timely replacement of dull
knives brings even larger gains, which has been demonstrated in several studies, both observational and controlled. Furthermore, latest chipper
models feature new hydraulic in-feed and evacuation systems that can be adjusted on the fly to match variable work conditions. Proper
adjustments of the in-feed and evacuation systems may accrue significant benefits in terms of increased productivity, reduced diesel fuel
consumption and better chip quality. In particular, decreasing blower speed when full ejection power is not necessary allows reducing diesel fuel
consumption by over 10%, while increasing chip integrity by 20%. This presentation will offer a comprehensive and articulate review of previous
studies on the subject, thus providing quantitative information about the significant efficiency and quality gains that can be obtained from proper
manipulation of chipper settings.

chipping; fuel; biomass; precision; diesel

K 2-4 (Konzerthaus Freiburg)

IUFRO17-756 Finite element analysis to predict in-forest stored harvest residue moisture content

Belart, F.* (1); Leshchinsky, B. (1); Sessions, J. (1)
(1) Oregon State University, Corvallis, United States

Abstract: The importance of wood moisture content to increase wood's economic value for bio-energy production has been recognized by
researchers. Focus has been given to small logs and predicting models include methods such as heuristic fitting and multiple regression. Finite
element analysis (FEA) is a method that allows determining drying rates while offering the flexibility of changing how these residues are stored,
their shape and location, material properties, and drying seasons. FEA was used to develop drying rates for four different Oregon climate regions
and three conifer species. An innovative measuring protocol was implemented in the field to asses these models. Statistical tests show model
agreement with correlations between 0.56 and 0.92 in all sites. After performing sensitivity analyses, we can conclude that selection of pile shape
or size can be beneficial or detrimental towards drying depending on ambient conditions. Windrow is the shape that mostly promotes drying in
the summer and re-wetting in winter. It is best to reduce pile size to facilitate drying in summer, and increase pile size if material will be left in the
field during winter. Drying times can be reduced by 1/3 if the material is cut and left drying during summer months versus winter.

Moisture, finite element analysis, harvest residue
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IUFRO17-1817 Chipping productivity, cost and product quality of logging residue by extraction methods

Oh, J.-H.* (1); Choi, Y. (1); Mun, H. (1)
(1) National Institute of Forest Research, Forest Practice Research Center, Pocheon, Korea, Republic of (South Korea)

Abstract: The timber harvesting cost in South Korea is increased because of high labour and the acquisition and transportation costs.
Meanwhile, the log price in forest did not go up, and this is the main cause of difficulties of forest management. There are plenty of biomass
reserves available in the forests of South Korea, but only a small part of the potential is used at the moment. New biomass business like wood
pellet plant and boiler have created by Korea Forest Service in the last 8 years. But, there are still remain problems of biomass feed stock
supplying due to high acquisition, transportation costs and low heating oil prices. As a result, cheaper woody fuels than wood pellet that can be
produce low costs is required in South Korea. In this study, we compared the effect of extraction methods for logging residue on chipping
productivity, cost and product quality. Tests were conducted on three logging residue, produced through cut-to-length (CTL), tree-length log (TLL)
and whole tree (WT) harvesting system. This study showed a similar chipping productivity and cost for all types of logging residue tested in terms
of same working conditions like screen size, blade wear, operator and so on. Ash content, size distributions, and contamination related in chip
quality is under test. We will report these results to session meetings. Further studies should determine the effect of blade wear on the relative
quality of the three logging residue types.

comminution, logging residue, woodchip quality

K 2-4 (Konzerthaus Freiburg)

IUFRO17-1025 Evaluating the performance of star and deck screen machines separating biomass feedstocks

Woo, H.* (1); Han, H.-S. (2)

(1) University of Tasmania , Faculty of Science, Engineering and Technology, Hobart, Australia; (2) Humboldt State University, Arcata, United
States

Abstract: The most commonly traded forms of biomass energy feedstock are wood chips and hog fuel. Particle size distribution is one of the key
characteristics that affect efficient feedstock handling and biomass conversion. This research compares a star and deck screen machine
productivity and effectiveness at separating wood chips and hog fuel into three different size categories: under (< 10 mm), accept (10 - 51 mm),
and over ( >51 mm). To reduce diving problems, the deck screen machine tested with two different top screens setting options (SS1- 4 sets of
51mm screen; SS2 - one 19 mm and 3 sets of 51mm screens). This study indicated that the star screen (62.61 and 50.95 tons/hour) was more
productive than the deck screen (26.80 and 15.63 tons/hour) with wood chips and hog fuel, respectively. To apply screening systems, there was
additional operation cost is required $3.53/ton and $6.05/ton for deck screen and $1.61/ton and $1.98/ton for star screen with wood chips and
hog fuel, respectively. As a result of different settings of deck screen, there was a significant reduction in the presence of oversized material in
the accept size class (>51 mm size materials reducing from 3.2% to 0.5%). Also, SS2 settings resulted in higher screening accuracy (83.8%) at
the accept size class, compared to SS1 (79.6%). This study suggests that deck screen is suitable for small scale operation considered lower
purchase and maintenance cost. Also, different combination of screen sieves improves screen performance in deck screen operation.

size distribution,biomass feedstock,screen machine

K 2-4 (Konzerthaus Freiburg)

IUFRO17-655 The effect of screening and drying of forest residue chips on fuel quality and combustion behavior in small boilers (< 50
kW)

Kuptz, D.* (1); Schreiber, K. (2); Schulmeyer, F. (2); Schon, C. (1); Zeng, T. (3); Pollex, A. (3); Zelinski, V. (4); Hartmann, H. (1)

(1) Technologie- und Forderzentrum, Straubing, Germany; (2) Bayerische Landesanstalt fur Wald und Forstwirtschaft, Freising, Germany; (3)
Deutsches Biomasseforschungszentrum GmbH, Leipzig, Germany; (4) Hochschule fur Angewandte Wissenschaft und Kunst Gottingen,
Gottingen, Germany

Abstract: Wood chip boilers < 100 kW require homogeneous and high quality biofuels. To ensure high fuel qualities, low quality fuels such as
wood chips from forest residues may be processed by secondary measures, e. g. by screening and drying.

Six field studies on screening and drying of forest residue chips were conducted including two drum, two star and two jigger screens. Drying was
done technically using a rolling-bed, a belt and a walking floor dryer or in drying containers. Drying was also performed naturally in large storage
piles. Fuel samples were collected before, during and after processing and analyzed for moisture content, ash content, net calorific value, bulk
density, particle size distribution and chemical fuel quality. Wood chip quality was related to ISO 17225-4 and the newly developed ENplus
certification scheme for wood chips. Combustion trials (CO, NOX, particle emissions) were performed on two boilers (30 kW and 50 kW).

Most forest residue chips could not be classified according to ISO 17225-4 / ENplus before processing. Screening ensured the reduction of fines
which then allowed for classification as P31S or P45S. Moreover, screening reduced the amount of green biomass (e. g. needles) and impurities
(e. g. mineral soil) and, thus, reduced ash content and concentrations of chemical elements (e. g. N or K). Technical drying provided wood chips
with moisture contents < 15 w-% while natural drying in storage piles for several month sometimes still showed values > 30 w-%. Secondary fuel
processing ensured conformity with fuel property classes of ISO 17225-4 and ENplus. Moreover, gaseous and particle emissions were reduced
in some cases when using wood chips with improved fuel quality.

In conclusion, secondary measures such as screening and drying improved fuel quality and could improve combustion behavior in small boilers.
Thus, even low quality forest residue chips may become suitable for residential combustion systems.

screening, drying, certification, combustion
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IUFRO17-1022 Windrowing and fuel chip quality of some residual forest biomasses in North Sweden

Fernandez Lacruz, R.* (1); Bergstrom, D. (1)
(1) Swedish University of Agricultural Sciences, Dept. of Forest Biomaterials and Technology, Umea, Sweden

Abstract: There's a great unutilized potential of residual biomasses in Fennoscandia such as logging residues (LR) and whole tree-parts (WT).
LR and WT are often seasoned in windrows and knowledge, prior to comminution, of their moisture content (MC) and dry mass (DM) densities is
useful for logistics planning and value estimations. The aim was to compare windrow properties and fuel chip quality of LR and WT delivered to
the same energy plant (EP) by one supplier during one season. 76 windrows were surveyed and chipped, of which 25 were sampled to assess
MC, ash content (AC) and particle size distribution (PSD). Mean MC was 45% and it didn't significantly differ between LR and WT, but MC varied
substantially within and between sites. LR had higher AC than WT (2.4% vs. 1.5%) and two-fold higher proportions of fines and oversized
fractions. Windrow orientation didn't affect MC, while full exposition to ambient conditions decreased MC by 7% (LR). Density of LR averaged 66
oven-dry (OD) kg per stacked cubic metre (m3st) and 59 OD kg/m3st for WT, allowing building models for DM content prediction. Holistic supply
chain management is crucial to assure that residual forest biomasses are delivered at high quality and cost-efficiency.

bioenergy, small-diameter trees, logging residues

K 2-4 (Konzerthaus Freiburg)

IUFRO17-711 Forest biomass harvesting productivity and cost analysis in Australia

Ghaffariyan, M. R.* (1)
(1) University of the Sunshine Coast , Forest Industries Research Centre (FIRC), Maroochydore, Australia

Abstract: The presentation includes a summary of five research projects on different biomass harvesting systems in Australian plantations. The
first trial assessed the productivity and cost of slash-bundling the harvesting residues in clear felled area using Pinox slash-bundler in Eucalypt
plantation in Tasmania. Second project investigated the efficiency of a European mobile chipper to collect pine harvesting residues Green
Triangle (Victoria) while in the third project a conventional forwarder was studied to recover the pine residues logs (called Fibre plus material) as
an integrated biomass operation in Western Australia. The product quality and fuel consumption of the biomass harvesting systems have been
also assessed within the trials. Whole tree biomass harvesting (including feller-buncher, grapple skidder and chipper) was another trial carried
out in low-productivity Eucalypt stands in Western Australia to produce biomass chips for bioenergy purposes. The operating costs and
environmental impacts (including remaining residues assessment to sustain soil quality in biomass recovery operations) of different technologies
will be compared/discussed in the presentation. Finally the impact of storage the residues for natural drying to reduce moisture content and
optimisation of forest residues biomass supply chain (using a tool called BIOPLAN developed by Acuna el al. 2012) will be presented within a
simulated biomass supply chain case study.

Biomass, Productivity, Cost, Optimisation

K 2-4 (Konzerthaus Freiburg)
IUFRO17-2864 Improvements of the chip supply system to reduce supply costs

Eliasson, L.* (1); Bjorheden, R. (1)
(1) Skogforsk, The forestry research institute of Sweden, Uppsala, Sweden

Abstract: The choice of system for chipping and transport of chips has changed during the last decades in Sweden. Forwarder mounted
chippers combined with container trucks or self-loading chip trucks were the dominating chip supply systems in the early 21st century. The new
chippertrucks were considered niche machines for small landings close to customer. Currently, chippertrucks produce around 50% of all chips
produced at landings. It reduces relocation costs between sites, is easy to plan for, no machine interaction causes delays, and the production
level is stable at about 2 loads per shift. Chipping work with a chippertruck cost more than for a dedicated chipper, due to lower utilisation of the
chipper, and chip transports are cheaper if chip trucks are used as they load more. New systems are introduced to exploit these possibilities to
decrease costs and to increase effective chipping time for dedicated chippers. This increases system production and flexibility compared to
chippertrucks, but necessitates increased planning to avoid organisational delays. Truck mounted high capacity chippers, chipping directly into
64 or 74 tonnes GVW chip trucks is an interesting system. The chipper tow an extra chip trailer, which is filled in case of a lack of chip trucks.

Biomass, Energy, Chipping, Transport
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IUFRO17-829 The "Sustainable Forest Operations"” Concept: Past, Present, and Future

Marchi, E.* (1); Chung, W. (2)

(1) University of Florence - GESAAF, Firenze, Italy; (2) Department of Forest Engineering, Resources and Management, Oregon State
University, Corvallis, OR, United States

Abstract: The IUFRO Task Force on Climate Change and Forest Health has recently provided an opportunity for forest operations scientists
around the globe to examine the concept and approaches of sustainable forest operations (SFO) in the light of new challenges facing forests and
forestry in changing climate.

Intensified forest management is inevitable due to continuously increasing human population and their demand for wood products. While it is
important to recognize the level of forest harvesting intensity, as well as social and environmental issues vary by region, climate change directly
and indirectly affect forest management activities across the globe. Other global issues facing forestry include illegal logging, ergonomics (human
factors), and quality improvement on both forest production and environment. These considerations should be included in the planning,
implementation and assessment of forest operations to ensure its sustainability.

This presentation describes the evolution of the SFO concept from the past to the present based on their focus and scale. A new concept of SFO
is then proposed for the future to consider new challenges, issues and changing demands on forests and forestry. The aim of the new SFO
concept is to holistically address forest production, ecosystem services, environmental protection, and social values and wellness.

Forest operation, Sustinability, Environment

KG I - 1098 (Uni Freiburg)
IUFRO17-258 Forest Operations and Sustainable Supply Chains

Abbas, D.* (1)
(1) University of Georgia, Athens, United States

Abstract: The purpose of this presentation is to place the field of forest operations within sustainability debates. It discusses a sustainability
understanding linked to forest operations supply chains in the United States. It integrates ecological, cost, social and market factors, as well as,
the operator performance conditions surrounding the supply operations of forest products. By integrating the basics of sustainability
understandings, supply chain analysis as well as the logistics linked to forest operations and management, a much needed broader and
integrated perspective of forest products supply chains is sought.

forest operations, sustainabilty, considerations

KG I - 1098 (Uni Freiburg)
IUFRO17-422 Ergonomics as A Pillar of Sustainable Forest Operation

YOVLLE. .Y.*(1)
(1) Faculty of Forestry, Bogor Agricultural University, Bogor, Indonesia

Abstract: Forest operations consist of forest management plans (ea. funds allocation, work and workforce organizations, training), harvesting
operations, and post harvesting operation (ea. forest protection, silviculture, forest community empowerment). The operations are closely
associated with the high accident and health disturbance risk, triggered by human-made and nature-given sources of hazards that exposed the
workers. Ergonomics (human factors), together with the environment, economics, quality, and society have been identified as essential elements
of the operation. Ergonomics discusses capabilities, and at the same time, limitations of human (in this paper refers to forestry workers).
Ergonomics seeks for optimum mutual adjustment between the workers and their work to achieve (a) good performance (ea. work productivity,
quality of work) and (b) well-being of the workers (ea. safety, health, comfortability) in which the two are well considered as important keys to the
success of sustainable forest operation. However, it is a miserable fact that most discussions on sustainable forest operations (especially in most
developing countries) still put forestry worker's safety, health, comfortability, and productivity as minor objects that remain only in the form of
manual and regulation, slogans, and other make-up ergonomics actions. It is obvious that serious and continuous efforts should be taken in
macro, meso, and micro level of integrated- ergonomics actions. In the case of Indonesia, initiating a corrective action towards ergonomics-based
instruments in mandatory Indonesian sustainable forest management certification scheme is recommended.

SFO, OSH, hazards, work productivity
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IUFRO17-574 Environmental aspects of forest operation dedicated to industrial uses

GONZALEZ-GARCIA, S.* (1)
(1) DEPARTMENT OF CHEMICAL ENGINEERING, UNIVERSITY OF SANTIAGO DE COMPOSTELA, SANTIAGO DE COMPOSTELA, Spain

Abstract: Life Cycle Assessment (LCA) is a standardized methodology to assess the environmental aspects and potential impacts associated
with a product, process or activity from a life cycle perspective. This is an extended method with a holistic approach which guarantees the
comprehensiveness of an environmental evaluation, assuring its reproducibility.

The forest sector has been at the vanguard in operationally applying the concept of sustainability along the years in order to introduce the
indicators for sustainable forest management. The European forest sector is branded by a large diversity of forest types, socio-economic
conditions and ownership structure.

Forest operations are considered as key activities in related forest based industries in terms of environmental and economic perspectives. In fact,
the wood is the main renewable source used to produce both wooden products and energy. Thus, special attention must be paid on operations
carried out at forest in order produce the raw material under a more environmental friendly system. Nowadays the interest on quantifying and
analyzing the environmental impacts related to processes and products is constantly increasing. In this sense, forest sector is receiving special
attention.

Therefore, the purpose of this LCA study is to determine, compare and discuss differences on the forest management scenarios for different
species dedicated to industrial use, which lie on their environmental profiles.
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IUFRO17-3608 Green logistics and multi-criteria optimization in biomass supply - methods and challenges: A review

Kanzian, C.* (1); Kihmaier, M. (1)
(1) Institute of Forest Engineering, Department of Forest- and Soil Sciences, Vienna, Austria

Abstract: The optimization of biomass supply chains gained world-wide attention counting the published articles and studies. Delivery of
biomass at low costs was in focus of supply chain optimization until recently, but there is now a strong interest to cope with environmental
indicators as well for greener supply chains. Apparently the use of biomass affects the greenhouse gas balance in a positive way, because the
production and procurement creates less emissions and replaces fossil fuel. However, there is still a number of unwanted environmental impacts
during biomass supply like exhausts, noise, visual impact, road wear, soil and stand damage etc.

To cope with all this dimensions and sets of indicators, efficient multi-criteria decision making tools for supply chains should be used to support
researchers and stakeholders in their decision making. Multi-criteria decision making methods is an emerging research field, with a huge variety
of methods and tools. Another challenge in biomass supply but also generally in forestry is uncertainty, because of harsh weather conditions the
access to resources could be limited. Furthermore, seasonal peaks in demand of customers, changing and sometimes unpredictable resource
availability and quality hampers or delays efficient supply processes.

A comprehensive literature review of multi-criteria decision making for biomass supply chain optimization should give a brief introduction in
successful applied approaches like weighting sum, e-constraint, stochastic optimization, AHP etc. The presentations of successful applications
should help to identify appropriate tools for most common problems.

biomass, multi-criteria optimization, logistics
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IUFRO17-3318 Development of forest biomass harvesting guidelines based on assessing changes in soil nutrient status

de Vries, W.* (1); Spijker, J. (1); de Jong, A. (1)
(1) Wageningen University and Research, Wageningen, Netherlands

Abstract: The substitution of biomass for fossil fuels in energy consumption is a measure to decrease the emission of greenhouse gases and
thereby mitigate global warming. Over recent years, this has led to an increasing interest to use tree harvest residues as feedstock for bioenergy.
An important concern related to removal of harvesting residues is, however, the potential adverse effects on soil fertility caused by an increased
nutrient removal, relative to conventional stem-only harvesting. In the Netherlands this is a major concern, because we have many forests on
poor soils.

Here we report the development of forest harvesting guidelines for the Netherlands, distinguishing seven major tree species, seven soil types
(various forms of sand, loam, clay and peat soils) and nine regions, with clear variations in atmospheric deposition of the nutrients of nitrogen (N),
phosphorus (P), calcium (Ca), magnesium (Mg), potassium (K). The basis for the guidelines is a consistent modeling approach, assessing the
change in soil nutrient status by comparison of nutrient inputs by deposition and weathering with nutrient outputs by harvesting and leaching for
various timber harvesting scenarios, including both stem-only harvesting and additional removal of tree tops and branches. For each region-tree-
soil combination we calculated the maximum amounts that can be harvested such that the output of the nutrients Ca, Mg, K and P is balanced
with the inputs. Results showed that at current harvesting rates a negative balance is hardly calculated for the richer loamy to clayey soil types,
while depletion can occur for the poorer sandy soils, particularly in Ca and K. We discuss the uncertainties when translating the results to an
advisory system for timber harvesting.
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IUFRO17-2270 Wet area maps for efficient planning and risk mitigation for mechanized logging operations on French mineral soils

VUILLERMOZ, M.* (1); GINET, C. (2); CACOT, E. (3)

(1) FCBA, equipe approvisionnement, Champs sur Marne, France; (2) FCBA, Charrey sur Saone, France; (3) FCBA, Verneuil-sur-Vienne,
France

Abstract: Forest work is heavily disturbed by high seasonal variation. Machine utilization is especially low when wet conditions make logging
almost completely impossible on mineral soils prone to compaction. Superimposed are impacts of climate change that most likely will add to the
complexity.

Over the years, many French companies developed their own risk mitigation strategies to secure their license to practice. Costly skid trails
rehabilitations and low machine utilization rates, when teams need to travel from logging sites to avoid unpredicted trafficability-ban, are key
indicators to monetize Environmental damages that forest-companies want to prevent.

Modern data management, information systems and inter-operability directives now make it possible to access, synthesize and eventually exploit
data for different analysis as well as create tutorial and decision support.

A first prototype is being tested in North East France where soils conditions and seasonal variations create the most challenging situations for
practitioners. A large range of geo-layers (soil, topography, weather, forest management...) are exploited with adapted water transfer models.
Benefits from the wet area map is for now measured through comparative scenario planning with industrial logisticians and forest managers.
Such feedback from targeted users also drives the dissemination strategy to secure that the tool and its theoretical framework can be adopted by
a large number of forest companies, whether or not they work with integrated GIS - ERP.

trafficability, water map, risk mitigation
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IUFRO17-2762 Harvester CAN-bus data for site trafficability mapping

Ala-llomaki, J.* (1); Salmivaara, A. (1); Launiainen, S. (1); Lindeman, H. (2); Uusitalo, J. (2); Finér, L. (3)

(1) Natural Resources Institute Finland (Luke), Helsinki, Finland; (2) Natural Resources Institute Finland (Luke), Parkano, Finland; (3) Natural
Resources Institute Finland (Luke), Joensuu, Finland

Abstract: Modern forest machines with hydrostatic transmission and CAN-bus engine and transmission management can be used to measure
power expended in travelling. At constant speed on level ground the power is expended in overcoming motion resistance, which in turn is directly
related to wheel sinkage and hence vehicle mobility or site trafficability. The harvester always precedes the forwarder on the site, making it
feasible to use it to collect data on site trafficability to produce a mobility map for the forwarder. The process can be fully automated and
comprehensive data collected at low cost.

CAN-bus trafficability mapping was tested with an 8-wheeled Ponsse Scorpion King harvester and 8-wheeled Ponsse Elk forwarder equipped for
collecting transmission power expenditure in addition to appropriate standard CAN-bus information. Trafficability was also mapped based solely
on diesel engine power in order to eliminate the need for an extra pressure transducer needed for transmission power monitoring.

CAN-bus data proved promising in mapping site trafficability when compared to soil penetration resistance and harvesting machinery wheel rut
depth measurements on the test tracks. In big data scale, trafficability mapping can be based on diesel engine power measurement alone.

Trafficability, CAN-bus, soil strength, rut depth
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IUFRO17-534 "Waterproof" harvesting with GIS in the Swedish forestry

Friberg, G.* (1); Bergkuvist, I. (1)

(1) The forestry research institute of Sweden, Uppsala, Sweden

Abstract: Using "depth to water index" (DTW) in forest harvesting operations and during harvest planning is potentially an effective tool for
reduction of driving damages.

To quantify the potential of DTW this study comprise 36 harvesting sites spread over Sweden, in total 450 ha. Data on rut formations from 310
kilometers of machine trails and >10,000 were collected with GIS in the field.

Information about nature conservation, cultural heritages and other "no go areas" where terrain driving shall be avoided are commonly used at
site level during harvesting operations in Sweden. In this study a DTW-map (depth to water index) was added to give further information about
water and moist areas. In total, 0.06% of the machine trails had serious damage to soil and water and 80% of the severe rutting occurred in areas
marked by the DTW as having a high groundwater level.

The result shows that the sites may be planned in different sections handled in specific ways to be both efficient and gentle to soil and water if
using this DTW-map. However, the study suggests that just maps only, doesn't solve the problem of not being gentle to soil and water alone,
adapted routines is key factors to succeed with this challenge.

The Swedish forestry has implementing DTW-maps since 2014 and the Swedish Forest Agency have provided DTW-map publicly on the web for
the whole of Sweden. The employees operating the forest machines arguing this maps as helping decision support maps which make their every
day work easier. They can use routines to make harvesting more gentle and efficient at the same time.

Providing the DTW-maps for forest planning enable the machine operators to avoid sensitive areas.

Harvesting, Rutting, Depth to water index,
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IUFRO17-2705 Optimized Routing in Forestry with the Consideration of Multiple Economical and Ecological Objectives

Hosseini, A.* (1); Lindroos, O. (2); Wadbro, E. (1)
(1) Umea University, Umed, Sweden; (2) Swedish University of Agricultural Sciences, Umed, Sweden

Abstract: In forestry, roads are the backbone of efficient management. Poorly designed strip-road networks could result in costly operations and
adverse environmental impact.

Hence, an optimized strip-road network is essential for reducing ecological impacts from driving (e.g., soil damage, CO2 emission), operational
costs, and improving the forest management.

To this aim, defining proper economical and ecological objectives and how to formulate and combine them mathematically are crucial steps
toward designing an ideal road network.

Forest strip-roads are used mainly for thinning but also for final harvesting.

Strip-road network design is a complex locational problem that involves how machines (harvester and forwarder) operate, terrain features (e.g.,
elevation, soil types), and ecological and environmental concerns (e.g., soil disturbance, water damage).

This work aims at finding the location of roads from which all trees can be reached by the harvester and forwarder in a time- and cost-effective
way with minimum adverse environmental impact.

To this aim, it elucidates the key economical and ecological objectives involved in network design subject to simultaneously satisfying several
conflicting operational and environmental goals.

The impact of the objectives on design of an optimal network is analyzed, and it is shown how to formulate and combine them mathematically.

Optimization, Forestry, Strip Road
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IUFRO17-3409 Soil strength in relation to moisture content in fine-grained mineral forest soils in southern Finland

Uusitalo, J.* (1); Lindeman, H. (1); Ala-llomaki, J. (2)
(1) Luke, Tampere, Finland; (2) Luke, Helsinki, Finland

Abstract: Soil moisture content is known to have significant effect on soil strength, especially in fine-grained mineral soils. This being the case,
trafficability of forest soils usually comprise large seasonal variation. The aim of the paper is to demonstrate and quantify the importance of soil
moisture content in regard to most important soil strength characteristics in typical fine-grained mineral soils in southern Finland.

Field studies were conducted on three separate test sites that each comprises 8 sample plots. Measurements of moisture content and soil
strength were repeated 8 times during time frame of 1 and half years. Moisture content was measured with an electric TDR moisture probe. The
measured strength characteristics include Cone index, shear strength and modulus of elasticity measured with a portable falling weight
deflectometer. The models to be developed help practitioners and researcher to comprehend the magnitude of seasonal variation on the strength
of forests soils.

forest trafficability, bearing capacity
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IUFRO17-1257 Influence of soil compaction on Quercus robur seedlings establishment

Mariotti, B.* (1); Cambi, M. (1); Maltoni, A. (1); Hoshika, Y. (2); Tani, A. (1); Marchi, E. (1)
(1) Universita di Firenze , Firenze, Italy; (2) Consiglio Nazionale delle Ricerche (IPSP-CNR), Sesto Fiorentino, Italy

Abstract: Compaction of forest soil due to the increasing use of heavy machinery in forest management can affect seedling survival and
establishment. Our study was aimed at assessing the effect of forest operations on soil physical parameters as well as on growth and physiology
of Quercus robur seedlings during the first growing season since germination. The study was based on two experiments: one in field, where
compaction was simulated by tractor passes, and one in nursery, where compaction was obtained by direct compression of the soil surface on
the top of containers using a compression machine in laboratory. In the first experiment two levels of soil compaction were simulated (i.e. 10 vs.
25 tractor passes) and physiological and morphological attributes of the seedlings were measured during and at the end of the first year in field.
The higher compaction level has affected the shoot system biomass, the number of growth flushes and leaves, the shoot/root ratio and the main
root length. These aspects were accompanied by lower photosynthetic rate and leaf nitrogen content. In the second experiment we investigated
the effect on soil compaction on above and below ground morphological traits of seedlings grown in plastic containers during the first month after
germination. Three compaction levels were considered. The results showed significant differences between the compaction treatments and
highlighted a constraint effect of increasing levels of compaction on root system development during the first growth stages after germination.
Especially in Mediterranean forests, as the photosynthetic rate differed greatly between the compaction treatments in late summer, the shorter
main-roots developed due to the soil compaction may limit the availability of water and nutrients to seedlings for more favorable climatic
conditions after the summer drought.

regeneration, forest operations

KG | - 1098 (Uni Freiburg)
IUFRO17-1275 Benchmarking of Cost Rates in Forest Harvesting Operations in Different Global Regions

Di Fulvio, F.* (1); Lindroos, O. (2)
(1) IIASA, ESM, Laxenburg, Austria; (2) SLU, UMEA, Sweden

Abstract: In a global bioeconomy, benchmarking of costs is an essential practice in the evaluation of production systems and addressing
decisions on the most efficient supply from available resources. In the case of forestry, benchmarking of cost rates for forest harvesting
operations is extremely challenging, due to a lack of harmonized terminology and difficulties in collecting information on comparable supply
systems. For these reasons, we initiated a global collection of forest harvesting cost rates which involved 19 experts from 15 countries spread in
the five different continents. The data were compiled by use of a standardized survey to experts. This benchmarking identifies and updates the
knowledge on technical and especially socio-economic factors capable of influencing the cost rates. This benchmarking provides a first time
series of fully comparable cost factors to be used when modeling and evaluating the cost competitiveness of forest harvesting operations on a
global scale. This example is expected to be extended in larger investigations, and regularly updated, in order to identify emerging technical and
economic trends and to provide up to date cost rates that can be used by forest practitioners and decision makers for improving their cost
efficiency and for designing future forest supply systems.

cost rate database, operational competitiveness
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IUFRO17-1732 Life Cycle Analysis of thermal use of woodchips from conifer thinnings considering delivered heat (MWht) as functional
unit: A case-study from a logistic terminal close to Madrid (Spain).

Tolosana, E.* (1); Laina, R. (1); Martin-SanRoman, A. (1)
(1) ETSI Montes, Forestal y del Medio Natural, Technical University of Madrid (UPM), Madrid, Spain

Abstract: A LCA of the use of forest biomass (pulpwood from pine plantation thinnings chipped at a logistic terminal in Lozoyuela, Madrid) to
produce thermal energy has been performed. The whole cycle has been studied, from the logging operations to the final distribution and
consumption of heat at one of the main final user's facility (a campsite with heated swimming pools). The fabrication, transport and final disposal
of capital goods used during the processes have been also considered. The ReCiPe 2008 LCA methodology has been applied, using the
SimaPro software. The considered impact categories were climatic change, ozone depletion, terrestrial acidification, fresh water and marine
eutrophication, human toxicity, photochemical oxidants, particulate matter, terrestrial, fresh water and marine ecotoxicity, ionizing radiation and
natural land transformation. The chosen functional unit was the thermal MWh available to final users. The most relevant impacts come from the
use of electricity - taken from the Spanish net - to feed the chips to the boiler and to distribute the heated water. Because of that, the alternative
of using only photovoltaic electricity was studied, and the majority of the negative impacts were significantly reduced. Also the LCA of the present
heat production with woodchips was compared to the alternative of using a similar performance diesel oil boiler. The latter would increase
strongly the majority of the negative impacts.

renewable,biomass,mechanization,LCA,capital goods
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IUFRO17-3246 Photogrammetry estimation of wheel ruts dimension and soil compaction caused by a forwarder.

Marra, E.* (1); Cambi, M. (1); Fernandez Lacruz, R. (2); Giannetti, F. (1); Marchi, E. (1); Nordfjell, T. (2)
(1) University of Florence - GESAAF, Florence, Italy; (2) Swedish University of Agricultural Sciences, Umea, Sweden

Abstract: Soil compaction and rutting are consequences of forest logging and is usually investigated by means of time-consuming methods, not

able to represent the whole longitudinal profiles of forest trails. New methods based on photogrammetry have been developed. The overall

objective of this study was to compare photogrammetry and traditional methods (cone penetrometer, manual rut depth measurements, soil bulk

density and porosity) for evaluating rutting (depth and rut volume) and its relation with traditional measurements after repetitive passes of a

loaded forwarder and two different levels of tire pressure. The comparison of photogrammetric vs manually-measured profiles resulted in R 2 of
0.934. The results showed the effect of tire inflation pressure and number of passes on soil disturbance. The estimation of the rut volume caused

by the forwarder on 100 m long trails after 60 passes were 8.48 m3 and 5.74 m3 for tire pressure of 300 kPa and 150 kPa, respectively. The
results showed a relation between soil compaction, rut volume and soil porosity. Increased rut volume correlated positively with increased soil

compaction and decreased soil porosity. Structure For Motion photogrammetry can be an accurate instrument for high-resolution Digital

Evolution Model creation and for morphology description of forest soil disturbance after forest logging.

SFM; DEM,; forest operations; rutting; tracks.
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IUFRO17-2916 Impact of Light and Moisture on the Survival and Development of Planted Pacific Northwest Timber Species

Aghai, M.* (1); Ettl, G. (2)

(1) University of Washington, Paloma Institute, Seattle, United States; (2) University of Washington, Center for Sustainable Forestry, Seattle,
United States

Abstract: Intensive management of the conifer-dominated forests of Washington and the greater Pacific Northwest (PNW) has resulted in
millions of acres of largely mono-specific forests, with simple vertical structure and low biodiversity. Improving the structural diversity of forest
stands in the PNW is important for timber species diversity and as a means of improving ecological resilience in these managed ecosystems.
Our research addresses the establishment potential of underplanted seedlings in partial light and in varying seasonal moisture conditions through
comprehensive parallel field and greenhouse trials. Understanding species-specific ecophysiology and development trends is a first step in
producing multi-cohort stands following non-clearcut harvesting practices.

The study incorporated Abies grandis, Acer macrophylum, Alnus rubra, Larix occidentalis, Pinus monticola, Pinus ponderosa, Pseudotsuga
menziesii, Thuja plicata, and Tsuga heterophylla; for which intraspecific seed provenance and nursery culture were coordinated to improve
regional relevance and reduce confounding effects. In addition to classic mensuration techniques, to confirm the targeted percent available light
levels in situ, hemispherical photography and ceptometer measurements were employed. Research plots were located throughout the Puget
Trough Ecoregion and the Eastern Cascade Foothills Region in Washington State, USA. Preliminary findings suggest first year mortality is driven
by stock quality for hardwoods and pines. Rhizosphere moisture is a more significant driver of first year survival and growth than percent
available light. The presentation will highlight seedling survival, morphology (growth and development), aboveground physiology (e.g. chlorophyll
fluorescence [Fv/IFm]), as well as susceptibility to herbivory and disease following two years of experimentation. Mechanisms driving early
survival and growth and practical implications of research findings will also be presented.

regeneration, ecological forestry, ecophysiology

Rolf Bohme Saal (Konzerthaus Freiburg)

IUFRO17-788 Cultivation of containerized forest planting material in Sweden <i> - state-of-the-art and future technology</i>

Mattsson, A.* (1)
(1) Dalarna University, Energy Forests and Built Environments, Falun, Sweden

Abstract: In 2016, Swedish forest nurseries produced almost 400 million seedlings of which about 85% were containerized. This presentation
aims to give a general description of the state-of-the-art method and present a new technology for year-around production based on the research
cooperation between Dalarna University and leading forest companies in Sweden.

The state-of-the art is bounded to the vegetation period which limits the production time normally from May to September. The production starts
with sowing, germination and early growth in conventional plastic greenhouses. The seedlings are irrigated and fertilized automatically, and when
needed, the greenhouses are heated and illuminated. After early growth in the greenhouse the seedlings are moved to an outdoor area for
completion of growth and hardening off. Finally, they are stored during winter in a cold storage or on outdoors under snow coverage.

The future technology is based on year-around cultivation in a closed plant growth chamber not affected by the outdoor climate. The illumination
is provided by LED lamps and the temperature, humidity and water content in the growing substrate are automatically controlled. In the growth
chamber the seedlings are pre-cultivated in a multi-layer arrangement at a high growing density to optimize the space used. After pre-cultivation
the seedlings are automatically transplanted to any optional container system and moved to an outdoor area for completion of growth.

The advantages of this technology include: year-around production, equal volumes to state-of-the-art in much less space, reduced energy
consumption and better cost efficiency. Also the new concept involves environmental benefits such as less water consumption, minimal use of
pesticides, reduced nutrient leakage and lower CO , emissions.

Forest nurseries; cultivation; growth chamber

Rolf B6hme Saal (Konzerthaus Freiburg)

IUFRO17-2855 Possibilities in using different light qualities in modifying growth and morphology of Scots pine seedlings under
nursery conditions

Riikonen, J.* (1)
(1) Natural Resources Institute Finland , Suonenjoki, Finland

Abstract: As a shade-intolerant species, Scots pine ( Pinus sylvestris) strongly responds to alterations in light quality. Although the importance of
light quality in determining growth and development of plants in well known, the development of applications for improving seedling quality and
production efficiency in nurseries has only been started recently. Several experiments studying the effects of different proportions on blue (400-
500 nm), red (600-700 nm), and far-red radiation (FR, 700-800 nm) on growth, morphology, and subsequent field performance of Scots pine
seedlings have been conducted in Finland. Light-emitting diodes (LEDs) were used either as sole sources of radiation or as supplemental light
sources in addition to sun light. The light treatments were applied either during whole growing season or during a pre-cultivation period of few
weeks. In this presentation, the results of these experiments will be summarized. It was found that by manipulating FR content in growth light it
was possible to control growth habit (secondary vs. primary needle seedlings), growth rate and growth cessation of the seedlings, which enables
production of seedlings targeted for outplanting on sites with specific characteristics. For example, some characteristics related to drought
tolerance can be enhanced by omitting FR light from the growth light. Blue light reduced height growth, indicating that blue light could be used as
a growth retardant at the nurseries, although determination of proper dose of blue light requires further studies. Growth and morphology of the
pre-cultivated seedlings were also modified by different light spectral composition, but these changes disappeared soon after transplanting and
transition of the seedlings to sun light. Increasing knowledge of the potential effects of different wavelength combinations on seedling growth and
morphology will enable development of new applications to be used in commercial seedling production in the future.

nursery, Pinus sylvestris, spectral composition
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IUFRO17-4169 The Effects of Varying Light and Rhizosphere Moisture on Early Growth and Development of Pacific Northwest Timber
Species

Moskowitz, O.* (1); Aghai, M. M. (1); Ettl, G. (1)
(1) University of Washington, Seattle, United States

Abstract: Variable retention, partial cutting, or gap-based systems are increasingly being employed in the Pacific Northwest region as
"alternative silviculture" or "ecological forestry" approaches to changing Douglas-fir plantation trajectories. Following these non-clearcut harvests,
the resulting gaps in the canopies vary in size and distribution of the overstory, thereby causing often drastic differences in both the amount and
quality of light and rhizosphere moisture available to seedlings. This experiment is an ex situ potted simulation of field conditions used to 1) to
determine the specific thresholds of post- transplant survival and development in response to a precise range of light and moisture regimes and
2) help calibrate a parallel field trial with the same stock and species assortments.

Forestry stock of 12 species of native trees of the region (N per species= 90) were planted into large pots, then shade cloth and plastic poly were
used to control light and moisture conditions. This experiment followed a factorial design including three light treatments and three moisture
regimes with replication. Seedling responses were assessed by repeated measurements of survival and morphology for growth response.
Destructive sampling entailing assessments of dry mass, and carbon and nitrogen distribution for roots, shoots, and foliage was employed prior
to transplant into the experiment and following one year of growth. Overall, there were important interactions between light and water availability
on seedling performance. Most species acquired the greatest biomass under open light and wetter than normal conditions. Light, more so than
rhizosphere moisture, was the significant driver of nearly every morphological response measured. The presentation will highlight species-
specific results and findings relevant to reforestation practitioners.

reforestation, alternative silviculture, seedlings

Rolf Bohme Saal (Konzerthaus Freiburg)

IUFRO17-3881 The economic and social consequences of introduced tree species silviculture - in the case of Douglas fir, red oak and
black locust in Central Europe

Gruchala, A.* (1); Zasada, M. (1); Bronisz, K. (1)
(1) Warsaw University of Life Sciences, Faculty of Forestry, Warsaw, Poland

Abstract: Introducing alien tree species to forest management has caused various objections in many Central European countries. The
foundations of these objections vary, but usually they show a lack of comprehensive, large-scale, long-term study, that illustrate the potential
ecological consequences of the introduction of these species. This stands in contrast, however, to research on the environmental impact of forest
stands composed of alien species led over the years in countries such as, Germany, the Czech Republic and Poland. The potential negative
impact has been proven for some species, but the potential productivity and adaptation to changing climate conditions has also been
emphasized.

In this paper we present results about the silviculture of introduced alien species such as Douglas fir, red oak and black locust. We define the
productivity and economic potential of stands consisting of these species compared to local ones growing in similar site conditions. Based on the
economic analysis we present the differences in costs, productivity and the value of stands under different management regimes. We also
discuss the social aspects of such management, especially in the context of rural development. The society of large cities and its attitude towards
controlling game populations in municipal forests.

Alien species, economic efficiency, productivity

Rolf B6hme Saal (Konzerthaus Freiburg)
IUFRO17-1333 Direct Seeding in Reforestation - A Field Performance Review

Ivetic, V.* (1); Grossnickle, S. (2)
(1) University of Belgrade - Faculty of Forestry, Belgrade, Serbia; (2) NurseryToForest Solutions, Sidney, BC, Canada

Abstract: The use of seeding with tree species has been an ongoing silvicultural practice in forest restoration programs for centuries. Declining
of direct seeding practice started in 1950s, with improvements of nursery production of quality planting material. In recent years it has been
increasingly recommended for use in restoration of abandoned agricultural sites, disturbed forests, opencast mine reclamation sites,
reintroduction of endangered tree species, reforestation, and afforestation. This review examines the field performance of direct seeding in forest
restoration programs from a number of perspectives. First, merits of using direct seeding in restoration programs are defined. Second, the
reasons for the decline in direct seeding in restoration programs. Third, the current best practices and potential new practices to apply direct
seeding in restoration programs are reviewed. The intent of this review is to provide a synthesis of what is known about direct seeding, thereby
allowing practitioners to make a rational decision of whether to apply this practice towards their forest restoration program. This review represents
a comprehensive, though not exhaustive, examination of published literature on the subject of direct seeding. However, this review was
comprehensive enough to describe the major trends found in recently published work.

direct seeding, reforestation, field performance
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Rolf Bohme Saal (Konzerthaus Freiburg)
IUFRO17-3918 Importance of Developing and Supporting Quality Nursery Facilities and Staff to Meet Reforestation Needs

Haase, D.* (1)
(1) USDA Forest Service, Portland, United States

Abstract: Using high-quality plants of specific species from genetically appropriate sources is a key component for meeting reforestation and
restoration goals. Nurseries are one of the most effective and efficient means for obtaining the necessary plants. The nursery's critical role,
however, is often overlooked and neglected. Many nurseries lack adequate resources and expertise necessary to produce plants that will survive
and thrive after outplanting. Poor-quality plants can result in insufficient or delayed target stocking levels, establishment and spread of competing
vegetation, a need for re-planting, and failure to meet project goals. In spite of these environmental and economic costs, investments into nursery
technology, infrastructure, and personnel are frequently a low priority throughout the world. Nurseries require the proper tools, supplies, and
facilities, along with skilled, knowledgeable staff, to produce adequate numbers of plants with high-quality morphological, physiological, and
genetic characteristics for meeting long-term forest health goals under a variety of ecological conditions. This presentation will address: 1) wide-
reaching problems caused by insufficient nursery support, 2) priority nursery needs that must be supported, 3) strategies for providing support,
and 4) the widespread benefits of high-quality plants and their subsequent field performance. Several examples will be provided to illustrate
these points.

Rolf B6hme Saal (Konzerthaus Freiburg)

IUFRO17-2142 Scots pine (Pinus sylvestris L.) growth response to variable environmental conditions in Poland

Kowalczyk, J.* (1); Chmura, D. J. (2); Barzdajn, W. (3); Buraczyk, W. (4); Rzonca, M. (1); Guziejko, A. (1); Matras, J. (1);
Rozkowski, R. (2); Skrzyszewska, K. (5)

(1) Forest Research Institute, IBL, Sekocin Stary, Poland; (2) Intsitute of Dendrology, Polish Academy of Sciences, Kérnik, Poland; (3) University
of Life Sciences, Faculty of Forestry, Poznan, Poland; (4) Warsaw University of Life Science, Department of Silviculture, Warszawa, Poland; (5)
University of Agriculture in Krakéw, Faculty of Forestry, Krakéw, Poland

Abstract: In order to continue wood production at a similar level as at present, forest management practices require preparation for climate
change. An important aspect of these measures is a better use of genetic potential and intra-species variability of forest tree species.

We studied variation among provenances of Scots pine in tree diameter measured at the common-garden sites established within the 1967 and
IUFRO 1982 experimental series in Poland. At each studied site we calculated basal area per hectare (BA) for provenance, and data were
standardized. The summarized results showed a clear variation in growth and a potential for adaptation to changing climate. Populations from
central Europe were growing faster compared to those from the southern and northern ranges of the natural distribution in Europe. Local
populations were not always among the best-performing at their home location. Breed populations established by humans (e.g. at Porn 6apati,
Hungary, and Ardennes, Belgium) grew better comparing with natural populations. The analyses utilized the set of data available from the
software generating climate data for Europe (ClimateEU v4.63). Regression models showed that growth generally decreased from west to east
when a population was transferred from its place of origin to a distinctly different location. Strong relationships were found between BA and
transfer distances measured as a difference in degree-days above 5 °C of provenance origin and planting sites. Results indicate that the
appropriate use of forest reproductive material (FRM) is one of the possible ways to adapt forests to unfavourable changes in climate.

management; climate change; breeding; Scots pine

Rolf Bohme Saal (Konzerthaus Freiburg)

IUFRO17-1043 Prospects for restoration of degraded landscapes within the Yavoriv sulphur quarry (Ukraine) through woodland
development.

Kopiy, S.* (1); Nijnik, M. (2); Nijnik, A. (3); Kopiy, M. (1)
(1) Ukrainian national forestry university, Lviv, Ukraine; (2) The James Hutton Institute, Aberdeen, United Kingdom; (3) Environmental Network
Limited, , Aberdeen, United Kingdom

Abstract: Abstract

This paper considers prospects for restoration of degraded landscapes within the Yavoriv sulphur quarry, Western part of Ukraine, where the
mines are now largely abandoned; and the devastated land is undergoing agricultural, forest and meadow reclamation or is left for natural
processes of self-recovery. We conducted an interdisciplinary study to examine the state of environment, specify species biodiversity, and
develop understanding of prospects for ecosystems' rehabilitation through woodland development. The research methods included: i) desk-
based review of the literature and policy documents; ii) pilot field-based soils science survey of biological activity of technogenic soils and its
biodiversity; iii) ecological science field-based analysis of the vegetation and species composition, plant associations and ecosystem variation; iv)
natural science field-based investigation of self-restoration processes on the devastated land to find out the most appropriate for these conditions
species; v) participatory methods to identify the attitudes of local people towards landscape restoration measures and future use of the land.
Results confirm the hypothesis that open excavation of sulphur has led to soil destruction and erosion; water, air and soil pollution; deterioration
of landscapes, and the decrease of biological diversity. Innovative knowledge concerning the influence of species biodiversity of the vegetation
on the effectiveness of land recovery has been developed. A better understanding of the role of phyto-ameliorative measures (e.g. of biological
re-cultivation via woodlands establishment) in boosting species biodiversity and in the subsequent delivery of a range of ecosystem services from
a formerly devastated land has been achieved. Findings from a social science component of this study indicate that future use of the restored
land will likely be outdoor recreation.
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Rolf Bohme Saal (Konzerthaus Freiburg)
IUFRO17-1274 Control of forest reproductive material in the Single European Market

Konnert, M.* (1); Baier, R. (1)
(1) ASP Teisendorf, Teisendorf, Germany

Abstract: Forest reproductive material (FRM) of unsuitable provenance leaves the forest owner with high risks and low revenues. Today FRM is
transferred across Europe in significant amounts. The existing legal regulations on FRM moved in trade can, however, only provide for an
absolute proof of identity at an unproportionally intense level of controlling. The presentation will provide insights into the legal and policy
frameworks for the production, marketing and control of FRM in Europe including recent developments and activities for harmonisation with the
world-wide applied voluntary OECD Scheme. It will focus on similarities and differences in the implementation of the European Directive 105/199
in different EU Member States. Conclusions arising from it will be discussed, between them the demand for harmonized and more stringent
control of FRM at all production and marketing stages and close cooperation between control agencies in different EU-member states.

The rapid development in the field of genetic investigations on forest tree species during the last two decades opened new control possibilities.
New traceability systems using genetic methods have been developed in recent years and put into practice in a few countries generally applying
private rules. Posibilities and limits for the application of genetic markers for proof of identity within private based certification systems will be
presented for some species. The supplementary control systems do not replace the legal regulations but enforce their applications. Thus they
secure a significant contribution to stability and yield of our forests.

FRM, control, legal regulations, certification

Rolf Bohme Saal (Konzerthaus Freiburg)

IUFRO17-1045 Reforestation challenges on fine-textured soils in boreal forest

Saksa, T.* (1); Heiskanen, J. (1)
(1) Natural Resources Institute Finland, Suonenjoki, Finland

Abstract: Mounding is a common soil preparation practice with planting Norway spruce seedlings (Picea abies (L.) Karst.) in Finland. On fine-
grained soils, however, the postplanting performance of seedlings with mounding has been poorer than on coarser soils.

Effects of different soil preparation treatments on the postplanting performance of Norway spruce container seedlings were examined in two
studies. The first study was carried out on till soils susceptible to frost heave and the second on soils ranging from medium-grained tills to sorted
clay. In both studies the postplanting performance was measured for three growing seasons.

The results showed that mounding decreased expectedly seedling mortality and increased growth on all studied soil textures. The mounding
method or mound height showed no clear difference in seedling growth. Frost heave was present mainly on ditch mounded and inverted spots.
The results suggest that ditch or spot mounding should be used on fine-grained soils. Seedling growth and survival were slightly negatively
related to the soil clay content; the seedling attributes tended to be poorest on silty soils with a clay content of 20-30% (or silt and fine sand
content of over 60%). The results suggest that effective soil preparation cannot fully alleviate all of the inherent disadvantageous effects of silty
soils.

Picea abies, mounding, planting, soil texture
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IUFRO17-1755 French research and innovative plan by 2025 for wood-based industry: focus on precision forestry

CACOT, E.* (1); VUILLERMOZ, M. (2)
(1) FCBA, Verneuil-sur-Vienne, France; (2) FCBA, Champs-sur-Marne, France

Abstract: In 2016, the French 2025 research and innovation plan (FBRI 2025) was defined on national level. Regarding forest operations, 2
main challenges are taken into account: willingness to increase harvest with +12 million cubic meters, need to counteract the constant decrease
of manual workforce (-400 lumberjacks/year).

Promoting the intelligent monitoring and management of forest through the development of remote sensing technologies to better characterize
resources and potential harvest is one of the 13 strategic projects.

The development of technological (mechanization, automation...) and organizational solutions for precision forestry is another backbone of FBRI
2025, as a direct confirmation of graduate changes of practice adopted in the past decades.

Digital transition adds-up to improve mobilization and logistics in the forest-based sector, thus improving efficiency by automated access to data
(resources, access roads), improved reliability of data exchanges and traceability of timber using collaborative digital systems.

Whether they are progressive or ground-breaking, those target innovations are linked to human factors. Change management is therefore
interwoven with all technological developments. And on the mid-term a national consultation is also required on how to modernize and redesign
training and education in the forest-based sector. Improving the alignment of training opportunities with the required skills, modernizing
vocational training, adapting training programs and keeping up with changes of practice in the sector are suggested but will require as much
collaborative effort as cutting-edge research to become the demanded reality.

Undertaken actions will be illustrated by some on-going or future projects, in order to highlight their technical, organizational and human
challenges.

Forest operations, innovation, precision forestry

KG Il - Auditorium Maximum (Uni Freiburg)
IUFRO17-1648 New Market of Contractor Firms in the Slovak Forestry Service Sector and Innovation Policy

Sterbova, M.* (1); Salka, J. (1)
(1) Technical University in Zvolen , Zvolen, Slovakia

Abstract: The aim of the presentation is to evaluate innovation behaviour and potential of contractor firms, as well as the transformation and the
functioning of innovation policy, in the Slovak forestry service sector. Firstly, the presentation deals with the issue of innovation theory, theory of
innovation systems, it also describes innovation policy in forestry and characterizes a new market of forestry services in Slovakia.
Methodologically, the combination of scientific methods and approaches was used. A questionnaire survey was used for the evaluation of
innovation behaviour of contractor firms in the forestry service sector. In response to a questionnaire survey, for the evaluation of innovation
potential of firms, the method of collective case study with 13 cases was used. The evaluation of innovation policy was focused on the analysis of
the fulfilment of three basic functions of the sectorial innovation system: (i) reduction of uncertainties by providing information, (ii) management of
conflicts and cooperation, and (iii) the provision of pecuniary and non-pecuniary incentives. Lastly, inductive and deductive reasoning was used
to make recommendations for innovation policy in the sector. The results pointed out, that innovation activity of firms is low, while their innovation
potential is high. Innovation activities were oriented on the procurement of a new technology, because the current mechanisation does not meet
the needs for the development of modern technology. At the same time, innovation system in the sector fulfils its three basic functions at
insufficient level. The cooperation and interactions between the various actors are weak and the innovation system does not provide enough
information for the reduction of uncertainties. The last part of the presentation makes recommendations for innovation policy in forestry. The
importance and benefits of these measures is in creating conditions for improving innovation and entrepreneurial activity in the sector.

innovation, behaviour, potential, policy, Slovakia
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IUFRO17-2156 Pre-harvest tree and stand assessment for improved log allocation within the wood supply chain

Opferkuch, M.* (1); Smaltschinski, T. (1); Jaeger, D. (1); Becker, G. (2)

(1) Chair of Forest Operations, University of Freiburg, Freiburg, Germany; (2) Chair of Forest Utilization, University of Freiburg, Freiburg,
Germany

Abstract: Moving the process of identifying the right raw material for specific products upstream to earlier stages in the wood supply chain has
long been described as key element for efficiency increase. Realization of such a pre-harvest log allocation requires information on quantity and
quality of the trees to be harvested. Forest inventories typically do not fulfil this requirement. The problem is of larger importance in selective-
cutting regimes as it needs to be known which trees will be cut.

The combination of airborne and terrestrial LIDAR (ALS, TLS) data can provide consistent information on the growing stock and allows the
calculation of utilization volume and possible assortments. Tree height (h) and crown parameters from ALS data and the diameter at breast
height (dbh) from TLS on sample plot level allows estimating dbh by linear regression with ALS crown parameters as independent variables. This
regression can then be used for upscaling to the enterprise level for which ALS-crown and tree height data are available. The stem diameter at 7
m height (d7) can also be estimated by linear regression with dbh as independent variable. With these three variables (dbh, d7, h) single-tree
volumes can be estimated accurately for Central Europe with the software BDATpro. Each tree's relation to a stand is given by its coordinates,
which in turn allows modeling stand-specific volume distributions. Including the Weibull function and the modification of its parameters allows
modeling utilization covering the full range from 'thinnings from below' to 'thinnings from above'. The utilization rates can then be modeled for
each stand in the same way and the assortments can be calculated by bucking simulation. Quality information is derived from TLS data (taper,
sweep).

This pre-harvest information for the whole forest enterprise is the necessary pre-requisite towards the idea of a forest warehouse with the
required flexibility regarding the log products to be produced.

forest warehouse, pre-harvest quality assessment

KG Il - Auditorium Maximum (Uni Freiburg)
IUFRO17-898 Using a prototype load test platform to quantify the effects of steel flexible tracks on forwarder peak load distribution

Labelle, E. R.* (1); Jaeger, D. (2)

(1) Technische Universitat Miinchen, Forest Operations, Freising, Germany; (2) Albert-Ludwigs-Universitat Freiburg, Chair of Forest Operations,
Freiburg, Germany

Abstract: With increasing payloads, machines used in mechanized forest operations to transport wood from felling sites to landing areas along
machine operating trails can cause severe soil disturbances through an increase in soil density. The densification of a forest soil needs to be
avoided as it reduces and potentially eliminates macropores, which are essential for plant growth. In an attempt to increase machine traction and
extend trafficability in areas with high soil moisture, steel flexible tracks (SFT) are regularly installed on bogie axles of forwarders. These SFT
span the entire length of a bogie axle and form an oval geometry, thereby increasing the area of contact between the machine and the operating
surface. The study quantified dynamic peak loads exerted by a forwarder driving either on wheels or using additional SFT on its rear bogie axle.
To examine load distribution of a full-scale forwarder, a load test platform equipped with 24 high capacity load cells placed below a matrix of steel
plates was designed and constructed. Three scenarios were tested with the forwarder unloaded and loaded to quantify the difference in peak
loads between wheels driven directly over the steel load test platform (considered as rigid surface, scenario 1) and SFT when either driven
directly over the steel load test platform (scenario 2) or when driven over a 20 cm layer of sand placed over the platform (considered as flexible
surface, scenario 3). The prototype platform proved to be an appropriate measuring device for full-scale tests. Results indicate that when
operated on the sand layer, SFT (installed on the forwarder's rear unloaded axle) decreased dynamic peak loads by about 30% compared to
wheels operated on the sand covered platform. The use of SFT on bogie axles of forest machines is recommended to lower soil disturbances,
especially through a reduction of peak loads often responsible for negatively altering soil physical properties.

dynamic loads, off-road traffic, bogie-axles

KG Il - Auditorium Maximum (Uni Freiburg)

IUFRO17-4052 Modelling changes in surface flow after skid trail construction in steep terrain

Talbot, B.* (1); Pierzchala, M. (1); Astrup, R. (1)
(1) Norwegian Institute for Bioeconomy Research, Aas, Norway

Abstract: This paper presents the methods developed and results of a case study in which the changes to hydrological surface flow on a steep
hill slope are modelled after a network of skid trails were constructed in connection with clearcut harvesting.

ALS data was used in constructing a terrain model for the site before harvesting, while images acquired from a UAV were used in generating a
surface model, which included the skid trail network and thereby represented the post-harvest condition of the site. Three years of local climate
data peaks (rainfall magnitude and intensity) were used in modelling hydrological flow after the terrain surface was altered. Changes in flow
accumulation and the probability of erosion 'hotspots' were analysed in a QGIS environment. The site was revisited 3 years after harvesting and
evaluated against the predicted impact of the changed surface flow patterns.

Steep terrain, hydrology, erosion, logging
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IUFRO17-1753 Multifunctional biomass terminals in a bioeconomy

Bergstrom, D.* (1)
(1) Swedish University of Agricultural Sciences, Umed, Sweden

Abstract: In a bioeconomy, a vast number of biomaterial qualities shall be produced, harvested, sorted, handled, pre-processed and delivered to
biorefineries. Such market calls for new logistic solutions and business models. Conventional terminals can be classified as satellite terminals,
feed-in terminals and transshipment terminals which together serve as intermediate storage, upgrading and transfer points. In a bioeconomy
forest biomass terminals are expected to be more sophisticated in their function. For example, beside fulfilling the criteria of conventional
terminals they will also serve as sorting, fractioning, pre-refining and refining stations Thus, a development towards a whole-tree utilization supply
chains seem likely were biomaterials from the tree are customer-oriented in order to optimize the raw material utilization and maximize profit.
Using current knowledge of expected biomass demands, possible terminal design combined with new technological inventions for e.g. fractioning
of biomass, pre-treatments and supply management tools would boost the development and the transition. In order to optimize forest products
the multifunctional terminals will require proper design of e.g. infrastructure, operations and management. The Infrastructure, operations and
management must then match in order to minimize terminal cost. The management tools must render effective track-keeping of e.g. qualities,
quantities, operation performance and biomass- and information flows.

bioenergy, business models, logistics
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IUFRO17-1107 Fuel consumption and GHG emissions of forest biomass supply chains in Northern Sweden: a comparison analysis
between integrated and conventional supply chains

De La Fuente, T.* (1); Gonzalez-Garcia, S. (2); Athanassiadis, D. (1); Nordfjell, T. (1)
(1) SLU, Umea, Sweden; (2) University of Santiago de Compostela, Santiago de Compostela, Spain

Abstract: Forest biomass can be used as source of renewable energy, contributing to mitigate climate change. Currently, forest biomass is one
of the most important energy sources in Sweden, accounting for around 20% of the total supply. New demands of forest biomass may be
expected due to the EU energy targets, the previous high oil prices, the energy supply security, and the bioenergy market. However, the supply
depends on the intensity of conventional final felling operations. Thus, it is crucial to determine the energy demands of conventional and new
forest assortment supply chains and promote those with the highest energy efficiency and least greenhouse gas (GHG) emissions.

An attributional Life Cycle Assessment approach was used to evaluate the fuel consumption and GHG emissions associated with the combustion
of fossil fuels used in forest operations, transportation and comminution of forest biomass procured via two kinds of supply chains in Northern
Sweden: conventional and integrated. The results indicate that most fuel was consumed in transportation processes. The integrated supply
chains (in which the harvesting of industrial roundwood is integrated with extraction of forest fuels) are more energy efficient than conventional
supply chains, and have the potential to reduce GHG emissions by approximately 13%.

LCA, energy wood, forest bioenergy

KG | - 1139 (Uni Freiburg)
IUFRO17-2124 Beetle-killed Biomass for Bioenergy: An Integrated Modeling Approach for Feedstock Supply and Logistics

Han, H.* (1); Chung, W. (1); Anderson, N. (2)
(1) Oregon State University, Corvallis, United States; (2) Rocky Mountain Research Station, USDA Forest Service, Missoula, United States

Abstract: The recent bark beetle epidemic has affected millions of hectares of conifer forests in the Rocky Mountains in North America. Forest
managers are interested in using biomass from beetle-killed trees for bioenergy and bio-based products, but technical and economic
uncertainties around the harvest, process, transportation and utilization of beetle-killed biomass lead to a slow response of forest managers to
proper management in many private and public forestlands in the region. This study attempts to develop an integrated feedstock logistics model
for beetle-killed biomass to address some of the existing uncertainties and information gaps, particularly related to the quantity of available
biomass and feedstock supply. This model integrates new allometric equations developed for recoverable biomass of beetle-killed trees, new
cost and productivity models for beetle-killed stand harvesting, and new mathematical approach for optimal feedstock logistics. Our results
suggest that the new allometric equations of dead trees provide more accurate estimates of recoverable logging residues, and that different tree
conditions in beetle-killed stands significantly affect the productivity and costs of harvesting operations. Optimization of feedstock logistics also
helps improve the economic viability of beetle-killed biomass feedstock supply.

KG | - 1139 (Uni Freiburg)
IUFRO17-1255 Optimizing supply of unutilised Swedish biomass to produce torrefied pellets

Athanassiadis, D.* (1); Svanberg, M. (2); Olofsson, I. (3)

(1) Swedish University of Agricultural Sciences, Forest Biomaterials and Technology, Umed, Sweden; (2) SSPA SWEDEN AB, Gotheburg,
Sweden; (3) Umeda University, Faculty of Science and Technology, Umed, Sweden

Abstract: Increasing the use of biomass-to-energy is part of the solution in reducing the environmental impact caused by fossil-based energy
use. Regionally unutilized biomass can be used to produce torrified pellets at biomass terminals enabling logistical benefits and enhancing
product value. The optimization model used in this study rendered the identification of ten terminals in which unutilized primary forest biomass
(logging residues, stumps and sawmill by-products) amounting to 4.5 million odt can be transported to and further transshipped or refined into
torrefied pellets. The total cost (torrefaction and supply costs) of using only logging residues for torrefaction was 26-30 EURO/MWh depending
on terminal location and the size of the torrefaction plant. If stumps are utilized then total costs increase by approx. 20% as the cost of supplying
stumps is significantly higher than logging residues. The results are specific to the region of northern Sweden, but three criteria for location of
torrefaction plants are suggested: a) Torrefaction plants should be integrated with other industries in order draw advantages from lower
production cost. b) Torrefaction plants should be located in areas with abundance of low cost biomass. ¢) Proximity to existing infrastructure is
important in order to minimize cost of distributing torrefied pellets.

logging residues, stumps, torrefaction
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IUFRO17-1632 Forest operations and logistics to reduce costs and improve product value from forest restoration in the southern
Rocky Mountains, USA

Anderson, N.* (1); Dodson, E. (2); Loeffler, D. (1)

(1) Rocky Mountain Research Station, U.S. Forest Service, Missoula, United States; (2) University of Montana, College of Forestry and
Conservation, Missoula, United States

Abstract: The ponderosa pine and dry mixed conifer forests of the southwestern United States are considerably overstocked and prone to
destructive wildland fires resulting from the accumulated effects of livestock grazing, fire suppression, insect outbreaks, disease, drought, and
climate change. Forest managers in the region are working to increase forest resiliency by moving forest structure and composition toward
reference conditions using both prescribed fire and mechanical thinning treatments. Such treatments generate large volumes of small trees and
non-merchantable biomass that is most often burned onsite for disposal, which can have negative air quality and site impacts. This paper
provides an overview and preliminary results of a three-year research study to examine existing logging systems deployed in the area, and
develop and optimize new systems that leverage available logging infrastructure, but also encourage adoption of new technologies and
innovative logistics capable of efficiently delivering small diameter logs and biomass feedstocks from restoration treatments to end users such as
sawmills, power plants and bioenergy facilities. The team is working closely with logging contractors and existing and potential new end users of

woody biomass feedstocks in the region to ensure that the logistics systems under development meet quality specifications and customer
requirements.

Restoration, operations, logistics, biomass

27



IUFRO 125th Anniversary Congress, 18 — 22 September 2017, Freiburg, Germany

All Division 3 (Forest Operations Engineering and Management) Meeting

151 - History, Findings, and Future Directions of Forest Landowner Research

KG | - 1224 (Uni Freiburg)
IUFRO17-1429 Forest Landowner Surveys in the USA: History, Findings, and Future Directions

Butler, B.* (1)
(1) US Forest Service, Amherst, United States

Abstract: Across the United States of America, 117 million hectares of forestland are owned by 11 million family, individuals, trusts, and estates,
collectively referred to as family forest owners. This group controls 36% of the forestland across the USA, more than any other ownerships group,
including the Federal government. Operating within political, social, economic, and biophysical constraints, these family forest owners are
determining if and how these forests are being managed and what is being produced. To understand these owners and their actions, surveys
have been conducted in the USA since the 1940s. The initial efforts were focused on small geographic areas and were often centered on narrow
topics. The first national, ownership survey in the USA was conducted in 1993 with subsequent national surveys conducted in 2006 and 2013.
The US Forest Service, Forest Inventory and Analysis program conducts these surveys as the social complement to its biophysical inventory.
The landownership surveys involve contacting 1,000s of family forest owners from across the USA using a probability proportional to size design
and collecting information on land characteristics, reasons for owning, past and future management activities, advice received, concerns, and
demographics. The findings show that: family forest owners continue to dominate many landscapes across the USA; the primary reasons for
owning are amenity oriented, not financial; most owners are not being reached by traditional programs; and the advanced age of the owners
portends the importance of intergenerational transfer of land. Future efforts will allow for longitudinal analyses and deeper exploration of specific
topics, such as invasives species, wildfire, and decision-making.

Small-scale forestry

KG | - 1224 (Uni Freiburg)
IUFRO17-1019 Forest Landowner Surveys in Finland: History, Findings and Future Directions

Karppinen, H.* (1)
(1) Dept. of Forest Sciences , University of Helsinki, Helsinki, Finland

Abstract: The Finnish economy is highly dependent on non-industrial private forests, which provide around 80% of the domestic timber supply.
The first step in creating a permanent monitoring system for private forestry was taken in 1975, and the first round of data collection in the current
form was conducted in 1990 followed by two surveys in 1999 and 2009.

Based on these data, several studies on Finnish forest owners and their forestry behavior have been carried out. They have been useful in
planning and implementing forestry programs. These studies have concerned owner demographics and holding characteristics, landowners'
values and objectives and their forest management behavior. For instance according to the recent timber supply analysis, women sold one cubic
meter per hectare and per year less in a five-year period than men did, and they sold less frequently but larger quantities per sale than male
owners did. Another study on forest owners' timber stand improvement decisions emphasized the role norm pressures, the main sources of
which were the extension officers of local forest management associations, local wood purchasers and family members. Attitudes and perceived
controlling factors played smaller roles in explaining stand improvement intention. Especially, female owners and urban owners were more
influenced by norm pressures.

demographics, family forests, behavior, objectives

KG | - 1224 (Uni Freiburg)
IUFRO17-180 Forest Landowner Surveys in Austria: History, Findings and Future Directions

Sekot, W.* (1); Toscani, P. (1)
(1) University of Natural Resources and Life Sciences Vienna, Institute of Agricultural and Forestry Economics, Wien, Austria

Abstract: Austria is one of the few countries with a long tradition of collecting economic data on forestry by means of forest accountancy data
networks. These continuous investigations complement the information of land registers, farm surveys, cutting records and national inventories
by monitoring the economic performance of forest holdings. Although the samples are by no means representative in statistical terms, they serve
as an invaluable backbone for empirical research and provide detailed insight into the profitability of forestry and the efficiency of operations.
Especially the network of bigger forest enterprises (> 500 ha) serves not only sector statistics and politics but is utilized also by many participants
for ratio analysis and benchmarking exercises. Meanwhile, the time series cover several decades. The results document developments in terms
of intensification of timber production, rationalisation as well as diversification. Safeguarding the considerable resources for running the networks
and financing necessary technical modernisations is a constant challenge and relies on the interest and commitment of all stakeholders.
Continuous innovations in terms of results and their utilisation are indispensable for sustaining the esteem for this very specific research
infrastructure. Just recently, information on small scale farm forestry could be improved substantially by applying models derived from the small
network of farm forests to the far bigger and representative agricultural network.

ratio analysis, benchmarking, farm forestry
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IUFRO17-1266 Forest Owner Surveys in Japan: History, Findings, and Future Direction

Ishizaki, R.* (1)
(1) Forestry and Forest Products Research Institute, Tsukuba, Japan

Abstract: In Japan, two-thirds of the land surface are covered by forests, of which 57% are privately owned. According to the agriculture and
forestry census of 2010, the number of family forest owners holding 1 ha or more is 0.9 million, of whom 88% hold less than 10 ha. Thus, private
ownership and their small scales characterize the forests in Japan. This study traces the history and findings of forest owner surveys in Japan
and discusses the associated issues. The Japanese government established major statistics on private forest owners in the 1960s, a time when
Japanese forestry was undergoing drastic changes. Researches and discussions on private forest owners increased in the 1960s and 1970s and
heated up during the 1980s. A main issue during this period was the evaluation of small-scale forest owners. After the 1990s, the topics of forest
owners' research varied. On the other hand, the targets and items of public statistics on private forest owners diminished especially after the
2000s, and researching forest owners using public statistics has become quite difficult recently. Research focusing on new types of owners is
one of the issues that needs to be addressed in the future.

Forest owners, Japan, Family forests, small-scale
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IUFRO17-139 Unde venis - quo vadis accountancy network - from Fortran to Bayesian network

Hartebrodt, C.* (1)
(1) Forest Research Institute Baden-Wirttemberg, Freiburg, Germany
Abstract: The contribution of the development of the Forest Accountancy Data Networks (FADN) in the German context will be retraced.

In the pilot phase of the FADN the leading questions were, which data will be compiled and how a continual system concept must be designed. It
can be shown, that the primary role in a second period was the documentation and depiction of various time series of forestry. The continual
display of greater amounts of data was more valuable in itself and the knowledge about the different types of forest ownership and their economic
behavior was widened. With the switchover to the "world of relational databases" a change was initiated for the use of FADN data. The recurring
publications of numerical series were replaced more and more by the requirement to answer individual questions. However, this was also related
to the fact that these individual evaluations are often deprived from public viewing and only relevant for a smaller group of people. The visibility of
the FADN decreased, which led to a dispute about its role.

Finally, it could be shown that the main legitimation of the FADN had changed. Data was now seen as a source of information and the main
objective had become the exchange of data. Side to side with the application of data in international reporting requirements, the use of scientific
analysis in political consulting had continually grown, too.

In the last decade an additional option of FADN became evident. The annual data collection provided the opportunity to perform some kind of
"side surveys". Thus FADN were used as some sort of "docking device" for additional inquiries.

Shrinking time resources in the participating enterprises led to the most recent changes in the FADN methodology. In a so called modular
approach three categories of data were defined: obligatory data, which has to be delivered by each enterprise, optional data and data, which is
only relevant for a shorter period and which only covers special topical interests.

Accountancy Network, History, EDP-Technology
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IUFRO17-2340 Results from the long term Forest Accountancy Networks (FAN) of private forest enterprises in Westfalia-Lippe in
Germany

Dég, M.* (1); Mohring, B. (1)
(1) Georg-August-Universitat Goéttingen, Abteilung Forstdkonomie und Forsteinrichtung, Géttingen, Germany

Abstract: Multifunctional forestry in Germany is characterized by long production periods and complex biological-technical processes. Private
forest enterprises are complex systems which are closely interwoven with the economic environment. To ensure their economic success, forest
landowners need to take the economic development into consideration and adapt their management strategies. Thereto long time series data,
taken from Forest Accountancy Networks (FAN), can be analyzed.

For over 45 years, data from the FAN Westfalia-Lippe in Germany are scientifically investigated by the department of Forest Economics and
Forest Management at the Georg-August-Universitat Gottingen. The long-term development and adaptation strategies of defined groups of
private forest enterprises can be illustrated with these data. These valuable time series information that can support decision-making processes
of private forest landowners and consultation in forest policy. In addition, specific parameters that refer to wood species can be compared
between different groups (e.g. with different site conditions) and examined in the course of time as well.

This contribution will give an overview over several economic findings of the FAN Westfalia-Lippe in long time series.

forest accountancy network, Cost accounting scheme
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IUFRO17-1789 Trends of forest ownership in Lithuania

Lukmine, D.* (1); Silingiene, R. (1); Mizaras, S. (1)
(1) Institute of Forestry, LRCAF, Girionys, Lithuania

Abstract: In Lithuanian the private forest ownership dominated till Land Reform, which has been implemented in 1920. Private forest owners
owned about 65% of total forest area. Since 1938 private forests constituted only 16% of total forest land area. In 1940 private forests have been
nationalised by Soviet Governance. Since the year 1991 the forest restitution process started and according to the Forest Act of the Lithuanian
Republic, forests are divided into state and private Today, 39.7 percent of the forest area has been restituted to private forest owners, with
another 229 000 ha reserved for restitution. Management of state forests are delegated to 42 State forest enterprises and 1 national park. They
manage 1,046 thousand ha of forest land.

The analysis of forest ownership trends in Lithuania is based on data of the Centre of Register database and qualitative expert's survey, which
have been carried out in the year 2016. The Delphi method have been used for expert's survey. The results of expert's survey showed main
trends of forest ownership: 1) expansion of private forests, which are owned by legal entities; 2) foreign investments expansion in private forest
sector; 3) changes of private forest owner's types.

ownership changes, foreign investments
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IUFRO17-3247 Shaping forest owners behavior through norm sending structures and educational processes - the Swedish case

Lidestav, G.* (1); Lind, T. (1); Wilhelmsson, E. (1); Westin, K. (2)
(1) Swedish University of Agricultural Sciences, Umed, Sweden; (2) Ume& University, Umed, Sweden

Abstract: Due to more alienated and fragmented ownership, in Sweden as many other European countries researchers and authorities have
raised concerns regarding non-industrial private forest (NIPF) owners' interest and ability to produce timber for industrial purposes. However,
when looking at management behavior of NIPF:s in Sweden, the level of timber harvesting and silvicultural measures demonstrate a
continuously high level of activity although the working hours in self-employment has fallen to half of what it was three decades ago. This calls for
a critical analysis of the research assumption that structural and attitudinal changes within the NIPF ownership corps, will result in a falling
interest to manage the forest for timber production. According to our analysis, the market and the technological development have been able to
deal with fragmentation and less ownership involvement in the management. Further, the norm sending structures and educational process
established through the Swedish forestry model of "freedom with responsibility”, still works in order to promote timber production. Yet, the
balance between the main actors of the Swedish forestry model - the state, the forest industry, and the NIPF owners - has shifted towards more
of industrial and market influence. Accordingly, NIPF owners' behavior will increasingly depend on the advices and services offered by the forest
industry.

attitudes, behaviour, norms, NIPF-owners,
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IUFRO17-364 Describing non-industrial private forest (NIPF) owners through their forests - an application of the place attachment
framework

Pd&llumae, P.* (1); Sepp, K. (1)
(1) Estonian University of Life Sciences, Tartu, Estonia

Abstract: Forest ownership in Estonia is very diverse as there is more than a million hectares of private forests, which is managed by more than
100 000 private owners. Most of them are non-industrial private forest (NIPF) owners. Information about the needs and characteristics of these
forest owners is scarce as to date, there have been no studies focusing on NIPF owners in Estonia. However, considering the recent trends in
private forest ownership and their policy significance, it is important to understand the management rationale of these owners. We intend to
increase this knowledge base by having a qualitative approach to the study. These methods are explorative and do not allow to test any formed
hypothesis nor do they allow to make larger-scale generalizations. Instead, we focus on having a rich, in-depth set of data, which would enable
us to look at the subjective feelings of ownership, as they are much more than just legal entittements. The data has been gathered by
interviewing NIPF owners (to date there are 8). The interviewees were reached through personal connections or through some key informants.
The interviewees were chosen mainly according to the property size criteria, as our aim was to have a small-scale forest owner's perspective (-20
hectares). We use cross-case content analysis for the transcribed interviews in order to identify the variables of place attachment and the owners'
motives and objectives in the transcribed interviews. We follow the three-dimensional framework of place attachment developed by Scannell and
Gifford (2010)*. This enables us to open up a triangular relationship with the forest owner, forest property and psychological processes. Such an
approach could better explain for example how different ownership motives actually realize or from where some objectives for forest ownership
come from.

* Scannell, L., Gifford, R. (2010) Defining place attachment: A tripartite organizing framework. Journal of Environmental Psychology 30(1): 1-10.

Estonia, forest management, qualitative, interview
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IUFRO17-3477 Understanding small woodland owners and managers in the UK: evidence to promote resilient behaviour change?

Ambrose-0Oji, B.* (1); Edwards, D. (2); Pecurul, M. (1); O'Brien, L. (1)
(1) Forest Research, Farnham, United Kingdom; (2) Forest Research, Northern Research Station, Roslin, Edinburgh, United Kingdom

Abstract: Around 73% of woods in the UK are in private ownership: 35% of those woodlands are less than 20 hectares in size, and the majority
are owned or managed by non-industrial or family foresters. The UK does not have a tradition of national forest owner surveys. Policy makers
and sector stakeholders tend to commission topic focused research to better understand these small scale owners. The policy priority is to
influence their behaviour, specifically to a) increase their active management of woodland, and b) in ways that are resilient to biophysical and
socio-economic change.

We present our latest UK-wide research exploring woodland owners understanding of resilience. This follows on from a UK-wide bi-annual
survey, the British Woodland Survey. We undertook additional extended interviews with around 50 small woodland owners and managers. Our
sampling was informed by a segmentation model based on owners values and management objectives. Findings show that whilst
understandings of resilience vary between woodland owner types, there are common issues of particular significance. For example: around 50%
of owners were unsure if believe climate change will have an impact on their woodlands; if they perceive any threat there is high uncertainty and
they believe there is little they can do to mitigate change; that many have a desire to plant resilient tree species, but different and sometimes
contradictory guidance and messages on how to manage forests for resilience increases their reticence to change. One of the major barriers to
behavioural change continues to be appropriate communication pathways and learning opportunities.

We use our findings to suggest future directions for forest land owner research in the UK. We comment on how far research evidence can
influence policy responses and move beyond the focus on grants as the only route to influencing small woodland owner behaviour.

woodland owners, resilience, behaviour change,
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IUFRO17-3770 Spatially-explicit analysis of forest landowners

Ficko, A.* (1); Boncina, A. (1)
(1) University of Ljubljana, Ljubljana, Slovenia

Abstract: Data sources on private forests and forest owners are of different spatial and temporal resolution. The large-scale periodic forest
owner surveys provide continuous data on private forest owners in only few countries. Most countries rely on case study analyses or surveys
limited to smaller areas, or they monitor private forests and their owners through aggregate, statistical indicators such as the aggregate
environmental, economic and social indicators in forests in the European Union. In addition to the lack of reoccurring representative surveys of
forest owners, the key problem is that surveys and accountancy networks do not allow for spatially explicit analyses. This is either due to
anonymity of respondents in the case of large-scale representative sampling, or because of unrepresentative sampling in smaller case study
areas. We developed a spatially explicit explanatory model of public concern for forest protection in Slovenia based on a representative sample
of adult citizens (n = 1006 completed telephone interviews of which n = 264 private forest owners). The model analyzed how personal and socio-
economic attributes of citizens, landscape attributes of the area surrounding their homes, and their general proenvironmental orientation
influence their concern for forest protection. We found out that proenvironmental belief is a strong predictor of the concern for forest protection,
although landscape attributes play also an important role in improving the understanding of human behavior. We showed that quantitative
surveys of private forest owners have the potential to be upgraded to a spatially-explicit analysis of private forest owner behavior in which many
additional predictors of private forest owner behavior can be obtained by the aid of the geographical information system.

NIPF owners, survey, quantitative methods
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IUFRO17-3656 Cable tension monitoring and setup time of winch assisted single-grip harvesters and forwarders in steep terrain
operations

Holzleitner, F.* (1); Kastner, M. (1); Kanzian, C. (1)
(1) University of Natural Resources and Life Sciences, Vienna, Department of Forest- and Soil Sciences , Vienna, Austria

Abstract: Effectively running and organizing timber harvesting operations in steep terrain is a complex task and is still under pressure by costs
and time consuming processes. Especially fully mechanized harvesting operations require high productive, specialized and costly machinery
including skilled and well trained operators. Winch assisted harvesting machinery offer new opportunities in terms of cost efficiency and safety
issues on steep terrain including aspects of avoiding soil disturbance and decrease slip on the skid trail.

The objective of this study is firstly to setup a study layout for cable tension monitoring depending on actual harvesting activity in combination
with machine inclination. Additionally set up time for cable assisted machinery on steep terrain should be investigated to enable more accurate
estimation of additional installation effort and to improve existing pre-calculation routines for timber harvesting cots of fully mechanized
harvesting operations in steep terrain.

Cable tension monitoring equipment and developed analysis routines worked out well. Average set up time for winch assisted harvester and
forwarders uses between 8 to 9 percent of the whole operation with regard to productive system hours without delay. The safe working load of
50% of the used cable was not exceeded during whole monitoring activities.

cable tension monitoring, steep terrain harvesting
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IUFRO17-257 Forest Operations in Environmentally Sensitive Areas in Europe and the United States: A perspective

Abbas, D.* (1); Di Fulvio, F. (2); Spinelli, R. (3)
(1) University of Georgia, Athens, United States; (2) IIASA, Laxenburg, Austria; (3) NRCITTI, Florence, Italy

Abstract: This presentation offers a perspective on forest operations in environmentally sensitive areas in Europe and the United States. The
objective is to explain key sustainability knowledge gaps in forest operations and management considerations to reduce impacts in these
increasingly targeted and difficult to operate in areas. Ecosystem services linked to soil, water, wildlife and biodiversity receive high consideration
from guidelines and best management practices perspectives. However, the operations in connection with these areas are rarely well articulated.
One means to address the operations in these sensitive conditions is the selection of equipment and work methods driven by terrain type, forest
features and management objectives. This paper discusses the environmental, planning, equipment and supply chain considerations and
proposes possible solutions and guidelines to contain operator, technological and environmental risks.

critical environments, equipment, ecosystem
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IUFRO17-1224 Short span logging cable systems in steep terrains: Running skyline and simple standing skyline systems oriented for
small scale forestry

Suzuki, Y.* (1); Yoshimura, T. (2); Aoki, H. (3); Yamasaki, S. (4); Yamasaki, T. (4)

(1) Kochi University, Faculty of Agriculture and Marine Science, Nankoku, Japan; (2) Shimane University, Faculty of Life and Environmental
Science, Matsue, Japan; (3) Kochi University, Graduage School of Integrated Arts and Sciences, Nankoku, Japan; (4) Kochi Prefectural Forest
Technology Center, Kami, Japan

Abstract: One option to overcome steep terrain without slope failure is using narrow roads combined with small scale logging systems. There
exist two popular such logging cable systems in Japan. The first one is running skyline system rigged up with Japanese style swing yarders, and
the second one is simple standing skyline system with a winch mounted mini-forwarders. These systems have two advantages: low machine
price and simple rigging methods. Both systems are based on commonly used machines which one can purchase reasonable prices. However
there is one disadvantage, low operational efficiency, of which in some cases it would be prevented through self-employment or family based
occupation. Such low efficiency is partly due to simple mechanism of the carriages. Precise analysis of rigging methods may reach to
fundamental refinement of the system. The present paper at first overviews the classification of rigging methods including conventional logging
cable systems. Then by analyzing force balance around carriages of the systems, possible modification will be proposed for enhancing the
operational efficiency. This research was funded by JSPS KAKENHI Grant Numbers 16K07779 and 15H04508.

cable system; rigging; road network; steep terrain
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IUFRO17-669 Automatic harvest and cable road layout planning for multiple objectives

Church, R.* (1); Heinimann, H. (2)
(1) UCSB, Department of Geography, Santa Barbara, California,, United States; (2) ETH, Zirich, Switzerland

Abstract: Cable-yarding is the most common technique for harvesting timber from steep terrain in Central Europe. During the planning process,
one important task is to define the cable road layout. This means that the harvesting technology and cable road location must be specified for a
given timber parcel. Although managers must minimize harvesting costs, it is even more important that such work on the forest reduces the
potential for damage to the residual stand, and ensures that environmental conditions remain suitable for regeneration. Because all existing
optimization tools were developed for clear cut harvesting activities, they do not incorporate the objective to minimize the negative impacts to
residual trees, but are geared only toward reducing harvesting costs.

We present an Mixed Integer Linear Programming (MILP) approach for designing an optimal harvest plan that focuses on placement of cable
towers and cable roads and that is appropriate for multifunctional managed forest in steep terrain. It minimizes concurrently the negative
ecological impacts and the harvesting costs. The model was test on a site at the Rigi mountain in Switzerland. The study produced the following
major findings: First, single-objective alternatives proved to have no practical relevance whereas the multi-objective alternatives (including
ecological objectives) are preferable in real-world applications and lead to realistic solutions. Second, we suggest that the solution process for a
planning unit should include the analysis of the Pareto frontier. And third, calculation time was significantly reduced when 1) considering multiple
objectives and / or 2) applying a simplified model. The simplified model was able to find the optimal solution in most cases.

Steep Terrain Harvesting, Optimization Models
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IUFRO17-2274 A spatially explicit harvest scheduling model for optimal management of rockfall protection forests

Maurer, S.* (1); Breschan, J. (1); Heinimann, H. R. (1)
(1) ETH Zurich, Zirich, Switzerland

Abstract: A forest on the hillslope can stop a remarkable share of falling rocks and thus protect lives and human assets from damage. Optimal
forest states can be specified based on the knowledge about forest-rockfall interactions. Those states change with rock size, e.g., a high stem
number of relatively small trees (like a thicket) is preferred for small rocks whereas trees in the timber stage are preferred for bigger ones.
Foresters aim at including that knowledge into their management decisions. Since forest is a dynamic system where the forest state inevitably
changes over time, a sustainable management scheme must be identified which provides a continuously high protection effect against rockfall.
This requires the spatially explicit scheduling of forest treatments under the consideration of various harvest intensities. Here, we propose a
spatially explicit harvest scheduling optimization model for a rockfall corridor where the continuous protection effect is maximized subject to the
sustainable renewal of the forest. A matrix population model is used to model forest dynamics. The corridor is discretized into treatment units,
and constraints are introduced to control dependencies between adjacent units. The resulting optimization model is tested on an hypothetical
forest corridor.

rockfall, harvest scheduling, natural hazard
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IUFRO17-101 Cable logging in the Italian Alps: survey of operations and machine fleet, business perspectives and contract rates

Magagnotti, N.* (1)
(1) CNR IVALSA, Sesto Fiorentino, Italy

Abstract: The rapid increase of global population is causing a considerable growth of fiber demand and it is pushing wood production towards
increasingly difficult terrain, as flat land is being monopolized by farming and urban development. In the mountains, cable yarding remains the
most common, effective and environmentally-sound harvesting system, despite the rapid progress of winch-assist technology. Cable yarding is
well established on the Italian Alps, and one can draw much useful information from the Italian experience. In the Italian Alps there are about 350
enterprises who manage cable yarders, of which one-third is represented by modern tower yarders, and two-thirds by an array of old and new
sled-winch models. This paper will offer detailed information about company demographics and machine fleet, for the whole pool of enterprises.
Furthermore, the paper will explore the financial performance and perspectives of a sample of these enterprises, including their perceived
success factors and hurdles to further business success. In that regard, a comparison will be drawn with enterprises resorting to ground-based
technology. Finally, the paper will offer information about the actual contract rates of cable yarding, offering a comparison with: 1) the rates
charged by ground-based crews in Italy, and 2) the rates charged by cable-yarding crews in other countries in the Alpine space (e.g. France,
Germany, Slovenia, Switzerland). These results have been obtained through the analysis of 904 actual contracts, executed in the Alps between
2010 and 2015.

technology; cost; profitability; hurdles
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IUFRO17-2091 An early crop tree release approach as a cost effective means of restoring hardwood stands in a Canadian context

Soucy, M.* (1); Béland, M. (1)
(1) Université de Moncton, Ecole de foresterie, Edmundston, Canada

Abstract: Harvesting practices in some hardwood stands of eastern Canada generate thousands of hectares of less productive stands annually.
The strong dominance by non-commercial and low value species combined with the low stocking of desired species in those regenerated stands
renders traditional stand tending silviculture operations financially unviable. In an attempt to find a cost effective means of steering such stands
back towards a more productive and acceptable state, an unconventional early crop tree release intervention was tested using a clearing saw
designed for top spacing. The trial was conducted in a 16-year old stand of clearcut origin. Presence of desirable species was highly
heterogeneous, with more than 30% of the area not regenerated at all and another 20% not stocked with desired species. Tree heights varied
from 4 to 12 meters high. Treatment focused on the release of only the well-formed and vigorous trees of the desired species from competing
vegetation. Worker productivity (area treated per productive hour) compared to that of a traditional precommercial thinning, was increased by
250% to 700%, resulting in significant cost reduction. The improvement was attributable to two factors. First, the treatment is less intense due to
the focus on high quality trees of the desirable species compared to the usual release of the relatively best tree at a regular interval. Second, the
equipment used was better adapted than traditional clearing saws, allowing for fast and easy travel within the untreated portion of the stand and,
allowing to cut larger stems efficiently. It is expected that this release of desired species will increase their chance of survival and will accelerate
the recovery towards pre-harvest conditions. Such a cost-effective approach may justify restoration treatments within regular silviculture budgets.
The results and observations from this first trial also suggest that this approach could be useful in other forest restoration contexts.

thinning; productivity; spacing; poor stocking
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IUFRO17-1859 What does landscape restoration at scale of Initiative 20x20 mean for FLR operations in Latin America?

Zamora-Cristales, R.* (1)
(1) World Resources Institute, Washington DC, United States

Abstract: Initiative 20x20 is a country led platform to bring under restoration 20 million hectares of degraded land in Latin America by 2020.
Today, Initiative 20x20 has 27.7 million hectares of restoration pledges from 11 countries, three Brazilian states and three regional programs. The
Initiative's objective is to contribute to reduce and revert land degradation in Latin America and the Caribbean. This effort supports the global
land-restoration efforts of the Bonn Challenge and the UNFF New York Declaration. The 20x20 was launched by eight countries and five private
investment groups at COP 20 in Lima, Peru in December 2014. The landscape restoration activities under the initiative aim to restore degraded
land functionality to increase social wellbeing while improving environmental conditions and generating financial and economic benefits.
Strategies may include, but are not limited to, agroforestry, tree plantations, silvopastoral systems or silvicultural management of degraded and
secondary forests. The restoration at the scale of Initiative 20x20 will require efficient, cost-effective and sustainable forest operations. Forest
operations include site preparation, planting, maintenance, harvesting and transportation. In this presentation we will be discussing the
operational challenges in the Latin-American region to restore degraded land. We will focus in different value chains from potential products of
the restored land to analyze the links between forest operations, restoration and rural development. Typical forest operations are being carried
out across the region but restoration may require the adaptation of some of those techniques to the challenges offer by the degradation level and
type of intervention. The understanding of forest operations is key to address cost-effective restoration strategies in the landscape.

Landscape Restoration economics forest operations
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IUFRO17-495 Automated volumetric measurement of truckloads through multi-view photogrammetry and 3D image reconstruction
software

Acuna, M.* (1)
(1) University of the Sunshine Coast, Forest Industries Research Centre, Hobart, Australia

Abstract: Given that wood represents on average about 1/3 of the delivered cost, it is key to adopt correct measurement procedures and
technologies that provide better wood volume estimates. Poor measurements not only impact the revenue obtained by haulage contractors and
forest companies, but also might affect their contractual business relationship. Although laser scanning has become a mature and more
affordable technology in the forestry domain, it still remains expensive to adopt and implement in some real-life operations. In this study, multi-
view photogrammetry and commercial 3D image reconstruction software were tested as an innovative and alternative method for automated
volumetric measurement of truckloads. Multi-view 3D reconstruction is an inexpensive, effective, flexible, and user-friendly photogrammetric
technique for obtaining high-resolution datasets of complex topographies at different scales. About 76% of the variation of solid volume was
explained by the frame volume calculated from Multiview 3D reconstruction. These preliminary tests show promising results for the future
implementation of this approach in real operating conditions, and more tests will be conducted to validate this volumetric measurement approach.

Photogrammetry, 3D reconstruction, frame volume
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IUFRO17-1503 Productivity and cost of cable-assisted felling and extraction in the Pacific Northwest, USA

Green, P.* (1); Chung, W. (1); Crawford, R. (1); Garland, J. (1); Leshchinsky, B. (1); Sessions, J. (1); Wimer, J. (1)
(1) Oregon State University, Corvallis, Oregon, United States

Abstract: Logging and timber falling in the Pacific Northwest continue to be one of the most dangerous jobs in the United States. Mechanization
for steep slope harvesting may be successful in reducing logging-related accidents and provides operators the ability to continue working in the
face of an aging and declining workforce. However, with such a significant capital investment required of forestry heavy machinery, productivity
and cost models are often given heavy consideration when determining both economic and operational feasibility of a harvesting system. This
study has two main objectives. The first is to develop four different productivity and cost (hereafter denoted as P&C) models of current and new
harvesting systems used in the Pacific Northwest with several different measurable external independent variables. The second objective is to be
able to make comparisons at a harvest-unit scale between the four systems through not only P&C analysis, but also between safety and
environmental impacts. Safety and environmental impacts are out of the scope of this specific study, but anticipated to be addressed through
collaboration with other studies. The four different systems analyzed are: 1) conventional hand-falling with both tower-yarding and grapple
yarding as the extraction method, 2) cut-to-length harvesting with a cable-assisted harvester/forwarder, 3) cable-assisted feller-buncher machine
paired with a tethered skidder for extraction, and 4) cable-assisted feller-buncher machine with grapple yarding. The overall goal of this ongoing
research is to be able to optimize harvest layout and system design. From haul route locations, to skyline corridors needed, all aspects will go
into unit layout planning. It is the intention of this study is to give contractors and landowners tools necessary to design steep-slope harvesting
operations efficiently and safely in a systematic and efficient way.

Productivity/cost, cable-assist tech.
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IUFRO17-2854 Roll over protective structure for quad bikes

Nordfjell, T.* (1); Edlund, B. (2)

(1) Department of Forest Biomaterials and Technology, Swedish University of Agricultural Sciences, Umed, Sweden; (2) SLU, Department of
forest biomaterials and technology, Umed, Sweden

Abstract: World-wide, Quad bikes are used by many private wood lot owners and farmers in work like transportation of equipment, seedlings or
fire-wood, or just to get out to the work place. Unfortunately, the risk of accidents when driving a quad bike is high. In Sweden about 6 persons
per year are killed in Quad bike accidents, in Australia about 13 persons. About half of the fatal accidents are work related. The other half is
recreational related. The quad bike has rolled over in a majority of all fatal accidents. Studies on stability, dynamic handling and rollover
crashworthiness has demonstrated the importance of a roll over protective structure (ROPS), if quad bikes at all can be recommended for work
activities. Such ROPS has to protect in rear, front and (most often) lateral roll over, without reducing the stability on the vehicle and without
hindering an operator in driving. This is difficult to reach, since a quad bike is small (1.2 m wide, 350-450 kg) and the operator often drives both
sitting and half standing. A number of ROPS have been tested, and a new design will be presented, aiming to fulfil basic rollover crashworthiness
demands, and practical needs in work activities.

ATV, occupational safety, chest and head injury
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IUFRO17-3481 Education in safe chainsaw usage and its long term effects

Haggstrom, C.* (1); Edlund, B. (1); Lindroos, O. (1); Nordfjell, T. (1)
(1) Swedish University of Agricultural Sciences, Umed, Sweden

Abstract: Injuries are serious problems in motor-manual forest work. For prevention, a formalized training and examination called
"Motorsagskorkortet" (chainsaw license) was developed 14 years ago, and is since 2015 legally required when professionally using chainsaws in
Sweden. The license has 10 levels, with the levels A and B covering normal forest work such as felling, delimbing and cross-cutting. The study
aim was to investigate the long term effects of the license on the user's knowledge and risk awareness in chainsaw work. A questionnaire was
sent to 3,000 holders (professional users and non-industrial forest owners) of the license. Results show that, when redoing the theory tests 1-9
years after license approval, 75% passed on level A but only 52% passed at level B. Moreover, time since license approval did not influence the
re-test results. Ninety-nine percent said that they became safer in their chainsaw usage due to the license education, out of which 30% had
become much safer. Women did to a greater extent than men consider themselves to work safer after the license. We conclude that the
chainsaw license fill an important role to increase safety in motor-manual felling for both professional users and non-industrial forest owners.

Certification Chainsaw License Safety "Saker Skog"
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IUFRO17-851 Drivers and barriers for effective health protection and accident prevention in small and micro service enterprises in
forest operations

Kastenholz, E.* (1); Paritschkow, S. (2); Habenicht, H. (3); Morat, J. (1); Seeling, U. (1)

(1) Kuratorium fur Waldarbeit und Forsttechnik e.V. (KWF)(, Gro3-Umstadt, Germany; (2) Technische Universitat Dresden, Fakultéat
Maschinenwesen, Professur fur Arbeitswissenschaft, Dresden, Germany; (3) Friedrich-Schiller Universitat Jena, Lehrstuhl Arbeits-, Betriebs-,
Organisationspsychologie, Jena, Germany

Abstract: Many research findings and statistics affirm that forestry work is characterised by high accident risks and serious health hazards.
Forest ergonomics and forest engineering provide manifold technical, organisational, and behavioural measures to reduce accident and health
risks. Whereas permanent research is needed to continuously improve prevention measures, keen knowledge about effective protection of
workers' health and the prevention of accidents is available, both in research and practice. But in many enterprises available prevention
measures are not effectively used, particularly in small and micro enterprises.

To improve safety and health it needs to be understood why prevention is a shortcoming in one enterprise, or why and how it works successfully
in another. The first phase of a three year research project was dedicated to assess the situation in forest enterprises for identifying drivers and
barriers for effective prevention. The study was carried out with in depth interviews with entrepreneurs and forest workers and workplace
observations.

It is obvious that the conditions between forest enterprises are very heterogeneous. Generally, the core barriers for prevention are not the lack of
knowledge, skills, and health awareness. It is rather a multifaceted complex of structural, organisational, motivational and economic factors,
which distract entrepreneurs from implementing safety and health measures. Further, the general acceptance of safety rules and regulations and
of obligatory request for technical protection is often replaced by individual, situative decisions to take and accept risks.

A better understanding of the conditions in small and micro enterprises and the attitudes and motivation of entrepreneurs forms the basis to
develop health protection and accident prevention concepts that will be accepted and applicable under the specific conditions of small and micro
enterprises, and that will last but not least be economically affordable.

Safety and Health, Prevention, SMEs
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IUFRO17-1095 Integration of climate and ecological modeling tools for adaptive management in Asia-Pacific forests

Wang, G.* (1); Innes, J. (1)
(1) University of British Columbia, Vancouver, Canada

Abstract: Climate change is a threat to the stability and productivity of forest ecosystems. Potential changes to or loss of forests will have drastic
environmental impacts on biodiversity, ecosystem function and resilience, and socio-economic impacts on economies dependent upon them.
Despite their importance, a lack of information and tools focused on Asia-Pacific ecosystems and economies exists, which are necessary to
understand potential effects of climate change and develop regionally-specific adaptation strategies. The project Adaptation of Asia-Pacific
Forests to Climate Change aims to address this lack of knowledge and tools, and to increase the adaptive capacity of Asia-Pacific forest
ecosystems. This objective has been achieved through: development of a high-resolution climate model (ClimateAP) applicable to the region;
development of ecological models to project how climate change will affect suitable conditions, regeneration, and productivity of tree species;
development of tools to assess local management strategies based on objectives; evaluation of models to assess forest fire risk and frequency;
assessment of ecosystem carbon storage using LiDAR; and evaluation potential vegetation dynamics responses to climate change using remote
sensing technology. Project outputs were developed considering ease of communication, necessary for findings to be implemented in effective
policy and adaptive forest management strategies.

climate change, climate model, ecological model
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IUFRO17-3988 Climate change, adaptation and management of risks to boreal forests

Peltola, H.* (1); Heinonen, T. (1); Pukkala, T. (1); Ikonen, V.-P. (1); Asikainen, A. (2); Venalainen, A. (3)

(1) University of Eastern Finland, Joensuu, Finland; (2) Natural Resources Institute Finland, Joensuu, Finland; (3) Finnish Meteorological
Institute, Helsinki, Finland

Abstract: Under the projected climate change, the mean annual temperature may increase in Northern Europe until 2100 by 3-6 C ° and mean
annual precipitation by 11-18% compared to the current climate. As a result, the carbon sequestration and wood production are expected to
increase in boreal forests. This is because currently short growing season, relatively low summer temperatures and small supply of nitrogen limit
them. The carbon sequestration and wood production are expected to increase in relative sense also more in northern than in southern boreal
conditions, where the growth and success of tree species like Norway spruce with shallow rooting may suffer drought especially on sites with low
water holding capacity. The future development of forest resources is affected both by the current forest structure (age, tree species), intensity of
forest management and projected climate change together with associated increase of various abiotic and biotic risks to forests. Climate change
is expected to increase the risk of forest damages, e.g. by wind storms, bark beetles and fungus especially in Norway spruce. Risk of wind
damages are expected to increase in boreal conditions despite of increase of windiness, due to the increase of duration of unfrozen soil during
the most windy season of year, i.e. from late autumn to early spring. This is because frozen soil improves tree anchorage. However, various
damage risks to forests may be decreased at least in some degree by considering them in forest planning (i.e. using optimised management
plans). Similarly, forest ecosystem and mechanistic risk models could offer useful means to evaluate how intensity of forest management and
projected climate change may affect together the risks to forests. As a result, proper adaptive management strategies could be developed,
considering the uncertainties related to the projected climate change.

Climate change, risk management, bioeconomy
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IUFRO17-4149 Economic adaptation of silviculture and forests to climate

PEYRON, J.-L.* (1)
(1) ECOFOR, PARIS, France

Abstract: Adaptation to climate change is essential for forests that experience global warming. This warming will be between +1.5 °C and more
than 6°C depending on the climate scenario and the time horizon. The forest manager has to decide today on a part of each forest which species
should bear not only present but also future conditions (average and extreme temperatures, rainfalls, winds, sanitary conditions...). This is not
easy and should be supported by appropriate tools. EASYFORCLIM, is a web tool that deals with even-aged monospecific stands and could then
be adapted to other circumstances. It is structured around a biophysical and economic model that takes into account (i) a reference growth for
the site and the species under the present known conditions considered as stable; (ii) a reference economic context under the same conditions;
(iii) a set of plausible future climates at global and local scale; (iv) the stand productivity response to climate change; (v) the catastrophic risk with
its reference probability and evolution under climate change; (vi) the economics of timber resources under climate change; (vii) the economics of
carbon sequestration and avoided emissions under climate change. The objective is to estimate the land expectation value under several local
climate scenarios in order to identify the acceptable range of rotation age in each case. The economic analysis allows here to consider
simultaneously trends and extreme events, private and public goods, different trends (growing or decreasing) along the stand life. It finally
provides a measure to support decisions about the chance for the stand to reach or not the maturity. The approach is a generic one and the
model requires some parameters only, that can be taken from scientific literature or expert opinions. The presentation will be based on an
example, will discuss the interests of the approach and its limits, and will suggest the more crucial needs from scientific studies.

Climate change, adaptation, modelling, economics
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IUFRO17-1963 Knowledge transfer in applied climate change adaptation research: lessons learned from regional case studies across
Europe

Lexer, M.* (1); Boncina, A. (2); Cordonnier, T. (3); Hanewinkel, M. (4); Hlasny, T. (5); Pardos, M. (6); Sarvasova, Z. (5);
Wilhelmsson, E. (7); Zlatanov, T. (8)

(1) Institute of Silviculture, Department of Forest and Soil Sciences, Vienna, Austria; (2) Department of Forestry and Renewable Forest
Resources, Biotechnical Faculty, Ljubljana, Slovenia; (3) IRSTEA, Saint-Martin-dHéres cedex, France; (4) Albert-Ludwigs-University Freiburg,
Freiburg, Germany; (5) National Forest Centre - Forest Research Institute Zvolen, Zvolen, Slovakia; (6) INIA, Madrid, Spain; (7) Dept of Forest
Resource Management, Swedish University of Agricultural Sciences (SLU), Umea, Sweden; (8) Forest Research Institute, Sofia, Bulgaria

Abstract: Climate change may strongly impact on forests and affect the provisioning of forest ecosystem services. The identification, design,
selection, and implementation of adaptive measures in forest management require a sound knowledge base as well as tools to support forest
managers and stakeholders in decision-making. To foster the development of "useful knowledge" and to close the gap between science labs and
users of scientific knowledge, participative and collaborative applied research projects have been promoted for more than a decade.

In this contribution we use the network of a dozen regional case studies from two EU FP7 projects (ARANGE, MOTIVE) having been
implemented between 2009 and 2015 to evaluate the "usefulness" of research results, the knowledge transfer process and the uptake by
endusers from the perspective of involved scientists, forest managers and stakeholders. Based on data and information including in-project
documentation, available publications, and post-project interviews with managers and stakeholders from the case study regions we contrast the
employed scientific methods and tools and the interaction mode between scientists and endusers during and after the project with the
expectations of endusers and the achieved results. Factors determining success or failure are identified and proposals are made how to improve
knowledge transfer and implementation in applied forest adaptation research.

knowledge transfer, regional case studies
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IUFRO17-3527 Mind the gap: How to bridge between scientific possibility and practical necessity in adaptive mountain forest
management

Bugmann, H.* (1)
(1) ETH Zurich, Institute of Terrestrial Ecosystems, Zurich, Switzerland

Abstract: Over the past 15 years, the skill of dynamic forest models (DFM) has increased considerably with respect to capturing key climate-
dependent processes while augmenting in local accuracy, thus making their results potentially useful for guiding adaptive forest management. |
will report and synthesize Swiss case studies in which simulation results from DFMs were exposed to forest managers, and will evaluate the
success (or lack thereof) regarding the actual application of DFM-based information.

On the one hand, there appear to be limits to what can be achieved in a modeling context: making models locally highly accurate is inevitably
bound to a loss of generality or applicability under climate change conditions. | will try to sketch what | perceive to be the maximum skill that can
reasonably be expected from DFMs. On the other hand, there appear to be limits to the level of detail (or lack thereof) that is acceptable to forest
managers. However, this latter limit depends strongly on the scale at which management decisions are happening - from local to district and
national scales. | will try to generalize the observed responses into a synthetic picture of the width of the gap, and ways to narrow it (further).

Stakeholder dialogue; Decision support; Modeling
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IUFRO17-1928 Utilizing forest tree genetic diversity for adapting forest to climate change: a transnational approach

Schiiler, S.* (1); Lackner, M. (1); Chakraborty, D. (1)
(1) Austrian Research Centre for Forests, Vienna, Austria

Abstract: Since climate conditions are considered to be major determinants of tree species' distribution ranges and drivers of local adaptation,
anthropogenic climate change (CC) is expected to modify the distribution of tree species, tree species diversity and the forest ecosystems
connected to these species. The expected speed of environmental change is significantly larger than the natural migration and adaptation
capacity of trees and makes spontaneous adjustment of forest ecosystems improbable. Planting alternative tree species and utilizing the tree
species' intrinsic adaptive capacity are considered to be the most promising adaptation strategy. Each year about 900 million seedlings of the
major tree species are being planted in Central Europe. At present, the utilization of forest reproductive material is mainly restricted to nationally
defined ecoregions (seed/provenance zones). But when seedlings planted today become adult, they might be maladapted, as the climate
conditions within ecoregions changed significantly. In the cooperation project SUSTREE, we develop transnational delineation models for forest
seed transfer and genetic conservation based on species distribution models and available intra-specific climate-response function. These
models are being connected to national registers of forest reproductive material in order to support nursery and forest managers by selecting the
appropriate seedling material for future plantations. In the long-term, European and national policies as well as regional recommendations for
tree provenance use need to be adapted to consider the challenges of climate change.

assisted gene flow; SDM; provenance; seed transfer
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IUFRO17-1748 Can the Norway spruce timber supply be reduced by silvicultural treatments?

Podrazsky, V.* (1); Remes, J. (1)
(1) CULS Prague, Prague, Czech Republic

Abstract: There is supposed a relative strong decrease of the coniferous timber supply due to changes of tree species composition in the Czech
forests and due to the environmental changes. The Norway spruce (Picea abies /L./ Karst.) is the most affected species. The annual timber
supply decrease of this species is supposed in an extent of 0.9 mil. m3 in the next two decades (2013 - 2032) and more than 1 mil. m3 decrease
is supposed for all conifers. There are several option how to mitigate this decline. Plantation of Douglas-fir (Pseudotsuga menziesii /Mirb./
Franco) can substitute N. spruce on part of its today sites and so eliminate partially the timber supply decline in the future. The cultivation of
Douglas-fir could lead to increase of the plantation area from 5,800 ha (today) to the extent of 149,616 - 163,713 ha respecting legislative
restrictions and recommendations of general management plans. This can represent increased timber increment of 300,000 - 650,000 m3 per
year. Secondly, the use of commercial fertilisation on 10% of regenerated Norway spruce stands can lead to an increase of timber supply by
240,000 m3 annually. Finally, the use of selection pronciples at regeneration of the Norway spruce stands in comparable extent can result in
another 200,000 m3 annually. All these attempts can substantially mitigate the coniferous timber supply decline in the next decades.
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IUFRO17-2292 Reflections on the contributions of Bertil Matern

Gregoire, T. G.* (1); Diggle, P. J. (2)
(1) Yale University, New Haven, CT , United States; (2) Division of Medicine, Lancaster University, Lancaster, United Kingdom

Abstract: Some rightfully credit Bertil Matérn's 1960 publication of Spatial Variation as launching the modern era and interest in spatial statistics.
Implied in the subtitle to this famous publication is Matérn's interest in forest inventory, and forest sampling more broadly. Indeed his monograph
was initially published as a volume by the Swedish Forest Research Institute. Matern also hosted Peter J. Diggle during his sabbatical leave from
the University of Newcastle upon Tyne in 1978. Together they made significant advances leading to articles on the developing field of spatial
point pattern analyses. Matern proposed line intersect sampling to estimate linear features of maps, such as lengths of roads, in a day before
GIS generated such information at the push of a key. Of course, the legendary 1956 monograph "On the geometry of the cross-section of a stem"
has long been regarded as a hallmark analysis of this very basic of all tree measurements. This presentation will be a brief retrospective look at
this inspirational statistician, who always regarded himself, first and foremost, as a forester.

spatial variation, stem cross-section, SPPA
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IUFRO17-1461 Long-term expansion in the growing stock of the French forests : analysis and modelling

Denardou-Tisserand, A.* (1); Dupouey, J.-L. (2); Hervé, J.-C. (3); Bontemps, J.-D. (3)
(1) IGN, INRA, Nancy, France; (2) INRA, Université de Lorraine, Champenoux, France; (3) IGN, Nancy, France

Abstract: After centuries of decrease, most developed countries including France have been experiencing a forest area increase for decades, a
shift called "forest transition". A far less described but faster expansion in growing stock (GS) is also occurring. Little is known about it, how it
varies across contexts (geography, ownership, forest composition). National Forest Inventory (NFI) data and ancient forest statistics (e.g.
1908/1929) can make a useful contribution to inform these changes and deliver key information for forest policy.

We investigated trends in forest area and GS by 'department' administrative unit (dau), ownership and forest composition. Acceleration in area
and GS increase was also explored. A statistical modelling approach of GS expansion was attempted, aimed at relating GS variation to initial GS,
recent area expansion, current area losses and GS density in the different contexts, using GLS regression models. We also report ongoing
developments on GS budget computations over the NFI cycles, and on large-scale demographic models including area changes, forest
composition partitioning and density-dependence processes, aimed at understanding the GS expansion processes.

Between 1976 and 2012, almost all dau exhibited an increase of their forest area and GS. Private and communal forests showed the same
relative increase of area whereas State forests exhibited a lower one. But, GS increased much faster in private than in public forests and
accelerated in private forests, especially in broadleaved ones, while the increase of area was constant. Statistical models of GS variations
accounted for 45% of the country forest changes and >50% in private broadleaves forests. They showed that GS expansion mostly depends of
initial GS (+), GS density (-) and, to a lower extent, of recent area increase (+) and current area losses (-). These results form a baseline for in-
depth analysis of GS expansion based on demographic models.

expansion, growing stock, NFI, modelling
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IUFRO17-637 Forest sampling viewed in the context of stereology and Monte Carlo integration

Lynch, T.* (1)
(1) Dept. Natural Resources Ecology and Management, Oklahoma State University, Stillwater, OK, United States

Abstract: Many sampling techniques used in forest mensuration and inventory can be considered to be within the framework of stereology and
Monte Carlo integration. Stereology uses one dimensional probes or two dimensional slices to estimate properties such as volume of three
dimensional objects. One dimensional probes or dimensionless points can also be stereologically applied to the estimation of properties of two
dimensional constructions such as land areas. Monte Carlo integration utilizes lines or points randomly located within the domain of an integral to
estimate the value of the integral. When the concept of the inclusion area is applied to Bitterlich sampling, estimation of basal area per hectare
could be considered under the framework of stereology as estimation of areas using randomly located dimensionless points. Under the
framework of Monte Carlo integration, Bitterlich sampling is "hit or miss" sampling, which utilizes randomly located points to estimate the value of
an area which could be expressed as an integral. Other sampling methods such as line sampling, plot sampling, critical height sampling and
importance sampling can be considered within the frameworks of stereology and Monte Carlo integration.

Forest inventory, tree volume
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IUFRO17-2928 Models and their role in assessing the carbon dynamics of forests

Hasenauer, H.* (1); Neumann, M. (1); Moreno, A. (2)

(1) Institute of Silviculture, University of Natural Resources and Life Sciences, Wien, Austria; (2) NASA Ames Research Center., Silicon Valley,
United States

Abstract: National and international reporting systems (e.g. the submissions under the UNFCC and the Kyoto protocol, studies on forest
biomass or carbon potential or REDD+ reporting) require information on biomass and/or carbon stocks in forests. For this purpose different
modeling approaches based on different input data sets are developed and/or in place to assess the carbon stocks and carbon dynamics of
forest ecosystems. This presentation compares different modeling approaches to derive carbon estimates based from (i) National Forest
Inventory data using biomass functions or conversion factors (ii) Flux tower data, and (ii) an the remotely sensed MODIS satellite driven carbon
estimates. We compare the different methods show how different modeling tools are used according to the data sources. The results of the study
suggest that in principle terrestrial bottom up driven versus remotely sensed top down carbon estimates produce similar results. However they
differ in their integration of potential forest management impacts and the existing differences in the regional biomass estimation methods. An
important advantage of remotely sensed driven carbon estimates is a continuous coverage while the terrestrial approach integrates density
effects.

Modeling, Forest inventory, MODIS, Carbon
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IUFRO17-3491 Implementing different thinning types and intensities in individual tree models

Tomé, M.* (1); Soares, P. (1); Amaral Paulo, J. (1); Barreiro, S. (1)
(1) Instituto Superior de Agronomia, Centro de Estudos Florestais, Lisboa, Portugal

Abstract: Thinning is one of the most important modules in individual tree models, with a strong impact on the prediction of future forest
development. However, publications explaining how thinnings are implemented in the existing individual tree models is scarce. This presentation
has two objectives: 1) to make a literature review for thinning algorithms; 2) to present and implement several thinning algorithms designed for
alternative thinning types and intensities, discussing the results of its application in real stands representing different stand structures and
composition. The implementation of a thinning in individual tree models implies: 1) the selection of an index/variable to express thinning intensity
or residual stand density (such as removed or residual basal area, the relative spacing, or the percent crown cover), here designated by thinning
index; 2) implementation of some rule to select the trees to be thinned (thinning algorithm). Thinning algorithms can be applied to the whole set of
trees (in even-aged forestry) or by tree cohorts (in uneven-aged forestry) and may be spatially explicit or not. The first are based on some
spatially explicit competition index. The tree with the highest value of the competition index is first thinned. After a tree is thinned, the competition
indices of the trees in the neighborhood of the thinned tree are re-computed and the tree with the highest value of the competition index is again
selected to be thinned. This process is repeated until the intended value of the thinning index is achieved. The second are usually based on a
model that estimates the probability of a tree to be thinned. A thinning probability is estimated for each tree, the trees are randomly sorted and
the decision to thin each tree is taken by comparing its thinning probability with a random number (Monte-Carlo simulation). Trees are
sequentially thinned until the intended thinning index is achieved. In both cases tree quality can also be taken into account.

thinning algorithms, individual tree models
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IUFRO17-2401 Keep it simple: - the history of stereological measurements in forest inventory

Stahl, G.* (1)
(1) SLU, Umea, Sweden

Abstract: Applying the principles of stereology, information about properties with two or three dimensions (such as areas and volumes) is
retrieved from samples in one or two dimensions. Thus, simple measurements can be used for estimating more complex population parameters.
Stereology has many applications in life sciences, but it also has an interesting history within forestry where several important forest inventory
techniques are based on stereological principles. Important examples include point and line intersect sampling for estimating areas, line intersect
sampling for estimating downed log volume, Bitterlich sampling for estimating basal area, and critical height sampling for estimating growing
stock volume. This presentation provides the theory for stereological measurements, shows well-known and less well-known forest inventory
applications, and concludes by offering some prospects regarding the use of stereology in future forest inventories.

Bitterlich sampling, line intersect sampling
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IUFRO17-3270 The changing scope of national forest inventories - challenges for research and education

Kleinn, C.* (1)
(1) Abteilung Waldinventur und Fernerkundung, Burckhardt-Institute, Géttingen, Germany

Abstract: The history of statistically planned National Forest Inventories (NFls) is slightly younger than IUFRO, with the first NFls implemented in
the Nordic European countries starting with Norway 100 years ago. Not only have forest monitoring experts developed a comprehensive set of
statistical approaches to estimation and modeling and optimized data collection procedures, but the scope of NFIs has also considerably
widened. By the end of the 1970s, the term multi-purpose NFls has been introduced and various NFls have turned into full blown land use
inventories, integrating all or part of other land uses in a country and looking at "trees" rather than "forests" only.

Currently, in particular in the context of various global challenges and in the context of the international conventions, NFIs experience an
unprecedented attention. National level forest information is in high demand and the number of actors and sectors interested in NFls and their
products has dramatically increased, while the number of NFI experts does not appear to have increased in the same pace. The need for
expertise manifests itself in REDD projects, for example, where data from national or sub-national forest inventories have, so-to-say, a direct
monetary value (probably for the first time in the history of NFls): higher precision of estimation less "uncertainty" may lead to higher payments.

This paper looks at methodological and strategic developments of NFls. It analyses the corresponding consequences and challenges for
research, education, outreach.
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IUFRO17-3206 Sustainable Forest Management for Bioenergy: Harnessing the Potentials in the Alps while Minimizing Risks to
Ecosystem Services

Fuss, S.* (1); Leduc, S. (2); Kraxner, F. (2); Marxen, A. (1); Serrano Leon, H. (2); Patrizio, P. (2); Mesfun, S. (2)

(1) Mercator Research Institute on Global Commons, Berlin, Germany; (2) International Institute for Applied Systems Analysis, Laxenburg,
Austria

Abstract: Sustainable forest management (SFM) is defined by the FAO as "[...] addresses]ing] forest degradation and deforestation while
increasing direct benefits to people and the environment. At the social level, sustainable forest management contributes to livelihoods, income
generation and employment. At the environmental level, it contributes to important services such as carbon sequestration and water, soil and
biodiversity conservation."

Clearly, SFM is thus at the intersection of multiple demands on the forest, where fulfillment of one might risk another one. This is especially
apparent in the case of conflicts between socio-economic objectives (e.g. expand operations to increase the amount of forest biomass that can
be used to generate electricity and heat) and environmental strategies (e.g. aiming to conserve biodiversity). How can multiple objectives be
jointly achieved while keeping ensuing risks minimal?

We demonstrate a new method for the assessment of tradeoffs between the policy goals of renewable energy expansion and conservation of
ecosystem services using geospatial optimization. The new approach is illustrated for the case of bioenergy in the Alpine region, for which
preliminary recommendations for forest professionals and policymakers will be formulated.

Bioenergy, Biodiversity, Alpine Space
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IUFRO17-978 Challenges of risk resilient forest management in Northern Eurasia

Vaganov, E. (1); Shvidenko, A.* (2); Schepaschenko, D. (2); Kraxner, F. (2)
(1) Siberian Federal University, Krasnozarsk, Russian Federation; (2) International Institute for Applied Systems Analysis, Laxenburg, Austria

Abstract: Vast scale of Northern Eurasian forests makes them a phenomenon of global meaning. Russian forests are currently not managed in a
sustainable way due to decline of forest governance, lack of the infrastructure, on-going climate change and insufficient protection of forests that
together leads to substantial acceleration of disturbance regimes. According to recent remote sensing estimates the area of Russian forests that
are managed by state forest authorities decreased at 45 M ha in this century. Decline of dark coniferous forests is observed now in different
regions, particularly in the south. Forest zone of Russia is a territory of expected dramatic climate change, up to + 7-11 °C by end of the century in
some regions, with substantial increase of climate dryness. Thawing of permafrost would lead to dangerous changes of the hydrological regime
over huge areas. All together generates dramatic risks for resilience of forests, and Russian forests may become a tipping element. Transition to
sustainable forest management means transition to adaptive risk resilient forest management (RRFM). We consider regional specifics of climate
change impacts on the country's forests; expected dynamics of the disturbance regimes; probable trajectory of future forest development; optimal
ways, risks and uncertainties of transition to and implementation of RRFM. The latter requires substantial increase of political profile of forests in
the country; changes of legislation and institutional structure of forest management; development of a respective system of forest inventory and
monitoring; transition to a new system of forest protection. The key research questions are development of regionally distributed systems of
indicators of resilience/ vulnerability of forests and stability of landscapes; development of landscape-based models of future forests and
appropriate systems of management; biophysical and economic assessment of ecosystem services and trade-off between these.

risk resilient forest management, Boreal forest
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IUFRO17-2058 Improvement of information support for growth and productivity of forests as a precondition for risk resilient forest
management

Lakyda, I.* (1); Shvidenko, A. (2); Vasylyshyn, R. (1)
(1) NULES of Ukraine, Kyiv, Ukraine; (2) IIASA, Laxenburg, Austria

Abstract: Securing sustainable forest management in a changing world is a complex task, realization of which should be based on science and
appropriate practical implementation of research results. The current trends in environmental indices, especially climatic, have a significant
impact on forest ecosystems. Application of traditional Eastern European approach to description of dynamics of mensurational parameters of
forest stands cannot be regarded as a sufficient condition to obtain reliable estimates of their future state under climate change conditions.
Development of "climatic interface" for the existing models of forests' growth and productivity is a step forward in terms of significant
enhancement of possibilities of their application under the current conditions. However, with respect to the mentioned above, standardization and
systematization of the existing models is a crucial precondition.

On the example of Ukrainian forestry sector, relevance and methodological provisions for improving and adapting the current information support
to dynamic environmental conditions are highlighted. Attention is focused on advanced integration capabilities of a unified system of growth and
productivity models for stands of main forest forming tree species. lts embedding to regional and global forestry models enables forecasting state
of Ukrainian forests by middle and end of XXI century. Implementation of the proposed approach will enable adequate assessment of risks
associated with forest management under climate change, contribute to decision-making support and create a platform for interdisciplinary
cooperation between researchers and practitioners in Ukraine and around the world.

model forest growth productivity system Ukraine
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IUFRO17-2296 Risk-resilient mapping of the provisioning potential of ecosystem services in a Scandinavian boreal forest using
airborne laser scanning data

Vauhkonen, J.* (1)
(1) University of Eastern Finland, Joensuu, Finland

Abstract: Mapping the supply, potential, demand and stock of Forest Ecosystem Services (FESs) based on remotely sensed data has become
increasingly popular. Such maps may enable to spatially identify areas which differ with respect to the supply of the FESs and thus provide useful
information for prioritizing the land use in forestry decision analyses. However, the maps are often based on readily available data such as land
cover maps and public databases and ignoring the related uncertainties. In this study, the provisioning potential of timber, carbon storage,
habitats of game bird species and recreational values (visual amenity and suitability for berry picking) was mapped in a Scandinavian forest
landscape, assuming to improve the quality of the decisions based on the maps by

- modeling the provisioning potential directly based on 3D forest structure indices obtained by airborne laser scanning, and

- considering the model estimates as stochastic variables with a probability distribution corresponding to the model error.

The predictions of the provisioning potential based on the 3D indices were found to be in line with the field data. The performance of the models,
however, varied considerably between the FESs, which resulted in a number of incorrect land-use decisions based on the deterministic models.
The stochastic approach allowed estimating the strength of the decision with respect to the uncertainty in the predictions and identifying areas
where the decisions changed depending on risk aversion. Accounting for the risk preferences of the decision maker improves the decisions and
should be incorporated in the mapping of the FESs.

inventory; planning; remote sensing; LIDAR; MCDA,;
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IUFRO17-3484 Integrating climate change impact models for effective adaptation measures in forestry sector

Lee, W.-K.* (1); Kim, M. (1); Yoo, S. (1); Song, C. (1); Lim, C.-H. (1)
(1) Korea University, Seoul, Korea, Republic of (South Korea)

Abstract: In terms of mitigation and adaptation in climate change issues, forest are recognized as one of the biggest carbon sink. For the
adaptation aspect, forest needs to be well managed for enhancing carbon sink capacity of forest. While forest disaster such as forest fire, land
slide, insect damage, forest degradation in forest area should be prevented for the mitigation aspect. And in social area, the harvest wood
product (HWP) and bio-energy should be widely used for a long time for keeping carbon in HWP and biomaterials.

Individual models such as forest growth prediction, forest cover distribution, forest carbon cycle, and forest disaster (forest fire, land slide, forest
diseases) were developed considering stand and site condition, forest practice, topographical and climatic condition etc. The individual models
was integrated in the way that the outputs of individual models is arranged to the 4 ecosystem services: provisioning service, regulating service,
supporting service, and cultural service. And relationship and network among outputs and 4 services was identified through systems analysis and
dynamics. The outputs of individual models was also arranged to social issues and needs for finding effective adaptation measures to climate
change. In this way, individual models in forest sector, in which climate change is considered, could be integrated, and help decision maker to
more easily understand impact of climate change on forest sector and also effectively find adaptation measures to climate change.

Lastly, we will suggest to integrate adaptation and mitigation strategies through implementing Negative Emission (NE) which encompasses Bio-
energy-Carbon Capture and Storage (BECCS) technology and Harvest Wood Product (HWP) usage in social area

climate change, integrated model, forest growth
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IUFRO17-3201 Optimal sequence of forest rotations under a declining discount rate: including thinning in a cross-european
comparison

Price, C.* (1); Yousefpur, R. (2); Caurla, S. (3); Sjolie, H. (4)

(1) Colin Price Free-lance Academic Services, Bangor, United Kingdom; (2) Faculty of Enivironment and Natural Resources, University of
Freiburg, Freiburg, Germany; (3) INRA, Nancy, France; (4) NMBU, Campus As, As, Norway

Abstract: Uncertainty about future rates of return on investment has led to increasing use of declining discount rate schedules. However, single
discount rates and the Faustmann rotation continue to dominate managerial economics in forestry. The UK, France, Denmark and Norway have
adopted declining discount schedules, while Germany retains a uniform discount rate. We explore the effect of declining schedules on optimal
rotation of thinned Norway spruce. Under the French schedule, which declines from 4% to 2% after 30 years, the optimal sequence of rotations is
identical to that under a uniform 2% discount rate. Under Danish and Norwegian schedules, which reach 2% in 70 and 75 years, the first rotation
is shorter than subsequent ones for high productivity crops, but for lower productivity crops all rotations are equal. The uniform German discount
produces constant rotation. The UK schedule, declining in small steps until 300 years, lengthens succeeding rotations for all productivities. The
later rotations are the same, whenever the final discount rate is the same for two schedules: earlier discount rates do not affect rotation length.
Because other European countries may adopt declining discount schedules, the Faustmann rotation may become a less common theoretical
norm, for both thinned and unthinned crops.

Optimal rotation, declining discount, thinning
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IUFRO17-975 The self-insurance clauses puzzle, risk vs. ambiguity: an application to forest adaptation to climate change

Brunette, M.* (1)
(1) INRA, Laboratory of Forest Economics, Nancy, France

Abstract: Climate change is expected to increase natural hazards occurrence. About this increase, several trends are observed, making
ambiguous the forest decision making environment. In this context, many adaptation options appeared, aiming at reducing the vulnerability of
forests to risks, such as forest management practices or insurance. Most policies promote the use of physical adaptation or financial one, but
separately. In response, a policy based on insurance for assisting adaptation to climate change is emerging (Linnerooth-Bayer and Mechler,
2006).

Such a policy requires analyzing the link between insurance and adaptation options (as self-insurance activities) both aiming at reducing the
damage in case of risk occurrence. This problem is more general and has been studied in insurance economics under risk. Indeed, Ehrlich and
Becker (1972) show that insurance and self-insurance are substitutes. However, such a question had never been addressed under ambiguity.

In addition, such a policy requires dealing with the observability (or not) of the self-insurance effort. Indeed, if the effort is observable, then the
insurer can account it in the insurance premium calculation.

Finally, if the insurance contract includes a self-insurance clause then a puzzle appeared. Indeed, as insurance and self-insurance are
substitutable, a self-insurance clause is likely to undermine the demand for insurance.

From there, we propose to develop a theoretical model of insurance economics in which we focus on the role of the observability (or not) of the
self-insurance effort and clauses. More precisely, concerning the clauses, we question: i) their level, and potentially the existence of threshold in
terms of effort; and ii) the fact that they may be binding or not for the insured. Furthermore, we propose to analyze these questions under risk and
under ambiguity. We also propose to test empirically our theoretical result through experimental economics.

adaptation, forest, insurance, uncertainty
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IUFRO17-1292 Interactive effects of climate warming and invasive pests on European forest carbon storage

Dullinger, S.* (1); Essl, F. (1); Klonner, G. (1); Rammer, W. (2); Seidl, R. (2)
(1) University of Vienna, Vienna, Austria; (2) University of Natural Resources and Life Sciences, Vienna, Austria

Abstract: In view of a warming world carbon storage has become an increasingly important ecosystem service. In forests, carbon storage
capacity depends, among other factors, on disturbance regimes which are, in turn, likely to be altered by different components of global change.
Among these components, the human-induced spread of non-native pests may have strong, yet hardly explored effects. Here, we use a
combination of species distribution and carbon cycle modelling to evaluate, first, the potential consequences that invasion by five different, non-
native forest pest species (2 beetles, 1 nematode, 1 fungus and a Phytophtora from the Oomycota group) may have on European forest carbon
storage; and, second, how different scenarios of climate warming may change pest invasion patterns and hence, indirectly, forest carbon storage
capacity. We find that invasive pests could trigger massive reduction of carbon storage potential, though variability among species and
geographical regions is pronounced. Importantly, potential negative effects of the invaders are rising under climate change either because the
pests' climatically suitable ranges increase, or because these suitable ranges match the distribution of their host tree species more closely. Taken
together, these results raise concern about negative feedback loops triggered by the interactive effects of climate warming and invasive pests on
European forest carbon storage capacity.

pest invasions, climate change, risk assessment
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IUFRO17-1934 Robust detection of novel invasive forest pests: New approaches to deal with uncertainty and tight budgets

Yemshanov, D.* (1); Haight, R. (2); Koch, F. (3); Venette, R. (2); Fournier, R. (1); Swystun, T. (1); Marcotte, M. (4); Turgeon, J.
(1
(1) Natural Resources Canada, Canadian Forest Service, Sault Ste. Marie, Canada; (2) USDA Forest Service, Northern Research Station, St.

Paul MN, United States; (3) USDA Forest Service, Southern Research Station, Research Triangle Park NC, United States; (4) Canadian Food
Inspection Agency, Ottawa ON, Canada

Abstract: Uncertainty about future outcomes of biological invasions is a major hurdle in the planning of pest detection programs. We present an
invasive pest detection model that incorporates the uncertainty about the entries and spread of a non-native pest and optimizes the surveillance
with respect to anticipated damages from the established pest populations and the survey costs. The model makes use of the scenario-based
approach and applies the Conditional Value-at-Risk concept to control the uncertainty of the costs and damages from invasion.

We demonstrate the approach by assessing the costs of detection surveys of the Asian longhorned beetle (ALB, Anoplophora glabripennis), a
harmful invasive pest in the Greater Toronto Area (GTA), Ontario, Canada. We use recent data on imports of pest-associated commodities from
the countries of ALB's native range and historical data on ALB spread in the GTA during past incursions to generate a set of stochastic scenarios,
which characterize the uncertainty of the pest's spread and potential damage to suitable host trees in the GTA. We then use these scenarios in
our optimization model to find survey allocations that enable us to detect infestations with minimum damage. Our results provide a practical
approach to assess the costs of pest detection programs in the face of uncertainty about a pest's distribution and spread, the costs of survey and
expected damages from an outbreak.

Asian longhorned beetle; forest pests; detection
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IUFRO17-982 An animated introduction to tail hunting and robust decision making

Spence, C. (1); Keller, K.* (2)

(1) Earth and Environmental Systems Institute, Penn State University, University Park, United States; (2) Department of Geosciences, Penn
State University, University Park, United States

Abstract: Managing forest resources often requires navigating high-dimensional trade-offs under deep uncertainty. Decision support tools can
help to better understand and navigate these trade-offs. However, implementing and understanding these decision support tools can be
challenging. Here we present a simple introduction and an animated guide to an open-source decision support tool that implements Multi-
Objective Robust Decision Making (MORDM). MORDM is a decision support framework that can help stakeholders and decision makers to (i)
better understand the system dynamics, (ii) explore vulnerabilities, (iii) identify key drivers of vulnerabilities, and (iv) navigate trade-offs among
objectives under deep uncertainty.

robust decision making; deep uncertainty
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IUFRO17-1142 Making robust thinning decisions under deeply uncertain climate change: Applying the MORDM approach.

Radke, N.* (1); Keller, K. (2); Yousefpour, R. (1); Hanewinkel, M. (1)

(1) Albert-Ludwigs-Universitat Freiburg, Chair of Forestry Economics and Forest Planning, Freiburg, Germany; (2) Pennsylvania State University,
Department of Geosciences, State College, United States

Abstract: Decision makers in strategic forest management are faced with a deeply uncertain climatic future. Under "deep" uncertainty no
probabilities can be attached to any future scenario which calls for decision making methods that adequately consider deep uncertainty in a non-
probabilistic way.

This presentation introduces Multi-Objective Robust Decision-Making (MORDM) as a non-probabilistic decision-making approach which was
originally developed for application to the water sector. Its first application to the field of forest management is presented by example of thinning
decisions for an even-aged beech stand in South-West Germany. A set of alternative thinning regimes are developed through random sampling.
Trade-offs of multiple management objectives are compared to the business-as-usual regime when adding climate and model parameter
uncertainties to the decision process. Strategies were assessed for robustness to these uncertainties using different robustness metrics based on
the concepts of "satisficing" and "regret". Finally, the individual impacts of the considered uncertainties on fulfilling performance requirements are
tested which indicates the level of importance of considering climate change uncertainty for thinning decisions.

deep uncertainty, climate, thinning, robustness
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IUFRO17-3888 Assessment of the robustness and uncertainty of climate projections applied for impact analysis and adaptation
support in forestry

Galos, B.* (1); Somogyi, Z. (2); Csaki, P. (1); Fuhrer, E. (2); Berki, I. (1); Bidlo, A. (1); Czimber, K. (1)
(1) University of West Hungary, Sopron, Hungary; (2) NARIC Forest Research Institute, Hungary, Budapest, Hungary

Abstract: For the assessment of impacts of, and adaptation to, the expected climate change in forestry, robust information is needed on the
long-term climate tendencies. This is especially important for the Carpathian basin where the distribution of forests is already often limited by the
amount of available water and thus little climatic changes may trigger tipping-point phenomena.

In order to quantify the spread and uncertainty of projections of climate change variables, simulation results of an ensemble of various SRES and
RCP-based European regional climate models have been analyzed for the period 1961-2100. The models are driven by different emission and
radiative forcing scenarios. The spatial resolution of the simulations was 0.22 ° * 0.22° for the SRES A1B scenario, as well as 0.44° * 0.44° and
0.11° * 0.11° for the RCP 4.5 and RCP 8.5 scenarios, respectively. We also used several meteorological and forestry indices to define "drought".
Our results show that (1) the sign and range of the projected change of temperature, precipitation and drought frequency are largely influenced
by the applied model, the scenario and the spatial resolution of the various simulations, and that (2) unlike in other European regions, the
uncertainty of the projections by the various models, defined as the range of the climate change relative to the mean change, is rather large.
Further research is needed to deal with this uncertainty, and to find appropriate methods to appropriately use of climate projections in managing
climate change.

The research is supported by the UNKP-16-4-3 New National Excellence Program of the Ministry of Human Capacities and by the "Agroclimate-
2" (VKSZ_12-1-2013-0034) joint EU-national research project.

uncertainty,climate projection, adaptation support
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IUFRO17-1018 Cluster creating for harvest scheduling ARM for small-scale spatial limited forest management

Kaspar, J.* (1); Cerveira, A. (2); Marusak, R. (1)

(1) Department of Forest Management, FFWS CULS Prague, Prague, Czech Republic; (2) University of Tras-os- Montes and Alto Douro UTAD,
Vila Real, Portugal

Abstract: Forest fragmentation affects forest ecosystems by changing the composition, shape, and configuration of the patches. Forest
harvesting and, in particular, the clear-cut management system which is still preferred in many European countries has a significant impact on
forest fragmentation. The effect of forest harvesting on fragmentation, biodiversity, and the environment has been extensively studied and the
integration of fragmentation indices in the harvest scheduling model has been already tested.

In traditional unit restriction models (URM), harvest clusters are formed a priori by the forest planner. This approach is often used in countries
where the size and/or shape of harvest units are limited by the law. On the other hand there is area restriction model (ARM) modelling approach,
which is based on creation of harvest clusters during the optimization process. This is done by enumerating all minimal infeasible clusters, which
cannot be harvested as a whole and which are minimal. Each of these clusters is a continuous group of stands with total area exceeding the limit
size and does not contain any cluster with area exceeding the limit size.

It is necessary to exclude at least one stand in such a cluster in order to obtain a feasible harvest clusters. However, it is neither possible to limit
the width of clusters nor their shape by the ARM. That is the reason why the ARM couldn't be used in many countries of Central Europe until now.
This contribution presents an innovative area restriction harvest scheduling model for clear-cut management system and presents a case study
to demonstrate model utilization. Harvest balance and sustainability are ensured by traditional harvest flow constraints. The results indicate that
harvest flow can be also achieved in minimizing fragmentation of forest ecosystems. From the analyses presented in this study, it can be
concluded that integration of fragmentation into harvest scheduling is possible without high losses of harvesting.

Harvest scheduling, spatial restriction, DSS
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IUFRO17-2863 Creating dynamic treatment units by spatial optimization

Ohman, K.* (1); Wastlund, A. (1); Sjédin, E. (1); Eriksson, L.-O. (1)
(1) SLU, , Umeda, Sweden

Abstract: Today's approaches for forestry are in most cases based on that the forest is divided into compartments as homogeneous as possible.
The compartments are described with information about e.g. volume, age and site index and it is assumed that the same management should be
applied across the whole compartment. Therefore the planning of the management is also in most cases based on the compartment and the
treatment unit is the same as the compartment. An alternative to the division into static compartments for planning of managements is to use
dynamic treatment units. This refers to an approach where stand compartments are not considered as permanent units for data description,
planning and management. The treatment units are instead created for the fulfillment of treatments after which they do not exist. The dynamic
treatment units should be a function of the owner's objectives and are often based on pixel based descriptions of the forest condition. This is
made possible by improvements in forest inventory that produce data with higher precision and resolution than before. The objective with this
study is to present a new approach for forming dynamic treatment units based on spatial optimization. The optimization model is formulated so
that pixels with similar treatments are aggregated in time and space and so that the model could be solved with mixed integer programming
based on a branch and bound algorithm. In a case study a data set consisting of 10,000 pixels was used to evaluate the model with different
requirements for the degree of aggregation. The results indicate that the model is effective for clustering pixels of certain properties and that the
model is possible to solve within a reasonable time despite a large number of constraints and variables.

Harvest scheduling, precision forestry, heureka
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IUFRO17-1042 Dynamic forest planning model for private forest owners using publicly available data sources in Finland

Makinen, A.* (1); Heinonen, T. (2); Rasinmaki, J. (1)
(1) Simosol, Riihiméaki, Finland; (2) University of Eastern Finland, School of Forest Sciences, Joensuu, Finland

Abstract: Finland has invested considerably into collecting forest inventory data from privately owned forests using Aerial Laser Scanning. This
data will be freely accessible for the forest owner, and to third parties with the forest owner's consent. Currently this data is not utilised to its full
potential and new tools for getting more value from this data are needed. Traditionally the standard management unit in Finland has been a
forest stand. However, fixed stands might restrict the efficient use of forest resources, thus not being the best possible management units. In
Finland, forest attributes have been estimated for a 16 x 16 meter grid from ALS data for all privately owned forest. It is possible to aggregate the
grid cells into larger management units using various algorithms. We propose a dynamic forest planning model, which will utilize the freely
accessible ALS grid data, as well as other freely available data sources and a spatial optimization model. The model will account for the forest
owner's objectives, restrictions on management unit properties and the spatial structure of the forest. In addition the model will account for the
temporal dimension, such as annual harvest limits. The model will also optimize the trade off between the economic profitability and operational
feasibility.

Spatial optimization, Forest planning, Open Data
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IUFRO17-2376 Decision on rotation period of Norway spruce in the context of climate change adaptation: Implications for
Management planning in the Czech Republic

Marusak, R.* (1); Hlasny, T. (1); Kaspar, J. (1)
(1) Czech University of Life Sciences Prague, Faculty of Forestry and Wood Sciences, Praha 6 - Suchdol, Czech Republic

Abstract: Forest management and planning is influenced by a number of external, often hardly predictable factors, which define an uncertain
environment in which decisions need to be taken. The risk and uncertainty increase with the length of planning horizon, and managers need to
seek for options for narrowing the range of the anticipated management outputs. Climate change significantly amplifies the uncertainty of forest
development, and climate change scenarios diverge in the future substantially.

Rotation period (RP) is one of the most important tool, which forest manager can use to secure sustainable and steadiness wood production,
support desired age structure and respond to the needs of the market. Recent changes in tree growth dynamics, increasing rate of forest
damage and environmental changes, however, have highlighted a need to reconsider the currently applied RPs.

The aim of this paper is to present the study of spruce RP adjustment according to survival probability. Following the range of survival
probabilities, seven probability survival classes were created. For each of them Bayesian decision rule was applied to derive shorter RP from the
production and economic point of view. To analyse influence of shorter RP on sustainability and steadiness of wood production, Czech
developing decision support system (DSS) was used.

The results show that the optimal length of rotation period should be shorter than is currently used in a forest practice. The differences between
currently used rotation period and newly proposed is 20 years and more. The proposed adaptation on climate change consequences does not
lead directly into the new harvest scheduling model or DSS. However, it affects currently used models and it should be incorporated into the any
DSSs, which deals especially with the strategic planning horizon.

DSS, survival probability, sustainability
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IUFRO17-3803 Decision support and knowledge transfer for improved understanding about management of protected areas across
borders in Europe

Vacik, H.* (1); Mattsson, B. (1)
(1) University of Natural Resources and Life Sciences, Department of Forest and Soil Sciences, Vienna, Austria

Abstract: Decision makers in protected areas face several challenges in making a choice for the best management strategy, as external factors
are often stochastic in nature and the options for adaptation are numerous. Rising demands from society regarding a sustainable provision of
ecosystems services increase the complexity of such decision problems as well. So there is an urgent need to support managers of protected
areas facing challenges of sustaining biodiversity and forest ecosystem services across borders considering the uncertainties of climate change
and funding resources. Some studies have revealed a demand for web-based decision-support to aid natural resource managers in providing
recommendations for adaptive management. In the context of the ForAdapt project a survey among managers working in protected areas was
conducted to identify the key challenges in working towards natural resource management in a cross-border context. The identified challenges
helped to identify the main features and functionalities for decision-support. Managers require easy access to relevant policies and laws, training
resources for decision-support, grant opportunities, and an overview about available case studies, methods and tools. In consultation with the
EUROPARC Federation (over 350 member parks in 37 European countries), International Union for the Conservation of Nature, and individual
park managers, we developed 9 case studies of transboundary protected areas and successfully tested a participatory decision analytic
approach in two of these. Natural resource managers are supported in formulating recommendations for sustaining biodiversity and forest
ecosystem services across borders. In this contribution some case studies on the challenges and uncertainties regarding climate change and
economic scarcity will be presented. We will discuss how the project results will be incorporated into a transboundary conservation toolkit that will
be hosted by EUROPARC.

conservation management, cross boundary, knowledge

K 2-4 (Konzerthaus Freiburg)

IUFRO17-2165 Decision support in conflicting forest utilization: Market impact analysis of forest management and wood supply
scenarios on forest product markets

Schier, F.* (1); Janzen, N. (1); Morland, C. (1); Weimar, H. (1)
(1) Thuenen Institut International Forestry / Forest Economics, Hamburg, Germany

Abstract: Contradictory interests are inherent to forest-relating decision making: How to manage domestic forests? How much forest should be
protected, how much wood should be produced and what are consequences for the forest-based sector? Cross-level decision support tools to
balance opposing national management options, forest utilization and wood supply are needed. Here, an enhanced version of the Global Forest
Products Model (GFPM-CNC) was used the first time to compare the likely magnitude of changes in forest sector variables based on different
wood supply scenarios calculated with the forest development and timber resource model (WEHAM). The technical differentiation between
coniferous and non-coniferous industrial round- and sawnwood made the GFPM-CNC to a proper tool that closely assesses possible sector
dynamics in dependence of forest treatment pattern and resulting timber production in Germany. For market scenario analysis, the scenario
outputs of WEHAM were translated in exogenous model parameters and fed into the GFPM-CNC. The results evaluate market impact, e.g. shifts
in production, consumption and trade of roundwood and wood products due to changing availability of softwood and hardwood. Uncovering these
consequences of alternative long-term forest management strategies, this study supports informed decision and policy making.

Wood-products Scenarios Market-model Demand Supply
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IUFRO17-1448 Regionalization of climate change adaptation - dynamic tree species selection in the German federal state of
Brandenburg

Spathelf, P.* (1); Riek, W. (1)
(1) Eberswalde University for Sustainable Development, Eberswalde, Germany

Abstract: Regionalization of the impact of climate change is a great challenge for forest administrations and forest enterprises in Germany. For
many regions there is evidence that the vulnerability of forest ecosystems will increase due to increasing temperature, drought, and the
frequency of extreme events. In a regional model for the German federal state of Brandenburg it can be shown that, under consideration of
indicators such as temperature and soil water availability, areas with increased risk exist already today. By 2100 this tendency will be reinforced.
The basis of the presented approach is an extrapolation of the empirical functional relationship between the forest development types and forest
site characteristics into the future, taking into account scenario climate data of the federal state of Brandenburg.

In the paper we will review the results of tree monitoring and dendroecological analyses with respect to the development of tree growth and tree
vitality in the German federal state of Brandenburg. Then we outline several adaptation options to increase forest resilience in Brandenburg, with
special emphasis of the dynamic tree species selection process to create mixed forests. It can be shown that European beech will significantly
lose distribution range in Brandenburg by the period of 2050-2100 due to the limiting impact of water shortage. The results of the model are
visualized by mapping and used to establish recommendations for forest conversion.

climate change, tree species selection, beech
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IUFRO17-3395 Developing site-specific species recommendations in Switzerland: A pragmatic ecogram-based approach

Brang, P.* (1); Frehner, M. (2); Huber, B. (3); van Wijnkoop, P. (3); Kaufmann, G. (4); Augustin, S. (5); Kichli, C. (5)

(1) WSL, Swiss Federal Institute, Birmensdorf, Switzerland; (2) Forstingenieurbiiro Monika Frehner, Sargans, Switzerland; (3) Abenis AG, Chur,
Switzerland; (4) Kaufmann + Bader GmbH, Solothurn, Switzerland; (5) Federal Office of the Environment FOEN, lttigen, Switzerland

Abstract: Forest managers in Switzerland select tree species for natural regeneration or planting based on ecograms, which show the location of
site types on semi-quantitative gradients of base and water availability. For each site type, recommended main and secondary tree species are
listed. Such ecograms exist for different regions and altitudinal vegetation belts. As extension part of a research program on forests and climate
change, we quantified the climate gradients hidden in these ecograms and assessed the analogies between current and future site types under
the assumption of future climates based on the A1B scenario of the 4th IPCC assessment report. The approach enables identifying overlaps and
differences in species recommendations between current and future site types, under the condition that future sites are currently found within
Switzerland. It was tested with forest managers and well received since it is understandable, gives plausible results, and largely builds on existing
decision-making tools. In our contribution, we will critically analyze the scientific foundation and the robustness of the approach, point out its
weaknesses and describe the factors contributing to its success, analyze which obstacles had to be overcome, how this was achieved, and which
tasks remain to be done.

climate change; adaptation; tree species selection
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IUFRO17-2363 Climate change adaption in the Bavarian State Forest Enterprise: Transferring scientific knowledge into management
practice

Rothe, A.* (1); Riegert, C. (1); Faltl, W. (1); Neft, R. (1)
(1) Bavarian State Forest Enterprise, Regensburg, Germany

Abstract: The Bavarian State Forest Enterprise is a major forest holding in Central Europe that manages over 800,000 ha of state forest in
Southeastern Germany. The annual cut is about 5 m m 3, which generates a turnover of about 400 m Euro. The main commercial crop is Norway
spruce, which produces about 70 % of timber revenues. However, Norway spruce is considered highly susceptible to the effects of climate
change in many sites in Central Europe. Other important species like European beech, sessile and pedunculate oak, European ash and Scots
pine have also shown significant biotic or abiotic damage recently. The climate change adaptation concept of the Bavarian State Forest
Enterprise therefore aims at developing highly stable and resilient, multi-layered mixed species stands. The desired stand structure is comprised
of native tree species enriched with resilient non-native species of commercial interest. According to the underlying "four species concept" all
future stands will consist of at least four different tree species. The general goal of the concept is to lower the risk of an individual stand through
high resilience and diversification. The presentation gives an overview of the climate change adaptation concept of a large forest enterprise and
shows how scientific knowledge is transferred into management practice. We also describe how uncertainty (e.g. pertaining to future regional
climate or future suitability of individual tree species) was included in our management concept. Main knowledge gaps are identified from a
management perspective and ideas on future research are presented.

Bavarian State Forest, adaptation, management
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IUFRO17-3594 Evaluating different strategies for lodgepole pine in Sweden - economy, distribution and potential spread

Lundstrém, J.* (1); Ohman, K. (1); Rudolphi, J. (1)
(1) Swedish University of Agricultural Sciences, Umed, Sweden

Abstract: Lodgepole pine (Pinus contorta) is an American tree species introduced in Sweden in the 1920s and cultivated on a large scale since
the 1970s. The reason for choosing to plant lodgepole pine instead of the native Scots pine (Pinus sylvestris) is its higher productivity. When
introduced, the general view was that the risk of spread was low, but lodgepole pine has been shown to both survive and reproduce outside
plantations. The degree of invasiveness is uncertain in Sweden. However, if lodgepole pine would spread to areas where establishment could be
a potential threat to native biodiversity, for example mires or alpine areas, it would be a problem, and to find and eradicate this unwanted spread
could result in major costs for society. We have evaluated the long term consequences of four strategies for coping with the potential
invasiveness of lodgepole pine: (1) No new establishment of lodgepole pine is allowed, (2) limit the total area of new establishments of lodgepole
pine to a maximum of 5 % of the total area of productive forest, (3) avoid plantations around nature reserves and key habitats, and (4) aggregate
the new plantations. The strategies were compared to a strategy without any restrictions regarding establishment of lodgepole pine. Each
strategy was included in two different long term forest planning problems. The first one aimed for maximizing the net present value from future
forest management and the second one aimed at maximizing potential harvest volume. Each problem was formulated and solved with the
Heureka planning system. Preliminary results indicate that the restrictions reduces the potential maximal economic return but also the maximal
potential harvest volumes from the studied landscapes which then has to be weighed against the costs of surveillance and eradication of
possible unwanted spread.

Exotic species, Forest planning, Heureka, Invasive
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IUFRO17-311 Deadwood management with robust optimisation

Hartl, F.* (1); Knoke, T. (1)
(1) Technical University of Munich, Institute of Forest Management, Freising, Germany

Abstract:

Forest ecosystems provide many ecosystem services for human beings as well as for the environment. Also, managed forests are seen as

systems that have to fulfil many of these services. One important part is the provision of deadwood as a resource for many plant and animal
species in forests. Besides the ecological preconditions and effects of deadwood are a major field of research, the economic impacts of
management concepts for deadwood are not known very well so far. For example, questions like: '"How much of the financial returns is lost by
applying a certain management plan?', or: 'Which strategy is the most effective way to reach the objectives of the management concept?' and the
mechanisms behind that are not fully understood up to date.
We combined the risk-sensitive decision support system YAFO with a deadwood model relying on exponential decay functions to give answers
for these questions. Therefore, we are able not only to investigate deadwood management plans but we can optimise the strategies of how to
implement them. Main results are a severe influence of pre-set parameters like deadwood diameters or the time horizon for reaching the goals.
Both aspects affect the economic returns of the forest enterprise in terms of how much of the returns that can be achieved without any deadwood
objectives must be invested to provide the desired deadwood amounts. Due to losses within the pool of forest products and the changing effects
of substitution, the carbon balance of the forest enterprise is influenced as well. A first conclusion is that it is important to focus not only on the
goals themselves but additionally on the way of how to achieve certain deadwood goals.

deadwood, risk, optimisation, ecosystem services
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IUFRO17-2468 Forest restoration with a native species Parica in Amazon: a generalizable model to support forest management

Nobre, S.* (1); Diaz-Balteiro, L. (1); Rodriguez, L. (2); Zonete, M. (3)
(1) Universidad Politecnica de Madrid, Madrid, Spain; (2) Universidade de S&o Paulo, Piracicaba, Brazil; (3) Amata S.A., S&o Paulo, Brazil

Abstract: Approximately four thousand hectares of degraded pasture land in the Brazilian State of Par & in the Amazon have been converted to a
forested area since 2008. A single fast-growing native tree species was used in the process, the paric & (Schizolobium amazonicum). Parica
grows at a rate of 23 to 27 m3/ha/year and densely covers the degraded area with its canopy in approximately 2 to 3 years. Besides the

improvement in terms of environmental indicators, the parica plantation offered reasonably good income when sold for veneer logs. A
generalizable model was developed to support important decisions about to be made by the forest management team. A multi-objective model

was developed, using an open source algebraic optimization modelling system (Pyomo). The systems allowed the analysis of different scenarios

and a comprehensive set of evaluations regarding environmental and economic objectives. Specifically, the model helped on supporting the

analysis of different management regimes and production cycles, and whether managers should change species, mix them or alter tree density.

It also provided price ranges that guarantee expected investment returns for the investors. Examples were provided using local yield curves,

costs, market prices, and accomplished environmental gains.

restoration;multi-objective model;decision support
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IUFRO17-33  Current Thought on the Use of Heuristics for Adaptive Forest Management Planning

Bettinger, P.* (1)
(1) University of Georgia, School of Forestry and Natural Resources, Athens, United States

Abstract: Forest management planning can be a rigorous endeavour, conducted in pursuit of alternative scenarios from which decision-makers
choose. Incorporation of goals and constraints concerning the management of land into a forest planning model can be challenging, particularly
when these contain discrete or non-linear relationships. Exploration into the use of heuristics for supporting the forest planning process has been
conducted for over thirty years as an alternative to traditional mathematical approaches. Thoughts on the use of heuristics for forest plan
development have evolved, through examination of intensification and diversification search strategies and the introduction of novel methods.
This presentation will describe the author's impression of the current best practices for heuristics in supporting adaptive forest management
planning, and will offer suggestions for future research endeavors.

forest planning, forest management, heuristics
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IUFRO17-361 Forest data acquisition in Nordic countries - roadmap for the future

Kangas, A.* (1); Olsson, H. (2); Astrup, R. (3); Nord-Larsen, T. (4); Naesset, E. (5); Maltamo, M. (6)

(1) Natural Resources Institute Finland (Luke), Joensuu, Finland; (2) the Swedish University of Agricultural Sciences, Umed, Sweden; (3)
Norwegian Institute of Bioeconomy Research , As, Norway; (4) University of Copenhagen, Frederiksberg C , Denmark; (5) Norwegian University
of Life Sciences , As, Norway; (6) University of Eastern Finland, Joensuu, Finland

Abstract: Authors: Annika Kangas (Luke), Kari T. Korhonen (Luke), Rasmus Astrup (NIBIO), Johannes Breidenbach (NIBIO), H ékan Olsson
(SLU), Mats Nilsson (SLU), Jonas Fridman (SLU), Erik Naesset (NMBU), Terje Gobakken (NMBU), Matti Maltamo (UEF)

Nordic countries have long traditions in forest inventory. In Norway, national forest inventory (NFI) was started in 1919, as the first country in the
world, and Sweden and Finland started respective inventories at the beginning of 1920's. Also the traditions in forest management inventory
(FMI) are long in the Nordic countries. Opportunities of remote sensing have been widely utilized: aerial photos have been used in FMI since
1950's and in NFI since 1970's (e.g. Lapland in Finland), satellite images in NFI since 1990's, laser scanning in FMI since early 2000's and
photogrammetric point clouds in NFI since 2010's. Denmark, in fact, was the first country producing a nationwide laser-based product trained with
NFI data. In recent years, the technology has been developing very fast. At the same time, the needs for information are constantly increasing.

In this study, we analyse the state-of-the-art both in the national level and local level management inventories in the Nordic countries. We identify
the benefits and drawbacks of different RS materials and data acquisition approaches, from the point of view of different types of users or uses of
the data. Based on the analysis, we identify needs for further development and emerging research questions. We also discuss the alternatives
for ownership of the data and cost-sharing between different actors in the field.

forest inventory, remote sensing, benefit

Room "Baden-Baden" (Novotel Freiburg)

IUFRO17-4162 Current Forest Inventory Initiatives to Promote Sustainable Forest Management in Brazil

Veloso de Freitas, J.* (1); Malheiros de Oliveira, Y. (2); Maria Mello Rosa, C. (1); Povoa de Mattos, P. (2); Brena, D. (1); Doetzer
Rosot, M. A. (2); Luis Augusto Gomide, G. (1)

(1) Brazilian Forest Service, Forest Information and Research, Brasilia, Brazil; (2) Embrapa Forestry, Curitiba, Brazil

Abstract: Brazil is well known for monitoring the loss of forests by deforestation in the Amazon region, but other government initiatives involving
forest surveys are under way, using different methodologies, at different scales and to meet multiple demands for forest information. At the
national level, the National Forest Inventory (NFI) is already implemented in 16 of the 27 country states. The NFI is heavily based on ground
plots and, so far, approximately 2,000 tree species have been identified from 7,000 clusters of (4) plots and about 12,000 people living in rural
areas have been interviewed about the local use and importance of forests. In addition, the NFI provide valuable information on the distribution of
forest biomass and carbon stocks, improving estimates that are made today only by remote sensing approaches. Additional NFI sampling based
components for monitoring landscapes and for short term monitoring of planted forests, based on high resolution satellite images, are also being
developed. Other initiatives include permanent sampling plots networks for monitoring forest dynamics and pre-harvest forest inventories based
on the census of large commercial tree species to support forest management for timber production in Amazon region. The objective of this work
is to show an updated panoramic view of the main forest inventory initiatives in Brazil, highlighting how the old methods meet new technologies
and tools, and how they could be better integrated to attend country's demand for forest information and development.

NFI, sustainable forest management, climate change
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IUFRO17-1887 New improvements in the French national forest inventory : towards the integration of forest resources assessment
and ecosystem monitoring

Morneau, F.* (1); Wurpillot, S. (1); Benest, F. (2); Hervé, J.-C. (3)

(1) IGN, Service de I'Inventaire Forestier et Environnemental, Nogent-sur-Vernisson, France; (2) IGN, Direction Sud-Ouest, Saint-Médard en
Jalles, France; (3) IGN, Laboratoire de I'Inventaire Forestier, Nancy, France

Abstract: Decided in 1958 and actually launched in 1960, the French National Forest Inventory (NFI) now has nearly sixty years of experience
and steady progress in reducing the costs of data collection, while improving information freshness through effective design and broadening its
scope by collecting more comprehensive data on forest resources and forest ecosystems. The presentation will highlight some of these
developments of general interest to tackle the new challenges of climate change, bioeconomic transition and environmental monitoring:

-The continuous design launched in 2005 in which the whole country is surveyed each year with annually updated results based on the last 5
annual samples. Since 2015 the sample includes both remeasured and new plots for better efficiency (sample size x 2) and flexibility, while
retaining the advantages of fully permanent plots for change estimations. This continuous annual design with continuous partial replacement is of
fundamental importance for reducing costs and extending the scope from resources assessment to ecosystem monitoring.

-The introduction in the 80's of an ecological and floristic survey which allows recently to show climate change impacts on the French forest flora
and resulted in the possibility to develop (2011 - 2016) a habitat classification field protocol for forest plots. They have been all classified as
habitat for the first time in 2016, opening up the possibility of a habitat monitoring survey integrated into the NFI.

-The innovative use of new technologies such as T-lidar scanning of inventory plots for a more complete assessment of tree volume and other
new variables (tree architecture, stand structure, etc.) ; and the in-lab measurement by CT scanner of the wood density of the about 30000 cores
per year taken from the NFI sampled trees. This opens the prospect of an inventory of forests in biomass and carbon as accurate and detailed as
is today the inventory of stem volume without significant cost increase.

NFI; climate change; monitoring; new technologies
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IUFRO17-454 Friend or Foe? Assessing the diversity-productivity relationship using forest inventory data.

Sousa-Silva, R.* (1); Boogers, S. (1); Van de Peer, T. (1); Govaere, L. (2); Lecomte, H. (3); Ponette, Q. (4); Verheyen, K. (5);
Muys, B. (1)

(1) KU Leuven, Department of Earth and Environmental Sciences, Leuven, Belgium; (2) Agentschap voor Natuur en Bos, Brussel, Belgium; (3)
Service Public de Wallonie, Département de la Nature et des Foréts, Namur, Belgium; (4) Université catholique de Louvain, Earth and Life
Institute - Environmental Sciences, Louvain-la-Neuve, Belgium; (5) Ghent University, Forest & Nature Lab, Gontrode, Belgium

Abstract: There is an increasing interest in the role of species diversity in ecosystem functioning and services, including productivity. Evidence is
growing that mixed forests can supply many ecological, economic and socio-cultural goods and services in a similar or even better way than
monocultures. The potential for interactions between different tree species are often dynamic, changing as resource availability or climatic
conditions change.

In this study, we analyzed these mixture effects on species productivity along gradients of abiotic stress and site productivity. We compared the
productivity of two-species mixtures with that of monocultures of the same species. The mixture effect was assessed using the additive
partitioning method of Loreau and Hector (2001). This method has been successfully applied to data from large biodiversity experiments, and we
wanted to test whether it can also be applied to National Forest Inventory data.

Results suggest that the productivity of mixtures changes with species assemblage and abiotic conditions and that this mixture effect is more
pronounced in sites with high abiotic stress.

Finally, we discuss the pros and cons of using the partitioning method on these datasets and examine how changes in the net diversity effect are
driven by changes in the contributions of single vs. multiple species to stand productivity.

diversity; National Forest Inventory; productivity
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IUFRO17-635 Trees recognition based on branch extraction from UAV images

Pereira, J. P.* (1); Stratz, M. (1); Schimalski, M. B. (2); Weinacker, H. (1); Koch, B. (1)
(1) FeLis, University of Freiburg, Freiburg, Germany; (2) Department of Forest Engineering, CAV/UDESC, Lages, Brazil

Abstract: Detecting trees in dense forests for inventory purposes is challenging, especially from images taken by unmanned aerial vehicles
(UAV). However, some tree species such as Araucaria angustifolia provide specific characteristics, which allow its recognition. From UAV
images, the branches from A. angustifolia can be easily observed, heading always uniformly towards the center of the tree. Therefore, the goal of
this study was to automatically detect the branches of A. angustifolia and calculate the trajectory to which all the branches converge, registering
the convergence location as the center of the tree. To achieve this goal, a python script was designed using straight line Hough transformation.
Afterwards, the direction of the detected branches were calculated and the central point registered. To validate the methodology, the measured
location for each tree was used. Preliminary results indicate that recognizing the branches can be a viable alternative to detect the center of the
tree. Even in situations where the crowns are overlapped, it is still possible to see the direction of the branches and therefore, predict where they
converge. This result proves to be a good alternative for Araucaria angustifolia trees counting in dense forests. However, further tests are
required in order to optimize the results.

straight line Hough transform, tree detection
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IUFRO17-1052 Automatic mapping of forest stands based on three-dimensional point clouds derived from terrestrial laser-scanning

Schwarz, M.* (1); Ritter, T. (1); Tockner, A. (1); Leisch, F. (2); Nothdurft, A. (1)

(1) University of Natural Ressources and Life Sciences, Vienna, Department of Forest- and Soil Science, Vienna, Austria; (2) University of
Natural Ressources and Life Sciences, Vienna, Department of Landscape, Spatial and Infrastructure Sciences, Vienna, Austria

Abstract: Intensive forest monitoring is an important tool to provide information about the timber growing stock, biodiversity, carbon
sequestration and the effects of atmospheric pollution and climate change impact. Mapping of exact tree positions is a crucial task for the
evaluation of forest-growth trends in a changing climate and is also required to achieve further information on structural diversity as well as to
gain a deeper understanding of inter-tree competition driven by inter-tree distances and the overall tree pattern configuration.

Recent developments in sensor technology, like terrestrial laser-scanning (TLS) opened up new methods to collect high-quality three-
dimensional data in the field, from which detailed 3D-point-clouds can be derived. The challenge nowadays is, to extract tree parameters from
these 3D-point clouds by automatic routines.

We demonstrate novel approaches for the mapping of tree positions and the measurement of stem diameters in TLS point clouds. The detection
of tree locations is based on a two-stage density-based clustering algorithm, and tree diameter measurement uses a circular clustering approach.
We hypothesize that our novel method outperforms existing approaches and can be easily adopted in forest monitoring practice in conjunction
with TLS.

The novel algorithms were tested in a 4.5 ha forest stand located in the Austrian pre-Alps and having high structural diversity and species
richness. We show that the new algorithms provide high accuracy even under such difficult environment. The tree-position finding algorithm
yields a detection rate of 95%, an omission rate of 4.5% (missed trees) and a commission rate of 5.9% (falsely detected trees). Tree diameters
are measured with a mean absolute deviation of + 2.9 cm.

TLS, wall to wall mapping, clustering algorithms
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IUFRO17-1386 A workflow for remote sensing assisted forest planning in south-west Germany

Schumacher, J.* (1); Ortiz, S. (1); Kirchhéfer, M. (1); Kilian, M. (2); Adler, P. (1)

(1) Forest Research Institute Baden-Wirttemberg (FVA), Freiburg, Germany; (2) Landratsamt Breisgau-Hochschwarzwald, Fachbereich Forst,
Staufen, Germany

Abstract: Forest planning is being conducted for already a long time to ensure sustainable forest management and is usually based on classical
field inventories. In the last decades, remote sensing techniques were subject of research to assist forest inventories; however, such methods
are not widely applied in forestry operation, yet. We combine field data from existing forest inventories and surface models obtained from aerial
images, which were collected by standard survey flights from the land survey services. Based on these we build models to produce forest
attribute maps, which will support forest managers in the field to make consistent and objective decisions. In cooperation with practitioners we
identify suitable remote sensing based products and develop a workflow to integrate these into stand based forest planning in the federal state of
Baden-Wiurttemberg in south-west Germany. We assess our method using independent plot and stand based reference data, and expert
knowledge of forest rangers. Forest height structure and timber volume maps show most practical relevance for practitioners. Furthermore,
results indicate that these forest attribute maps lie within 10% of our reference data, and are useful auxiliary information for forest managers in
the field when making forest planning for the next ten years.

forest inventory aerial image canopy height model

Room "Baden-Baden" (Novotel Freiburg)
IUFRO17-1422 Remote sensing based timber volume modelling on plot level: influence of ground sampling methods

Kirchhoefer, M.* (1); Schumacher, J. (1); Adler, P. (1)
(1) Forest Research Institute Baden-Wirttemberg, Dep. Biometry and Informatics, Freiburg, Germany

Abstract: Remotely sensed data in combination with ground sampling can help to create wall-to-wall maps of forest attributes utilising statistical
modelling approaches. This study investigates the influence of two commonly used ground sampling methods on plot-level volume modelling
using aerial imagery. The study area comprises the state-owned forest in the administrative district of Breisgau-Hochschwarzwald in south-west
Germany. Here, two different methods of ground sampling are utilised on a regular basis: angle count sampling (ACS) for national forest
inventory and nested circular plot sampling for enterprise forest inventory. Timber volume derived from each sampling method is combined with
spectral data and a canopy height model (CHM) extracted from aerial stereo imagery. These data is used for training predictive models which are
subsequently applied for creating wall-to-wall volume maps of the study area. Differences are assessed relatively between modelling results and
with respect to reference data from several fully mensurated forest stands within the study area. Challenges of co-registration of ground samples
and remote sensing data are also considered during assessment.

aerial images, CHM, ground sampling, volume model
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IUFRO17-319 The National Forest Monitoring and Assessments (NAFORMA) process in Tanzania

Malimbvwi, R.* (1); Chamuya, N. (2)
(1) Sokoine Univ of Agric, Morogoro, Tanzania, United Republic of; (2) Tanzania Forest Service, Dar es Salaam, Tanzania, United Republic of

Abstract: Abstract

Tanzania has undertaken her first ever National Forest Inventory popularly known as National Forestry Resources Monitoring and Assessment
(NAFORMA). NAFORMA was conducted under the FAO-Finland (FAO-FIN) programme for support of sustainable forest management in
changing climate. The selected statistical framework was double sampling for stratification, the strata being vegetation types. NAFORMA
measured a total of 30,773 plots out of which 25% are permanent for long-term monitoring. The data were analyzed using newly developed
allometric equations. The total growing stock is 4,062 million m3 with a mean of 46 m3/ha. The total Carbon in the living trees is 1,909 million
tons with a mean of 21.6 tons/ha. Relating wood consumption estimates and increment of the growing stock shows a deficit of 19 million m3,
hence necessitating increased efforts towards tree planting and sustainable forest management. The Tanzania Forest Services Agency (TFS) is
committed to monitor her forests through re-measurements of the permanent sample plots established under NAFORMA. NAFORMA answers to
the increasing need for forest resources data for national policy and international reporting addressing REDD+ and climate change as a whole.
The work conducted in Tanzania has been instrumental for the development of FAO-FIN methodologies and tools based on cost free open
source software.

forest inventory, sampling, volume, carbon
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IUFRO17-822 Forest Monitoring and Human Impact Assessment on Forest Resources in Democratic Republic of East Timor

Fonseca, T.* (1); Pacheco Marques, C. (2)
(1) Universidade de Tras-os-Montes e Alto Douro, Vila Real, Portugal; (2) University of Tras-os-Montes e Alto Douro, Vila Real, Portugal

Abstract: The first National Forest Inventory (NFI) made in the Democratic Republic of East Timor began in the course of the Second Rural
Developing Program, having been inventoried within the framework of that program two districts of the country (Bobonaro and Covalima districts,
2008-2009). The NFI information encompasses the traditional forest inventory variables with major focus on forest and other woodland areas
extent and condition, species diversity and growing stock. Results of the NFI for the inventoried districts are summarized in the current
communication. The results highlight a negative impact of ongoing human activities in both forests extent and condition, with the degradation of
forest conditions being mainly driven by illegal logging, demand for fuelwood and shifting cultivation.

Approaching a decade after the beginning of the NFI, the authors bring to the discussion the implementation of the NFI along the country and at
the district level. The sampling procedure is revisited to analyse the feasibility of reducing the costs with field work without compromising the
representativeness of the estimates. Major focus is on the evaluation of growing stock. The use of allometric models for the volume estimation is
also discussed. Suggestions for improving future forest resources assessments are provided.

inventory, growing stock, shifting cultivation
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IUFRO17-2061 How do long-term increases in background mortality rates and disturbance each affect forest biomass?

Vanderwel, M.* (1)
(1) University of Regina, Regina, Canada

Abstract: Recent increases in tree mortality have been documented in a number of regions, but it remains unclear whether these changes reflect
elevated background mortality or more frequent disturbance. | estimated variation in tree mortality, and its consequences for aboveground
biomass dynamics, across forest inventory plots in different regions of North America. In the eastern USA, disturbances that produced at least a
four-fold increase in mortality over a five-year interval were observed in 1-5% of plots in different regions. Incorporating stochastic variation in
mortality (based on mixed models fitted to the plot data) into a forest dynamics simulator showed that a long-term increase in mortality would
support greater regional aboveground biomass when expressed through disturbance compared with background mortality, particularly for early-
successional species. This difference could be important in regions where mortality has increased in recent years. In the Canadian province of
Alberta for example, an increasing fraction of plots have experienced mortality that is at least four times greater than the long-term average, but
these changes have occurred in concert with a higher median plot mortality rate. Long-term increases in mortality may cause greater reductions
in forest biomass if stand-level mortality increases are chronic rather than episodic in nature.

disturbance, forest dynamics model, tree mortality
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IUFRO17-2062 Structure and dynamics of woody debris as indicators of forest disturbance

Merganic, J. (1); Merganicova, K.* (2); Kucera, M. (3); Seben, V. (4); Ferencik, M. (1); Allman, M. (1); Pichler, V. (1)

(1) Technical University Zvolen, Zvolen, Slovakia; (2) Technical University Zvolen, FORIM, Zvolen, Slovakia; (3) Forest Management Institute
Brandys nad Labem, Brandys nad Labem, Czech Republic; (4) National Forest Centre, Forest Research Institute, Zvolen, Slovakia

Abstract: The origin, amount and structure of woody debris are important characteristics from multiple perspectives. They are not only ecological
indicators of forest naturalness and biodiversity, but can also provide us with the information about past natural and human-induced
disturbances. In the presented work we analyse a large empirical dataset originating from the national inventories of the Czech and Slovak
Republics consisting of more than 15,000 repeatedly measured sample plots. We examine the state, amount and distribution of woody debris
components in specific site and ecological units. The data are further stratified with regard to the applied forest management and natural
disturbances. This allows us to identify the differences in the descriptive woody debris characteristics and in the short-term dynamics of woody
debris quantified using the repeated inventory measurements at different spatial levels. The results show that site and ecological characteristics
significantly influence the state, amount and origin of woody debris, which can in turn be used as valuable indicators of past forest disturbances.

forest inventory,coarse debris, fine debris, stump
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IUFRO17-1063 Evaluation of carbon loss derived from wind disturbance in planted forests in Japan using repeated measurement data
of permanent plots

Mitsuda, Y.* (1); Kitahara, F. (2)
(1) University of Miyazaki, Mlyazaki, Japan; (2) Forestry and Forest Products Research Institute, Kochi, Japan

Abstract: We examined carbon loss in planted forests in Japan caused by windthrow, using repeated measurement data of permanent plots. We
also simulated carbon dynamics assuming no wind disturbance using a carbon-balance-based stand-growth model for comparing carbon
dynamics with and without wind disturbance. Both direct and indirect forest carbon loss induced by wind disturbance considerably affected forest
carbon dynamics. Trees felled by wind will decompose and the stored carbon will subsequently be released to the atmosphere as direct forest
carbon loss. In the absence of wind disturbance, damaged trees will continue to grow and absorb carbon from the atmosphere. This expected
carbon absorption, which would have been lost owing to wind disturbance, can be regarded as indirect carbon loss. We evaluated both direct and
indirect carbon loss in Japanese cedar-, Japanese cypress-, and Japanese larch-planted stands where long-term permanent plots had been
established. During some decades of observation, wind disturbance occurred on several occasions and data measured during these events were
utilized for the evaluation. In Japan, large areas of unmanaged planted forest exist where wind disturbance risks are increasing, and our findings
indicate that careful management of these forests is needed to prevent carbon loss caused by wind disturbance.

carbon loss, carbon dynamics, growth model
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IUFRO17-4170 Vegetation Pattern 8 Years After the Eruption of Chaiten Volcano, Chile

Promis, A.* (1); Partarrieu, U. (1); Acufia, S. (1); Garcia, N. (1)
(1) Department of Silviculture and Nature Conservation, University of Chile, Santiago, Chile

Abstract: Active volcanoes are frequent in Chile. Volcanic eruptions are important disturbance processes in Chilean forests, and also around the
world. Different disturbance types were characterized after the 2008 eruption of Chait én Volcano: a blast-zone (tree removal, toppled tree,
scorch), airfall tephra, pyroclastic flow and fluvial deposition. The most frequent forest types disturbed by the eruption where Nothofagus
betuloides, Evergreen and Nothofagus antarctica. The blast zone area covered around 4 km2. The aim of this study is explore early vegetation
succession on the blast zone at Chaitén Volcano. In 2012 and in 2016 (after four and eight years after eruption), the vegetation occurring in the
blast zone was surveyed to document changes since 2008. Floor vegetation was sampled in a network of 50 permanent plots (16 m2) in 2012.
However, only 40 were reached in 2016, because of changes in the topography. Four years after eruption 34 vascular plant species were found.
The most diverse life forms were herbaceous perennials (32.4%), shrubs (23,5%) and trees (20,5%). Six community types were classified which
overlap slightly. However, eight years after eruption, preliminary results showed that 65 vascular plant species were identified, and the most
diverse forms were similar to those founds in 2012: herbaceous perennials (41.3%), shrubs (23.8%) and trees (11.1%). Repeated measures plots
allow us to quantify the vegetation dynamic after the eruption of Chaitén Volcano and to recognize if environmental factors may produce
differential successional trajectories or more stable communities along time.

volcanic disturbance, forest succession
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IUFRO17-657 Post-disturbance regeneration dynamics in the mountain spruce forests in Central Europe - lessons from 20 years of
natural development

Svoboda, M.* (1); Wild, J. (2)

(1) Czech University of Life Sciences in Prague, Praha 6 Suchdol, Czech Republic; (2) Botanical Institute, Academy of Science, Pruhonice,
Czech Republic

Abstract: Large, severe disturbances drive many forest ecosystems over the long term, but pose management uncertainties when human
experience with them is limited. Following a series of large, severe outbreaks of spruce bark beetles (Ips typographus) in Central Europe we
evaluated regeneration dynamics in Norway spruce (Picea abies) forests across the Bohemian Forest Ecosystem (spanning Germany and the
Czech Republic). We tracked 20 years of post-outbreak regeneration dynamics of all tree species and evaluated initial variations in successional
pathway and structure. Median tree regeneration density increased from ~400 trees ha-1 at the time of outbreak to ~2,000 trees ha-1 within a
decade. These increases were driven by spruce, which primarily recruited from advance regeneration, gradually occupying greater height
classes. Only Common rowan (Sorbus aucuparia) increased in relative proportion, for a brief (<3-year) period before declining again. In addition,
spatial pattern in trees showed high resilience to stand-replacing disturbance. After a self-thinning of recruits tightly clustered around parental
trees, their spatial pattern will mirror the pattern of trees that formed the stand before the disturbance. This "memory" of tree spatial patterns is an
important structural legacy and should be viewed as a fundamental property of these forests. Our results showed that, contrary to common
expectations, spruce beetle outbreaks in Central Europe effectively promoted Norway spruce in the long-term. Outbreak-affected forests are
naturally self-replacing even after severe canopy mortality and 20 years after the outbreak the regeneration density is high enough to secure all
the ecosystem functions of those forests. Thus, natural regeneration may be considered among the most effective ways to meet reforestation
objectives in beetle-killed forests.

disturbance, forest, bark beetle, regeneration
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IUFRO17-1526 Post-fire fine fuel dynamics in California's forests

Eskelson, B.* (1); Monleon, V. (2)

(1) University of British Columbia, Forest Resources Management, Vancouver, Canada; (2) US Forest Service, PNW Research Station,
Corvallis, Oregon, United States

Abstract: Forest wildfires result in immediate carbon losses and in changes in post-fire carbon dynamics. We examined the dynamics of duff,
litter, and fine woody detritus (FWD) carbon during the first 6 years following forest wildfires in California as a function of crown fire severity, time
since fire, pre-fire woody carbon, and forest type group, using repeated measurements of 129 U.S. national forest inventory plots. Stands that
burned with low and moderate severity contained similar amounts of FWD carbon after fire (0.75 Mg/ha and 0.63 Mg/ha, respectively), while little
FWD carbon was left in severely burned stands (0.16 Mg/ha). In the years following the fire, FWD carbon increased significantly in stands of all
three severity classes, with similar rates in low and moderate severities (17.3% and 15.3 % per year, respectively), and a higher annual rate of
change in stands that burned with high severity (45.4% per year). Litter carbon increased significantly in moderate (13.3% per year) and high
(28.2% per year) severity stands, with no observed change in low severity stands (p=0.21). There was no evidence of net change in duff carbon
in the first 6 years after the fire irrespective of crown fire severity (p > 0.25). While many studies focus on the dynamics of large woody carbon
pools (e.g., standing live and dead wood, coarse woody detritus), this study focuses on the post-fire carbon dynamics of the fine fuels that
typically have fairly high combustion rates and turnover.

carbon dynamics;disturbance;longitudinal analysis
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IUFRO17-1061 Potential of remote sensing based forest attribute modelling for harmonising NFIs across Europe

Kirchhoefer, M.* (1); Schumacher, J. (1); Vega, C. (2); Fadili, M. (2); Adler, P. (1); Souter, T. (3)

(1) Forest Research Institute Baden-Wirttemberg, Dep. Biometry and Informatics, Freiburg, Germany; (2) Inst. National de I'Information
Géographique et Forestiere, Laboratoire de I'lnventaire Forestier, Nancy, France; (3) L'Institut National de la Recherche Agronomique, Nancy,
France

Abstract: Providing harmonised estimates of NFI data at the European scale is challenging, NFI protocols differing from country to country.
Because harmonising NFIs protocols is not achievable, it is necessary to both develop generic and flexible estimation procedures accounting for
NFls specificities, and to harmonise target attributes at NFI plot level. Due to their high spatial coverage and acquisition frequencies, aerial
imagery could be used as a powerful source of information to both support multisource forest inventories and wall-to-wall forest attribute
mapping. In the framework of the Horizon 2020 DIABOLO project, we focused on the stereoscopic capabilities of aerial photographs to generate
3D models of forest canopies and extract 3D parameters correlated with field measurements at the plot level. In this research, the selected
parameters were used to assess timber volume in two forested areas localised in France and in Germany. The achieved accuracies indicated the
level and transferability of the variables for large scale mapping or multisource inventory and their potential for harmonising NFI data in Europe.

aerial images, forest inventory, forest attributes
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IUFRO17-3090 Matching plot-level tree maps with 3D remote sensing data towards the development of small area estimations

FADILI, M.* (1); Vega, C. (1)
(1) IGN, Nancy, France

Abstract: 3D data from airborne laser scanning and photogrammetry are valuable sources of information for assessing and estimating forest
parameters, and have been widely used with field inventory data for both mapping forest parameters and supporting multisource inventories. This
combination supposes the data to be accurately registered. While 3D remote sensing data might provide metric accuracy, field plots positioning
remains largely constrained by the precision of GPS measurements under forest canopies.

Different approaches have been proposed to solve this issue. These mostly consisted in matching algorithms aiming to spatially adjust height
information from field inventory with remote sensing-based models of canopy height (CHM). State-of-the-art approaches rely on either point-to-
surface or point-to-point matching algorithms. The former aimed to match the field data with the CHM using a correlation or an error minimization
approach. The later one optimized the field plot position by matching tree positions with local maxima (LM) extracted from the CHM. Both
approaches show limitations. Point-to-surface approaches did not make any hypothesis on the tree position on the CHM and could lead to
inappropriate matches. Conversely, point-to-point ones make strong assumption on the spatial distribution of trees. However, they are sensitive
to the quality of the LM.

We propose an algorithm taking advantage of both approaches. The method is based on a point to surface matching algorithm constraints by
LM. In our matching design, the LM are only used to constrain the matching positions tested. Practically, a search algorithm moved the field tree
map in a given neighborhood, ensuring that the highest tree measure on the field is located over a LM. The most likely position is defined based
on a criterion using both the correlation and the height error. The algorithm was tested using French NFI data, and validated using terrestrial lidar
data collected for a sample of plots.

Forest inventory, Lidar, Co-registration algorithm
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IUFRO17-2776 Improved ways for assessing and monitoring the connectivity of forest habitats: how much we gain from
high-resolution spatial data?

Mateo-Sanchez, M. C.* (1); Gaston, A. (1); Ciudad, C. (1); de la Fuente, B. (1); Saura, S. (1)
(1) Universidad Politécnica de Madrid, (Technical University of Madrid), Madrid, Spain

Abstract: Managing connectivity is a key part of the efforts for forest biodiversity conservation and green infrastructure reinforcement in Europe.
In recent years, several studies have modelled connectivity using datasets available at the European level. There is, however, a lack of
understanding on how models based on continental datasets perform compared to those conducted at more detailed spatial scales, such as
those typically considered for regional forest management planning, and on how these models can provide guidance and insights into actual
forest landscape management measures aimed to reinforce the functionality of green infrastructure. Here we present a set of studies that
compare the results of habitat suitability and connectivity models developed at two levels of spatial resolution: a coarse-resolution land cover
data (CORINE) available for all Europe and more detailed land use maps at national or subnational level. We characterize the differences in
habitat suitability and connectivity estimates, and discuss the related implications for forest management planning, and for the restoration of the
intermediate landscapes in between forested habitats.

forest green infrastructure, connectivity
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IUFRO17-4063 Future 3D remote sensing data support for National Forest Inventories

Nilsson, M.* (1); Olsson, H. (1); Persson, H. (1); Fransson, J. (1); Hollaus, M. (2); Holopainen, M. (3); Schnell, S. (4); Karjalainen,
M. (5); Hyyppa, J. (5)

(1) Swedish University of Agricultural Sciences, Umed, Sweden; (2) Vienna University of Technology, Vienna, Austria; (3) Helsinki University,
Helsinki, Finland; (4) Georg-August-Universitat Gottingen, Gottingen, Germany; (5) Finnish Geospatial Research Institute, Masala, Finland

Abstract: Three dimensional (3D) remote sensing data might be very effective for improving estimates from National Forest Inventories (NFl), as
well as for optimising NFI plot locations and for the production of accurate wall-to-wall forest maps, using NFI| plot data as ground reference.
Research in the European Union FP7 project Advanced SAR has shown that the correlation with important forest variables such as growing stock
is highest for airborne laser scanning data, followed by, in decreasing order: 3D point clouds from very high resolution satellites; 3D point clouds
from aerial photos; interferometric SAR data from the TandDEM-X constellation, and stereo processed TanDEM-X data. There is also a large
future potential for combining satellite-borne lidar data with NFI field data. The bottleneck for operational use of all these types of data is,
however, often the secured operational supply of data, which needs to be achieved through political processes on national and international
level. In this presentation, both key results from estimating forest stand characteristics with different 3D techniques, as well as the results from a
questionnaire to the European National Forest Inventories about the expected future demand for these types of 3D remote sensing data, will be
communicated.

Remote sensing, lidar, 3D point clouds, INSAR, NFI
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IUFRO17-3321 Harmonisation of Stem Volume Estimates in Europe

Gschwantner, T.* (1); Bouriaud, O. (2); Freudenschuf3, A. (1); Hervé, J.-C. (3); Klatt, S. (4); Lanz, A. (5); Riedel, T. (4);
Saint-André, L. (6)

(1) Austrian Research Centre for Forests (BFW), Wien, Austria; (2) Forest Research and Management Institute (ICAS), Campulung
Moldovenesc, Romania; (3) Institut de I'lnformation Géographique et Forestiére (IGN), Forest Inventory laboratory, Nancy, France; (4) Thinen
Institute (TI), Eberswalde, Germany; (5) Swiss Federal Institute for Forest Research (WSL), Birmensdorf, Switzerland; (6) Institut National de la
Recherche Agronomique (INRA), Champenoux, France

Abstract: Growing stock estimates of European NFls are usually not comparable across country borders. Differences occur mainly in the applied
dbh-thresholds and in the target volumes of volume functions which in- or exclude the tree parts stump, stem top, or branches in the predictions
at sample tree level.

For solving the lack of comparability a definition-based harmonisation approach is applied that identifies the deviations of country-level definitions
from commonly agreed reference definitions, and adjusts the deviations by bridging functions. 22 European NFlIs are involved in this
harmonisation work within DIABOLO. Five different reference volumes were defined based on included tree parts. The reference definitions also
specify a dbh-threshold of 0.0 cm and refer to living and standing trees. A central harmonisation feature is that the existing sets of volume models
of NFls are maintained. Depending on the situation in NFls regarding available data sources and implemented volume models different bridging
functions are applied to obtain tree volumes according to the reference definitions. Examples include volume models for small trees, the
adaptation of taper curves, the re-parameterisation of volume functions, or complementary volume models for the individual tree parts stump,
stem top, and branches. The reference volumes at sample tree level are up-scaled to country-level growing stock estimates to evaluate the
effects of harmonisation measures.

First results indicate that the volume proportions represented by trees below the dbh-threshold, and by stumps, stem tops and branches depends
on forest characteristics like diameter distribution, species composition, and felling practices. The growing stock results according to the five
reference definitions provides the opportunity for NFls to flexibly respond to different information needs at country and international level which
are still increasing and diversifying.

NFI, Harmonisation, Stem volume, Growing stock
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IUFRO17-3182 Pan-European harmonised biomass models for the most frequent forest species

Bouriaud, O.* (1); Casella, E. (2); Freudenschuss, A. (3); Gschwantner, T. (3); Hervé, J.-C. (4); Kaendler, G. (5); Klatt, S. (6);
Longuetaud, F. (7); Marin, G. (8); Kucera, M. (9); Nord-Larsen, T. (10); Santenoise, P. (7); Riedel, T. (6); Saint-André, L. (7);
Vonderach, C. (5)

(1) National Institute for Research Development in Silviculture, Campulung Moldovenesc, Romania; (2) Forestry Research Agency, Farnham,
United Kingdom; (3) BFW, Federal Research and Training Centre for Forests, Viena, Austria; (4) National Institute for Geographic and Forest
Information, Nancy, France; (5) Forstliche Versuchs- und Forschungsanstalt, Freiburg, Germany; (6) Thunen-Institute of Forest Ecosystems,
Eberswalde, Germany; (7) INRA, Champenoux, France; (8) National Institute for Research Development in Silviculture, Voluntari, Romania; (9)
Forest Management Institute , Kromeriz, Czech Republic; (10) University of Copenhagen, Copenhagen, Denmark

Abstract: Estimating forest biomass at large scale and its partitioning into components is a pressing issue, stressed (i) by international reporting
obligations, (ii) by new demands for bioenergy and bio-products and (jii) the need to optimize forest management for biomass production and
carbon uptake. In Europe, National Forest Inventories make available a comprehensive and unbiased sampling of single trees in forests, which,
combined with allometric equations, are used to provide estimates of biomass stocks at a national level. However, these equations are generally
developed at regional or national level and exhibit a great variety in their form, and the detail they provide between countries. Harmonised,
unique sets of equations of volume and biomass, including their partition into components, would offer the possibility of harmonised Pan-
European estimations of current forest biomass stocks and their changes over time.

For this study, we have compiled a meta-database on stem volume, stem, crown and/or total tree biomass values from our DIABOLO partner
consortium (8 partners) for more than 4900 trees (20 Spp.). Gaps in definitions and sampling methods have led to differences in available data
but the development of bridging functions compensates them. Combining different fitting methods including raw data and pseudo-data
generation, new sets of volume and biomass equations are been built.

Initial results demonstrated a good consistency of trees allometric relationships despite the north-south and west-east spatial gradients, and
validated the hypothesis that a single set of equations could provide adequate estimates at Pan-European scale for each tree species. By
merging the data from such a large range of growing conditions, the database reveals trends otherwise hard to detect from smaller, e.g. national,
datasets. These models will enable the mapping and partitioning of biomass over Europe for the major European tree species.

Allometry, Biomass, Forest Inventory, C accounting
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IUFRO17-1955 Harmonising, improving and using social and recreational data in National Forest Inventories across Europe

van der Jagt, A. (1); Edwards, D.* (2); Sgndergaard Jensen, F. (3); Sievanen, T. (4); Gasparini, P. (5)

(1) Forest Research, Land Use and Ecosystem Services Group, Roslin, United Kingdom; (2) Forest Research, Social and Economic Research
Group, Roslin, United Kingdom; (3) University of Copenhagen, Department of Geosciences and Natural Resource Management, Copenhagen,
Denmark; (4) Luke: Natural Resources Institute Finland, Vantaa, Finland; (5) CREA-MPF: Consiglio per la ricerca in agricoltura, e l'analisi
dell'economia agraria, Trento, ltaly

Abstract: This presentation reports on a pan-European survey of the use of social and other recreational data in National Forest Inventories
(NFls), carried out as part of the EU-funded project DIABOLO. First, we obtained descriptions of the specific social/recreational data used within
each country and how these are assessed. Variables were separated into 5 categories: 1) Recreational amenities and facilities, 2) Recreational
and non-recreational use, 3) Abuse, 4) Cultural sites and features, and 5) Other social/recreational variables. Secondly, we investigated the
inclusion of additional data of relevance to recreational use, e.g. land ownership and distance to roads and settlements. Thirdly, we asked about
the NFI sampling methodology used in each country, approaches to analysis and reporting, and sought to understand the story of how
social/recreational data were included in each national NFI. The findings varied greatly between countries. We highlight the situation UK and
Denmark, where social/recreational data is well developed, outlining how it might be used to inform forestry and nature-based tourism policy. To
conclude, we propose a specific set of social/recreational data and indicators, which could be introduced in other national NFls, and form the
basis of a European synthesis of the recreational use of forests.

social data, recreation, national forest inventory
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IUFRO17-3412 How can NFIs meet the growing demand for forest information at European scale? - Lessons learned from the last
decade

Schadauer, K.* (1)
(1) Austrian Research Centre for Forests, vienna, Austria

Abstract: The information demands from forest related policies are constantly evolving, introducing new and challenging components to the
information system. Historically, the NFls have been developed to meet national information needs and therefore they use national definitions.
During the last decade a special concept for harmonisation has been developed from the European National Forest Inventory Network (ENFIN)
to transform information from national levels to a standardised European level.

During two COST Actions (E43 and USEWOOD) so called reference definitions were established. Based on international definitions they form a
commonly agreed base for the harmonisation work. The NFIs have the option to bridge the gaps between national and reference definitions
and/or to use the reference definitions for future assessments. Especially for newly developed NFls, the second option is straight forward. In the
course of two framework contracts between the Joint Research Centre and ENFIN, first applications of the harmonised information were tested
and applied for many European countries. Especially tree species occurrence, basal area, and biomass estimates were derived in a harmonised
way. These kinds of international estimation procedures have to follow strict rules concerning the data policy. Different approaches were applied:
i) A bottom up methodology where all data computations were done at the national scale. ii) The use of an intermediate central data platform
which was filled with data by the NFIs and used for all analyses afterwards. Both systems have their pros and cons. Therefore, a flexible system
which is open for both possibilities is essential for future harmonisation projects.

Harmonisation, Definitions, European Estimates
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IUFRO17-3777 Monitoring forest disturbances and substantial changes in Europe as a permanent service based on S2 & Landsat
comprising rapid assessment and annual maps

Dees, M.* (1)
(1) Institure of Forest Sciences, Chair of remote sensing and LIS, Freiburg, Germany

Abstract: M. Dees1, H. Gallaun2, N. Koutsias3, E. Bretton4, O. Chaskovskyy5, D. Borota6, D., P. Datta1, D. Pantic6, M. Medarevic6, D.
Karadziz6, S. Obradovic6, B. Sljukic6, M. Schardt2

1 Institute of Forest Sciences, University of Freiburg, Germany.

2 Joanneum Research, Graz, Austria.

3 Department of Environmental and Natural Resources Management, University of Patras, Agrinio, Greece.
4 IGN-Espace, Toulouse, France

5 University of Ukraine is a Ukrainian University, Lviv, Ukraine.

6 Forest Faculty, University of Belgrade, Serbia.

Abstract

Disturbances caused by storms, bark beetles and fires have increased in Europe's forests throughout the twentieth century and are likely to
increase further, resulting in a wide range of negative impacts on the quality of life, economy and the environment. As a result, there is an urgent
need to provide information on forest health and vitality, including forest disturbances (i.e. forest fires, storm damage, drought stress, insect and
disease outbreaks), which must be readily available to end-users, i.e. forest policy, forest administration and forest management planning
entities.

At the same time the Sentinel 2 A/B and Landsat data from 2017/2018 onwards usher in a new era forest monitoring of forests.

Based on Sentinel 2 A/B and Landsat data within the H2020 project DIABOLO (diabolo-project.eu) a system is developed and tested both
facilitating both a rapid assessment (near real time) as well as annual maps designed for a pan-European coverage.

Results from the service development covering mapping examples from Europe will be presented and discussed.
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IUFRO17-629 Assessing leaf-on and leaf-off airborne laser scanning data to derive information surrounding structural diversity in UK
forests

Davison, S.* (1); Donoghue, D. (1); Galiatsatos, N. (1)
(1) Durham University, Department of Geography, Durham, United Kingdom

Abstract: Species diversity and habitat quality can be closely linked to forest structural diversity metrics derived from airborne laser scanning
(ALS) data. However, the canopy conditions ALS datasets are collected under can influence the accuracy of any biophysical parameters derived.
This is because seasonal leaf loss can affect the penetrability of the laser through the canopy.

In this study both leaf-on and -off small footprint ALS datasets provide diversity variables that correlate well with the field-based reference
observations. Leaf-off variables provide stronger relationships than leaf-on for crown shape diversity. On the other hand, kurtosis of tree height
diversity and DBH diversity correlates better with field data under leaf-on conditions (R 2=0.53 vs. 0.52 for tree height diversity and 0.54 vs. 0.46
for DBH diversity). Despite the apparent greater predictive abilities offered by leaf-off ALS data in this study, the variables show more collinearity
and so are limited by what can be included in the same regression model.

Leaf-on and leaf-off multivariate linear models for estimating tree height diversity both account for 65% of the observed variance. However, when
incorporating variables from both datasets, this increases to 77%. It is likely the combination helps to better explain variability in the field-based
reference data. Subsequent models for estimating DBH diversity and crown shape diversity constructed from leaf-off diversity metrics account for
3%-21% more of the observed variance than models utilising leaf-on diversity variables. The results suggest strongly that ALS derived tree height
diversity models can be used to differentiate between single and multiple storey forest structure. Furthermore, ALS derived crown shape diversity
models are more susceptible to the influence of canopy conditions.

ALS, Canopy Conditions, Forest Structure
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IUFRO17-647 Design-based kriging maps of forest tree species and size diversity

Corona, P.* (1); Fattorini, L. (2); Pratelli, L. (3); Marcheselli, M. (2); Pisani, C. (2)
(1) CREA Forestry, AREZZO, Italy; (2) University of Siena, Siena, Italy; (3) Accademia Navale, Livorno, Italy

Abstract: Until now, methods routinely adopted to reconstruct population maps lie mostly in the realm of model-dependent inference. Under
model-dependent approaches, the probability distribution of any sample statistic is determined from the uncertainty entailed by the super-
population which has been supposed to generate the population values, conditional on the sampled points. In model-dependent approach, the
most common techniques are the kriging predictors. Throughout the years, kriging has become a standard procedure for the interpolation of
spatially distributed data in several disciplines (geology, climatology, meteorology, etc.). Widely adopted techniques of this kind are cokriging,
locally weighted regression and k-nearest neighbour methods. In this paper we attempt map reconstruction in a design-based framework, i.e.
population values are viewed as fixed constants and the probability distribution of any sample statistic is determined from the uncertainty entailed
by the probabilistic sampling scheme adopted to select sites. Values at single unsampled sites are estimated by means of a spatial interpolation,
adopting a weighted function of the sample data. Weights decrease with the distance of the sample sites from the site under estimation. The
design-based asymptotic properties of the interpolator are considered as the number of sampled sites increased. Conditions ensuring design-
based asymptotic unbiasedness and consistency are derived. These conditions essentially require the existence of a Riemann integrable surface
onto the study area and the use of spatially balanced sampling designs to select sites. A very portable mean squared error estimator is adopted.
The results of a simulation study are reported to confirm the theoretical results. An application of the method for estimating the map of ecological
diversity and basal area in the forest of Mount Cimino (Central Italy) is considered as a case study.

forest mapping, forest inventory, uncertainty
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IUFRO17-1808 Lorenz curves of Tree Size and Growth Inequality: Tree Competitive Dominance and Forest Structure assessed through
LiDAR and Spectral Dominance

Valbuena, R.* (1); Maltamo, M. (2); Manzanera, J. A. (3); Palahi, M. (4); Coomes, D. (1)

(1) University of Cambridge, Department of Plant Sciences, Cambridge, United Kingdom; (2) University of Eastern Finland, School of Forest
Sciences, Joensuu, Finland; (3) Universidad Politécnica de Madrid, College of Forestry and Natural Environment, Madrid, Spain; (4) European
Forest Institute , Headquarters, Joensuu, Finland

Abstract: The Lorenz curve is a method developed in economics over a century ago, and widely employed for analysing inequality of the wealth
distribution in societies. It has also been recently proven useful for developing applications in ecology and biodiversity, showing relations of
inequality in either sizes of individuals in a population (Heywood, 1986; Damgaard & Weiner, 2000) or abundances in species assemblages
(Wittebolle et al., 2009). In forest science, the Lorenz curve has been sparsely employed in different applications to e.g. describing forest
structural homogeneity (de Camino, 1976; Valbuena et al., 2012) or growth dominance (Binkley 2004). A common theoretical framework is
however lacking, which would unite the methods conceptually, linking them those already existing such as size-biased distribution theory (Gove
& Patil, 1998) or applications to analyzing size-asymmetric competition (Pretzsch & Biber, 2010). In this communication we approach the concept
of Lorenz ordering applied to forest science in the boarder sense, thinking of a general theory of Lorenz ordering as a natural continuation of
others already existing for describing diameter distributions, species composition or growth partitioning among trees of different sizes. We will
summarize research work on developing adaptions of Lorenz ordering to the study of forest structure and competitive tree dominance, as well as
its assessment through remote sensing technologies, both active (lidar) or passive (multispectral).

Binkley (2004) Forest Ecology and Management 190: 265-271.

Damgaard & Weiner (2000) Ecology 81: 1139-1142.

de Camino (1976) Bosque 1: 110-115.

Gove & Patil (1998) Forest Science 44: 285-297.

Heywood (1986) American Naturalist 137: 851-861.

Pretzsch & Biber (2010) Canadian Journal of Forest Research 40: 370-384.
Valbuena, R. et al. (2012) Forest Ecology and Management 276: 185-195.
Weiner (1990) Trends in Ecology and Evolution 5: 360-364.

Wittebolle et al. (2009) Nature 458 (7238): 623-626.
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IUFRO17-1088 European Mixed forests in Europe: towards an estimation

BARBATI, A.* (1); Bravo-Oviedo, A. (2); Giannetti, F. (3); Mancini, L. D. (1); Corona, P. (4)

(1) University of Tuscia - DIBAF, Viterbo, Italy; (2) Forest Research Center - INIA , Madrid, Spain; (3) Universita degli Studi di Firenze - GESAAF
, Firenze, Italy; (4) CREA, Arezzo, ltaly

Abstract: Reducing the share of single-species stands by promoting tree species mixtures is recognized as a way to support large variety of
forest biodiversity. The Forest Europe indicator # 4.1 "Tree species composition" is targeted to monitor progress made by sustainable forest
management in Europe in establishing tree species mixtures. According to the latest assessment (2010), only one third of European forests is
dominated by a single tree species, while about 70% contains two or more species, each accounting for more than 5% of total stand basal area.
Is such a figure a reliable estimation of the proportion of single vs mixed forest in Europe?

To address this question, in the framework of the COST Action "European mixed forests - EUMIXFOR" an estimation exercise was performed to
assess the current share of mixed vs. pure forest stands in a sample of 20 countries, based on standardized basal area measurements gathered
in the framework of the EU project Biosoil project and ICP Forest activities on a network of about 2900 sampling units.

Sample proportion estimation was applied to derive: i) the forest area covered by single species vs mixed forest stands, using increasing
thresholds of tree species basal area out of total basal area of the plot (BA: 5%, 15%, 20%); ii) the share of single-vs mixed forest stands by
ecologically distinct groups of forest communities, as categorized by the 14 categories of the European Forest Types classification.

Findings from this exercise highlight that the most widespread condition of mixed forest stands is represented by two species coexisting, with a
proportion out of total forest area ranging from of 31-34% (BA threshold 5%, E%=2.4%) to 27-30% (BA threshold 20%, E% = 2.7%). Species
mixtures are found across all European Forest Types, but are naturally more widespread (share up to 50%) in some specific types
(Thermophilous deciduous and Mesophytic deciduous forests).

key words: single vs mixed forests, estimation
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IUFRO17-2983 Pan-European forest biodiversity monitoring through the ICP-level | network. First results from the
BIOSOIL-BIODIVERSITY project

Galluzzi, M. (1); Chirici, G.* (1); Selvi, F. (2); Giannetti, F. (1); Mura, M. (1); Travaglini, D. (1); Canullo, R. (3); Bastrup-Birk, A.
(4); Valbuena, R. (5); Barbati, A. (6)

(1) Universita degli Studi di Firenze, Department of Agricultural, Food and Forestry Systems, Firenze, ltaly; (2) Universita degli Studi di Firenze,
DISPAA, Firenze, ltaly; (3) Universita degli Studi di Camerino, Camerino, Italy; (4) European Environmental Agency, Copenhagen, Denmark; (5)
University of Cambridge, Department of Plant Sciences, Cambridge, United Kingdom; (6) Universita degli Studi della Tuscia, Viterbo, ltaly

Abstract: The Sustainable Development Goal 15 of the 2030 Agenda for Sustainable Development aims at "protect, restore and promote
sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation and halt
biodiversity loss". The EU Biodiversity Strategy contributes to the Goal 15 of the SDGs as its objective is to halt the loss of biodiversity and
ecosystem services in Europe.

Forest ecosystems are some of the most biodiverse habitats. For this reason, it is very important to specifically monitor temporal and spatial
trends of biodiversity in order to find those areas more affected by biodiversity loss and to guide land management and conservation actions. A
vast monitoring program covering the comprehensive concept of biodiversity would be impossible or at least financially prohibitive. Thus a
successful and statistically rigorous monitoring program able to track changes over time and space must be based on indicators. Even if
scientists have investigated a large number of compositional and structural biodiversity indicators, a clear consensus on the definition of the best
set of indicators was not yet reached.

In the framework of the two-years long BioSoil Forest Biodiversity Demonstration Project a large set of field data and information was acquired.
The database includes data and information on living trees, deadwood and a complete vegetation survey. On the basis of raw data we calculated
several forest biodiversity indicators and analysed their inter-relationships, and their variation in different forest types and environmental
conditions. The analysis contributes to advance our knowledge towards the selection of an adequate set of forest biodiversity indicators to
support the characterization of European Forest Types.

The results provide a fundamental and consistent support for the future implementation of multi-scale assessments of forest biodiversity.

ICP, biodiversity, forest monitoring
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IUFRO17-1084 Using the k-Nearest Neighbors technique for multivariate forest structural diversity estimation

McRoberts, R. E.* (1); Walters, B. F. (1); Chen, Q. (2)

(1) Northern Research Station, U.S. Forest Service, Saint Paul, Minnesota, United States; (2) University of Hawai'i, Department of Geography,
Honolulu, Hawai'i, United States

Abstract: Forest structural diversity is recognized as a fundamental component of forest biodiversity and is characterized by a larger number of
plant and animal communities sharing a common multidimensional space of habitats and niches, thereby making greater use of available
resources. Because forest structural diversity includes multiple components, rigorous assessment of structural diversity requires simultaneous
assessment of these components via a multivariate approach to prediction. The k-Nearest Neighbors (k-NN) technique is well-suited for such
problems because not only is it multivariate but it is also non-parametric which accommodates the non-Gaussian distributions of the diversity
component variables. Optimization of the k-NN technique requires selection of an optimal subset of the available predictor variables, a distance
metric for selecting neighbors, a neighbor weighting scheme, and the number of neighbors. For a study area in north central Minnesota in the
USA, two optimization criteria were considered: (i) maximization of the sum or pseudo-R2 values for the structural diversity components, and (ii)
minimization of hyper-volume of the joint confidence region. The criteria were compared with respect to each other and to inferences in the form
of a confidence interval for an index that combines the components.

K 8 (Konzerthaus Freiburg)

IUFRO17-998 Logical consistency and accuracy using single-step versus multi-step processes to monitor forest biodiversity

LeMay, V.* (1); Moss, |. (2); Halperin, J. (1); Lochhead, K. (1)
(1) The University of British Columbia, Dept. of Forest Resources Management, Vancouver, Canada; (2) Tesera Systems Inc, Victoria, Canada

Abstract: Biodiversity has been defined simply as the "variety of life" and is linked to ecosystem and environmental health. To practice
ecosystem management, forest managers must be able to evaluate past management practices and to choose future forest management
activities that sustain biodiversity. However, many indicators of biodiversity have been proposed for forest land areas and most of these are
difficult to monitor over time, especially for large forest land areas. In this paper, we propose a vector of stand-level measures as biodiversity
indicators, namely tree species richness, tree species evenness, and structural diversity that have collectively been shown to be related to animal
diversity (i.e., via habitat diversity) and to overall plant diversity. We use multi-source data, here digital color infrared aerial photographs, LiDAR
data, ground-plot data, and other measures from existing map layers (e.g., topographic measures) to map this vector of biodiversity indicators
using a single-step multivariate approach compared to a multi-step recursive approach. We then discuss: 1) Are there trade-offs in accuracy for
each measure versus logical consistency among measures and does this vary for these two approaches? 2) What are the spatial and temporal
scaling issues associated with this vector of measures? and finally, 3) What recommendations can be made for monitoring forest biodiversity
based on this research?

biodiversity indicators, consistency vs accuracy
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IUFRO17-962 Estimation of stand biomass and other structural variables with LiDAR and error assessment at different sample sizes.

Sastre, L. (1); Mauro, F. (2); Pascual, C. (1); Gomez-Roux, M. (1); Tejera, R. (1); Manzanera, J. A.* (1); Garcia-Abril, A. (1)
(1) Universidad Politecnica de Madrid, ETSI Montes, Madrid, Spain; (2) Oregon State University, OR, USA., Corvallis, United States

Abstract: An improvement in the quality of the biomass and other forest attributes estimations may be achieved when auxiliary data coming from
a LiDAR mission are included.

Materials and methods used: i

This analysis is carried out on the Pefia del Aguila, mountainside, located in Fuenfria's Valley (Cercedilla, Madrid). To this day, the LiDAR flight
has been used in 2011 and in two field inventories; one of them was made in 2013/2014, covering 60 sampling plots, and the other one made in
2015, covering 80 sampling plots. Multiple regression models were designed for the basal area, density, quadratic mean diameter, dominant
height, biomass and volume variables. The errors committed in estimating these forest attributes were analyzed from models and by using
random sampling methods, reducing the number of sampled plots.

Main results:
It has been found that the addition of LiDAR's information significantly reduces the forest inventory errors.

Furthermore, stand, pixel and whole area level estimates were carried out using sampling design and model based techniques and the errors
committed were compared. The first technique included the simple random sampling and the model assisted estimation; the second one
approached Small Area Estimation (SAE) techniques. Moreover, the model based estimation allowed to develop a pixel and stand level error
mapping.

Finally, outcomes showed that EBLUP estimators (Empirical Best Linear Unbiased Predictor) bring out more accurate estimates tan those
coming from sampling design based techniques, in population subunits (stands).

EBLUP, LiDAR, Small Area Estimation, uncertainty
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IUFRO17-31 Measuring and ranking FM scenarios using particular multivariate and multi-criteria methods

Hodges, D. G.* (1); Zadnik-Stirn, L. (2); Krc, J. (2); Leban, V. (2); Pezdevsek Malovrh, S. (2)

(1) University of Tennessee, Natural Resource Policy Center, Knoxville, TN, United States; (2) University of Ljubljana, Biotechnical Faculty,
Ljubljana, Slovenia

Abstract: A primary contribution of forest economics over the past 125 years has been the range of techniques developed for forest
management decision making that consider timber and non-timber outputs; incorporate public concerns and demands; and optimize economic,
social, and environmental objectives. Economics-based forest management decision models began with traditional financial approaches
described by Faustmann, offering managers a means by which alternative timber management strategies could be evaluated. This was followed
by extensions to incorporate non-timber objectives, econometric techniques to assess multiple objectives and outputs, and mathematical
optimization methods such as linear and goal programming. More recently, multi-criteria methods such as AHP have been introduced to
incorporate social values into the decision-making process. To date, few researchers have traced the progression of these techniques over time.
This presentation will briefly outline the evolution of the various techniques, beginning with basic financial approaches through mathematical
optimization and multi-criteria models. Examples for each primary methodology will be provided and discussed, followed by a review of their
advantages, disadvantages, and applicability for specific forest management problems.

Forest Management, Multi-Criteria Models
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IUFRO17-1514 Decision support model for sustainable and multifunctional forest management (FM) based on fuzzy and adaptive
dynamic programming

Zadnik (Stirn), L.* (1); Hodges, D. G. (2); Grosel;j, P. (1); Krc, J. (1); Leban, V. (1); Pezdevsek Malovrh, S. (1)

(1) University of Ljubljana, Biotechnical Faculty, Ljubljana, Slovenia; (2) University of Tennessee, Natural Resource Policy Center, Knoxville,
United States

Abstract: Sustainable and multifunctional forest management (FM) is extremely complex. It involves decisions on how to schedule investments,
silvicultural, and harvesting activities over a long time horizon for maximizing profits, achieving ecological objectives, respecting societal needs,
and addressing the uncertainties of natural, technological and socio-economic factors. As a consequence, modern FM necessitates developing
decision support models (DSMs) to enhance the ability to understand, evaluate, and rank FM situations and decisions. First, a short overview of
existing DSMs is provided, with the view on future research needs. This is followed by a description of the DSM which we have developed as an
adaptive discrete dynamic programming, multi-criteria, fuzzy and hierarchical model. The FM process in this DSM is defined in terms of time
periods, states, decisions, and weighted values of conflicting objective functions, which are determined with input from experts and stakeholders
and then considered by group AHP as the cumulative utility of a decision. For defining subjective and uncertain variables which comprise the
objective functions fuzzy methods are used. Ultimately, the utility that is maximized over all time periods is determined as sequential decision
processes. The presented DSM is applied to an urban forest in Slovenia as a case study.

FM, DSM, multi-criteria, adaptive and fuzzy DDP
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IUFRO17-1728 Modeling optimal forest management and associated risks

Krasovskii, A.* (1); Platov, A. (2)

(1) International Institute for Applied Systems Analysis (IIASA), Laxenburg, Austria; (2) Vladimir State University , named a after Alexander and
Nikolay Stoletovs, Vladimir, Russian Federation

Abstract: The study deals with modeling an economic decision-making of the forest manager supplying wood products. The consumer side is
given by the product-specific demand function. An optimal control problem is formulated for a discrete system, reflecting the age-sequence of a
forest stand. Control variables stand for the ratios of the forest harvested at every time period in every cell (forest type) and age-class.
Associated risks are implemented via cell-specific mortality functions. The objective is to maximize the aggregated utility function over time. A
high-dimensional bilinear control problem is solved using a discrete version of the Pontryagin maximum principle. The optimal solution is derived
as a constructive rule, which helps to avoid computational difficulties arising in Bellman's principle and linear programming approaches. This rule
is interpreted as an economic valuation of the harvesting time. We present modeling results for the case-study under a given price projection,
forest type- and age-dependent cost functions, and biomass factors. The model structure, based on the allocation of forest areas into virtual cells
and the use of corresponding multi-dimensional functions, provides flexibility in the problem formulations. The proposed framework can help
formalize a forest management problem analyzing economic trade-offs between ecosystem services.

forest management, optimal control, risks
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IUFRO17-310 Application of group analytic hierarchy process in strategic forest management

Groselj, P.* (1); G. Hodges, D. (2); Zadnik Stirn, L. (1)
(1) University of Ljubljana, Biotechnical Faculty, Ljubljana, Slovenia; (2) University of Tennessee, Knoxville, United States

Abstract: Decisions in forest resource management are complex because they should consider diverse, and possibly conflicting, ecological,
economic and socio-political values. Strategic management requires employing analytical methods that maximize the forest functions and values
that are frequently represented in the form of multi-criteria and indicators. Such complex decisions demand inclusion of various stakeholders.
When stakeholders are not familiar with the chosen analytical method, linguistic rather than numeric evaluations are more suitable and easier to
understand. The fuzzy analytic hierarchy process is one of the multi-criteria decision methods that incentive such group decision making.
Although consensus is a desired result in group decision making, it is hard to achieve due to the diversity of opinions, knowledge and
experiences of stakeholders. We propose an iterative soft consensus-based model where two stakeholders with the most dissimilar opinions are
identified in each iteration and their judgments are adapted. The process is repeated until the desired consensus level is reached. In the
application related to urban forested watersheds, we compare and discuss the soft consensus model and the well-known extent analysis method
for deriving weights within the framework of fuzzy analytic hierarchy process. The results allow us to identify the benefits and costs of each.

fuzzy AHP, stakeholders, forest management
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IUFRO17-777 Integration of strategic and tactical levels in the management of industrial forest plantations using multi-criteria
optimization models

Belavenutti, P.* (1); Romero, C. (1); Diaz-Balteiro, L. (1)
(1) Polytechnic University of Madrid, Madrid, Germany

Abstract: As in other forest systems, forest management in industrial forest plantations is also divided into two hierarchical planning levels:
strategic and tactical. Thus, we have strategic planning concerning basically with the maintenance of timber flow over a long period of time, while
tactical planning concerns with short term harvest scheduling, by considering spatial considerations and production costs. These levels are
strongly connected due to the short planning horizons and the intensive management planned in these plantations. However, the hierarchical
idea according to the strategic solution is the ideal point in tactical planning seems not be optimal in these industrial plantations. Using a case
study in Brazil, we have developed a multi-criteria decision making model in order to minimize the discrepancies between the two hierarchical
levels. In short, an extended goal programming model, which takes into account several criteria belonging to both planning levels, has been
defined with the help of diverse optimization modeling languages like Pyomo. Our findings s showed that the results obtained provide better
solutions than the traditional hierarchical approach.

Pine, goal programming, spatial constraint

K 5-7 (Konzerthaus Freiburg)

IUFRO17-944 Understanding the past, anticipating the future: assessment of recent changes in Slovenian forestry sector using
qualitative methods

Leban, V.* (1); Pezdevsek Malovrh, S. (1); Krc, J. (1); Zadnik Stirn, L. (1); Hodges, D. G. (2); Cernic Istenic, M. (3)

(1) University of Ljubljana, Biotechnical faculty, Department of Forestry and Renewable Forest Resources, Ljubljana, Slovenia; (2) University of
Tennessee, Natural Resource Policy Center, Knoxville, United States; (3) University of Ljubljana, Biotechnical faculty, Department of Agronomy,
Ljubljana, Slovenia

Abstract: The Slovenian forestry sector experienced vast changes after the transfer of ownership and management rights to private forest
owners in the early 1990s. The purpose of our qualitative methods explanatory study is to highlight these changes in the Slovenian forestry
sector and identify their influence on the activities of the Slovenia Forest Service (SFS). We interviewed forestry professionals employed at the
SFS on the assumption that their perspectives are important in shaping the delivery of public service for supporting forest management decisions
of private forest owners. The results reveal that private forest owners gained importance and the role of the public forest service shifted from
being an active manager to providing management recommendations. The interviewees also noted mainly minor changes in the forestry sector in
the last decade, yet the changes occurred consistently throughout the period and significantly influenced SFS activities. Moreover, the decrease
in financial and human resources affected all aspects of the SFS, though enhanced overall efficiency. According to the interviewees the potential
opportunities to confront these challenges encompass evaluating the SFS purposes and tasks, strengthening national forest governance,
increasing educational activities, and enhancing the tools and technology of the agency.

public forest service, employees' perceptions
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IUFRO17-1765 Optimisation of decision making in forest management planning of Central European pre-mature forest stands

Vybostok, J.* (1); Merganic, J. (1); Merganicova, K. (1); Bahyl, J. (1); Bushenkov, V. (2); Fabrika, M. (1)
(1) Technical University in Zvolen, Zvolen, Slovakia; (2) University of Evora, Evora, Portugal

Abstract: Forest management significantly affects the state of forest stands from multiple perspectives including their production, ecological and
environmental functions. Environmental conditions (site and a stand type) are the most important factors that affect the differentiation of forest
management in individual forest stands. The aim of this work is to specify an optimal thinning variant for a temperate forest of Central Europe that
would ensure sustained production, ecological and environmental forest functions. The optimisation is based on the simulations performed by
SIBYLA growth simulator and the method of the Reasonable Goals in combination with a Pareto frontier exploration technique known as
Interactive Decision Maps (RGM/IDM). The growth of the forest stand was predicted with the growth simulator of SIBYLA by simulating the
application of more than 140 different thinning variants identified in forest silviculture. The work presents a modern approach to decision making
based upon up-to-date simulation techniques and assessment methods. The obtained results prove that environmental conditions and
management goals significantly affect the optimal thinning management.

SIBYLA, interactive decision maps, silviculture
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IUFRO17-3815 A decision support system for climate change adaptation at the xeric forest limit

Bidlo, A.* (1); Czimber, K. (1); Fuhrer, E. (2); Galos, B. (1); Berki, I. (1); Borovics, A. (2); lliés, G. (2); Matyas, C. (1)
(1) University of West Hungary, Sopron, Hungary; (2) NARIC, Forest Research Institute, Hungary, Sarvéar, Hungary

Abstract: In Hungary, most main, stand-forming tree species (e.g. spruce, beech, sessile oak) reach the lower (xeric) limits of their distribution
within the country borders. Due to significant warming (by up to 1 °C since the 1960s) and decreasing precipitation, severe drought damages
have already been observed in forests. To provide support for forest managers in selecting climate-tolerant tree species, provenances and
adaptive technologies for future site conditions, is therefore an urgent need.

A preliminary decision support system providing projections and recommendations for discrete site types, has been developed. Building on site
assessment criteria actually used in forest operational planning, the System provides GIS-supported site data and projections for the whole forest
area of the country. Focusing on regional and local changes of site potential on forest compartment basis, options for tree species tolerating
future climate scenarios as well as their expected yield and risks are proposed. Data and projections are available for recent past, current
conditions, as well as for future reference periods until 2100. Further information on changes in hydrology, carbon cycling and biotic damages are
under development for the System.

The decision support system is to be extended to other rain-fed sectors of agriculture (non-irrigated cultures and pastures) to offer the
comparison between different land use options under expected climate scenarios.

The research is supported by the "Agroclimate-2" (VKSZ_12-1-2013-0034) joint EU-national research project.

climate change, adaptive species, decision support

K 5-7 (Konzerthaus Freiburg)
IUFRO17-3469 Analysis of timber harvesting behavior in forests in the northeastern United States
Kovach, K.* (1)

(1) University of Freiburg, Faculty of Biology - Geobotany, Freiburg, Germany
Harvest Probability; Forest Biometery
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IUFRO17-810 Comparison of different types of auxiliary remote sensing data to improve estimates of biomass in dry African
woodlands

Naesset, E.* (1); Bollandsas, O. M. (1); Ene, L. (1); Hofstad Hansen, E. (1); Mauya, E. (2); Drka, H. O. (1); Zahabu, E. (2);
Gobakken, T. (1)

(1) Norwegian University of Life Sciences, As, Norway; (2) Sokoine University of Agriculture, Morogoro, Tanzania, United Republic of

Abstract: Remotely sensed data can greatly improve precision of estimates of biomass. This study estimated and compared precision of
estimates of biomass in dry tropical miombo woodlands, a forest type that occupies nearly 9% of the African land area and is the dominant forest
type in Eastern Africa. In a 365 km2 area in Tanzania a probability sample of 88 ground plots of the national forest inventory (NFI) was used in
combination with complete-cover remotely sensed data from airborne laser scanning (ALS), RapidEye high-resolution optical data, and global
forest maps from Landsat and ALOS PALSAR. The mean estimated biomass was 51.3 Mg/ha. The estimated variance of model-assisted
estimates of mean biomass utilizing the various types of auxiliary data from remote sensing revealed relative efficiencies (RE) ranging from 1.3-
1.4 when using the global maps to 3.3 (RapidEye) and 3.6 (ALS). RE was calculated as the ratio between the variance of a pure field-based
estimate and the variance of the respective model-assisted estimates.

In a second survey covering miombo woodlands in a region of size 15,800 km2 that encompassed the smaller 365-km2 area, a systematic ALS
strip survey was conducted by overpassing 513 NFI plots by ALS swaths with a mean width of 1350 m. The strips were parallel and spaced 5 km
apart. The field and ALS surveys were conducted in 2012 and repeated in 2014, allowing estimation of biomass as well as biomass change. For
biomass, the estimated mean was 58.7 Mg/ha and the RE values of the ALS-assisted survey using model-assisted estimators ranged from
around 4 to 8 relative to pure field-based estimates. For biomass change, the mean estimate over the 2-yr period ranged between 0.11 and 0.35
Mg/ha, depending on estimator. RE values ranged between 1 and 7.

ALS, RapidEye, biomass, miombo, Tanzania
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IUFRO17-2999 Integrating airborne and terrestrial laser scanning in designing new approaches to forest inventory sampling

Chirici, G.* (1); Giannetti, F. (1); Travaglini, D. (1)
(1) Universita degli Studi di Firenze, Department of Agricultural, Food and Forestry Systems, Firenze, Italy

Abstract: The most expensive part of a forest inventory is the collection of data in sampling units in the field. Sampling designs, statistical
inference approaches and the use of remotely sensed data evolved in the recent years also aiming at augmenting the precision of the
estimations while reducing the cost of the inventory.

Recently the technology behind the acquisition of field data in forest ecosystems with Terrestrial Laser Scanning (TLS) also rapidly evolved. The
first systems were expensive and heavy and thus difficult to transport and to routinely operate in the field. The miniaturization of TLS and the
evolution of software approaches for the automatic derivation of useful forest information from the raw point cloud are important elements which
may bring to a more widespread use of this technology. Also in combination with remotely sensed data.

The contribution illustrates the recent advances in the use of static and mobile TLS systems for the acquisition of forest information in the field
and propose possible new approaches in forest inventories based on the integration between TLS and Airborne Laser Scanning. Examples
based on experimental field data acquired in Italy for forest carbon accounting with TLS are also presented.

Terrestrial Laser Scanning,Airborne Laser Scanning
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IUFRO17-2397 Lidar-assisted national forest inventories: - for which variables and domains does it work well?

Stahl, G.* (1); Adler, S. (1); Wikberg, P.-E. (1)
(1) SLU, Umea, Sweden

Abstract: Lidar-assisted forest inventories have emerged as cost-efficient for stand level assessments focusing on variables such as growing
stock volume, biomass, and stand height. Further, they are currently being developed and applied for large-area inventories, such as national
forest inventories, e.g. for proving information about carbon stocks and changes. However, most research studies focus on a limited set of
variables within areas predefined as forest from existing land cover maps. In this study we assess the usefulness of lidar-assisted forest
inventories for a variety of different variables of importance in national forest inventories and in carbon accounting. Further, we assess the
performance of lidar-assisted surveys for domain-level reporting, in case the areal extent of the domains are not given by existing land cover
maps. The study was conducted in a study area covering the interior parts of northern Sweden. Model-assisted estimation was applied for (i)
estimating a set of different variables within areas predefined as forest and (ii) estimating areas of different domains-of-study as well as the
biomass within these domains. In accordance with previous studies the lidar-assisted survey was found to provide accurate results for variables
such as growing stock volume and biomass, but our study revealed shortcomings of the technique for other variables and for domain-level
estimation.

sampling, model-assisted estimation
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IUFRO17-1877 Statistical issues with modeling individual tree aboveground biomass

Gregoire, T. G.* (1); Affleck, D. L. R. (2)
(1) Yale University, New Haven, CT, United States; (2) University of Montana, Missoula, United States

Abstract: Aboveground biomass of trees is rarely measured directly. Instead, trees are destructively sampled in order to obtain data with which
component biomass (bole, branch, foliage) may be estimated. Subsequently regression models are fitted using these biomass estimates as data
for the response variable, coupled with measurements of tree size (usually dbh and height, sometimes crown ratio) as predictor variables in
models for component biomass. All three are subject to measurement error. When wood density or specific gravity is also used as a predictor
variable, it too is an approximation, inasmuch as wood density is not constant within a tree. In this contribution, the statistical consequences of
sampling and measurement error on the model-based inference implicit in the development of biomass models is explored. We focus on the
issue of the interpretation and meaning of model-based unbiasedness, as well as model-based estimates of precision of subsequent biomass
predictions. We also will articulate recent advances in likelihood-based approaches for additive nonlinear biomass models.

measurement error; likelihood

K 8 (Konzerthaus Freiburg)

IUFRO17-2794 A multi temporal ALS assessment to monitor the growth of above ground forest carbon in restored corridors
connecting natural reserves in Brazil

Amaral, L. G. . C. (1); Abib, T. H. (1); Laranja, D. C. . F. (1); Uezu, A. (2); Jenkins, C. (2); Lima, F. (2); Cullen, L. (2); Tenorio, S.
(2); Rodriguez, L. C. . E.* (1)

(1) University of Sao Paulo, ESALQ/USP, Piracicaba, Brazil; (2) Instituto de Pesquisas Ecologicas (IPE), Nazare Paulista, SP, Brazil

Abstract: In accordance with pledges signed during the 2016 UNFCCC convention in Paris, and defined in its intended Nationally Determined
Contribution (iNDC), Brazil will reduce greenhouse gas emissions by 37% below 2005 levels in 2025. Among the pledged actions, the Brazilian
government is set to promote the restoration and reforestation of 12 million hectares of forests for multiple purposes by 2030. Numerous forest
restoration projects, using different funding strategies, have already been implemented over the last decades in Brazil. Hydroelectric power
plants, for instance, in the Brazilian State of Sao Paulo have used earmarked funds to develop experiments dealing with the restoration of
riparian forests on the banks of their large water reservoirs. Airborne laser scanning (ALS) techniques have been used to monitor the growth of
such forests in terms of above ground biomass. This work reports on the analysis of multi temporal datasets from one of these initiatives. Models
based on the 95th percentile, coefficient of variation and canopy density of return heights have generated accurate and affordable estimates.
Carbon effectively captured and restored in riparian forests could be precisely monitored, showing that ALS can become an important tool to
monitor the goals set by Brazil towards the Paris agreement.

forest restoration, LiDAR, riparian, biomass

K 8 (Konzerthaus Freiburg)
IUFRO17-4127 Estimation of Trees Outside Forest Using LiDAR

Zara, P.* (1)
(1) Institute of Biological Sciences, Los Bafios, Philippines

Abstract: The world's forest has been degraded dramatically over time. Forest areas were converted to other land uses or destroyed. Moreover,
there are billions of trees in the world that are not included in the Forest Resource Assessment definitions of "forest" and "other wooded land".
Trees outside forest (TOF), trees on land not defined as forest and other wooded land are scattered on agricultural land, on meadows and
pastures, on unproductive lands, on parks and gardens, around buildings and along canals, rivers, railways, and roads. They contribute roles and
functions that are essential to agriculture, food security and economy. However, TOF data are scarce at the regional and global levels. In the
Philippines, surveys of TOF in urban cities are few. This study aims to estimate TOF in Bifan City, Laguna using LiDAR. LiDAR or Light
Detection and Ranging is a remote sensing method that generates precise three-dimensional information of the earth's surface. This study used
OBIA in extracting TOF. Object based image analysis (OBIA) is state-of-the-art process in classifying high resolution images. The resulting map
successfully extracted TOF in the city. This method may be used by remote sensing and geo-spatial analyst in cities with good accuracy in
separating vegetation and non-vegetation features.

TOF, LiDAR, OBIA, high accuracy
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IUFRO17-1614 Using advanced airborne remote sensing as a sampling tool to support the forest inventory of interior Alaska

Andersen, H.-E.* (1)
(1) USDA Forest Service, Pacific Northwest Research Station, Seattle, United States

Abstract: The development of cost-effective approaches to forest monitoring over large, remote regions, such as the boreal forests of interior
Alaska, requires the efficient integration of sparse (and expensive) field plot measurements with information derived from airborne and satellite
remote sensing data. In this study, we describe the application of a multi-level sampling design using field data, airborne lidar data, and satellite
information to support the implementation of forest inventory in the Tanana valley of interior Alaska. In 2014, the USDA Forest Service Pacific
Northwest Research Station established 100 inventory plots on a regular hexagonal grid within the Tanana Valley State Forest (728,000 ha) and
Tetlin National Wildlife Refuge (283,000 ha) within interior Alaska. Measurements of all carbon pools, including trees (live and dead), down woody
material, lichens/mosses, and soils were obtained on the field plots. During the same field season, NASA-Goddard acquired airborne lidar,
hyperspectral, and thermal remote sensing data in single, parallel swaths covering these plots. We describe the statistical framework for
integrating the information collected at the plots with lidar-derived structural measurements and composition (forest type) information derived
from hyperspectral imagery. Estimates of forest carbon by forest-type - and uncertainty of these estimates -- obtained using this multi-level
sampling design are compared to those obtained using standard, design-based inventory estimates from the field plots alone.

inventory, monitoring, lidar, hyperspectral

K 8 (Konzerthaus Freiburg)

IUFRO17-1104 Hierarchical model-based inference with GLMM for forest inventories

Saarela, S.* (1); Holm, S. (1); Grafstrom, A. (1); Schnell, S. (1); Petersson, H. (1); Gregoire, T. G. (2); Stahl, G. (1)
(1) Swedish University of Agricultural Sciences, Umed, Sweden; (2) Yale University, New Haven, United States

Abstract: Through the developments in remote sensing several levels of auxiliary information are becoming available for forest inventories. For
cases when this information has a nested structure, e.g. wall-to-wall optical satellite data and a sample of laser scanning data, we propose that
hierarchical model-based inference be applied. In this case two sets of models connecting the different levels of information are applied and in
the assessment of uncertainties both sets of models must be accounted for. In this study we present model-based estimators and their variances.
The models are fitted with generalized linear mixed models to account for data with a clustered structure, which is common in surveys of forest
resources. The estimators were evaluated using Monte Carlo simulation in a fictitious population resembling forest conditions in a northern boreal
forest. The target variable in our studies was growing stock volume. Our results show that the new estimators are at least approximately
unbiased and that their precision depends on the goodness of fit of the regression models used, and the covariance matrix of the parameter
estimators. Ignoring the uncertainty due to any of the models involved, e.g. ignoring the uncertainty in modeling growing stock volume from laser
data, leads to substantial underestimation of the variance.

GLMM, Model-based inference

K 8 (Konzerthaus Freiburg)
IUFRO17-1082 Sequential adaptive sampling for remote regions

McRoberts, R. E.* (1); Chen, Q. (2); Domke, G. M. (1); Walters, B. F. (1)

(1) Northern Research Station, U.S. Forest Service, Saint Paul, Minnesota, United States; (2) University of Hawai'i, Department of Geography,
Honolulu, Hawai'i, United States

Abstract: Although design-based estimators are commonly used for forest inventory applications, acquisition of the requisite probability samples
for remote regions can be logistically difficult and extremely expensive. An alternative is to acquire non-probability samples for use with model-
based inference whose validity is based on correct model specification, not probability samples. For forestry applications, almost no attention has
been focused on optimizing non-probability sampling schemes for use with model-based estimators. Among such schemes, adaptive sampling
uses sample data from previous stages to optimize sampling for the current stage with respect to a criterion such as the variance of the
population mean. Sequential sampling entails assessment of a criterion of interest subsequent to each sampling stage. The combination of
sequential and adaptive sampling both optimizes and minimizes the sampling effort, distinct advantages for sampling remote regions. For a study
area in north central Minnesota in the United States of America, airborne laser scanning-assisted, sequential, adaptive sampling schemes were
compared with respect to estimates of mean volume per unit area and their standard errors. The most important result was sequential, adaptive
sampling schemes were developed that increased the precision of the estimator of mean volume per unit area while simultaneously minimizing
both sample sizes and sampling related field crew travel.
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IUFRO17-3879 The politics of forest information in EU: mapping use, provision, gaps and challenges related to forest information
exchange

Holmgren, S.* (1); Sotirov, M. (2); Baycheva Merger, T. (2); Selter, A. (2); Blum, M. (2)
(1) Swedish Univeristy of Agricultural Sciences, Uppsala, Sweden; (2) University of Freiburg, Freiburg, Germany

Abstract: In the EU forest strategy, forest information is portrayed as a means to a better understanding and a better management of complex
social and environmental challenges. Harmonization of relevant variables and parameters are described as key for mapping and assessing the
state of forest ecosystems and the services they provide, and for allowing following up the management of EU forests. However, before forest
focused and forest related information is harmonised across EU member states, and further developed to meet the information needs associated
with complex social, environmental and economic challenges, it is central to have (a) a solid overview of the current use, needs for and provision
of forest information across Europe, and of (b) the challenges experienced by policy practitioners and data provision experts regarding
information use, provision and exchange. In this presentation, the Work Package 1 (WP1) of the DIABOLO project, presents research results
based on surveys and interviews targeting users and providers of forest information across Europe. Based on the empirical results, WP1
describes a dominant use and provision of parameters that are forestry focused; identifies information gaps particularly when it comes to
information related to nature conservation and biodiversity; and identifies challenges to information use, provision and exchange that encompass
informal and formal rules, communication, data quality, resources and political interests.

KG | - 1010 (Uni Freiburg)

IUFRO17-3782 Monitoring forest disturbances based on NFI field inventory and Sentinel2 time series imagery

Gallaun, H.* (1); Dees, M. (2)

(1) JOANNEUM RESEARCH, Forschungsgesellschaft mbH , Graz, Austria; (2) Institure of Forest Sciences, Chair of remote sensing and LIS,
Freiburg, Germany

Abstract: Monitoring forest disturbances based on NFI field inventory and Sentinel2 time series imagery
H. Gallaun1, M. Dees2, D. Borota3, P. Datta2, D. Pantic3, Kandler, G., M. Schardt1

1 Joanneum Research, Graz, Austria.

2 Institute of Forest Sciences, University of Freiburg, Germany.

3 Forest Faculty, University of Belgrade, Serbia.

4 Forest Research Institute of Baden-Wuerttemberg, Freiburg, Germany.

Abstract

Spectral libraries are generated based on NFI field inventory data for different phenological phases and conditions of forests (e.g. spring / early
summer / summer / autumn / dry condition, etc.). The spectral libraries are based on absolutely calibrated (atmospherically corrected and
topographically normalized) satellite time series and field inventory plot data from national forest inventories. As the statistics are based on
absolutely calibrated optical imagery, they can be fully automatically applied for estimation of forest parameters at the pixel level. The pixel level
results are then aggregated according a user defined minimum mapping unit, e.g. minimum mapping unit of changes of 0.5 ha. The approach
was applied both in Serbia as well as in the Black Forest - Upper Rhine Valley - Vosges region. Limitations and opportunities for this fully
automated monitoring approach are discussed, e.g. near real time versus annual change monitoring with special emphasis on applicability at the
continental, e.g. European level.

KG | - 1010 (Uni Freiburg)

IUFRO17-2332 Current advances on mapping burned areas in Mediterranean with Sentinel-2 and Sentinel-1 data

Koutsias, N.* (1); Pleniou, M. (2); May, J. (3); Solberg, S. (3)

(1) WSL, University of Patras, Cadenazzo, Switzerland; (2) University of Patras, Aginio, Greece; (3) Norwegian Institute of Bioeconomy
Research, AS, Norway

Abstract: European Space Agency (ESA) is developing a series of satellites (called Sentinels) to provide satellite data especially for the
operational needs of the Copernicus programme. Satellite data of Sentinel-1, a polar-orbiting radar imaging mission for land and ocean services,
and Sentinel-2, a polar-orbiting, multispectral high-resolution imaging mission for land monitoring, are evaluated in this study for mapping burned
areas in Mediterranean. Various study areas have been established initially in Greece and pre- and post-fire satellite data have been gathered
and analyzed to characterize the post-fire signal or the signal change from pre- to post-fire .

With Sentinel-2 the emphasis is given on the extraction of spectral properties of burned surfaces and the estimation of the discrimination ability of
each spectral channel possibly to be used for mapping the burned surfaces automatically. There is a long history of the use of Landsat data in
burned land mapping mainly due to certain characteristics of Landsat imagery including the spatial, spectral and temporal data resolution, the
cost (Landsat data are now freely available), and the existence of a more than 40-year historical archive. Sentinel-2 which actually is an improved
instrument, as compared to Landsat, has not been fully evaluated and explored for burned land mapping. The first results show a spectral
behavior similar to Landsat images at least on the similar spectral channels and prove that burned areas can be successfully identified and
mapped in Sentinel data.

With Sentinel-1 we have detected an increase in backscatter intensity in the burned area, i.e. an increase as compared to the pre-fire data set.
This increase follows reasonably well the outline of the burned area. However, the analyses are preliminary and more fine-tuning and filtering will
be examined in order to remove noise in the change detection data set.

Bland mapping, Sentinel-1 and -2, Mediterranean
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IUFRO17-2799 The use of National Forest Inventory data for the conservation status assessment of Natura 2000 forest habitats in
Europe

Alberdi, .* (1); Gasparini, P. (2); Dias, S. (3); Nunes, L. (3); Notarangelo, G. (2); Bonheme, I. (4); Kovac, M. (5); Castro Rego, F.
(3); Caniellas, I. (1)

(1) INIA-CIFOR, Madrid, Spain; (2) CREA-MPF, Trento, Italy; (3) InBIO, Lisboa, Portugal; (4) IGN, SAINT-MANDE CEDEX, France; (5) SFI,
Ljubljana, Slovenia

Abstract: The European Union (EU) Directive on the conservation of natural habitats (Habitats Directive) is, together with the Directive on the
conservation of wild birds (Birds Directive), one of the most relevant transnational legal tools for nature protection in Europe. However, there are
differences across member states on the application of common definitions and guidelines used to assess conservation status and priorities.
National Forest Inventories (NFIs) are valuable sources of information on forest habitat types (FHTs) and NFIs data are used in many countries to
report on conservation status of FHTs.

In the frame of the H2020 DIABOLO project, an enquiry was carried out regarding the use on NFls data, at the country level, to report on FHTs
within the commitments of the Habitat Directive. The survey covered European countries accounting more than 55% of FHTs area in Europe. The
enquiry was focused on the possibility to assess the structural and functional indicators through NFls data.

The results of the survey highlight the differences and similarities concerning national definition of FHTs, the methods and data used for the
assessment of conservation status indicators and the level at which NFls data contribute to them.

DIABOLO, indicators, forest habitat, bioregion

KG | - 1010 (Uni Freiburg)

IUFRO17-2265 Fire probability estimated by National Forest Inventories in Iberian Peninsula

Rocha, M.* (1); Nunes, L. (2); Alberdi, |. (3); Gabriel Alvarez-Gonzalez, J. (4); Montiel Molina, C. (5); Castro Rego, F. (1)

(1) Centro de Ecologia Aplicada "Prof. Baeta Neves", InBIO, Lisbon, Portugal; (2) Centro de Ecologia Aplicada "Prof. Baeta Neves", InBIO,
CITAB, University of Tras-os-Montes and Alto Douro, Lisbon, Portugal; (3) INIA-CIFOR, Selvicultura y Gestion de Sistemas Forestales, Madrid,
Spain; (4) Esc. Politécnica Superior, Univ. de Santiago de Compostela, Lugo, Spain; (5) Dept. Regional Geography Physical Geography, UCM,
Madrid, Spain

Abstract: In the Iberian Peninsula there are about 280000ha of burned area each year. Although quite different in size of territory and
population, Portugal and Spain share the same land, environmental conditions and fire propensity.

The relationship between fire and fuel variables, in particular the ones that measure vertical structure has gained increase attention in fuel
models. In this study, the hypothesis of which are the most import fuel variables to predict the absence/existence of fire, after controlling for other
factors such as climate and topographic variables, is explored. These relationships were estimated by data collected from the Portuguese and
Spain National Forest Inventories, from 106 weather stations across Iberian Peninsula, from the Digital Elevation Model developed by the United
States Geological Survey and using a dataset of wildfire recorded in Portugal and Spain.

A set of variables are selected to be include in a binomial logistic regression that predicts the probability of fire occurrence. The results
corroborate previous studies, which coniferous stands are more vulnerable to fire, and low and open stands have a higher potential for fire. On
the other hand, tall stands are related to reducing crown fire hazard. Vertical structure proves to be crucial to fire models.

fire probability, vertical structure, NFI

KG | - 1010 (Uni Freiburg)
IUFRO17-1847 Development of national LULUCF GHG projection system: the implications for forest and land use policy in Lithuania

Kulbokas, G.* (1); Mozgeris, G. (1); Kuliesis, A. (1); Kazanaviciute, V. (2); Augustaitis, A. (1)
(1) Aleksandras Stulginskis University, Akademija, Kauno r., Lithuania; (2) Lithuanian State Forest Service, Kaunas, Lithuania

Abstract: The role of land use change and forestry in the aim to improve the balance of carbon emissions in Lithuania is considered to be highly
important. Current operational GHG accounting and reporting system for Land Use, Land Use Change and Forestry sector is focused mainly on
monitoring, however, the importance of related political and management decisions are increasing. Such decisions are usually followed with risks
and uncertainties concerning acceleration of anthropogenic climate change, complex dynamics of evolving rural and forest governance,
developing ownership structures and land-use patterns. The presentation would introduce methodological framework for projecting national
carbon balance trends. The role of modern decision supporting tools, incorporating scenario modeling and behavior of involved actors, facilitating
the recommendations for new coherent policy instruments and management strategies, will be discussed. The system of forestry and land-use
scenario development is a part of Lithuanian National Forest Inventory by sampling method. It is built on a basic matrix structure defining a
number of fixed states and modeling the transitions of the states over time. The discussion is concentrated around the potential dynamics of
forest reference level, forest and land-use policy implications and sustainable development challenges at national level under different future
alternatives. The study will be elaborated in the frames of two EU Horizon 2020 projects DIABOLO and ALTERFOR as well as national project
FORESTRESS.

matrix method, scenario modeling, reference level
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IUFRO17-2215 Timber production outlook: European Forestry Dynamics Model vs. German WEHAM

Klatt, S.* (1); Oehmichen, K. (1); Kandler, G. (2); Packalen, T. (3)

(1) Thunen-Institut of Forest Ecosystems, Eberswalde, Germany; (2) Forstliche Versuchs- und Forschungsanstalt Baden-Wurtemberg, Freiburg,
Germany; (3) Natural Resources Institute Finland (Luke), Joensuu, Finland

Abstract: There is an ongoing yet increasing demand at national and international level for information about future availability and development
of forest resources for various ecological, economic or political planning purposes.

Germany uses a national forest growth model called WEHAM ("WaldEntwicklungs- und HolzAufkommensModellierung": Forest development and
timber resource modelling) for the assessment of timber production and sustainability checks of management strategies. WEHAM is a modular
empirical single tree forest growth model specifically designed to meet the requirements of the German national forest inventory (NFI) and to
work with the data provided.

Besides Germany, there are various other national models in European countries specifically adapted to individual NFI needs and data
structures.

However, within the scope of the European Forest Data Centre (EFDAC), the European Forestry Dynamics Model (EFDM) was developed in
collaboration of former Metla and SLU. The aim of EFDM is to give enhanced harmonised information of the European forests state and
dynamics despite various different climatic, ecological and socio-economic conditions, forest types and management strategies across countries.
EFDM is a flexible free open source area-based Matrix Model. It uses transition matrices to express management activities (harvesting, thinning)
and natural processes (growth, mortality).

During case studies, EFDM is tested for calculated even-aged pure forest stands in Germany (mixed stands subdivided into pure stands of equal
age and tree species) and compared with the output of WEHAM. The specific results of this research with the most important differences,
strength and weakness of both models will be presented. After all, EFDM tends to be more simple and transparent, flexible and expandable
compared to the German national model. Anyhow, it still depends on NFI data and the detailed expert forestry knowledge of countries.

German NFI, wood supply, EFDM, WEHAM

KG I - 1010 (Uni Freiburg)
IUFRO17-3843 A review of methodologies for analysing long-term sustainable biomass supply

Packalen, T.* (1)
(1) Natural Resources Institute Finland, Joensuu, Finland

Abstract: Biomass supply from forests has at least two different meanings. First, it refers to the amount of growing stock available for use.
Second, it refers to the amount of biomass the producers are willing to make available at a certain price. From the inventory point of view, supply
depends both on the actual amount of growing stock and on the regulation that controls the use of forests for wood supply. The regulation is
context-specific, and varies a lot, for example, between European countries. From the economic point of view, supply depends on the supply and
demand patterns. In recent years, different methodologies have been applied in the analysis of sustainable biomass supply. Most of them
address supply from the inventory point of view. The objective of this paper is to review methodologies in terms of their ability to take into account
complex and context-sensitive supply and demand patterns including dynamics of forests and forestry, different value-chains, different regulation
measures and sustainability of supply (so called sustained yield).

supply, value-chains, dynamics, sustained yield
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IUFRO17-4105 Alternative climate change mitigation strategies and their relevance in European climate smart forestry

Lindner, M.* (1); Jasinevi###ius, G. (1); Verkerk, P. J. (1)
(1) European Forest Institute, Joensuu, Finland

Abstract: Forests and the forest-based sector play an important role in climate change mitigation. In Europe, three levers of mitigation strategies
are most relevant for climate smart forestry: sequestration management with focus on increased C sinks in forest biomass and soils (through
forest protection OR increased productivity), sequestration management with focus on increased C sinks in harvested wood products (HWP), and
substitution management with focus on the use of bioenergy and wood-based products to replace fossil fuels and non-renewable materials. This
presentation briefly reviews the alternative strategies and discusses complementarity and trade-offs of forest-based climate change mitigation
strategies. We then analyse impacts of alternative wood utilization scenarios on carbon in forests and harvested wood products using a case
study from Lithuania. Four scenarios with increasing industrial wood supply for local industry and changes in product value chains were
compared. The results indicated that climate change mitigation can be reconciled with national bioeconomy development targets when increased
wood utilisation was combined with producing more long-life wood products. The case study illustrates that the assessment of climate change
mitigation effects is strongly affected by system boundaries and accounting practices and that these factors need to be considered in forest
resource use decision making.

carbon sink, harvested wood products, resource use

K 5-7 (Konzerthaus Freiburg)

IUFRO17-2672 How much wood can we expect from European forests?

Schelhaas, M.-J.* (1); Nabuurs, G.-J. (1); Kerr, G. (2); Schreiber, R. (3)

(1) Wageningen Environmental Research, Wageningen, Netherlands; (2) Forest Research, Surrey, United Kingdom; (3) Bavarian State Institute
of Forestry, Freising, Germany

Abstract: Forecasts for the coming decades predict an increasing demand for wood, not only in Europe but also globally. Wood energy plays a
critical role in Europe's future renewable energy supply and the achievement of climate protection objectives, while increased use of wood
products can substitute energy-intensive materials and store carbon. Part of this increased demand will be imported, but also European forests
seem to be able to deliver more wood than is currently the case: compared to the 743 million m3 of wood that is annually growing in the EU28,
only 523 million m3 is harvested (State of Europe's Forests 2015). However, much of this apparent potential will be difficult or impossible to
mobilise in practice. A substantial amount is 'locked' in forests that belong to an estimated 16 million private forest owners. Additional constraints
include accessibility of the forest, lack of machinery and skilled labour, priority to other forest functions and a mismatch between available
species and sizes and demand. The EU H2020 project SIMWOOD investigated for 17 case study regions throughout the EU the current barriers
for mobilisation and estimated how much of the apparent potential in these regions can be realistically mobilised and under what conditions. This
was done based on a combination of analysis of repeated NF| observations, modelling based on NFI data and regional investigations among
stakeholders. Based on an upscaling of these case studies, a more realistic supply level for the EU can be obtained.

wood mobilisation, small forest owners
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IUFRO17-4151 Toward projections of an overall and comprehensive carbon balance of the forest sector

PEYRON, J.-L.* (1)
(1) ECOFOR, PARIS, France

Abstract: Forests are able to mitigate climate change through carbon sequestration, storage, and substitution. But these different options are
generally conflicting. How should they be combined? This question is a first major challenge for forest management and policy. Adaptation and
mitigation have to be distinguished because they are very different responses to climate change. In the same time, they are interrelated since
mitigation depends on forest adaptation. The integration of climate change impacts on forest mitigation is a second challenge. Finally, climate
change issues are only a part of sustainable forest management and trade-offs also exist between climate change measures and sustainability at
large. This presentation will comment these issues from models running at country levels. It will argue for the need to project during several
decades an overall and comprehensive carbon balance of the forest sector under climate scenarios and management options.

Mitigation substitution sequestration projections
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IUFRO17-3707 Impact of governance instruments on wood supply in a climate change environment

Barreiro, S.* (1); Tomé, M. (1)
(1) CEF/ISA Universidade de Lisboa, Lisbon, Portugal

Abstract: Forest area amounts to 34.5% of the land area in Portugal. Around 84.2% of this area is made up of private forests owned by small-
scale owners of which only 13% are members of forest owners associations. Eucalyptus and maritime pine make up 50% of the forest cover and
are the main wood-production species and the raw-material for the prosperous pulp-industry. Notwithstanding, over the past decades
disturbances such as wildfires and insect outbreaks combined with over-harvesting, late re-conversion of 4th-5th generation coppice and
deficient management have had the greatest negative impact on forest structure and wood availability resulting in high imports to satisfy wood
demand. Minimizing such impacts, which can be further magnified under climate change, is one of the proposed targets in the Portuguese Forest
Strategy together with the restoration of degraded forests, the promotion of sustainable forest management and increasing forest productivity.
The success in achieving the proposed goals depends upon investing in mechanisms for combining regulatory, economic and information
instruments. Therefore, several alternative policy scenarios will be tested to assess the impact of governance instruments on wood
supply/demand (e.g. subsidies to delay harvest age, regulating tree species selection for reforestation/afforestation, replanting deficient-managed
areas using resources at reduced costs).

Governance,adaptive management,wood supply,climate

K 5-7 (Konzerthaus Freiburg)
IUFRO17-1551 European climate smart forestry

Nabuurs, G.-J.* (1)
(1) Wageningen University and Research , Wageningen, Netherlands

Abstract: Forests in the European Union comprise 161 million ha and play a significant role in the EU carbon budget with a contemporary overall
mitigation effect of 13% of total EU emissions, or 569 Mt CO2 a-1.

Based on existing literature, we estimate this forest role can be enhanced with an additional 450 Mt CO2 a-1 by 2050, provided the right
incentives are set. We label the needed policies, incentives and actions "Climate Smart Forestry" (CSF). CSF aims to tackle three main
objectives: sustainably increasing forest productivity and incomes; adapting and building resilience to climate change; and reducing and/or
removing greenhouse gas emissions. CSF will most optimally function based on a regionally and temporally intelligent governance and
implementation, from the forest to the wood chain. European forests are most optimally set for this because they have been managed for
centuries already.

In this session we will present and discuss the options in European forestry under Climate Smart Forestry. From various geographical regions the
whoel chain in forest ecosystems, harvested wood products and bio energy wil be presented. This session opening will give an update of latest
developments.

European forests, mitigation,

K 5-7 (Konzerthaus Freiburg)
IUFRO17-1914 Regional forest productivity and economy designate European Climate Smart Forestry

Yousefpour, R.* (1); Lessa, A. (1); Reyer, C. (2); Lasch-Born, P. (2); Suckow, F. (2); Hanewinkel, M. (1)

(1) University of Freiburg, Faculty of Environment and Natural Resources, Freiburg, Germany; (2) Potsdam Institute for Climate Impact
Research, RD II: Climate Impacts and Vulnerabilities, Potsdam, Germany

Abstract: Forests are the main terrestrial reservoir of carbon storage with European temperate and boreal forests sinking 13% of European
annual carbon emissions. Forest carbon density can be manipulated through management interventions to maximize climate mitigation
potentials. However, such a Climate Smart Forestry should take into account regional differences in growth conditions and forest products
economy. Here, we realize European Climate Smart Forestry applying the process-based forest growth model 4C coupled with a multi-objective
goal programming optimization algorithm. By computing the trade-off between carbon sequestration and commercial wood production, the
"carbon cost" is defined as the economic loss by favoring more mitigation. Future cash flows (NPV) and carbon mitigation (PTE) are discounted
to account for time preferences and fluctuations. Accordingly, the maximum European carbon costs are estimated to be EUR 74.59 ( +2.3) /PTE
being marginally above estimated global average (e.g. EUR 53 /PTE). We find an optimal solution for carbon oriented forestry in countries with a
high and increasing carbon budget and low carbon costs. However, the current level of European carbon market price of EUR 28.23/PTE would
realize 7.9 Billion PTE carbon. European Climate Smart Forestry may contribute to COP21 goals by mitigating over 12 Billion PTE carbon in 21st
century and the total carbon costs of 600 Billion ###.

Goal Programming, Carbon Forestry, Carbon Costs
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IUFRO17-964 Inclusion of aerosols is essential for analysing the climate impacts of boreal forest use

Vanhatalo, A.* (1); Nikinmaa, E. (1); Kalliokoski, T. (1); Minkkinen, K. (1); Matthies, B. D. (1); Back, J. (1); Boy, M. (2); Gao, Y.
(3); Janasik-Honkela, N. (4); Hukkinen, J. I. (4); Kallio, M. (5); Kulmala, M. (2); Kuusinen, N. (1); Makela, A. (1); Peltoniemi, M.
(5); Sievanen, R. (5); Taipale, D. (1); Zhou, L. (2); Zhou, P. (2); Valsta, L. (1); Welp, M. (6); Berninger, F. (1)

(1) University of Helsinki, Department of Forest Sciences, University of Helsinki, Finland; (2) University of Helsinki, Department of Physics,
University of Helsinki, Finland; (3) Finnish Meteorological Institute, Helsinki, Finland; (4) University of Helsinki, Department of Social Research,
University of Helsinki, Finland; (5) Natural Resources Institute Finland, Helsinki, Finland; (6) Wald und Umwelt Hochschule fur nachhaltige
Entwickl. Ebersw., Eberswalde, Germany

Abstract: The mitigation potential of forest management on climate change has been widely debated recently. Thus, our study aimed to quantify
the total climate effects of boreal forest use. For the first time, this study has combined in the means of modelling the effects of carbon
sequestration in forest ecosystems and wood products, the avoidance of CO2 emissions from fossil fuel use by product substitution, albedo and
the direct and indirect forcing of secondary organic aerosols (SOA). The simulations over rotation periods were conducted for the stands of
Norway spruce, Scots pine and silver birch both in current and projected 2050 climate. The scope of this presentation is in the last one: volatiles
emitted from different boreal trees, the subsequently formed secondary organic aerosols and their climate impacts. For the conifers, the SOA
effect more than cancelled the warming induced by the low albedo of coniferous forests, and the cooling effect increased further in the predicted
warmer climate. Birch was found to have an ample cooling effect to which SOA and carbon sequestration influenced in about equal shares. The
species-specific differences in radiative forcing were mainly caused by the different emission rates of volatile organic compounds and the
subsequent variation in SOA production in the atmosphere. Thus, species selection favoring broadleaved species, which emit more volatiles, can
be an equivalent or more important consideration to earlier reported albedo effects for managing boreal forests to mitigate climate change. Our
study demonstrated that the decision on climate-cooling forest management requires a holistic consideration of all associated effects, and that
appropriate management of boreal forests can have an important role in climate change mitigation.

radiative forcing climate boreal aerosol albedo
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IUFRO17-1220 What a Long Strange Trip It's Been: A Look Back at 125 Years of Managerial Economics and Accounting

Hodges, D. G.* (1); Zadnik-Stirn, L. (2); Sekot, W. (3); Afonso Hoeflich, V. (4); Peyron, J.-L. (5)

(1) University of Tennessee, Natural Resource Policy Center, Knoxville, TN, United States; (2) University of Ljubljana, Biotechnical Faculty,
Ljubljana, Slovenia; (3) University of Natural Resources and Life Sciences, Institute of Agricultural and Forestry Economics , Vienna, Austria; (4)
Universidade Federal do Parana, Curitiba, Brazil; (5) GIP - ECOFOR, Paris, France

Abstract: The disciplines of forest economics and accounting have evolved substantially since the establishment of IUFRO. In fact, both areas
have largely emerged since the organization's founding in 1892. Although attention was focused on the economics of forest management before
Faustmann's 1849 work, forest economics as it is understood today was recognized as a separate discipline much later. Since that time, forest
economics and accounting have evolved substantially. These include a number of significant contributions to forestry and resource economics
such as economic tools to assess traditional forest management alternatives and multiple use forestry, national accounting procedures to
incorporate the forest sector and its contributions, green accounting, valuation techniques for non-market and non-timber forest goods and
services, multi-criteria decision tools, and contributions to sustainable forest management. This presentation will review this history of forest
economics and accounting since the late 1800s, offering insights into the primary contributions of the disciplines and serving as an introduction to
the subsequent forward looking presentation in this session. Additionally, the history of IUFRO Working Group 4.05.00 and its contributions to the
disciplines will be reviewed.

Managerial Economics, Accounting, History

K 1 (Konzerthaus Freiburg)

IUFRO17-1736 Forest Management and Public policy in Fast Growing Plantations: Past, Present and Future

Morales Olmos, V.* (1); Hoeflich, V. A. (2)
(1) University of the Republic, University Center of Tacuarembo, Tacuarembo, Uruguay; (2) Universidade Federal do Parana, Curitiba, Brazil

Abstract: Forest policies in fast growing plantations have been evolving in different ways. Several similarities can be identified, however. Some
have provided economic incentives to develop the forest activities. Forests provide not only timber products but also non-market services. These
diverse services could be classified in some cases as public goods. Therefore, public policies should ensure the correct classification of these
goods. Furthermore, the opportunity cost of the capital in forest investments is related to the long term nature of these investments. Another
argument involves the attractiveness of these opportunities to investors in the sector. In Latin America, public policies to incentive the
development of fast growing plantations started in the 1970s. Chile, Brazil and Uruguay developed their forest sectors under this type of policies.
This research reviews these policies and the current situation of these three forest sectors. Finally, an overview of the future of the fast growing
plantations in South America is provided.

forest policy, Latin America, forest services

K 1 (Konzerthaus Freiburg)

IUFRO17-2774 Economics of wood-based bioenergy: review of the past and an exploration of future research directions and policy
deliberations

Grebner, D.* (1); Joshi, O. (2); Perez-Verdin, G. (3)

(1) Mississippi State University, Department of Forestry, Mississippi State, United States; (2) Oklahoma State University, Department of Natural
Resource Ecology and Management, Stillwater, United States; (3) Instituto Politecnico Nacional, CIIDIR, Durango, Mexico

Abstract: The development of wood-based bioenergy has been a national interest in the United States for several decades dating back primarily
to at least the oil crises of the 1970s. The level of interest and financial support for scientific investigation has waxed and waned over the years
depending on the current price of petroleum. During the mid-2000s, interest peaked again along with greater research output, but interest has
declined since that point. This study presents a review of what has been done in the past as well as an exploration of what needs to be done in
the future. The methodological approach will include a review of the literature of what has been done and qualitatively identify gaps in our
knowledge base. The expected results will be useful in helping researchers and policy makers understand what we know and don't know.

Bioenergy, economics, review, research directions

K 1 (Konzerthaus Freiburg)

IUFRO17-2201 Advancing the Valuation and Measurement of Forest Ecosystem Services: Future Research/Management Directions

Japelj, A.* (1); Poudyal, N. C. (2); Bosch, M. (3); Hodges, D. G. (2)

(1) Slovenian Forestry Institute, Ljubljana, Slovenia; (2) University of Tennessee, Knoxville, United States; (3) Johann Heinrich von Thiinen
Institute, Hamburg-Bergedorf, Germany

Abstract: Forest management historically has been focused on timber production and the resulting wood products. Ecosystem services have
remained undervalued, if not ignored, by most forest managers and policy makers until recently, when several researchers began evaluating
their value. Today, policy makers, landowners, and managers recognize that forests provide a wide range of environmental, economic, and
aesthetic benefits for society such as biodiversity, carbon sequestration, and water and air quality protection. While there have been wide range
of research conducted on the economic values of forest ecosystem services, many questions remain unanswered. This presentation will identify
the primary unknowns and provide insights into future research opportunities to address them. Specific topics will include bundling and stacking
ecosystem services, alternative approaches to ecosystem service mapping and their implications for estimating values at a landscape scale, and
new methodological approaches such as conjoint optimization. The goal is to identify a potential research agenda for future work on valuing
forest ecosystem services.

Ecosystem Services, Conjoint Optimization
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IUFRO17-1597 Rules of thumb for invasive species rapid response based on bioeconomic rates of return

Sims, C.* (1); Shah, P. (2); Ando, A. (3)

(1) University of Tennessee, TN, United States; (2) Okinawa Institute of Science and Technology, Okinawa, Japan; (3) University of Illinois at
Urbana-Champaign, Urbana, United States

Abstract: Faced with a growing list of invasive species and limited budgets to respond to their impacts, state and federal agencies must prioritize
control effort based on the present value of the net benefits from control. Unfortunately the amount of data required to calculate net benefits
generally prevents such a prioritization at the time scales needed for rapid response. An alternative is to compare the rate of return from invasive
species control to the market rate of return earned by investments elsewhere in the economy. This approach quickly identifies those species
where control expenditures may be better spent elsewhere from those that necessitate immediate attention. This paper presents a framework for
estimating expected rates of return from invasive species control decisions based on both ecological and economic factors. These expected
bioeconomic rates of return can be used to determine invasive species where control is not currently justified based on the time value of control
expenditures. Spread data on twelve well-known invasive species is used to illustrate results. Based on reasonable assumptions concerning the
human response to invaded area, a control response that reversed the spread of the species would be needed to justify an immediate investment
in control.

real options, portfolio theory, species spread

K 1 (Konzerthaus Freiburg)
IUFRO17-1288 The Future of Forest Management: Developing a Theory of Planning

Kovac, M.* (1); Hodges, D. G. (2)
(1) Slovenian Forestry Institute, Ljubljana, Slovenia; (2) University of Tennessee, Knoxville, United States

Abstract: Forest management planning began in the 17th century, while the first scientific approaches provided by Cotta, Hartig, and Judeich
were brought to light two centuries later. Today, the scope of planning varies from large-scale strategic (general) plans for all forests within a
nation's boundaries, to small-scale operational (detailed) management plans that optimize specific objectives for large public or industrial
holdings, to written or unwritten plans for small privately-owned tracts. All plans have a set of common traits, although the specificity varies
considerably - a set of management objectives (sometimes implicit), summary of resources, management strategies for achieving the objectives,
and processes by which success can be measured (although this component is often lacking). To date, however, little work has been done to
develop a theory of forest management planning. Little is known, for example, about the theoretical basis for forest management planning: is it
based on a sole theory or on comprehensive theories from other fields such as sociology, political science, and planning? Regardless, practical
experience and realization of plans reveal that planning must fulfill certain standards. These standards are not only procedural in nature but also
include the organization of society, democracy, and functioning and openess of society - including public discourse. This presentation attempts to
incorporate the theoretical foundations of forest management planning from planning, political science, and sociology in an effort to develop a
comprehensive framework to be used in natural resource planning.

Forest Management Planning, Objectives, Theory

K 1 (Konzerthaus Freiburg)
IUFRO17-1462 Experimental Analysis of the Climate Change Impact on Forest Economics in a Selected Territory of the Czech Republic

Sisak, L.* (1); Sloup, R. (1); Pulkrab, K. (1)
(1) Czech University of Life Sciences, Prague, Czech Republic

Abstract: The economic impacts of the expected climate change on forestry are theoretically addressed in many countries, including the Czech
Republic (CR). The paper brings a concrete analysis of the estimated impact on forest economics in five river basin areas in the south-eastern
part of CR characterized by above-average temperatures and below-average precipitation, and significantly threatened by the climate change. It
is the first experimental analysis in CR investigating the economic impact, and identifying and verifying methodological approaches and
problems.

The impacts were estimated for three periods - from now to 2040, 2041-2070 and 2071-2099. In the case studies, the average annual forest-
production yield was taken for the key indicator of the economic impact. The results show a high future economic loss caused by the change of
the tree-species composition where the oak, pine and beech will gradually replace the Norway spruce. The average annual yield from the total of
53 thous. ha of forests in the analysed river basins will decrease significantly: from the present CZK 30.3 mil. to CZK 13.1 mil. (43%) in 2041-
2070 and to mere CZK 9.9 mil. (33%) in 2071-2099. Nonetheless, in all cases, the economic result will remain positive.

Economics, climate change, threatened forests, CR
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IUFRO17-1284 Return on wood production by tree species

Leppénen, J.* (1); Penttinen M. (2); Viitala, E.-J. (1); Uotila, E. (1)
(1) Natural Resources Institute FInland, Helsinki, Finland
(2) University of Gévle, Department of Business and Economic Studies, Gavle, Sweden

Abstract: What is the cost of producing cubic metre pine? What is the production function? These questions are challenges although cost
accounting has been done for years However, the cost accounting is typically applied at the forest holding level. The life of an individual stand,
for example, is too long to cope with.

In case, the national forest inventory as well as stumpage price and cost statistics are accurate, return on forest ownership by tree species
provides a proxy for economic results and comparison. The solutions are extensions of the return on forest ownership results in production for
ten years in the statistical service at Natural Resources Institute Finland. The key challenges are the splits of the growing stock e.g. between
non-industrial private forests and the others, between tree species as well as splits of the costs between tree species. A method to split the wood
production costs is hard to find. As a proxy, the costs were split using timber sale earnings.

It turns out that the average returns 1983-2015 have 2.5% for pine, 3.1 for spruce and 2.6 for birch, spruce being the best choice. Surprisingly,
with time period 1993-2015 the respective figures were 4.3%, 4.7% and 3.8% and with 1983-1993 negative because of the recession. The recent
results of period 2003-2015 turn with 3.7%, 3.5% and 3.3% pine being the best choice. The standard deviations 10.6%, 10.1% and 10.0% hardly
differ from each other. In all, spruce might be the best choice in case the sites suit for spruce. In all, the most dominating driver were price ups
like in 2007 and lows in 1990s emphasising the well being of the forest industry.

return on forest ownership, prices, costs, NFI
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IUFRO17-294 Environment-induced growth changes in the Finnish forests during 1971 - 2010 - an analysis based on National Forest
Inventory

Henttonen, H. M. (1); N&jd, P. (2); Makinen, H.* (2)
(1) Natural Resources Institute Finland, Helsinki, Finland; (2) Natural Resources Institute Finland, Vantaa, Finland

Abstract: The annual growth of the forests of Finland has more than doubled in less than a century. The aim of our study was to quantify the
magnitude of changes of volume, basal area and height increment not attributable to changes in growing stock, forest structure and silvicultural
practices.

We used the data from National Forest Inventories during 1971 - 2010 to develop models for volume, basal area and height increment of
individual trees on mineral soils without ditching or paludification with tree and stand characteristics as predictor variables. Differences between
the measured and predicted increment were used to detect environment-induced increment changes. Using this approach it was also possible to
approximate the enhancing effects of volume increment change in growing stock volume.

From 1971 - 1975 to 2006 - 2010, the environment-induced volume increment increase was 8.98 million m3 a-1 (0.69 m3 ha-1 a-1), which equals
to 37% of the total observed volume increment increase. In relative terms the environment-induced increment increase was larger in the northern
regions (up to 45% of volume increment change). During 1971 - 1990, the difference between the observed and predicted change was small. A
large shift was observed after the mid-1990s in all regions. While the environment-induced increment change was substantial, a considerably
larger increase 63 % of the change was attributed to growing stock volume and forest structure, which both changed due to differences in forest
management.

A comparison between the environment-induced increment changes and growing season temperature sums revealed similarities. In the southern
Finland, April-May seemed to be influential, while in the north the temperature sum of May-September showed similar variation. As climate
change is predicted to increase growing season temperatures, the trend can be expected to continue in the boreal conditions of Finland.

environmental change; forest growth; growth trend

K 2-4 (Konzerthaus Freiburg)

IUFRO17-1849 NFl-based investigations of recent changes in forest growth in Western Europe: variations across tree species,
geographical scales, and climatic contexts

Bontemps, J.-D.* (1); Charru, M. (2); Seynave, I. (3); Hervé, J.-C. (1); Bertrand, R. (4)

(1) IGN, Laboratoire de I'Inventaire Forestier, Nancy, France; (2) Bordeaux Sciences Agro, UMR 1391 ISPA, Gradignan Cedex, France; (3)
INRA, UMR 1092 LERFo0B, Champenoux, France; (4) CNRS, USR 2936 SEEM, Moulis, Germany

Abstract: Context. National forest inventories (NFI) have been little used to explore forest growth changes due to their limited temporal cover.
Strong recent climatic warming renews their interest. The systematic and repeated cover of forest areas further enables explorations across a
broad range of tree species and climatic gradients, and across spatial scales.

Approach. Using the French NFI, we estimated recent growth (Basal Area Increment/ha) changes (1980-2007) in eight coniferous and
broadleaved trees species growing in mountain, temperate and Mediterranean contexts of Western Europe. Growth changes were inferred as
averages over whole NFI samples, regional subsamples, and mapped regionally using geographically weighted regression. They were correlated
with indicators of baseline climate and climatic change.

Results. Major species differences in BAl changes were found, spanning from -17% to +42% over 1980-2007. BAIl strongly increased for
mountain species, showed moderate increase/no change for temperate lowland species, and unexpectedly declined for Mediterranean species.
Within-species regional differences in these changes were of comparable magnitude. Growth change mapping revealed strong variations and
systematic local sign inversions. BAI changes were found greater in colder/wetter contexts than in warmer/drier ones where declines were
observed. Warming was detected across all species samples and strongly correlated with species BAI changes.

forest growth; climate warming; tree species; NFI
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IUFRO17-2382 Recent growth trends for main European tree species and their drivers

Muys, B.* (1); Janssen, E. (1); Kint, V. (1); Silva, A. R. (1); Vannoppen, A. (1)
(1) KU Leuven, Leuven, Belgium

Abstract: In the 1990s growth studies showed a trend of increased growth, explained mainly by nitrogen deposition. More recent studies have
reported negative trends explained by climate change. In this study we perform a meta-analysis of studies from the last 30 years to assess the
observed growth trends in temperate European forests. We focus on the important timber species pedunculate and sessile oak, beech, Scots
and black pine, silver fir and Norway spruce. Studies based on multitemporal assessment of current annual increment, either from tree ring
analysis, resampling of inventory plots, or monitoring of dedicated growth experiments, are included. One of the major challenges of growth trend
studies of trees is the disentangling of time from tree age effects. We addressed this by including studies with data from different age cohorts. In
addition to the trends, we also consider the drivers, from studies where their relationship with growth has been tested.

The results show that in several regions the earlier observed positive growth trend has slowed down over the last decades, or even reversed into
a negative trend. However, this transition cannot be generalised over all regions and species. Drivers of observed growth trends are multiple.
Nitrogen deposition is generally associated with positive growth trends, but in particular regions, nitrogen saturation seems to have led to
negative effects. CO2 increases have contributed to the positive trend, but seem to be increasingly overruled by climate change effects provoking
negative growth trends, such as decreased air humidity in summer, and increased occurrence of drought events. The most overlooked factor of
growth trend changes, however, is forest management. While it is a basic principle of forestry that management style has a strong effect on
diameter growth, it is often not taken into account in growth trend studies by lack of data. We recommend therefore to mapping historical
management trends more in detail.

tree ring, inventory, climate change, management

K 2-4 (Konzerthaus Freiburg)

IUFRO17-2197 Increased Production of Norway Spruce: An examination of the effects of climate change in managed and unmanaged
forests in Norway

Allen, M.* (1); Astrup, R. (1)
(1) Norwegian Institute for Bioeconomy Research, As, Norway

Abstract: Under changing climatic conditions, the validity of predicted productivity from forest growth models developed from data collected prior
to those changing conditions becomes uncertain. The implication is that current models used for making management decisions, or for
developing forest and climate policy, may result in biased predictions which can lead to misguided planning. Data from long term research trials
of Norway spruce established in stands planted between years 1920 to 1950 and covering almost six decades of measurements (1957-2016)
were used to examine the changes in annual productivity in southeastern and central Norway. Results indicated large increases in productivity
beginning in the year 1990 and thereafter. After accounting for the effects of stand variables, such as age, site productivity, and stand density, on
production, an analysis of climatic data indicated that the main drivers of the observed increased in production were extended growing seasons
and increasing growing degree days (GDD). On the average, growing seasons increased by as much as 20% while the GDDs increased as
much as 50%. A forest growth model was developed to incorporate effects of climate variables such as temperature and precipitation, among
other environmental factors. The model has the ability to account for changing climatic conditions and can be used for evaluating current growth
models and forecasting future productivity under different climate scenarios.

K 2-4 (Konzerthaus Freiburg)

IUFRO17-3891 Growth and mortality analyses in central European forest ecosystems based on long-term monitoring and gradient
studies

Rigling, A.* (1); Etzold, S. (1); Bigler, C. (2); Levesque, M. (3); Wohlgemuth, T. (1)

(1) Swiss Federal research Institute WSL, Birmensdorf, Switzerland; (2) ETH Zirich, Forest Ecology, Zirich, Switzerland; (3) Columbia
University, Lamont-Doherty Earth Observatory, New York, United States

Abstract: In recent years an increasing number of studies have reported on forest declines, growth reductions and increasing mortality rates in
response to changing climatic conditions. Climate change scenarios suggest an increase in temperature and extreme drought events for many
regions worldwide, indicating increasing limitations of growth performance of many forest ecosystems. But how is the response today across the
different forest ecosystems? Are respective trends in growth and mortality already observable, and if yes, which tree species are concerned?

We synthesized several studies analyzing 100 years of mortality data from long-term monitoring networks in Switzerland, including the National
Forest Inventory, the long-term forest ecosystem research program (level Il), the forest reserves, and growth and yield plots. In addition tree-
growth responses to climatic variations and extreme drought events were analyzed along environmental gradients.

The species-specific growth sensitivity to climate and severe drought along environmental gradients revealed for the drier sites a strong
reduction of radial growth due to soil water deficits in previous autumn and current spring, whereas at moist sites summer drought impeded
growth. High soil water holding capacity showed up being an effective buffer to reduce the impact of extreme drought. Subalpine forests showed
low temperatures as main limiting factor and almost no growth limitation due to drought.

The tree mortality data revealed surprisingly no increasing trends for most of the main tree species. The only exception is Scots pine growing on
low elevation sites, where drought induced mortality increasingly occurs. Other trees species, such as spruce, silver fir and beech showed
periods of increased mortality but mainly related to climatic extremes and subsequent biotic factors such as bark beetles. Hence the future
performance of Central European forests will predominantly depend on the frequency of hot and dry spells.

drought, monitoring, tree growth, tree mortality
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IUFRO17-457 Norway spruce trees long-term growth with account for possible climate change in the Leningrad Region of Russian
Federation.

Alekseev, A.* (1); Sharma Kumar, S. (2)
(1) Saint-Petersburg State Forest Technical University, Saint-Petersburg, Russian Federation; (2) Nepal Red Cross Society, Kathmandu, Nepal

Abstract: Study area Lisino training and experimental forest is located in the central part of Leningrad region and has high level of protection as

a forest of scientific and historical value. According to official data mean annual temperature in the region increased by 0.6 °C/10 years as well as
precipitation. The impacts of changing climate conditions on Norway spruce trees growth was the aim of this study. Three most representative

compartments dominated by Norway spruce were selected for data collection. Samples were taken as a core by Pressler borer from 107

dominant trees while climatic data were taken from closest meteorological stations. Tree rings were measured and analyzed by using WinDendro

technologies while climate data were studied by excel. Tree ring data cover the time interval from 1850 to 2011, each ring was characterized by

width, calendar year, age and diameter of tree. Radial growth was analyzed within age and diameter classes. Annual rings widths were varied

from 0.1 mm to 6mm. There was a positive trend in age classes 0-20, 21-40 and 41-60. The growth was very slow in age classes 61-80, 81-100

and >100. Diameters are higher in age classes 20-40 and 41-60 years old as compare to local diameter growth table which was developed in

nineteen century. Diameters for age classes older than 41-60 years were less than prescribed by diameter growth table. Tree rings width for all

age classes also demonstrate cyclic dynamics, sometimes decline fall down on last decades. Multiple regression was used for developing

response function to relate climate and growth data. There was revealed a high correlation (90%) and low influence of vegetation period climate

data on growth during 1850 to 2011 (0.08102 mm/°C and 0.00085 mm/mm). Likewise, analysis shows the growths is higher in young and middle
age classes than mature and over mature. Overall, climate change impact has seen positive in growth of Norway spruce trees for study area but

not for all age and diameter classes.

Climate change, growth, temperature, precipitation

K 2-4 (Konzerthaus Freiburg)
IUFRO17-1184 Forest Decline in the Black Forest - What happened in the last 40 years?

Spiecker, H.* (1); Kahle, H.-P. (1)
(1) Chair of Forest Growth, Freiburg, Germany

Abstract: The European wide discussion on forest decline started in the year 1979 in the foothills of the Black Forest. Air pollution was at that
time hypothesized to be the main cause of this decline. This presentation analyses the extent of the decline and discusses possible causes. The
decline is described by tree mortality statistics and by the variation in tree growth. For the analysis of possible causes, climate and air pollution
records are taken into account. Climate variation is identified as the main driver of mortality and variation in tree growth. Warm summers
combined with low precipitation during the growing season reduced tree growth and led to an increase of the rate of mortality.

Black Forest Decline, Climate, Growth, Mortality

K 2-4 (Konzerthaus Freiburg)

IUFRO17-677 Modelling climatic effects on site productivity of jack pine and black spruce plantations

Sharma, M.* (1)
(1) Ontario Forest Research Institute, Sault Ste Marie, Canada

Abstract: Climatic effects on site productivity of jack pine (Pinus banksiana Lamb.) and black spruce (Picea mariana Mill. B.S.P.) plantations
were examined. Dominant or co-dominant trees sampled from 73 plots for jack pine and 75 plots for black spruce were used in the analysis. Site
index (Sl) (a measure of site productivity) was regressed against climatic variables to examine the climatic effects. For jack pine, total
precipitation and mean temperature of the growing season, wettest period (precipitation of the wettest month), total precipitation of driest period
(precipitation of the driest month), and the interaction of annual precipitation with mean annual temperature explained 39% of variability in SI. For
black spruce, mean temperature and total precipitation of the growing season, Julian day at the end of the growing season and its quadratic
transformation, total precipitation of wettest period and its quadratic transformation, quadratic transformation of annual mean temperature, and
the interaction of Julian day at the start of growing season with maximum annual temperature explained 48% of variability in SI.

Climatic variables that were significant in the regression were incorporated into the stand height growth models. However, only growing season's
total precipitation and mean temperature were significant in the growth models for both species.

height growth, growth and yield
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IUFRO17-2032 Nonlinear mixed models for tree growth: Combining climate, site, stand, management, and nutrient effects

Rohner, B.* (1); Waldner, P. (1); Lischke, H. (1); Thdrig, E. (1)
(1) Swiss Federal Institute WSL, Birmensdorf, Switzerland

Abstract: Empirical forest scenario models are used in several contexts, e.g. to evaluate management strategies, to predict potential timber
supply, or to estimate carbon sequestration. As key parts of such models, the growth functions are supposed to incorporate a large variety of
influencing factors while representing large spatial extents. In recent times, the demand to include effects of climate change into scenario models
has increased. Thus, the present study aimed at empirically modelling effects of climate and N-deposition on tree growth, while simultaneously
considering effects of stand, management and site properties.

Nonlinear mixed-effects models with covariates were fitted to individual-tree basal area increment (BAI) data from the Swiss National Forest
Inventory. Data from 1983-2006 were used for model fitting, data from 2009-2013 for model evaluation. A total of 24 potential explanatory
variables were included into a variable selection procedure that was performed separately for spruce, fir, pine, larch, further conifers, beech, oak,
ash/maple, and further broadleaves.

The combinations of selected variables differed among the species, well reflecting their physiological properties. In general, BAl was positively
related to DBH, and negatively related to slope, basal area of larger trees, stand density (not so for the shade tolerant beech), mean DBH of the
100 thickest trees per ha, and soil pH. For most species, a positive harvesting effect was identified. Increasing N-deposition resulted in increasing
BAI, except for spruce and fir, for which the models indicated an inverse effect. Drought proved to be relevant for most species, except for pine
and oak.

As a next step, the developed growth functions may be incorporated in empirical forest scenario models and used for nationwide scenario
analyses as well as for applications in other parts of central Europe represented in Switzerland's large environmental gradients.

Basal area increment, Empirical growth models
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IUFRO17-3105 A dynamic environment-sensitive site index model for the prediction of site productivity potential under climate change

Yue, C.* (1); Kahle, H.-P. (2); Kohnle, U. (1)
(1) Department of forest growth, FVA, Freiburg, Germany; (2) University of Freiburg , Freiburg, Germany

Abstract: Accurate and reliable predictions of the future development of forest site productivity are crucial for the effective management of forest
stands. Static models which extrapolate productivity into the future are inappropriate under conditions of environmental change since they lack a
close link between fundamental environmental drivers and forest growth processes. Here we present a dynamic environment-sensitive site index
model formulated in the framework of a nonlinear state space approach based on longitudinal data from long-term experimental plots. Estimation
of the model parameters was carried out using the prediction error minimization method. Our aim was to identify dynamic relationships between
site index and environmental variables and to make conditional predictions of the future development of site index under climate change
scenarios. Nonlinear, interactive, as well as accumulative effects of environmental factors (climate/weather and nitrogen influx) on the growth
response were considered in the model. In the study, we estimated the dynamic environment-sensitive site index model using data from 604
Norway spruce (Picea abies [L.] Karst.) long-term experimental plots in southwest Germany with measurement data covering a period of more
than 100 years from the end of the 19th century until today. We used the calibrated model to project future site index changes under increasing
growing season temperature scenarios.

dynamic modeling, site productivity changes
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IUFRO17-2671 Developing individual-tree diameter growth functions for Europe

Schelhaas, M.-J.* (1); Hengeveld, G. (1); Nabuurs, G.-J. (1)
(1) Wageningen Environmental Research, Wageningen, Netherlands

Abstract: Over the last decades, many growth and yield functions have been developed in European countries. They are usually based on large
national datasets, obtained from National Forest Inventories or from long-term research plots. The predictors included in these models can give
important information on behaviour of tree growth in relation to climate, soil and other environmental variables. However, many of these functions
are based on country-specific datasets and/or methods, such as site quality indices that may aggregate climate, soil properties and topography
effects. Consequently, it is difficult to compare such functions among countries, and often impossible to apply functions outside the region or
country it was developed for. Furthermore, at a larger geographic scale the importance of environmental predictors may change due to a larger
observed range.

Here we report on a set of diameter growth equations for which parameters are estimated using a dataset of measured diameter growth of over 2
million trees from 10 National Forest Inventories in Europe. We discuss how these growth equations provide insight in the most dominant
climatic, soil and topographic parameters governing tree growth. Using these growth equations we map growth conditions for the most important
European tree species across Europe.

inventory data, diameter growth, growth equations
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IUFRO17-1344 Evaluating future carbon stocks in forests: the importance of stem form

Schneider, R.* (1); Franceschini, T. (1); Fortin, M. (2); Saucier, J.-P. (3)

(1) Université du Québec a Rimouski, Rimouski, Canada; (2) AgroParisTech, Nancy, France; (3) Ministére des Foréts, de la Faune et des Parcs,
Gouvernement du Québec, Québec, Canada

Abstract: Both volume and density of each tree compartment are needed to evaluate forest biomass. Changes in wood density with climatic
conditions has seen some research. Little work has however been done on studying the shifts in stem volume even if the main stem of tree
accounts for up to 70% of its' biomass. A previously published stem taper equation was modified to include climatic variables. Two models (one
with annual averages and the other with seasonal averages) were calibrated with data from 8 558 trees from five of the most important species in
the province of Quebec (white birch, trembling aspen, balsam fir, white and black spruce). For trembling aspen and white spruce, the best model
integrated the annual variables, while the best model for the other species relied on seasonal climatic variables. When calculating tree volume
from the taper equations, differences between the volume of a tree with the 10th and 90th percentile of each variable varied between -8% to +7%
. Furthermore, when climate change scenarios proposed by the IPCC are used, tree volume fluctuates from -6% for white birch to +6% for
balsam fir, which translates to a 3-4% change in biomass if wood density is considered as stable. Shifts in tree form were found to be related to
certain species-specific functional traits: for two trees with the same dimensions, trees with higher tolerance to waterlogging and shade were
found to have more taper, and thus less volume. These important changes can either enhance or reduce the effects of variations in wood density
on biomass estimates. As the temperate and boreal forests contain approximately 1100 stems/ha, a small change in tree volume can have a
large impact on future forest yield and carbon stock estimations. Evaluating future forest productivity, biomass and carbon stocks must thus
consider both wood density variations as well as shifts in tree shapes.

tree form and taper, global changes, tree biomass
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IUFRO17-3590 Productivity loss expected for Austrian forests in consequence of climate warming

Vospernik, S.* (1); Nothdurft, A. (1)
(1) Institute of Forest Growth, Wien, Austria

Abstract: Radial tree stem growth of Picea abies, Fagus sylvatica and Pinus cembra was monitored in the period from 2012 until 2015 across a
broad ecological gradient in Austria by means of high resolution dendrometers. Annual cumulative diameter increment was modeled using a
hierarchical nonlinear mixed-effects model (HNLMM) framework based on a logistic growth curve together with a comprehensive set of regressor
covariables.

Traditional temperature-based growing season definitions were applied to derive time points for onset, cessation and duration of each growing
season. When compared with predictions of conditional expectations by the HNLMM, temperature-based calculations proved to be an imprecise
predictor for the actual growing season and can thus serve only as coarse approximation.

The average annual diameter increment of 0.30 cm was lowered by 50 % on lower altitude sites and by 10 % on higher altitude alpine sites in the
dry and warm year 2015. In the cool and moist year 2014 Norway spruce achieved higher annual radial increment than European beech, and the
opposite occurred in the dry and warm year 2013 and 2015. Beech's consumptive water-use strategy might have caused intensified stress for
spruce in drought periods. Consequently, higher benefits from climate warming are rather expected for beech than for spruce.

On higher altitude sites annual increment rates of Norway spruce were more sensitive to climate oscillation compared with stone pine. Because
of spruce's higher reaction potential stone pine might be thus out-competed under future climate change.

Productivity differed strongly dependent on the social tree status with dominant and intermediate trees suffering more sever increment reductions
with drought. Because warming and drought lowers increment rates on lower altitude sites and as trees on higher altitude sites react less flexible,
productivity losses can be expected in summary for Austrian forests in consequence of climate warming.

Intra-annual growth, dendrometer, mixed model
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IUFRO17-3178 Projecting forest productivity under climate change at the European scale: a metamodeling approach

Lafond, V.* (1); Bugmann, H. (1)
(1) ETH ZUrich, Forest Ecology, Zurich, Switzerland

Abstract: Climate change is expected to impact forest productivity in Europe, but projections strongly depend on modelling choices, such as
climate change scenarios and assumptions regarding the response of tree species to environmental changes, e.g. sensitivity to drought and CO2
fertilisation. Moreover, few studies attempted to achieve European-wide coverage, and synthesising results from different models, methods and
case studies is not usually straightforward. A comprehensive picture of the response of forest productivity at the European scale is therefore still
lacking. We explored and quantified the response of forest productivity to changes in environmental conditions all over Europe using a modelling
approach to upscale from site-specific results. We sampled climatic conditions from a European grid and conducted simulations with the forest
model ForClim. We analysed the response of five tree species to variations in environmental variables and derived metamodels of species
productivity. Maps of current and future forest productivity under different scenarios showed areas with high vulnerability or expected benefit from
climate change. Our approach provides a broad picture of future forest productivity in Europe. The metamodels were also coupled with a land
allocation model to simulate the combined impact of land use change, socio-economic and climatic drivers on forests and agriculture.

Forest model, productivity, climate change, Europe

86



IUFRO 125th Anniversary Congress, 18 — 22 September 2017, Freiburg, Germany

All Division 4 (Forest Assessment, Modelling and Management) Meeting

90 - Advanced Methods for Measuring, Monitoring and Assessing Forests to Meet Societal Challenges

K 5-7 (Konzerthaus Freiburg)

IUFRO17-1579 A comparison of annual composites versus the full temporal sequence in satellite imagery time series for forest
disturbance mapping

Hislop, S.* (1); Jones, S. (1); Soto-Berelov, M. (1); Haywood, A. (2)
(1) RMIT University, Melbourne, Australia; (2) European Forest Institute, Joensuu, Finland

Abstract: The sustainable management of forests is essential for a range of ecosystem services. Satellite earth observation is a powerful and
cost effective means to monitor forest changes over large areas. Pixel-based time-series of Landsat satellite data allows us to develop rich
disturbance / recovery histories to assess forest changes over several decades. In this paper, we present a comparison between using
representative annual composite images versus using all available images to track disturbance in South East Australian forests. Results indicate
that using annual images allows for the quantification of large abrupt disturbances such as wildfire and clear-fell logging to be accurately detected
within a year of the event. These techniques also enable longer term trends to be extracted from the temporal trajectory. However, low intensity
disturbances are harder to detect via this method. In comparison, using the full temporal sequence reveals more subtle disturbance events, such
as fuel reduction burning, insect defoliation and disease. There are a number of trade-offs to using all images, however, including more
storage/processing requirements, issues with image noise (bad data), and a tendency to over classify disturbances. Models using all available
imagery must also contend with vegetation phenology and changes in sun-angle, confounding correct attribution of disturbance histories.

Pixel-based time-series, satellite imagery
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IUFRO17-893 Fast normalized cross correlation for Araucaria angustifolia detection in canopy height models derived from Aerial
Laser Scanning data

Pereira, J. P.* (1); Schimalski, M. B. (2); Weinacker, H. (1); Koch, B. (1)
(1) FeLis, University of Freiburg, Freiburg, Germany; (2) Department of Forest Engineering, CAV/UDESC, Lages, Brazil

Abstract: Araucaria angustifolia, also known as Parana's pine or araucaria, is an important and endangered southern Brazilian softwood tree
species. Accurate tools for A. angustifolia trees detection do not exist at the moment to serve as an asset for remotely detect trees in natural
environments. Therefore, this study aims to create an algorithm to automatically recognize A. angustifolia from canopy height models (CHM)
employing fast normalized cross correlation (FNCC). To achieve this goal, a script was written in python programming language using template
matching in order to automatically recognize the A. angustifolia trees. The template matching algorithm uses FNCC to calculate correlation
indexes between the original image and a template. When the accuracy threshold is reached, the coordinate of the pixel from this index is
registered as the tree location. To validate the algorithm, the trees measured locations were used. Preliminary result indicate that FNCC has
potential to automatically recognize adult trees of A. angustifolia, where 89% of the test trees were recognized correctly. However, there is still
the occurrence of omission and commission errors, reaching 11% and 4.5%, respectively. Therefore, further investigation is required in order to
optimize the errors, especially the commission error.

LiDAR, tree detection, template matching
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IUFRO17-3479 Regional scale simulation of the forest resources evolution in Southern Belgium

Perin, J.* (1); Lejeune, P. (1); Hébert, J. (1)
(1) ULG - GXABT, Gembloux, Belgium

Abstract: The availability of forest resources is directly affected by forest composition and structure changes that can regularly occur in the
context of intensive silviculture and plantation of fast-growing tree species. Since 2000, the total area covered by Norway spruce plantations has
decreased by an estimated 25% in Southern Belgium (Wallonia), which is especially worrying as they yield almost half of the total timber volume
of the region.

In order to predict the evolution of our forest resources, we first used aerial photographic interpretation to update the data of the permanent
regional inventory and provide a more accurate assessment of the current resources of Wallonia. We then developed harmonized distance
independent growth and management models for the three most planted softwood species of Wallonia : Norway spruce (Picea abies), Douglas-fir
(Pseudotsuga menziensii) and larches (Larix sp.). These models were then implemented in a simulation software that can operate at a regional
scale.

This presentation introduces our methodology, the operating of our simulator, our current progress to adapt it for other stand structures and
compositions and examples of carried out simulations.

Forest simulation software, Wallonia
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IUFRO17-3545 Long-term trends and patterns of forest disturbance dynamics in Central Europe from Landsat time series

Pflugmacher, D.* (1); Senf, C. (1); Yang, Z. (2); Cohen, W. (3); Hostert, P. (1)

(1) Humboldt-University of Berlin, Berlin, Germany; (2) Oregon State University, Corvallis, United States; (3) US Forest Service, Corvallis, United
States

Abstract: Forest disturbances from wind, insects, drought, and wildfires have increased in Europe over the last century and are likely to continue
to increase in the future. To successfully adapt management and policy to these future challenges will require improved monitoring of forest
disturbances and their impacts on ecosystem structure and function. The objective of this study is to map and characterize annual forest
disturbance rates and patterns in Central Europe between 1985 and 2015 using medium resolution sensor data from the Landsat satellites. By
combining a statistical sample of photo-interpretation plots and trajectory-based change detection we map and distinguish between transient (e.g.
defoliator, forest health) and abrupt changes (e.g. bark beetle, harvest, fire). We then analyze the spatial and temporal patterns of forest harvest
and natural disturbances, and show how disturbance rates and trends differ between countries and biogeographic regions. The findings will aid
the on-going European-wide efforts, in line with the Copernicus Land Monitoring Service, to harmonize and operationalize forest monitoring for
climate change mitigation and adaptation, sustainable forest management, and environmental protection.

Remote sensing, Landsat, Disturbances, Europe
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IUFRO17-2612 Plot dimension for continuing forest inventories in the state of Amapa, Eastern Amazon, Brazil

ALEIXO DA SILVA, J. A* (1); CAMPELO DE SOUSA, C. S. (1); CARACIOLO FERREIRA, R. L. (1); DA SILVA APARICIO, P.
(2); COSTA CASTRO, M. R. (3)

(1) UNIVERSIDADE FEDERAL RURAL DE PERNAMBUCO, DEPARTAMENTO DE CIENCIA FLORESTAL, RECIFE - PERNAMBUCO, Brazil;
(2) UNIVERSIDADE DO ESTADO DO AMAPA, REITORIA, MACAPA, Brazil; (3) INST. FED. DE EDUCACAO, CIENCIA E TECNOLOGIA DE
PERNAMBUCO, DEPARTAMENTO DE MEIO AMBIENTE, SAUDE E SEGURANCA, RECIFE, Brazil

Abstract: The objective of this study was to indicate the ideal plot dimension to be used in continuous inventories in the Amazon. The study area
is located in the State Forest of Amap4, in the municipality of Porto Grande. The data were obtained from a monitoring inventory carried out on
the occasions of 2010, 2012 and 2016 in five permanent plots of 100m x 100m with inclusion level of trees with DBH equal or greater than 10 cm.
Within these plots were randomly allocated small plots with five different dimensions varying from 400 to 1600 m2. The time of measurement of
each plot were recorded, from the first to the last tree. Forest growth was evaluated from 2010 to 2016, obtaining the estimates of the variables:
annual increment in DBH, basal area and volume per plot. The dimensions were analyzed for their accuracy by Relative Efficiency methodology.
The rectangular plot of 20m x 40m (800 m2) was the most suitable to evaluate the increments in continuous forest inventories in Amazon, with
similar soils, climatic conditions and DBH inclusion level.

Forest dynamics
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IUFRO17-2449 Utility of local and global maps for improving estimates of forest area in north and north-east Armenia.

Haywood, A. (1); Sayadyan, H.* (2)

(1) Royal Melbourne Institute of Technology, University of Melbourne, Melbourne, Australia; (2) Armenian Agrarian University, , Yerevan,
Armenia

Abstract: The extent and condition of forest ecosystems in Armenia have decreased drastically since the disintegration of the Union of Soviet
Socialist Republics in the early 1990s. This decline is not only a consequence of the recent history of the area, but also the result of decades of
forest policies and management practices. To reverse the negative trends, it is important for stakeholders, scientists, resource managers and
policy makers to have quantifiable information on forest area, yet there is distinct lack of a reliable official national statistics on forest area. This
lack of reliable information has been identified as a key challenge in improving the current conditions of the forests and the forestry sector in
Armenia. This paper explores the utility of combining local and global forest maps with post-stratified and model-assisted estimators to increase
the precision of estimates of forest area in north and north-east Armenia. The post-stratified estimators produced estimates of greater precision
than the model-assisted regression estimators for maps of categorical variables, but the model assisted estimators produced estimates of greater
precision for maps of continuous variables. The Global Forest Change 2000-2014 map was the least accurate of all the maps, but it produced
estimates of forest area that were similar to those for the other maps and that were more precise than if the map had not been used. It is hoped
that this approach demonstrates how such processes can be integrated into national forest monitoring and reporting to increase precision and
reduce costs.
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IUFRO17-3036 The Effect of Technological Change on Forest Carbon Fluxes: Massive Timber Construction and Genetically-enhanced
Species

van Kooten, G. C.* (1)
(1) University of Victoria, Department of Economics, Victoria, BC, Canada

Abstract: Two recent technological developments have the ability to enhance the importance of commercial forestry activities in mitigating
climate change - (1) the use of Cross Laminated Timber (CLT) in construction of high-rise and multiple-purpose buildings, which will greatly
increase the carbon stored in post-harvest wood product pools; and (2) regeneration of harvested sites with genetically-enhanced (GE) tree
species that has the potential to increase greatly the sequestration of CO2 in forest ecosystems while also reducing wood waste during harvest
and processing. In this paper, a canonical forest is constructed using information about forests in British Columbia's interior, which currently
produces more softwood lumber than any other region in Canada. Expert opinion will be used to determine the potential carbon fluxes associated
with GE timber and CTL construction. A forest management LP model is developed to investigate the effect of the GE and CLT technologies on
dynamic carbon fluxes. The results are confirmed more generally by comparing the carbon fluxes derived from the integrated forest management
model with those from a Faustmann rotation age model that explicitly includes benefits of storing carbon. The outcomes of the research illustrate
the importance of carbon prices and, particularly, the urgency of addressing climate change.

climate change mitigation & forestry
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IUFRO17-3079 Model meets data: Challenges and opportunities to implement land management in Earth system models

Pongratz, J.* (1)
(1) Max Planck Institute for Meteorology, Hamburg, Germany

Abstract: Authors: Julia Pongratz, Han Dolman, Axel Don, Karl-Heinz Erb, Richard Fuchs, Martin Herold, Chris Jones, Sebastiaan Luyssaert,
Tobias Kuemmerle, Patrick Meyfroidt, Kim Naudts

Land-based demand for food and fibre is projected to increase in the future. Only part of this increase will be met by expansion of land use into
relatively untouched regions. Additional demand will have to be fulfilled by intensification in management of land that already is under agricultural
and forestry use. Such land management today occurs on about half of the ice-free land surface. As the number of studies revealing substantial
biogeophysical and biogeochemical effects of land management is increasing, moving beyond land cover change towards including management
has become a key focus for Earth system (ES) modeling. However, a basis for prioritizing land management activities for implementation in
models is lacking.

We lay this basis for prioritization in a collaborative project across the disciplines of ES modeling, land system science, and Earth observation.
We first assess status and plans of implementing land management in ES models. We then assess five criteria for prioritizing the implementation
of land management activities: (1) spatial extent, (2) evidence for substantial effects on the ES, (3) process understanding, (4) possibility to link
the management activity to existing concepts and structures of models, (5) availability of data required as model input. We evaluate ten common
management activities for their performance in terms of importance for the ES, possibility of technical implementation in models, and data
availability. This synthesis reveals some "low-hanging" fruits for model implementation, but also challenges for the assessment of land
management effects. The identified gaps can guide prioritization within the data community from the ES modeling perspective.

land use, land management, climate, modeling
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IUFRO17-2673 Impact of climate change mitigation on the global woody biomass use in 2010-2100

Lauri, P.* (1); Forsell, N. (1); Korosuo, A. (1)
(1) IIASA, Laxenburg, Austria

Abstract: In this study we investigate the implications of climate change mitigation on the global woody biomass use in 2010-2100 by applying

the Global Biosphere Management Model (GLOBIOM). We show that the higher bioenergy demand needed to reach the 2 °C target can be
achieved without significant distortions to woody biomass material use and it can even benefit the forest industry, because the higher demand for

forest industry by-products makes material production more profitable. Hence, the climate change mitigation is not a substitute but a complement

to woody biomass material use. The 2 °C target increases intensity of forest resources use considerably from 30% to 53% in 2100. Nevertheless,

our results show that the target can be achieved by improving the efficiency of forest management in the forests that are already disturbed by

human activity, without a need to decrease the amount of primary forests.

climate change mitigation, woody biomass use
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IUFRO17-2734 Impact of forest management regimes on forest carbon cycling and other ecosystem processes in Europe

Metzger, C.* (1); Lindeskog, M. (2); Anthoni, P. (1); Luyssaert, S. (3); McGrath, M. (4); Arneth, A. (1)

(1) Karlsruher Institute for Technology, Department of Plant Atmosphere Interactions, Garmisch-Partenkirchen, Germany; (2) Lund University,
Department of Physical Geography and Ecosystem Science, Lund, Sweden; (3) VU University Amsterdam, Department of Ecological Sciences,
Amsterdam, Netherlands; (4) Laboratoire des Sciences du Climat et de I'Environnement, IPSL, Gif-sur-Yvette, France

Abstract: Dynamic global vegetation models (DGVMs) allow for projection of the climate change mitigation potential of forests, while accounting
for many different plant and soil processes as well as their interactions and responses to climate and climate change from local to global scale.
Recent studies have demonstrated that accounting for different management options substantially alters the estimated carbon emissions due to
land-use and land-cover change. Depending on the management regime and history, forest management has very different impacts on forest
state and function. However, despite of most forests being managed, many DGVMs still simulate only processes as they take place in natural
forests.

We will present the latest developments of a widely used DGVM called LPJ-GUESS to account for large scale forest management. Thereby,
clear-cut and selective harvest is distinguished. Historic and current forest management is simulated based on estimated timber demand as well
as species distributions and harvest fractions from forest inventory data. Several possible future harvest intensities and planting scenarios are
compared to assess the effect of forest management on above- and belowground carbon storage, timber yield and water fluxes. It will also be
explored how management interacts with climate and atmospheric CO2 levels.

global vegetation model, climate change mitigation

K 8 (Konzerthaus Freiburg)
IUFRO17-3930 Impact of age-dependent harvest in land-surface models

Naudts, K.* (1); Sabot, M. (1); Nabel, J. (1); Pongratz, J. (1)
(1) Max Planck Institute for Meteorology, Hamburg, Germany
wood harvest, albedo, carbon, climate, forest age
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IUFRO17-3624 Global Forest Resources Utilization by Adaptining Sustained Yield Harvesting to Future Climate Change

Yousefpour, R.* (1); Nabel, J. (2); Pongratz, J. (2)

(1) University of Freiburg, Faculty of Environment and Natural Resources, Freiburg, Germany; (2) Max-Planck-Institute for Meteorology,
Hamburg, Germany

Abstract: Forest ecosystems play a major role in up-taking global CO2 emission and affect global climate conditions by up-taking globally 2.4 +
0.4 PgC per year. However, forest utilizations and interaction of management with large-scale natural disturbances, such as forest fires, may emit
tones of CO2 immediately to the atmosphere and act as a source of CO2 emissions. In this study, we investigate the relevance of allowing wood
harvest decisions to respond to changes in environmental conditions and apply the concept of "sustained yields" (SY) to illustrate the
consequences of representing adaptive forest management in a dynamic global vegetation model "JSBACH", the land component of the Max-
Planck-Institute's Earth System Model. We compare SY rule with the RCPs prescribed wood harvest maps for 21st century to analyze differences
in the amount of harvested wood materials and their decay over time and carbon losses due to disturbances and background mortality. Both SY
and RCPs harvest rules were forced by RCPs climate and CO2 concentration from CMIP5 dataset. Results show that SY could successfully
keep the above-ground forest carbon stock unchanged and realize a large harvest potential of 3.2-8 PgC per year versus RCPS with 1-2.2 PgC
per year. These accounts for about 420 to 610 PgC cumulatively until 2100 for SY and 130 to 210 PgC for RCPs. Mitigation effects of both rules
has been analyzed considering harvested materials decay in their life time and the change in atmospheric CO2. SY realizes a mitigation effect of
124- 140 PgC storage in anthropogenic wood products pools in the middle of 21st century, whereby, RCPs mitigate 38-51 PgC. This amount
increases to 255-380 PgC for SY and 85-132 for RCPs until the end of 21st century.

Wood decay; Harvest rule; Climate scenario; RCPs
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IUFRO17-215 Forest Observational Studies - an Essential National Green Infrastructure for measuring & monitoring forest ecosystem
dynamics and climate change impacts

Tewari, V.P.* (1)
(1) Himalayan Forest Research Institute, Shimla, India

Abstract: Natural forests, whether managed or unmanaged, exhibit complex structures and changing spatial patterns, and a designed planting of
species mixtures cannot mimic the complexity resulting from local variation of tree species, ages & dimensions, and the varying spatial
arrangement of these attributes. Long-term Forest Observational Studies (FOS) usually provide a comprehensive data pool useful for a great
variety of research interests such as modelling ecosystem structure and dynamics. They may occasionally complement National Forest
Inventories. However, the primary objective is improved understanding of forest ecosystems.

This contribution clarifies the definition and purpose of Forest Observational Studies and provides background and context for their installation,
maintenance and application. We also present examples of forest observational networks and provide evidence to show that such networks
represent an important "green infrastructure" which is essential for the sustainable use of forests that exhibit complex structures and a diversity of
tree species and tree dimensions. Specifically, this contribution clarifies the differences between National Forest Inventories and Forest
Observational Studies, between Manipulated Experiments and Observational Studies, and between Longitudinal, Cross-Sectional and Interval
Studies; presents examples of new Forest Observational Studies, and highlights the new focus of such studies compared to traditional forest
growth plots; and shows how specific information gathered in Forest Observational Studies can be used to simplify complex ecosystems with the
aim of maintaining natural structures and natural ecosystem functions in response to human use.

Finally, we emphasize the importance of institutional commitment for maintaining long-term field studies and summarize the potential of such
installations for analysing and modeling forest ecosystems within networks of interdisciplinary research.

Ecosystem, Structure, Diversity, FOS, monitoring

K 5-7 (Konzerthaus Freiburg)

IUFRO17-856 Balancing timber mobilization and biodiversity conservation in mixed broadleaf-conifer forests: an inventory-based
scenario analysis

Temperli, C.* (1); Stadelmann, G. (1); Thurig, E. (1); Brang, P. (1)
(1) Eidg. Forschungsanstalt WSL, Birmensdorf, Switzerland

Abstract: Timber use in Central Europe is expected to increase and forest policy makers seek to strengthen local wood supplies for energy
production, construction and other uses. Such a policy may conflict with the sustainability of timber production, conservation and other ecosystem
services. We developed a diverse set of forest management scenarios to drive the inventory-based forest simulator MASSIMO for the Swiss
canton of Aargau for 100 years starting in 2006 (3rd National Forest Inventory). Growing stock dropped from 346 m3 ha-1 to 192 m3 ha-1 in 2106
if observed timber harvesting was to be continued. Long-term increment and harvests decreased under this and alternative scenarios that
reduced growing stocks. However, a scenario that favored conifers resulted in increased harvest because conifers grew faster than broadleaves.
Retaining habitat trees to benefit biodiversity reduced harvests (0.055 m3 ha-1 yr-1 per habitat tree) and increased harvesting costs. We discuss
favoring conifers under climate change and the opportunities and threats of promoting energy wood and habitat trees for future timber harvesting.
In conclusion we find that even short-term (1-2 decades) increases in timber mobilization trade-off with future forest productivity and that they
need to be carefully balanced with other forest ecosystem services.

modelling, inventory, habitat tree, timber

K 5-7 (Konzerthaus Freiburg)

IUFRO17-3052 Multipurpose long term monitoring study on thinning intensity of major coniferous plantations in the Republic of Korea

choi, J. (1); Seo, Y.* (2); Lee, J. (1); Kim, N. (3); Chae, H. (4); Lee, Y. (5); Yi, M. (6); Lee, D. (1)

(1) Dept. of forest management, College of forest environmental sciences, Chuncheon, Korea, Republic of (South Korea); (2) Institute of forest
science, College of forest environmental sciences, Chuncheon, Korea, Republic of (South Korea); (3) Dept. of forest bio-materials engineering,
College of forest environmental sciences, Chuncheon, Korea, Republic of (South Korea); (4) Dept. of forest environmental protection, College of
forest environmental sciences, Chuncheon, Korea, Republic of (South Korea); (5) Dept. of information statistics, College of natural resources,
Chuncheon, Korea, Republic of (South Korea); (6) Dept. of forest resources, College of forest environmental sciences, Chuncheon, Korea,
Republic of (South Korea)

Abstract: Multipurpose long term monitoring is required for analysis and comprehension of spatial and temporal dynamics of forest as well as

site characteristics by thinning practices. Focusing on major coniferous planting species in the Republic of Korea permanent monitoring plots

were installed in 38 sites of Pinus densiflora(Pd), 45 sites of Pinus koraiensis(Pk) and 45 sites of Larix kaempferi(Lk) from 2012~2015. Each plot

consists three square plots for non-thinning(C), light thinning(L) and high thinning(H) with the size of 20 m x 20 m, 25 m x 25 m, and 30 m x 30
m, respectively. We removed 20% and 40% of total basal area from low intensity thinning and high intensity thinning plots. The multipurpose

monitoring is conducted focusing on 1) measurement & inventory (DBH, height, crown width, crown class, stem quality, tree coordinate), 2) forest

micro-climate(temperature, humidity, illumination and wind velocity), 3) GIS/RS(forest spatial analysis and DB construction), 4) wood use (wood

density, compressive strength and section structure), 5) soil (chemical & physical property, organic matter) and 6) others(biodiversity, biomass

and carbon stock). The plots will be inventoried every 3 years and it is expected to play a key role in the long-term monitoring for understanding

the dynamics of forest and site characteristics according to thinning intensity.

monitoring, thinning, coniferous, plot, basal area
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IUFRO17-3284 Combined usage of Terrestrial Laser Scanner (TLS) and Drone as an effective tool for forest parameters extraction

Papalampros, L.* (1); Tsioukas, V. (1)
(1) AUTH, Thessaloniki, Greece

Abstract: Accurate measures in forest inventories are crucial. Though manual measurements are precise, they are time consuming, while most
of the times, the amount of collected data is limited in DBH and Height.

Contemporary technological achievements such as TLS and Drones can be used in forest inventories, where capturing detailed and highly
accurate information, such as geometry, texture or color, can be obtained in great speed.

This study is focusing on automatic tree and tree crown parameters extraction from different combinations of acquired TLS and Drone Point
Cloud (PC-)datasets, on a plot level. The plot is located at the suburban forest "Seih Sou" in Thessaloniki, Greece, due to its great impact on the
local community, as the most essential forest lung and recreation area of Thessaloniki.

The main objective is the accuracy and efficiency checks on PC-datasets combinations in order to define the most appropriate dataset compared
to manual measurements. The forest parameters that were measured are: Position, DBH, Height, Stem Curve, Crown bottom Height and Crown
Height, while the tested combinations are: a. Multi TLS vs Drone, b. Multi TLS / Drone vs multi TLS, c. Single TLS vs Drone and d. Single TLS /
Drone vs Single TLS.

TLS, Drone, forest inventories, DBH, Height

K 5-7 (Konzerthaus Freiburg)

IUFRO17-3666 Measuring canopy cover, upper layer tree crowns and determining canopy gaps' properties with UAV in "lzvoarele
Nerei" Reserve, Romania

Banu, T. P.* (1); Borlea, G. F. (1); Banu, C. (1); Turcu, D. (2)
(1) BUASVM "King Michael the | st of Romania", Timisoara, Romania; (2) ICAS Timisoara, Timisoara, Romania

Abstract: The forest canopy cover as the proportion of the ground covered by the vertical projection of the tree crowns, known as the crown
cover represents an important part of forest inventories. The canopy cover is important when analyzing different habitats, microclimates or light
conditions. Forest gaps have an important role, especially for the regeneration and for the biodiversity. We measured representative plot areas in
terms of canopy cover, tree crowns from the upper layer and canopy gaps using an Unmanned Aerial Vehicle (UAV) in one of the largest pure
beech virgin forest in Europe - "lzvoarele Nerei" Nature Reserve, with an area of over 5000 hectares.

The results represent structural determinations such as: canopy cover percentage, number and sizes of upper layer trees, number and properties
of canopy gaps, spatial distribution of trees and canopy gaps. The implications and potential advantages of methodology used in current study
for further major analysis such as: spatial-temporal dynamics of forest, biodiversity assessment, comparison with other managed/unmanaged
forests etc. versus traditional ground-based measuring methods are discussed.

UAV, remote sensing, canopy cover, virgin forest
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IUFRO17-3911 Assessing social innovation and its impacts in forest dependent communities: a preliminary methodological framework

Secco, L.* (1); Burlando, C. (2); Rogelja, T. (3); Pisani, E. (3); Da Re, R. (3); Masiero, M. (3); Gatto, P. (3); Pettenella, D. (3)

(1) TESAF Department - University of Padova, Legnaro (PD), Italy; (2) TESAF Department, University of Padova, Legnaro, Italy; (3) TESAF
Department - University of Padova, Italy, Legnaro (Padova), Italy

Abstract: Forest-dependent communities in remote rural areas face challenges such as delocalization of industry and loss of economic activities
(only partially stemmed by tourism), ageing, migration, increasing poverty and global environmental change. The EU has increasingly embraced
social innovation as a mean for addressing these challenges and rebuilding resilience. However, it is not yet clear how social innovation is
defined, how best to support these emergent processes, and how to evaluate them in terms of enhanced well-being. Recognized methodologies
for assessing performance and standard units of analysis for evaluation have not been developed yet. This qualitative paper is based on initial
analysis carried out within the 4-years EU funded Horizon2020 project Social Innovation in Marginalised Rural Areas (SIMRA). The aims of this
paper are to: i) show elements and drivers which support and constrain the emergence of social innovation in forest-related community; and ii)
present a preliminary methodological framework and set of possible indicators which can be adopted for assessing social innovation in these
initiatives. Preliminary results show that assessment of social innovation requires a suite of qualitative and quantitative methods and indicators, a
combination of expert and participatory-based approaches capturing both processes and outcomes, as well as primary data from community-
based initiatives.

social innovation, indicators, assessment, Europe

K 2-4 (Konzerthaus Freiburg)
IUFRO17-3309 Integrating of Forest Ecosystem Services into Climate Change Adaptation Plan: A Case Study of Nepal

Khadka, C.* (1); Dhungana, N. (2); Cudlin, P. (1)
(1) Global Change Research Institute, Ceske Budejovice, Czech Republic; (2) CARE Nepal Central Office, Lalitpur, Nepal

Abstract: Climate Change Adaptation (CCA) approaches are increasing being seen to be more and more important to community based forest
management process in Nepal. The Community based climate change adaptation plan of action (CAPA) groups are formed as a grassroots
initiative at the level of community forest user groups (CFUGs) which links ecosystem integrity, ecosystem services and social well-being. The
study has aimed to assess the vulnerability of forest ecosystem service provision and efficient measures for natural restoration and ecological
engineering for local adaptation plan.Participatory qualitative tools such as focus group discussion, key informant interviews, stakeholder
consultation, and direct observation were employed in 12 CAPAs groups as representative of three geo-graphical regions of Nepal. The results
categorized first how CAPAs groups are evaluating the likelihood of climate change impact and feeling the vulnerability of the specific ecosystem
services under predicted climate change and second how they are understanding the possible local adaptation measures in their areas. The
study also brought information about the ecosystem service trade-off consciousness and alternative options of local innovation for adaptation.
The findings shown that CAPAs groups are aware of adaptive forces of forest ecosystems, included in local adaptation plan, but in confrontation
with many ecosystem function disturbances by human activities, the identification of major ecosystem services and advancement of efficient
adaptation measures in the CAPA process are lacking by concerned stakeholders. The important adaptation options, problems with their trade-off
and sustainable policy measures on biodiversity management are described. The economic analysis of different ecosystem based adaptation
options; sustainable policy measures and sector specific adaptation measures are therefore needed while strengthening of institutional
arrangement at implementation level in Nepal.

Adaptation, Ecosystem services, Trade-off, Nepal

K 2-4 (Konzerthaus Freiburg)

IUFRO17-2020 Can Carbon Offset Trading Promote Economic Development in Rural Communities?

van Kooten, G. C.* (1)
(1) University of Victoria, Department of Economics, Victoria, BC, Canada

Abstract: Rural communities across Canada are dependent on the forest industry; some are reliant on forestry for more than 50% of household
income. Since 2000, the forest industry has been on a downward trend due to declining demand for lumber and newsprint, led to thousands of
layoffs in the logging and processing sectors. As forests play an increasingly pivotal role in climate mitigation, forest-dependent communities face
an uncertain future. Will climate policies favour forest conservation, or biofuels and biomaterials?

This paper investigates forestry's role in mitigating climate change. The price of carbon offset credits is used to incentivize lower CO2 emissions
and an increase in sequestration of carbon through forestry activities. Forestland owners have two options for creating carbon offset credits: (1)
avoid or delay harvest of mature timber, thereby harming rural, forest-dependent communities; or (2) harvest timber and allow natural
regeneration or reforestation, storing carbon in post-harvest products, and using sawmill and logging residues to generate electricity, thereby
aiding forest communities.

A forest management model is developed to maximize net discounted returns to commercial timber operations plus the benefits of managing
carbon fluxes; carbon in living trees, organic matter and post-harvest carbon pools, plus avoided emissions from substituting wood for non-wood
in construction or bioenergy for fossil fuels, are tracked. Constraints ensure that forest management is sustainable, while carbon prices ensure
efficient mitigation of climate change. The research finds that forest-dependent rural communities can benefit greatly when the price of carbon
offset credits is used to incentivize lower CO2 emissions and increase sequestration of carbon through forestry activities. Compared to forest
conservation, commercial logging and post-harvest use of wood can create upwards of 144.5 tCO2 carbon offset credits/ha, a potentially large
benefit to rural communities.

carbon offsets; climate change; biomass energy
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IUFRO17-610 Identifying Green Energy Options for the Ukrainian Carpathians

Bjornsen Gurung, A.* (1); Seidl, 1. (2)

(1) Swiss Federal Research Institute WSL, Research Programme Energy Change Impact, Birmensdorf, Switzerland; (2) Swiss Federal Research
Institute WSL, Economics and Social Sciences, Birmensdorf, Switzerland

Abstract: Apart from climate policies, the anticipated depletion of fossil fuels and geo-political conflicts stir nations to advance the energy
transition. The Ukraine, one of the most energy intensive countries, relies strongly on fossil fuels and nuclear energy. Despite having ample
energy resources, these cover only half of the country's energy needs. On this background, renewables gain importance. As outlined in the
National Renewable Energy Master Plan, biomass could contribute 4.6% to the primary energy consumption in 2030.

At the regional scale, particularly in the Ukrainian Carpathians, energy wood is the most prominent bioenergy source, so far widely used for the
provision of heat for households and public infrastructure. In stark contrast to the steadily increasing forest area and volume in this region during
the last 50 years, economically accessible volumes of forest residues for energy provision are lacking in many areas. This may be due to the
absence of a wood processing industry, a lack of forest road-network and machinery, and other institutional access limits to forests and the forest
sector. At the same time local communities are suffering energy scarcity and have to cope with high energy costs. Also, inefficient combustion
technologies and poor insulations are widespread.

This 4-years action research project targets at an understanding of the wood related energy system from a biophysical and socioeconomic
perspective. With an inter- and transdisciplinary system analysis it focuses on rural communities in two Carpathian Oblasts: Transcarpathia and
Iwano Frankiwsk. It aims at assessing the significance and future potential of energy wood and its efficient use for the regional economies and
consumer households, including municipalities from an environmental, economic and social perspective. In this paper, the process and results of
the refined research design developed with stakeholders and end users during the initial workshop in early 2017 will be presented.

Energy Transition, Energy Wood, Forest ES, Ukraine

K 2-4 (Konzerthaus Freiburg)

IUFRO17-1092 Building capacities for sustainability of local communities in marginalized rural areas: lessons learnt in the Ukraine's
Carpathians and Scotland's uplands

Melnykovych, M.* (1); Nijnik, M. (2); Soloviy, 1. (1); Nijnik, A. (3)

(1) Ukrainian National Forestry University, Lviv, Ukraine; (2) The James Hutton Institute, Aberdeen , United Kingdom; (3) The Environmental
Network, Aberdeen, United Kingdom

Abstract: In this paper, we explore institutional capabilities and practical issues of the contribution of non-wood forest products and services
(NWFP&S) to sustainable development of remote mountain areas. Literature review formed the starting phase of this research. We then applied
participatory techniques combined with mixed methods to test the hypotheses concerning similarities/differences between the contribution of
NWFP&S to the rural communities' well-being in Scottish uplands and the Ukraine's Carpathians. Findings indicate that NWFP&S are generally
considered to be important for communities living in marginalised rural areas, such as mountains, where local well-being is usually lower than in
other, more accessible and socially and economically advanced regions. In the Carpathians, forest-depended communities heavily rely on forest
products and amenities, and are dependent upon the supporting ecosystem services of trees. Forest also contributes to the sense of identity of
many community members. In Scotland, to compare with Ukraine, the resource base of NWFPs is relatively small and forest management
seldom takes NWFPs into account. The observed in both regions challenges include of how to attain a proper balance between NWFP and wood
production, as economically timber remains very important. We conclude that priorities and concerns of forest dependent communities, in term of
multiple ecosystem services, need to be identified and included into forest management planning. All relevant stakeholders are to be involved in
the decision-making to build resilience and enhance sustainability of remote mountain localities. Commercialization and value-added processing
of NWFP should be explored to raise the household income; while sustainable harvesting of NWFP could be enhanced through ecotourism. It is
also important to increase environmental awareness and strive for social cohesion with the promotion of social innovation in marginalised rural
areas.

well-being, non-wood forest products and services

K 2-4 (Konzerthaus Freiburg)

IUFRO17-2050 Social Innovation: key for forest recreation infrastructure provisioning?

Wilkes-Allemann, J.* (1); Ludvig, A. (2)

(1) ETH Zurich, Dep of Environmental Systems Science, Zurich, Switzerland; (2) University of Natural Resources and Life Sciences, EFICEEC,
Wien, Germany

Abstract: Forests in Europe are multifunctional and provide a range of ecosystem services, one of which is outdoor recreation. Additionally, in
some countries (e.g. Switzerland) infrastructure for recreation activities (e.g. mountain-bike trails) is also provided. However, the provision of this
infrastructure is not obligatory and poses challenges to forest managers and owners. The challenges include liability and cost issues, potential
conflicts etc. The infrastructure for recreation is not only provided by forest owners and managers. It is also provided through social innovation in
peri-urban and rural areas. However, the role of social innovation in provisioning and securing of forest recreation infrastructure has not been
investigated. Social innovation can be seen as 'new ideas that address unmet social needs - and that work' (Mulgan et al., 2007, p. 2). Some
scholars in the field of social innovation either focus on new social processes or new social outputs and outcomes. Our research addresses
social processes resulting in the development of recreational infrastructure to answer the question: Which actors are involved and how?. Thus, to
promote social innovation in forestry and specifically in forest recreation provisioning, in this article, we analyse social innovation from a
governance perspective (Ostrom 2011). We center on four mountain-bike trail cases located in the peri-urban and rural areas of Switzerland so
as to examine the role social innovation in the provisioning of recreation infrastructure and to analyse the effect it has on forestry (e.g. by
increasing the economy of forest recreation). The research is based on several empirical sources including semi-structured interviews The
findings suggest that social innovation plays a crucial role in the provisioning of recreation infrastructure and that it can be seen as a way to
counterbalance the high costs that forest owners and managers have to pay for its provisioning.

Social Innovation, forest recreation, Switzerland
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IUFRO17-1040 Assessing forest policy options through an improved understanding of the attitudes prevailing in forest-dependent
communities and building resilience in the Ukraine's Carpathians

Kopiy, S.* (1); Nijnik, M. (2); Krynytskyy, G. (1); Kopiy, L. (1); Nijnik, A. (3)

(1) Ukrainian national forestry university, Lviv, Ukraine; (2) The James Hutton Institute, Aberdeen, United Kingdom; (3) Environmental Network
Limited, , Aberdeen, United Kingdom

Abstract: Abstract

This paper addresses consultation with representatives of forest-dependent communities in the Ukraine's Carpathians in order to assess forest
policy alternatives and develop understanding of the values and preferences held by local people concerning forestry development in remote
rural areas. While public attitudes both affect and reflect policy decisions to empirically determine the inter-linkages has been difficult. The current
paper develops and applies a socio-economic deliberative support tool based on Q methodology to better understand public attitudes in order to
assist in the decision-making. The use of Q-method offers a potentially useful contribution to the assessment of forest policy options as it helps to
elucidate a range of attitudes and the spectrum of sustainability to which they may relate. When, as concerning forestry changes, input from
communities is important, the applied technique is unique, since its results are driven by the public, but all at once they are systematic and
scientifically rigorous. Important criteria of respondents' perspectives have been identified and key factors influencing the attitudinal diversity
explained. The paper has put forward some innovative perspectives on the areas of consensus and conflict between people. Despite at times the
opposite attitudes towards the future of mountain forestry, all identified attitudinal groups have a strong emphasis on woodlands regeneration.
The attention is being paid to the conservation of biodiversity and landscape's beauty, forest multi-functionality, attracting tourists in remote rural
areas and woodland development to increase the well-being of local communities. To conclude, the results of this study signify the necessity of
building resilience in the Ukraine's Carpathians through the promotion of a more sustainable management of forest multiple ecosystem services
as offering a wide range of benefits to the rural communities, environment, and the economy.
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IUFRO17-2049 Tree allometric relationships for structurally and species diverse forests

Forrester, D.* (1)
(1) Swiss Federal Research Institute WSL, Birmensdorf, Switzerland

Abstract: Allometric relationships are often required in forest growth models and to quantify the effects of biodiversity or stand structural
characteristics on forest growth and functioning. However, many of the available relationships were developed in monocultures, or they are
general relationships developed after combining data from different treatments. This can lead to severely biased predictions and conclusions.
The aim of this study was to examine how commonly used relationships between stem diameter and biomass (e.g. foliage, stem or root), height
or crown dimensions are modified by vertical structure (dominance), stand density or species composition. The analysis included a meta-analysis
of nearly 1000 published biomass equations for major European tree species. All stand structural variables significantly influenced the
relationships, but their effects differed widely between the target species. The inter-specific variability was often correlated with species traits
(wood density, shade tolerance). With this information, single "general" equations were developed for each given species that could be applied in
any stand structure and species combination. This approach could greatly improve predictions of biomass and carbon stocks in structurally and
compositionally diverse forests.

biodiversity, biomass allocation, stand structure

K9 (Konzerthaus Freiburg)

IUFRO17-2126 Effects of Diversity and Competition on Individual Tree Growth and Productivity Evidence from two Species-rich
Afrotemperate Forests

Seifert, T.* (1); Seifert, S. (2); Mensah, S. (3); Seydack, A. (4); von Gadow, K. (5)

(1) Stellenbosch University, Linnaeus University, Altomiinster, Germany; (2) Scientes Mondium UG, Altomiinster, Germany; (3) Stellenbosch
University, Stellenbosch, South Africa; (4) Self employed, Knysna, Germany; (5) Stellenbosch University, Georg-August University,
Stellenbosch, South Africa

Abstract: The warm-temperate African forests are species rich and multi-layered, representing a true challenge to understanding and modelling
forest community structure and dynamics. However, the structural complexity of those forests also provides a unique chance to improve our
understanding of underlying growth processes in order to improve the often oversimplified modelling approaches designed for less complex
ecosystems.

We present results of several decades of research on Afrotemperate and Northern Mistbelt forests, including an observational study with mapped
trees, which has been continuously re-measured since 1972. There is evidence to show to what degree species and structural biodiversity impact
on standing biomass and biomass productivity by studying the relationship between diversity, standing volume, increment and certain
characteristics of forest community structure. The influence of species diversity on standing biomass was significant.

The study shows species-specific sensitivity to competition. Individual trees change their sensitivity to competition from crowding (edaphic
competition) and overtopping (light competition) during their lifetime according to their social status and their presence within particular vertical
layers (under canopy, canopy, emergent). These findings may guide us on how we should model competition in empirical tree growth
simulations. Using merely one index as is often done, might not be sufficient to explain the complex changes between edaphic and light
competition in the different growth phases of a tree. We propose adaptation and refinement of the current growth modelling approaches in
complex multi-species forests to include model sensitivity to climate and competition effects using a combination of indices.

mixed forests, resource limitation

K9 (Konzerthaus Freiburg)
IUFRO17-3860 Modelling the growth and yield of mixed-species stands with the Tree and Stand Simulator (TASS)

Bealle Statland, C.* (1); Goudie, J. (1); Cameron, |. (2); Polsson, K. (1); Di Lucca, M. (1); Sattler, D. (1)

(1) B.C. Ministry of Forests, Lands and Nat.| Res. Operations, Forest Analysis and Inventory Branch, Victoria, Canada; (2) Azura Formetrics Ltd.,
Kamloops, Canada

Abstract: The Tree and Stand Simulator (TASS) is the primary simulation model used to project the growth and value of managed forests in
British Columbia, Canada, for timber supply analysis and silviculture decision support. A complex, individual-tree model that tracks tree crowns in
three spatial dimensions, TASS has a flexible structure amenable to adaptation for complicated species mixes and stand structures. In response
to management trends favouring greater stand-level diversity, the most recent work (TASS Ill) has adapted the simulator for high priority conifer
species combinations in B.C.--interior lodgepole pine with white spruce, and coastal Douglas-fir with western hemlock. Modelling of within-
canopy light has been incorporated and components governing height growth, crown rise and mortality of individual trees are now responsive to
light levels. Data for evaluating the predictions of mixed-species dynamics and yields are rare, however. We rely heavily on a few mixed-species
experiments and on creative use of permanent sample plots with mixed species. This presentation will emphasize the validation process and the
resulting growth and yield predictions for mixed-species stands from B.C. TASS Il software is available for PC computing platforms, and predicts
cubic volume, biomass, carbon, log and lumber yields, and performs financial analysis to guide stand-level investment decisions.

individual-tree spatial model, light modelling
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IUFRO17-105 A copula-based stochastic individual tree growth model for mixed species Acadian Forests

Kershaw, J.* (1)
(1) University of New Brunswick, Faculty of Forestry and Envir. Mgmt, Fredericton, Canada

Abstract: An innovative approach to modeling individual tree growth and development based on nearest neighbor imputation and copula
sampling is presented. The model uses individual tree records from approximately 20,000 permanent sample plots collected throughout
northeastern North America. A tree list structure similar tothe tree list structure required by FVS variants is used as the input and a combination of
nearest neighbor imputation and copula sampling is used to predict tree and plot development based on the 2.7 million individual tree records
database. Methods of incorporating climatic effects are explored. The model is simultaneously run multiple times and projection bounds are
developed at both the individual tree and plot levels. The model can be used to derived prediction certainties and to explore risk analyses in long-
term management. A general framework for how the model can be adapted to any permanent sample database is presented.

stochastic tree model, copulas, imputation

K9 (Konzerthaus Freiburg)

IUFRO17-1215 Scenario analyses of the transition to close-to-nature mountain forest management from the perspective of climate
change

Hilmers, T.* (1); Biber, P. (1); Knoke, T. (2); Pretzsch, H. (1)

(1) Chair for Forest Growth and Yield Science, TU Miinchen, Freising, Germany; (2) Institute of Forest Managment, TU Miunchen, Freising,
Germany

Abstract: Climate trends and drought events pose a particularly significant threat to forests, specifically those in mountain regions. From
silvicultural point of view forest transition to mixed, uneven-aged, and continuously covered stands may stabilize mountain forests and ensure
their valuable ecosystem services even in a changing climate. It will be shown how a transition to close-to-nature mountain forests in the German
Alps is supported by model based scenario analyses.

We show how the climate-sensitive individual tree simulator SILVA has been complemented by modules for stand regeneration (planting and
natural regeneration), silvicultural treatments (e.g., gap and slot cutting, shelter and femel coup cutting), and stand opening (e.g., cable crane and
rack lines). Typical initial stands were constructed based on forest inventory data. In order to include the regeneration phase being the most
decisive phase for silivicultural treatment the scenario simulations covered time spans of 150 years.

The results were compared and evaluated in terms of stand productivity, structural heterogeneity, stability and economic impact. The outcomes
allow a differentiated assessment of silvicultural options in these highly complex forests and underline the usefulness of a spatial explicit single
tree based modeling approach for forest practice.

modelling close-to-nature silviculture; conversion
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IUFRO17-1032 Stability of tree increment to episodic drought in uneven-aged, mixed stands

Danescu, A.* (1); Albrecht, A. (1); Bauhus, J. (2); Kohnle, U. (1)
(1) Forest Research Institute Baden-Wiirttemberg , Freiburg, Germany; (2) Faculty of Environment and Natural Resources, Freiburg, Germany

Abstract: Future increases in temperature and changes in the water cycle may negatively affect the growth performance of economically
important species such as Norway spruce, traditionally managed in monocultures. Recent studies have shown that mixing tree species does not
generally reduce water stress to individual species. Whether structural diversity, which is also advocated as a silvicultural approach to increase
the resistance and resilience of forests to climate change extremes, has similar effects has not been analyzed yet.

We investigated tree-ring growth reactions in Norway spruce and Silver fir to mild-to-extreme droughts in 28 stands in southwestern Germany,
which display a gradient of structural and species diversity. We modeled resistance, recovery and resilience of diameter increment as indicators
of growth stability using a mixed-effects framework as a function of species, drought intensity, tree size, thinning intensity, and diversity in species
and structure.

Silver fir proved more resistant and resilient than spruce, yet showed slightly lower recovery following drought years. Resistance and resilience
decreased with increasing tree size. Thinning increased the stability of tree-ring growth, whereas higher drought stress reduced it. For both
species, diversity in species or structure reduced resistance, increased recovery, but had no effect on resilience.

Our study indicates that Silver fir is more tolerant to drought stress than Norway spruce and confirms its potential as a silvicultural alternative to
spruce under climate change. Structural diversity appears to have a similar influence on the temporal stability of tree-ring growth as species
diversity.

increment diversity drought resilience tree-rings
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IUFRO17-1051 Predicting future harvesting potential in Switzerland: evaluation of a new climate-sensitive growth function in the
scenario model Massimo

Stadelmann, G.* (1); Rohner, B. (1); Zell, J. (1); Temperli, C. (1); Thdrig, E. (1)
(1) Swiss Federal Institute WSL , Birmensdorf, Switzerland

Abstract: Individual-tree growth simulators are a useful tool to predict growth and yield, as they allow for statistically representative estimations.
Such models are applicable for monospecific and mixed stands under varying management regimes and, with appropriate consideration of
demographic processes, climate change. The Management Scenario Simulation Model Massimo is an empirical individual-tree growth simulator
that is linked to the sample plots of the Swiss NFI. Massimo consists of the sub-models growth, losses (i.e. disturbance, harvesting and mortality)
and regeneration. We implemented a new climate-sensitive growth function and evaluated it against the function used so far. We simulated a
standard scenario with constant growing stock targets for one century and compared the old function and the new, climate-sensitive growth
function. We assessed the effects of both functions on forest growth under three variants of the A1B climate scenario (ECHAMS5/CLM: hot and
dry, ECHAM5/RCA: warm and dry, ECHAMS/REGCMS3: cool and humid). While most tree species benefited from increased temperature, their
growth was negatively influenced by increasing drought. Nevertheless, simulations resulted in generally increased gross growth. We conclude
that Swiss harvesting potentials may increase overall in future, however, with strong regional deviations.

growth simulator; Massimo; climate-sensitivity
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IUFRO17-1360 Social innovation in the Welsh Woodlands: the case of community efforts in woodland-based Third-Sector engagement

Ludvig, A.* (1); Wilding, M. (2); Thorogood, A. (2); Weiss, G. (1)

(1) University of Natural Resources and Life Sciences (BOKU), EFI - Central Eastern Regional Office EFICEEC , Vienna, Austria; (2) 2Llais y
Goedwig, Powys, Wales, United Kingdom

Abstract: The term "Third Sector" is an umbrella term for all organisations working with civil society in a not-for-profit capacity, differentiating
them from the public (First) and the private (Second) sector. Sometimes it is also referred to as the "civil sector". The paper sets out to examine
the specific challenges and success factors of two specific community centres located in the Welsh Woodlands: The Woodlands Skill Centre and
the Coppice Wood College. They are both social innovations as their activities are motivated by the goal of meeting a social need and are
developed and diffused through organisations whose primary purposes are social (Mulgan et al. 2007). Despite many differences in their ways of
inclusion and participation of stakeholders as well in their communal approach towards the organisational level, both projects have reached
successful levels of rural empowerment and bringing livelihood and income to the area. Both initiatives are long term projects with complex
governance structures, but different ownership structures and a different marketing of the services and goods they provide. The research insights
contribute with two empirical examples to insights about social innovation in rural areas, namely their "secrets of success" in procedural
determinants of origin and support factors.

Ecosystem services Wales LEADER communal services

K 2-4 (Konzerthaus Freiburg)

IUFRO17-4086 Social innovation, forest ecosystem services and sustainable agriculture: tensions and synergies around the
valorisation of Guadeloupean forest (FWI)

Barlagne, C.* (1); Nijnik, M. (1); Miller, D. (1); Hewitt, R. (1)
(1) The James Hutton Institute, Aberdeen, United Kingdom

Abstract: Sustainable use of forest ecosystem services could provide substantial contribution to the well-being of forest-dependent communities
but still, the vision of forests as a resource generate conflicts between stakeholders with diverging views. Based on the literature, we elaborate a
conceptual model of the interrelations between the social and the ecological system and of the role of social innovation in the delivering of forest
ecosystem services and sustainable agriculture. We apply our analysis to a Guadeloupean case study (FWI) where farmers have just initiated a
project with the aim to achieve the simultaneous objective of enhancing their agricultural and forest based livelihoods while maintaining the
provision of ecosystem services of the forest. Using semi-structured interviews of key representatives of different stakeholders' group we then
confront this model with stakeholders' vision and perception of the forest and examine the role of social innovation as well as its potential impact
on the delivering of an integrated valorisation of the forest. We present here the preliminary results of this work. Future prospects imply the use of
this model and participatory planning tools to help stakeholders build up a common representation of the services forest and agriculture can
deliver together and create synergies among them.

Socio-ecological system model, social innovation

K 2-4 (Konzerthaus Freiburg)
IUFRO17-1011 Benefits and Perceptions of Forests: The Case of Rural People in Bago Yoma, Myanmar

Soe, K. T.* (1); YOUN, Y.-C. (1)
(1) Ecological Economics Laboratory, Department of Forest Sciences, CALS, Seoul, Korea, Republic of (South Korea)

Abstract: Most of indigenous people in Myanmar live in or around the forest depending upon forest resources for their subsistence and
generating side income. This study analyzes the economic and environmental contribution of forest resources to rural community in Bago Yoma,
South-Central Myanmar, aiming at understanding their perceptions of benefits from the forest. Income accounting, income diversification and
NTFPs dependency were calculated to know share of income from NTFPs in total household income between agricultural land owners and
landless. Environmental benefits from the forest getting by the households, their willingness to participate in conservation activities and
awareness of deforestation were examined by ranking the scenarios of drivers of deforestation. Income from NTFPs has the highest positive
effect on landless households' total income among different income sources. Regulating local weather is the environmental benefit that rural
households received from the forests most. Households have more willingness to participate in forest conservation activities if there is alternative
income opportunities. As the extraction of NTFPs can provide main income from the forest, it is challenging the protection of forests. Therefore,
sustainable forest management should take into consideration the understanding of interaction between forest and rural communities by
formulating rural livelihoods strategies.

Forest, people's perceptions, complex interaction
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IUFRO17-3267 Biodiversity and ecosystem services in a rural to urban forested watershed near Mexico City

Avila-Akerberg, V.* (1); Gonzalez-Martinez, T. (1); Lopez-Mathamba, L. A. (1)
(1) Institute for Agricultural and Rural Sciences, Autonomous University of the State of Mexico, Toluca, Mexico

Abstract: The territory of Guadalupe dam watershed (GDW) is located in the central part of Mexico, abutting Mexico City in its lowest parts. With
a high altitudinal interval (2200-3870 m asl), a medium catchment size (38,000 hectares) and a high population (ca. 1,5 million inhabitants), it has
a unique natural beauty in the higher parts with many water bodies and crystal clear streams, vast and well-preserved vegetation cover and
forests of oaks, firs and pines, together with some productive activities like potatoe and wheat agriculture, extensive livestock breeding, trout
farming, silviculture and ecotourism. Biodiversity is fairly high, with an estimate of 1,600 species, mainly plants, animals and fungi, many of which
are endemic. At medium altitudes semi rural villages appear, with traditional maize croplands, intensive greenhouse agriculture and most of the
population activities related to the tertiary sector: services and commerce. In the lowest areas of the region, it is mainly a densely populated
urban area with circa 90% of the people living inside GDW in which contrasting living standards make different uses of the land. Governance is
complex with local communities and "ejidos" at the first level, together with municipalities; state and national regulations underline general.
Currently the territory of GDW has an important social and economic backwardness due to the lack of jobs and low levels of education, which
has resulted in increasing levels of migration to larger cities and the United States. Based on this problem our research intends to promote local
development strategies from a better understanding of land use, biodiversity and ecosystem services provision and valuation, together with local
environmental education in order to improve the living conditions of the people and strengthen their social capital.

ES valuation, environmental education, landscape
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IUFRO17-3244 Addressing the Confounding Effect of Insect Disturbance when Assessing Growth in Mixed Species Stands Following
Pre-commercial Thinning

Marshall, P.* (1)
(1) University of British Columbia, Vancouver, Canada

Abstract: An experiment to assess the impact of pre-commercial thinning on the growth dynamics of naturally-established stands in the central
interior of British Columbia, Canada was installed in 1990. Three thinning treatments and a control were employed within each of three blocks.
Two plots were located in each block-treatment combination for a total of 24 plots. The plots have subsequently been measured on 5 occasions.
The selected stands, although dominated by interior Douglas-fir (Pseudotsuga menziesii var. glauca), included varying amounts of several other
species including lodgepole pine (Pinus contorta). Much of the lodgepole pine originally growing in the plots were killed by the Mountain Pine
Beetle (Dendroctonus ponderosae) in the mid-2000s. Lodgepole pine trees were distributed unevenly among the plots located in the different
blocks and treatments and their subsequent mortality confounds the straightforward assessment of response to the thinning treatments. This
presentation compares the results of several approaches used to circumvent the impact of the disturbance when assessing the impact of the
various thinning treatments on the subsequent dynamics of these stands and concludes that an appropriately-specified mixed effects model can
effectively assess the tree growth response to the thinning treatments despite the confounding impact of the disturbance.

Interior Douglas-fir, Mountain Pine Beetle

K9 (Konzerthaus Freiburg)

IUFRO17-1496 Integrating effects of diversity, disturbances, and climate change into forest landscape modeling

Rammer, W.* (1); Seidl, R. (1)
(1) Institute of Silviculture, University of Natural Resources and Life Sciences, Vienna, Vienna, Austria

Abstract: Recent environmental and societal developments pose new challenges for the prediction of forest growth and yield. The need to
incorporate climate change and simulate non-analog future conditions calls for an increasing application of process based approaches.
Furthermore, recent findings on significant diversity effects on productivity suggest that a detailed representation of mixed forests is needed to
simulate tree growth. Also, a growing importance of landscape processes such as disturbances suggests that scaling up beyond the stand scale
is increasingly needed. We here present the individual-based forest landscape and disturbance model iLand as one possible means to address
these challenges. The model simulates competition for resources on the level of individual trees and is thus able to simulate the effects of tree
species mixtures mechanistically. Net primary production is estimated using a light-use-efficiency approach that is sensitive to changes in
climatic drivers. The model explicitly simulates forest landscapes up to several thousand hectares, considering landscape level processes such
as tree migration and disturbance by fires, wind, and bark beetles. We here present tests of the models ability to predict forest growth, comparing
simulations against independent data from thinning trials. Subsequently, we analyze the effect of tree species diversity on productivity, and its
interaction with disturbance impacts. Finally, we show how climate change alters disturbances and productivity in a mountain forest landscapes
of the Austrian Alps.

iLand, landscape modeling, climate change

K9 (Konzerthaus Freiburg)

IUFRO17-2442 Development of simulation framework WINDROT for prediction of damages caused by root rot, wind disturbance and
European spruce bark beetle

Honkaniemi, J.* (1); Piri, T. (1); Peltola, H. (2); Heliévaara, K. (3); Ojansuu, R. (1); Lehtonen, M. (1); Hynynen, J. (1); Kasanen,
R. (3)

(1) Natural Resources Institute Finland Luke, Management and Production of Renewable Resources, Helsinki, Finland; (2) School of Forest
Sciences, University of Eastern Finland, Joensuu Campus, Joensuu, Finland; (3) Dpt of Forest Sciences , University of Helsinki, University of
Helsinki, Finland

Abstract: The projected climate change is expected to increase the risk of various disturbances in the boreal forests of northern Europe. The
major risks threatening the Norway spruce (Picea abies) dominated stands are caused by root rot due to Heterobasidion species, wind storms,
and European spruce bark beetle (Ips typographus). In addition to growth losses and decrease in the timber quality, root rot decreases also tree
stability against wind loading and thus increase the vulnerability of trees to uprooting and stem breakage. Bark beetles use the wind damaged
trees as a breeding material and may emerge to outbreaks if large amounts of weakened trees are left in forest as unharvested. In our simulation
framework WINDROT, a stand level decision support system MOTTI simulates the growth and dynamics of tree stands as affected by forest
management, and provides inputs for mechanistic damage models simulating the dynamics and effects of disturbance agents. The simulation
framework can be used to analyze the sensitivity of different forest management regimes to the risks posed by these damages alone and in
interaction. The model performance analyses have showed that increasing root rot risk increases the risk for both wind damages and subsequent
bark beetle outbreaks. In this sense, assessment of these risks to forests would be crucial for forest management under the changing climate.

root rot, bark beetle, wind, modeling, Picea abies
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IUFRO17-2995 PINEA.pt - a tree growth and yield model for Pinus pinea L. in a multispecies and climate change paradigm

Abranches Freire, J. P.* (1); Mutke, S. (2); Calama, R. (2); Rodrigues, A. (3); Carrasquinho, I. (3); Santos Silva, C. (4); Ribeiro
Telles, M. (4); Tomé, M. (1)

(1) Instituto Superior de Agronomia, Centro de Estudos Florestais, Lisboa, Portugal; (2) INIA-CIFOR, Forest Research Centre, Madrid, Spain; (3)
INIAV, Instituto Nacional de Investigagdo Agraria e Veterinaria, Oeiras, Portugal; (4) APFC, Associagdo dos Produtores Florestais , Coruche,
Portugal

Abstract: Pinus pinea pine nut is the most important edible wild seed collected from Mediterranean forests. Retail prices for pine nut kernel
exceeding 120 euros kg-1 for several years have been one of the causes for the increase of Pinus pinea area planted in Portugal (above 50%
between 1995 and 2005 national forest inventories, representing the highest percent increase in Portuguese forest). The increase in stone pine
area is mainly due to new plantations or to the interplanting of stone pine in the cork oak sparse stands. Most of Portuguese adult stone pine
stands originated from natural regeneration and a large percentage is mixed with cork oak. Portugal has the largest stone pine area after Spain
and Turkey , but, by far, the biggest cone production per unit area, with very sparse adult stands producing over six tonnes of cones per hectare.
In 2004 and 2005, 73 Pinus pinea permanent plots were established into the most productive region for cone production in Portugal, the V
Provenance Region - "Charneca Miocénica e Pliocénica dos Vales do Tejo e do Sado" - in pure or mixed stone pine. The secondary species
were cork oak, maritime pine or holm oak and the stands covered a large range of competition conditions and tree ages. Diameter at breast
height, total height and height to the crown base and crown diameter have been measured in every tree in 2004/5, 2011 and 2015/6 in each plot.
Cones have been harvested and weighted on a tree basis several years in each plot, in some plots for all 13 years since.

This data base was used to develop the PINEA.pt forest growth and yield model for the species, applicable to Portuguese conditions and taking
into account the influence of other species and weather in all modules, allowing the simulation of tree growth and cone production considering
multispecies stands and multipurpose scenarios in a changing climate perspective.

Pinus pinea; nuts; modelling; weather conditions

K9 (Konzerthaus Freiburg)

IUFRO17-1070 Combining effects of mixing tree species and reducing stand density on radial growth during drought events

Bello, J. (1); Vallet, P.* (1); Perot, T. (1); Seigner, V. (1); Balandier, P. (1); Korboulewsky, N. (1)
(1) Irstea, Nogent-sur-Vernisson, France

Abstract: Several forest management strategies can be used to cope with climatic changes. Reducing stand density and mixing tree species are
two of them. Several studies investigated these strategies separately, but we do not know what the outcome would be if we used them conjointly.

The main objective of our study was to quantify tree species interactions effects on radial growth during a water stress period and to determine
whether these effects changed with different levels of competition (different levels of stand density).

This study was based on a long term triplet experiment (OPTMix) made of pure and mixed stands of mature Quercus petraea and Pinus
sylvestris in Orleans' forest (Central France). In this experiment, there are three repetitions of two densities (low and medium) in each
composition (pure oak, mixed stands, pure pine). We followed radial growth of trees through 270 manual dendrometers spread over 21 plots. In
each plot, the microclimate was monitored, and soil moisture sensors were set up at several soil depths in order to follow the drought.

We found that the mixture had no effect on oak growth, but a small negative effect on pines when there was a water stress during the summer.
Investigations are still in progress to determine if this result depends on stand density.

Reducing stand density and the mixing of tree species are promising strategies, but understanding their combining effects still require further
research.

seasonal growth, mixture, density
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IUFRO17-517 Developing Yield Model of Major Coniferous Species in South Korea

Choi, J. (1); Lee, D.* (1); Seo, Y. (2)

(1) Department of Forest Management, College of Forest and Environmental Sciences, Chuncheon, Korea, Republic of (South Korea); (2)
Institute of Forest Science, College of Forest and Environmental Sciences, Chuncheon, Korea, Republic of (South Korea)

Abstract: This study was performed to develop yield model for major coniferous species in South Korea. For this study, Pinus densiflora, Pinus
koraiensis, and Larix kaempferi were targeted and permanent plots were established in 38, 45, and 45 sites, respectively. Diameter at breast
height (DBH) and height were measured in all the permanent plots. After the measurement, a standard tree was cut in each plot for stem
analysis. Using the stem-analyzed data, stem taper equation and volume equation with two variables (DBH and height) were developed to
calculate stand volume in each plot. In addition, site index for this study was developed following Schumacher and Chapman-Richards models.
Relationships between stand volume and other variables, such as average DBH, dominant tree height, and number of trees per ha, stand age,
basal area per ha, site index, etc., were compared through scatter plots and coefficient of correlation. Finally, stand age, basal area per ha, and
site index were used as independent variables over stand volume for the yield model. Overall, scatter plots between stand volume and the
independent variables showed linear relation and coefficient of correlation was high. The coefficient of determination for the final yield model was
high in all the species. Therefore, this study is considered to provide the basic information on growth and yield for major coniferous species in
South Korea.

conifer, permanent plot, site index, yield model
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IUFRO17-2360 Determining nutrient sustainability of wood-biomass harvesting in German Forests based on monitoring data

von Wilpert, K.* (1); Vonderach, C. (2); Ahrends, B. (3); Zirlewagen, D. (4); Weis, W. (5); Kandler, G. (2); Rumpf, S. (3); Sucker,
C. (2); Puhlmann, H. (2)

(1) Forest Research Institute Freiburg, Kenzingen, Germany; (2) Forest Research Institute Freiburg, Freiburg, Germany; (3) NW-German Forest
Research Institute Goéttingen, Goéttingen, Germany; (4) INTERRA, Bureau for Environmental Monitoring, Kenzingen, Germany; (5) Bayerische
Landesanstalt fur Wald und Forstwirtschaft, Freising, Germany

Abstract: Demand on biomass harvest continues to increase. Nutrient export is particularly high for fuel-wood harvest. However, nutrient export
with harvest is not the only threat for the nutrient sustainability of forest soils, since soils in Central-Europe are widely affected by acid deposition.
Thus, sustainability of nutrient cycles becomes a crucial question for silviculture.

We present results of a study in Germany with 11.4 Mio ha forests. Data on biomass and nutrient export were derived from the National Forest
Inventory (NFI). Information on nutrient (Ca, Mg, K) input with deposition, weathering, and export with seepage was obtained from the Forest
Environmental Monitoring and transferred to NFI sites by means of multiple regression modelling. The regression models explain approximately
70% of the parameter variance. The uncertainty in budget calculations was estimated by means of Monte-Carlo simulations.

The study revealed that under the present environmental conditions, about one third of the sites show negative soil nutrient budgets. That applies
when the nutrient leakage with the soil seepage water exceeds the nutrient input by atmospheric deposition and rock weathering. Nutrient export
by timber harvesting contributes to further deterioration of soil quality. However, for most sites, this nutrient export is much lower than the nutrient
loss with seepage, with the exception of potassium. The results demonstrate the need to further decrease the input of acidifying compounds and
to restore the forest soil quality by liming or wood ash application. This would require in the average a repetition of the measures roughly once
per rotation period. Even if the harvest intensity including all assortments would be reduced - which would cause a harvest reduction of about 30-
40% - the nutrient budgets would for some site and regions still be negative.

Sustainable harvest nutrientbalance decisionmaking

K 1 (Konzerthaus Freiburg)

IUFRO17-680 Area-level analysis of forest inventory variables

magnussen, S.* (1); Fransisco, M. (2); Breidenbach, J. (3); Lanz, A. (4); Kéndler, G. (5)

(1) Canadian Forest Service, Victoria BC, Canada; (2) Oregon State University, College of Forestry, Corvallis, United States; (3) 3.
Norwegian Institute of Bioeconomy Research, As, Norway; (4) WSL, 4. Swiss Federal Research Institute, Birmensdorf, Switzerland; (5) 5.
Forest Research Institute, Freiburg, Germany

Abstract: Small area estimation is a subject area of growing importance in forest inventories. Modelling the link between a study variable Y and
auxiliary variables X - in pursuit of an improved accuracy in estimators - is typically done at the level of a sampling unit. However, for various
reasons it may only be possible to formulate a linking model at the level of an area of interest (AOI). Area-level models and their potential have
rarely been explored in forestry. This study demonstrates, with data (Y = stem volume per ha) from four actual inventories aided by aerial laser
scanner data (3 cases) or photogrammetric point clouds (1 case), application of three relatively new area-level models. The studied AOIs varied
in size from forest stands to forest districts, and municipalities. The variance explained by X declined sharply with the average size of an AOI. In
comparison to a direct estimate mean of Y in an AOI, a model with a significant spatial location effect in a covariate achieved, in three cases a
practically important reduction in the relative root mean squared error of an AOI mean. In one case two alternative non-spatial models achieved
almost a halving of the relative root mean squared error in a direct estimate. Smoothing of estimated sampling variances had no practically
relevant impact. In a forestry context, the pursuit of a spatial model component in area-level modelling appears promising.

EBLUP, nonstationary spatial effects
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IUFRO17-2548 Options for utilizing satellite LIDAR measurements in large-area forest monitoring

Schnell, S.* (1); Saarela, S. (2); Holmgren, J. (2); Stahl, G. (2); Olsson, H. (2)

(1) Georg-August-Universitat Gottingen, Chair of Forest Inventory and Remote Sensing, Goéttingen, Germany; (2) Swedish University of
Agricultural Sciences, Department of Forest Resource Management, Umed, Sweden

Abstract: In the near future new space-borne LIiDAR systems for monitoring the Earth's surface will become available. Such systems can be
considered as global sampling tools that have a great potential for facilitating the monitoring of forest resources in remote areas. To derive
estimates of specific population parameters, field observations need typically be linked to the satellite measurements. Here, different approaches
are possible: (1) field and satellite measurements are spatially aligned and can directly linked to each other or (2) the two sets do not cover each
other and airborne laser scanning is used as an intermediate layer to link field observations to satellite data.

The different sampling strategies were evaluated using Monte-Carlo simulations of repeatedly drawing samples from a simulated population with
known characteristics. For each population element, a full set of information from field, airborne laser scanning and satellite measurements was
available. Model-based and design-based inferential frameworks were employed to estimate above-ground biomass for the entire population and
within domains. A sensitivity analysis was conducted in terms of varying sample sizes.

The simulation study showed that for both approaches approximately unbiased estimators for population totals and variances are available and
can readily be applied when data from space-borne LiDARs become available.

model-based, design-based, Monte-Carlo simulation

K 1 (Konzerthaus Freiburg)

IUFRO17-4094 An Historically Consistent and Broadly Applicable Monitoring, Reporting, and Verification System Based on Landsat
Time-series

Cohen, W.* (1); Andersen, H.-E. (2); Yang, Z. (3); Healey, S. (4)

(1) USDA Forest Service, Forestry Sciences Lab, Corvallis, United States; (2) USDA Forest Service, Forestry Sciences Lab, Seattle, United
States; (3) Oregon State University, Department of Forest Ecosystems and Society, Corvallis, United States; (4) USDA Forest Service, Forestry
Sciences Lab, Ogden, United States

Abstract: In the context of the United Nations REDD Programme, we tested and developed a biomass monitoring system based on a model
using Landsat time series data that can be extended back in time annually to 1990. For the current period, the time series approach was
compared with a design-based estimate using over 800 national forest inventory (NFI) plots and a model-assisted approach based on 50 field
plots and lidar strip samples. At one site (one full Landsat scene) in Oregon, the three different approaches resulted in consistent estimates of
total aboveground live biomass, with low uncertainties: 290 +9 (1076 Mg), 286+12 (10%6 Mg), and 28015 (10"6 Mg) for the design-based, model-
assisted, and model-based approaches, respectively. We then applied the model-based approach to every year from 1990 to 2016 to derive
annual estimate of live biomass having an average uncertainty of 2.6% of the estimated live biomass. The annual biomass trajectory and
Landsat 30-m maps derived from this approach revealed biomass patterns closely related to the site's disturbance history that was tied to forest
management policy changes. We are further testing the model-based approach at five other sites distributed across different forest types in the
us.

Landsat-time-series, biomass, REDD
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IUFRO17-405 Cross-Boundary Modelling - The Paradigm of our Time?

Pommerening, A.* (1)
(1) Swedish University of Agricultural Sciences, Department of Forest Resource Management, Umea, Sweden

Abstract: Empirical modelling for projection has been a long-standing paradigm in forest science. This paradigm was also partly founded in the
long tradition of an industry-driven science. Over the last 20-30 years this has changed fundamentally: Forest Science has gained more
independence from industry requirements and has absorbed many staff and ideas from outside its own field. At the same time many new
challenges had to be addressed and accommodated, e.g. the excellence trend in science and climate change. In some instances this trend has
led to partial or full mergers with other fields of science and forest related research work has become more interdisciplinary. This has created a
fruitful environment for many new unprecedented approaches in forest modelling and the purpose of this paper is to introduce the session of
"Cross-boundary modelling in a changing world". Fields that have recently contributed a lot to forest modelling are plant physiology, physics,
point process statistics and individual-based ecology. This introductory talk gives a systematic overview of the different types of cross-boundary
models and their statistical and ecological motivation.

Trends, physiology, physics, spatial statistics
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IUFRO17-107 Modeling growth of trees by marked point processes evolving in time

Sarkka, A.* (1)
(1) Chalmers University of Technology, Gothenburg, Sweden

Abstract: We recall the so-called growth-interaction process, a time evolving marked point process, to model the growth of trees in a forest
(Renshaw and Sarkka, 2001). According to the model, new immigrants (trees) arrive randomly in time according to a Poisson process, have
uniformly distributed locations on the study region, and are assigned some initial sizes (diameters). In the successive small time intervals, each
individual either dies according to a simple death process, or changes its size deterministically. The growth is determined by an individual growth
function and an interaction function, which depends on the locations and sizes of the neighbouring trees. In addition to random death, a tree may
die due to this interaction. We will give examples of the growth and interaction functions and discuss the estimation of the parameters of the
model. Sarkka and Renshaw (2006) suggested a simple least squares method that compares the observed sizes of the trees with the model
based sizes. The approach was improved first by Cronie and S arkka (2011), who added an edge correction to account for the trees that are not
observed but affect the trees close to the boundary of the study region, and by Redenbach and S arkka (2013), who suggested to include the
spatial structure of the tree pattern in the least squares comparison. The methods will be evaluated in simulation studies and applied to a Scots
pine data in Sweden.

References

Renshaw, E. and Sarkka, A. (2001). Gibbs point processes for studying the development of spatial-temporal stochastic processes, CSDA 36, 85-
105.

Sarkka, A. and Renshaw, E. (2006). The analysis of marked point patterns evolving through space and time. CSDA 51, 1698-1718.
Cronie, O. and Sarkka, A. (2011). Some edge correction methods for marked spatio-temporal point process models. CSDA 55, 2209-2220.

Redenbach, C. and Sarkka, A. (2013). Parameter estimation for growth interaction processes using spatio-temporal information. CSDA 57, 672-
683.

Growth interaction; Least squares; Scots pine
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IUFRO17-479 Analysis and modeling spatial and spatial-ontogenetic structure of old-growth boreal forests by random point process
models with hierarchical interactions

Grabarnik, P.* (1); Heikkinen, J. (2); Aleinikov, A. (3)

(1) Russian Academy of Sciences, Pushchino, Russian Federation; (2) Natural Resources Institute Finland (Luke), Helsinki, Finland; (3) Centre
for problems of ecology and productivity of forests, Moscow, Russian Federation

Abstract: Spatial relationships between trees play a fundamental role in forest ecosystems and their dynamics, governing together with other
factors interaction, growth, mortality and regeneration processes in a plant community.

The study of spatial relationships is of great interest in plant ecology because it allows advancing our understanding of underlying ecological
processes by testing hypotheses in a more refined way. However, the consideration of spatial dependencies is comparatively new and only
recently advances in point process statistics and modelling of the last 3-4 decades allow us to explore this field of quantitative ecology in full
details.

When studying a forest or plant community spatial and demographic aspects are tightly coupled: Spatial patterns are the result of past ecological
processes and demographic changes of plant community. Both, temporal and spatial relations between trees can be captured under modelling
by hierarchical interactions (Genet et al., 2014). We considered a hierarchical structure of interactions to account for the fact that competition
between trees of different ontogenetic states is size-asymmetric. Unlike previous approaches, the new spatial model has the advantage of
allowing a straightforward interpretation of its parameters in terms of inter-tree competition. According to the analysis, the random point process
models with hierarchical interactions have the required flexibility to capture complex spatial tree patterns.

spatial patterns, inter-tree competition

105



IUFRO 125th Anniversary Congress, 18 — 22 September 2017, Freiburg, Germany

All Division 4 (Forest Assessment, Modelling and Management) Meeting

181 - Cross-boundary modelling in a changing world

Room "Colmar" (Novotel Freiburg)

IUFRO17-2493 Modelling canopy variables related to wildfire hazard with field data, LIDAR and other remote sensors

Alvarez-Gonzalez, J. G.* (1); Arellano, S. (1); Gonzélez-Ferreiro, E. (1); Lépez-Sanchez, C. A. (2); Ruiz-Gonzalez, A. D. (1)

(1) Universidad de Santiago de Compostela, Escuela Politécnica Superior, Lugo, Spain; (2) Universidad de Oviedo, Departamento de Biologia
de Organismos y Sistemas, Mieres, Spain

Abstract: Accurate knowledge of fuel characteristics is critical in forest fire management, as fuel constitutes a primary component of fire risk.
Wildfire planning is inherently spatial, requiring calculation, display and analysis of fire behaviour across large landscapes. Therefore, accurate
fuel mapping is required for using fire simulation systems, which are essential for establishing fuel treatment priorities and evaluating the
effectiveness of fuel management actions. One of the current main objectives of fuel management programs is the mitigation of crown fire
hazard, because these fires are usually intense and spread quickly, which makes them difficult and dangerous to suppress.

Crown fire initiation and spread are widely recognized to be determined by canopy fuel complex variables such as canopy bulk density and
canopy base height. Direct measurement of these variables is impractical at landscape level, and they are usually estimated indirectly by relating
them to other traditional forest stand variables.

Remote sensing techniques (RS) have the capacity to obtain spatially explicit data over large areas in a timely and economic fashion. Specially,
Airborne Laser Scanning (ALS) has proven to be a useful source of auxiliary data for describing the canopy fuel stratum, because it directly
measures the three-dimensional structure of forest vegetation, while satellite imagery adds important quantitative information to predict forest
variables at stand level.

Different approaches used to model the main canopy variables related to crown fire hazard from field data, ALS and satellite data are presented
in this study. The main advantage of modelling using RS variables is that these variables and metrics are available for all population elements,
and model-based inference could be used to predict the population value and its variance or to derive spatial-explicit maps of canopy variables
distribution, thus enabling a more realistic and accurate prediction of crown fire potential.

canopy variables, pine stands, crown fires
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IUFRO17-2936 Mixed-effect models for nonlinear natural processes

Mehtatalo, L.* (1); Peltola, H. (1); Laine, A. M. (2); Tuittila, E.-S. (1); Kilpelainen, A. (1)
(1) University of Eastern Finland, Joensuu, Finland; (2) University of Oulu, Oulu, Finland

Abstract: Linear models are suitable for such y-x relationships where g(y) can be expressed as a linear function of h(x); g and h are linear or
nonlinear transformations. Nonlinear models allow also relationships that are nonlinear with respect to regression coefficients. The use of
nonlinear transformations g(y) and h(x) in the linear model make it very flexible. Therefore, nonlinear models are not necessarily needed to model
the nonlinearity of y-x relationship. However, they can be used to fit parsimonious models based on the theory of the underlying process. They
allow model parameterization in terms of the parameters of interest and analyzing the effects of treatments and covariates on them. Random
effects are often needed to take into account the grouped structure caused by the experimental setup and repeated measurements.

| will demonstrate the use of nonlinear mixed-effects models in two recent papers. The first paper models the effect of thinning on the annual tree
growth using a sigmoidal logistic curve, which parameterizes the tree-level thinning effect using two parameters: (1) the reaction time needed to
recover from the competition and (2) the full thinning effect in terms of annual growth after the recovery period. Model fitting in a Scots Pine
thinning experiment showed that the reaction time is affected by the social position of the tree in the forest, whereas the full thinning effect is
affected by the thinning intensity. The second paper models the response of Sphagnum moss on the available light using a hyperbolic light
saturation curve, which is parameterized using three parameters: (1) respiration, (2) maximum photosynthesis, and (3) the linear response at low
light level. The nonlinear mixed-effect model allowed us to analyze the effects of various factors such as water table, temperature, treatments and
leaf area index simultaneously on all these parameters.

Nonlinear, mixed-effects, thinning, photosynthesis
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IUFRO17-999 Overview and results of the PROFOUND/ISIMIP multi-model comparison of climate change impacts on forests

Reyer, C.* (1); Partners, P. (2)
(1) Potsdam Institute for Climate Impact Research, Potsdam, Germany; (2) COST Action PROFOUND, na, Germany

Abstract: Changes in climate, environment and management are altering the world's ecosystems. Forests are of particular importance in this
context due to the significant economic, ecological and cultural services they provide. Projecting changes of these services for the next decades
is crucial for a concerted European response to environmental change. There are a number of challenges to meet. Mechanistic forest models
that can be extrapolated to new environmental conditions are still associated with considerable predictive uncertainty. The reasons are the lack of
harmonized datasets at larger scales and the difficulty to obtain robust methods for parameterisation, evaluation and model comparison that
make optimal use of the range of available data types and sources. This presentations gives an overview of the main achievements of the
"COST Action FP 1304 Towards robust projections of European forests under climate change" (PROFOUND) with a particular focus on its
harmonized, multi-model projections of climate change impacts on European forests. The database, model protocol and key results are being
presented and discussed within the framework of the wider, cross-sectoral Inter-sectoral Impact Model Intercomparison Project (ISIMIP).

COST Action, Forest models, Uncertainty
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IUFRO17-545 Models and data available for projecting future forest functioning

Ruiz-Benito, P.* (1); Hartig, F. (2); Lines, E. (3); Morin, X. (4); Reyer, C. (5); Mékela, A. (6); Palacios, A. (7); Yousefpour, R. (8);
Vacchiano, G. (9); Lehtonen, A. (10); Ibrom, A. (11); Zavala, M. A. (1)

(1) Universidad de Alcala, Alcala de Henares, Spain; (2) University of Regensburg, Faculty of Biology and Pre-Clinical Medicine, Regensburg,
Germany; (3) Queen Mary University of London, London, United Kingdom; (4) CNRS, Universite de Montpellier and Paul-Valery Montpellier,
Montpellier , France; (5) Potsdam Institute for Climate Impact Research, Postdam, Germany; (6) University of Helsinki, Helsinki, Finland; (7)
Universidad Politécnica de Madrid, Madrid, Spain; (8) University of Freiburg, Forestry Economics and Forest Planning, Freiburg, Germany; (9)
Universita degli Studi di Torino, DISAFA, Grugliasco , Italy; (10) Natural Resources Institute Finland (Luke), Vantaa, Finland; (11) Centre for
Ecosystems and Environmental Sustainability, Dept. Chem. Engineering, Roskilde, Denmark

Abstract: It is critical to increase our current understanding of how to best use models and data to generate knowledge and evaluate climate
change impacts, risks and its uncertainty in European forests. There is a wide variety of models to inform about climate change impacts and risks
on ecosystem services, including provisioning, regulating, supporting and biodiversity. Models range from e.g. empirical models to process-
based species distribution models, forest stand and gap models or DGVM. Generally, certain ecosystem services in forests are well described at
different spatial and temporal resolutions and extents, as e.g. growth/productivity, biomass or species presence/absence. There is, however,
other functions/characteristics poorly described as e.g. intra-specific and genetic variability, regulating services and responses to extreme
climatic and interactive events. We identified databases available of forest responses and drivers across Europe and match these data with the
data needs of different models. The main constraint is data available at high spatial resolution and large spatial extents about certain ecosystem
services (and mainly those related with regulation) and drivers (e.g. climate, disturbances, management). Overall, we suggest future generations
of process-based models with combined data from different sources (e.g. remote sensing, observational data) will pose a major advance on
knowledge about of climate change impacts and future risks.

climatic extremes, data, ecosystem services
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IUFRO17-3214 Bayesian inference for linking process-based forest models to data - state-of-the-art and challenges

Hartig, F.* (1); Cameron, D. (2); Dietze, M. (3); Minunno, F. (4); Reineking, B. (5)

(1) Theoretical Ecology, University of Regensburg, Regensburg, Germany; (2) Centre for Ecology & Hydrology, Edinburgh, United Kingdom; (3)
Boston University, Boston, United States; (4) University of Helsinki, Helsinki, Finland; (5) Irstea, Grenoble, France

Abstract: Process-based forest models offer significant advantages over more empirical modeling approaches, particularly for predicting
transient dynamics and forests responses to novel climatic conditions. A persistent problem, however, is their parameterization. Traditionally,
model processes and parameters are determined by independent measurements and expert knowledge, and model outputs are compared to
empirical data for validation and informal model comparison only. However, this approach has a number of limitations. Firstly, many model
parameters are difficult to measure, or not measurable at all. Secondly, constraining parameters by direct measurements only disregards a large
range of forest data on model outputs, such as data from inventories, distributions, remote sensing, eddy covariance or palaeorecords. And
thirdly, uncertainty is difficult to assess and integrate in the traditional parameterization paradigm. This talk will focus on Bayesian solutions to
integrating a wide range of forest data into process-based forest models. We will discuss the state-of-the-art of this approach and present
software solutions, protocols and case studies developed by the COST Action PROFOUND. Despite some open challenges, the experience of
PROFOUND highlights the potential of Bayesian inference as a consistent framework for model-data integration, with an unrivaled possibility to
integrate and project uncertainties, the latter being highly relevant for practical policy advice.

Bayesian, calibration, uncertainty
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IUFRO17-1157 Modeling changing forest disturbance regimes

Seidl, R.* (1); Thom, D. (1); Kautz, M. (2); Martin-Benito, D. (3); Peltoniemi, M. (4); Vacchiano, G. (5); Wild, J. (6); Ascoli, D. (7);
Petr, M. (8); Honkaniemi, J. (4); Lexer, M. J. (1); Trotsiuk, V. (9); Mairota, P. (10); Svoboda, M. (9); Fabrika, M. (11); Nagel, T. A.
(12); Reyer, C. P.. O. (13)

(1) University of Natural Resources (BOKU) Vienna, Institute of Silviculture, Wien, Austria; (2) Karlsruhe Institute of Technology ,
Garmisch-Partenkirchen, Germany; (3) Swiss Federal Inst. of Technology, Zurich, Switzerland; (4) Natural Resources Institute Finland , Vantaa,
Finland; (5) University of Torino, Grugliasco, Italy; (6) The Czech Academy of Sciences, Pruhonice, Czech Republic; (7) University of Naples
Federico II, Napoli, Italy; (8) Forest Research, Roslin, United Kingdom; (9) Czech University of Life Sciences, Praha, Czech Republic; (10)
University of Bari, Bari, Italy; (11) Technical University in Zvolen, Zvolen, Slovakia; (12) University of Ljubljana, Ljubljana, Slovenia; (13)
Potsdam-Institute for Climate Impact Research, Potsdam, Germany

Abstract: Around the globe natural disturbances are responding to ongoing changes in climate, increasingly challenging ecosystem
management. Yet, our understanding of disturbance change remains fragmented, limiting our ability to include disturbance impacts in simulations
of future forest trajectories. In order to advance forest disturbance modeling in a changing world our objectives were (i) to synthesize general
pathways of climate impact on forest disturbance regimes from the literature, and (ii) to highlight implications for simulation modeling and suggest
ways forward for increasing the robustness of future disturbance projections. We base our analyses on a comprehensive global synthesis of
climate effects on disturbances from fire, drought, wind, snow & ice, insects, and pathogens. We demonstrate that climate change will have
substantial direct effects on disturbances, but also alters disturbance regimes via indirect (i.e., vegetation-mediated) impacts as well as changes
in disturbance interactions. We subsequently contrast these profound impacts of climate change with the state of the art in disturbance modeling,
which is still widely dominated by empirical approaches and largely focuses on simulating disturbance agents individually. Here we argue that in
order to capture the effects of changing disturbance regimes in future projections it is important (1) to apply process-based models that are
robustly able to parse no-analog future conditions, (2) to jointly consider effects of climate change on disturbances and vegetation, and the
dynamic feedback between them, and (3) to explicitly consider the interactions between different disturbance agents in simulations.

natural disturbances; simulation modeling
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IUFRO17-3518 Different formulations of tree mortality lead to vastly different forest dynamics: an assessment across 15 models from
the stand to the global scale

Bugmann, H.* (1); Task Group 4.1, P. (2)

(1) ETH Zurich, Institute of Terrestrial Ecosystems, Zurich, Switzerland; (2) COST Action PROFOUND , Potsdam Institute for Climate Impact
Research, Potsdam, Germany

Abstract: Dynamic Vegetation Models (DVMs) are pivotal for assessing future forest dynamics. They include formulations of tree growth,
mortality, and regeneration, but quantitative knowledge for developing robust models of tree mortality is scarce. We evaluated 15 DVMs in terms
of their sensitivity to different formulations of tree mortality. While some mortality models are based on long-term monitoring data, others rely on
experiments, and some employ theoretical reasoning alone.

Each DVM was run with at least two alternative mortality algorithms. First, model behavior was evaluated against past time series data. Second,
the models were subjected to various scenarios of climate change for the 21st century.

Most DVMs matched empirical data well, irrespective of the mortality formulation . It turned out to be generally difficult to assess the suitability of
a mortality formulation based on past model behavior only. However, mortality algorithms that performed in a very similar manner when
evaluated against past data were often found to lead to sharply different trajectories of future forest dynamics. Model sensitivity to the mortality
formulation was about 2-3 times larger than model sensitivity to the climate change signal. Thus, it is indispensable to employ several alternative
mortality formulations in DVMs when assessing future forest dynamics.

Tree mortality; Global Change; Dynamic Model
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IUFRO17-1688 Modelling carbon allocation in forest ecosystems

Merganicova, K.* (1); Merganic, J. (2); Jonard, M. (3); Lehtonen, A. (4); Ostrogovic Sever, M. Z. (5); Makela, A. (6); Reyer, C.
(7); Fabrika, M. (2); Grote, R. (8); Vacchiano, G. (9); Collalti, A. (10)

(1) Technical University Zvolen, FORIM, Zvolen, Slovakia; (2) Technical University Zvolen, Zvolen, Slovakia; (3) Université catholique de
Louvain, Earth and Life Institute, Louvain-la-Neuve, Belgium; (4) The Finnish Forest Research Institute > Luke , VANTAA, Finland; (5) Croatian
forest research institute, Jastrebarsko, Croatia; (6) University of Helsinki, Department of Forest Sciences, Helsinki, Finland; (7) Potsdam Institute
for Climate Impact Research, Potsdam, Germany; (8) Karlsruhe Institute of Technology, Garmisch-Partenkirchen, Germany; (9) Universita degli
Studi di Torino, Grugliasco, Italy; (10) Foundation Euro-Mediterranean Center on Climate Change, National Research Council of Italy, Viterbo,
Italy

Abstract: Allocation of carbon to plant organs is considered as one of the most important plant adaptation mechanisms to environmental
changes. Several empirical studies presented that carbon partitioning between individual plant organs depends on environmental conditions and
stand structure. From the modelling perspective, carbon allocation is one of the crucial modules that affect the final outcome of forest simulators.
A variety of different modelling approaches of carbon allocation from simple methods based on fixed ratios up to highly sophisticated
thermodynamic approaches have been developed. They differ in the complexity and sensitivity to changes in site and stand conditions. In the
presented study we examine which modelling approaches of carbon allocation are most frequently used in forest simulators and analyse how
environmental factors affect the modelled partitioning of carbon. The study is based on the information gathered with a questionnaire distributed
to forest model developers worldwide. The results identify the possibilities to improve carbon allocation modelling in forest simulators to enable
them to appropriately reflect the ongoing changes in forest ecosystems in their output.

carbon partitioning, environment, model, pool
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IUFRO17-463 Natural data assimilation with a view to forestry

Muszta, A.* (1); Grafstrém, A. (1)
(1) Swedish University of Agricultural Sciences, Umed, Sweden

Abstract: We introduce natural data assimilation which is a particle filter applied to a dynamical system for which the state model is replaced by
a catalogue of measurements of historical state transitions and where a priori estimation of the state is done by finding successors of nearest
neighbours in the catalogue. When applied to an Ornstein-Uhlenbeck process, simulations indicate natural data assimilation to be comparable to
the optimal Kalman filter. We also describe a possible application of natural data assimilation to forestry, where the technique might be used to
deliver timely estimates of important forest characteristics based on remote sensing measurements.

Bayesian filter; Forest inventory; Remote sensing

Room "Colmar" (Novotel Freiburg)

IUFRO17-4070 Balancing bioenergy production and ecosystem services in the Alps

Leduc, S.* (1); Mesfun, S. (1); Patrizio, P. (1); Serrano Leon, H. (1); Kindermann, G. (1); Fuss, S. (2); Kraxner, F. (1)
(1) IIASA, Laxenburg, Austria; (2) MCC, IIASA, Berlin, Germany

Abstract: The role of renewable energy (RE) is considerably increasing due to the goal sets by the European Union by the year 2020 as well as
the withdrawal from the nuclear power production from Germany, Switzerland and partially Italy. In that respect, the Alps may be called the tank
of Europe, but this encounters that its resources are properly managed and used in a sustainable way. At the same time The Alps have a fragile
ecosystem threatened by the raise of global temperature. The economic and environmental potential will be address in order to identify the
balance between the production of bioenergy and the protection of ecosystems services.

The model applied is a techno-economic model, geographically explicit, BeWhere, that optimizes the location, capacity and technology of future
production plants, based on the minimization of the cost and emissions of the whole supply chain. Woody based biomass is the selected
feedstock that can be managed in a business as usual, production intensification or carbon sequestration maximization scenario. Different
bioenergy technology ranging from small medium and large scale are studied. All definitions of the protected areas in the Alps are harmonized
together with their geographic location to assess the level of human activities in each of them. Energy scenarios specific for each country that
belongs to the Alpine region will be run, in order to identify the bioenergy potentials from the woody based biomass and as well as the best
management practice.

The preliminary results show that a full protected scenario increases the cost of bioenergy production by at least 25% compared to a business as
usual scenario for a production of 15PJ. At the same time this will leave room for half of the Alps to be managed following a carbon sequestration
practices which will capture twice the amount of carbon compared to intensive biomass management practices.

The Alps, bioenergy, BeWhere, ecosystems services
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IUFRO17-1393 Genetic variation may buffer effects of climate change on distribution of forests: a trans continent application of
species distribution model

Chakraborty, D.* (1); Schueler, S. (1); Lexer, M. J. (2); Wang, T. (3)

(1) Austrian Research Centre for Forests, Department of Forest Genetics , Vienna, Austria; (2) University of Natural Resources, Vienna,
Department of Forest and Soil Sciences,, Vienna, Austria; (3) University of British Columbia, Forest Sciences Centre, Room 3034, Vancouver,
Canada

Abstract: Species distribution models (SDMs) are one of the most widely used tools to assess the impact of climate change on forest trees and
ecosystems. However, lack of mechanistic basis and explicit consideration of genetic variation are two important limitations for their application to
novel climate regimes expected in the future. With data from 50 provenance ftrials of Douglas-fir (Pseudotsuga menziesii [Mirbel] Franco) in
Austria and Germany we developed Universal Response Functions (URFs) that predicts growth performance of populations (dominant height
and basal area) as function of both climate of planting locations (environmental effects) and climate of seed origin (genetic effects). The URFs
were applied as SDMs (URF-SDMs) by converting growth performance to species occurrence by truncating the lower end of the response curve.
As a retrospective model validation the URF-SDMs were applied to predict observed presence and absence of Douglas-fir at 70000 locations in
North America. The URF-SDMs were also applied to predict suitability of Douglas-fir in Europe and North America for different seed origin and
climate change scenarios. Even though developed from data in Central Europe the accuracy of the URF-SDMs were surprisingly high and
comparable to contemporary SDMs developed in North America based on presence/absence data or process-based models. The URF-SDMs
predict contrastingly different suitability of Douglas-fir under climate change depending on the seed origin. The flexibility of the URFs as a
decision making tool is remarkable. The URFs can be applied to identify the best-performing planting stock for any location under current and
future climate and to map the most appropriate future habitat for a given planting material. Our results suggest that integrating genetic variation of
functional traits into SDMs will considerably broaden SDM applications from climate change impact studies to decision-making in forest and
conservation management.

climate change,species distribution model
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IUFRO17-1452 Climate drivers of regional forest dynamics

Lines, E.* (1); Coomes, D. (2)

(1) Queen Mary, University of London, School of Geography, London, United Kingdom; (2) University of Cambridge, Department of Plant
Sciences, Cambridge, United Kingdom

Abstract: Forest simulation models have proved extremely useful in understanding forest dynamics by scaling from tree-level processes to
landscape scales. However, typically their demographic sub-processes contain no climate dependencies, limiting their usefulness for
understanding the role of climate in shaping forest structure and for predicting the impact of climate change. National forest inventory databases
may be exploited to investigate the role of climate on tree-level processes, and the climate drivers of geographical ranges of different species, by
making a space-for-time substitution. We demonstrate the value of inventory data for determining the climate drivers of forest processes. By
scaling up from individual demographic rates using a forest simulation model, parameterised for mainland Spain, we determine the key climate
dependencies driving emergent forest properties, allowing defensible predictions of the impacts of climate change.

Forest modelling; climate change; demography
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IUFRO17-3460 Modeling forest dynamics across Europe: What can we learn from global sensitivity analysis?

Huber, N.* (1); Bugmann, H. (1); Lafond, V. (1)
(1) ETH Zurich, Departement Umweltsystemwissenschaften, Zirich, Switzerland

Abstract: Dynamic vegetation models, particularly forest gap models (FGMs), have been suggested as suitable tools for predicting species
ranges and range shifts because they explicitly represent population and community processes and allow us to understand non-equilibrium
situations. However, few FGMs have been applied across large spatial scales so far, e.g. across Europe. This may be due to parameterization
problems and insufficient or biome/site-specific representations of mechanisms.

We assess the behavior of a state-of-the art FGM (ForClim) across Europe by evaluating its sensitivity to parameters and underlying ecological
processes along a broad environmental gradient. We conduct a global sensitivity analysis of the model at 30 sites covering the main
environmental conditions of Europe.

The most influential parameters are related to tree establishment, the water and light regimes, growth and temperature, whereby the importance
of the latter strongly varies in space. Further, parameter importance differs strongly between monospecific and mixed stands as well as between
early and late succession. We identify key parameters for Bayesian model calibration and structural model deficiencies that need to be
addressed by improving process representations (e.g., of drought impacts) so as to improve the robustness of model projections under changing
climatic conditions at the European scale.

forest gap model,sensitivity analysis, mixtures
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IUFRO17-2217 Identifying the knowledge gap between climate change forest-impact modelers and stakeholders

Blennow, K.* (1); Gongalves, L. M.S. (2); Persson, J. (3); Borys, A. (4); Dutca, I. (5); Hynynen, J. (6); Janeczko, E. (7);
Lyubenova, M. (8); Martel, S. (9); Merganic, J. (10); Merganicova, K. (10); Peltoniemi, M. (6); Petr, M. (11); Reboredo, F. (12);
Reyer, C. (13); Vacchiano, G. (14)

(1) Swedish University of Agricultural Sciences, Alnarp, Sweden; (2) Polytechnic Institute of Leiria, Leiria, Portugal; (3) Lund University, Lund,
Sweden; (4) Potsdam Institute for Climate Impact Research, Potsdam, Germany; (5) Transilvania University of Brasov, Brasov, Romania; (6)
Natural Resources Institute Finland (Luke), Helsinki, Finland; (7) Warsaw University of Life Sciences - SGGW, Warsaw , Poland; (8) University of
Sofia "St. Kliment Ohridski", Sofia, Bulgaria; (9) French National Institute for Agricultural Research, Villenave d'Ornon cedex, France; (10)
Technical University of Zvolen , Zvolen, Slovakia; (11) Forest Research, Midlothian, United Kingdom; (12) New University of Lisbon, Caparica,
Portugal; (13) Potsdam Institute for Climate Impact Research, Potsdam , Germany; (14) Universita di Torino, DISAFA, Grugliasco TO, Italy

Abstract: Decisions on climate change adaptation critically depend on the information on which they are based. This paper reports the first
results of a study aiming to identify the knowledge gap between climate change forest-impact modelers and stakeholders. The study is being
conducted in the COST action PROFOUND and the results reported are based on 748 responses to an online survey to which all PROFOUND
scientists and stakeholders from 10 European countries had been invited in a systematic way. The survey includes questions relating to the
perceptions of climate change and its impacts on forests, options for adaptation as well as the tools developed to research these issues. Based
on the results presented, the paper discusses strategies for the adequacy of communications with respect to climate change impacts on forests
and options for adaptation.

communication; climate change; adaptation
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IUFRO17-682 Integrating silviculture and operational plans using real time decisions

Sessions, J.* (1); Strimbu, B. (1)
(1) Oregon State University, College of Forestry, Corvallis, United States

Abstract: Thinning is focused on providing intermediate goods and service while redistributing growth to remaining trees. In practice, the goal of
thinning is to determine which trees are to be removed that yield the best combination of immediate goods and services plus their removal effect
on the adjacent trees. Instructions or criteria are developed for the implementation crew as which trees are to be removed. We propose a new
thinning method that improve overall stand value, which combines remote sensing technologies with growth and yield models at the operational
level. First, above canopy point cloud data are used to identify tree locations, and execute a value analysis on the target trees and adjacent trees.
Second, below canopy camera images will supply the spatial information for cutting criteria in real time considering the target tree and adjacent
tree effects. Finally, tree identification using above canopy data includes omission and commission errors. To ensure complete representation of
all trees within stand, results with commission errors are used. Processing time for wall to wall representation of stand to which erroneous trees
are added are not significantly larger than non-erroneous data, as simulations suggest less than 2 min /location.

tree value; computer vision; segmentation
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IUFRO17-686 Establishing Confidence Envelopes for Trends and Their Derivatives in Phenological Time Series

Guan, B. T.* (1)
(1) National Taiwan University, School of Forestry & Resource Conservation, Taipei, Taiwan

Abstract: An important quest in ecology over the past two decades is to estimate the effects of warming on ecosystems based on long-term
observations, which should be trends over the time span considered. To understand the characteristics of the trends, it is imperative to estimate
their 1st- and 2nd-derivatives and to establish confidence envelopes (CEs), which are challenging tasks because of the nonlinear and
nonstationary nature of most of the ecological time series.

The present study combined ensemble empirical mode decomposition to extract trends and estimate their derivatives, and maximum entropy
bootstrap to establish CEs. Both methods do not require a structural, distributional, linear, or stationary assumption, and can be executed in
parallel because of their single instruction multiple data nature, which will efficiently provide realistic CEs based on large sample sizes. A case
study was presented by extending a previous work, which extracted the trends of a blackthorn (Prunus spinosa L.) first flowering date (FFD)
anomaly series and its corresponding temperature anomaly series. Bootstrap samples was decomposed individually to extract trend, and its 1st-
and 2nd-derivatives were estimated by 1st- and 2nd-order differencing, respectively. CEs for the trends and their derivatives of the observed
series were then established.

Although the extracted trends and their derivatives of the observed series corresponded well, the established CEs indicated that there were time
lags between the two trends and between the corresponding derivatives with FFD leading. More importantly, the established CEs indicated that
the acceleration would begin to decelerate quickly soon after a significant increase in temperature or advancement of FFD could be declared.
Thus, further investigations of the relationship between the two series and the nature of recent warming are warranted.

EEMD, Maximum entropy bootstrap

K 5-7 (Konzerthaus Freiburg)

IUFRO17-719 Forest structure assessment based on terrestrial laser scanning

Seidel, D.* (1); Puettmann, K. (2); Ehbrecht, M. (1)

(1) Silviculture and Forest Ecology of the temperate Zones, Gottingen, Germany; (2) Forest Ecosystems and Society, Oregon State University,
Corvallis, United States

Abstract: Currently, objective and quantitative indices to describe forest structure typically rely on easy to measure tree characteristics, typically

height and/or diameter. They do not account for variation in tree allometry or represent the stand structure holistically. Therefore, conventional

tree-based indices of forest structure as described above may not be a suitable tool to address ecosystem functions and services related to

forest structure, such as biodiversity, productivity, or resilience.

Terrestrial laser scanning (TLS) allows for a direct measurement of the three-dimensional stand structure. We present a new complexity measure

that is based on TLS taken in various stand types in the USA and Germany. We took almost 1500 single scan measurements and used these

data to calculate the mean fractal dimension (FD) of 1280 polygons per scan, with each polygon being a cross-section through the laser-based

point cloud of the stand. The effective number of layers (ENL), a laser-based measure of vertical heterogeneity, was then used to scale the mean

FD according to the vertical heterogeneity of the stand, i.e., each dimensionless FD-values was related to the spatial frame (stand dimensions) it

was measured in. The resulting index of stand structural complexity (SSC) proofed to be a meaningful measure of structural complexity that was

able to objectively distinguish the different stand types. In addition, it was also related to measures of tree species diversity (r 2= 0.14; p<0.001),
as well as microclimatic measures such as the variation in the mean daily temperature (r 2= 0.39; p<0.001) or vapor pressure deficit (r>=0.19;
p<0.001); suggesting that SSC is not simply a measures of stand structure, but also contains information about important ecosystem processes.

Fractal dimension, holistic, complexity
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IUFRO17-3653 Forest tree species mapping with use of Sentinel 2 imagery and forest inventory data: the case study in the Polish
Carpathians

Grabska, E.* (1); Zielonka, A. (1); Ostapowicz, K. (1)
(1) Institute of Geography and Spatial Management, UJ, Krakéw, Poland

Abstract: The Polish National Forest Inventory (WISL) is a primary source of data on forests and their changes in Poland. It is a relatively
accurate, complete and timely database updated in every 5-years cycles since 2005. Observations and measurements are performed on fixed
sample plots. Each L-shaped group of sample plots consists of 5 plots spaced 200m and groups are spread over a network of 4x4 km.

In this study we processed the described above WISL data and assessed their advantage of use in forest tree species classification based on
satellite images. We used here Sentinel 2 data. The study area was located in the Polish Carpathians, where forests are characterized by
significant heterogeneity, both in terms of species composition and other forest characteristics (e.g. forest stand age, property). We focused on
assessment, if the WISL data (cycle I, 2010-2014), taking into account the spatial distribution of sample plots and their sizes, can be used as a
reliable reference data for classification in both regional (the entire Polish Carpathians) and local (particular a forest district) scale.

We gratefully acknowledge support by the National Science Centre, project RS4FOR [project no. 2015/19/B/ST10/02127].

forest species classification, remote sensing
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IUFRO17-4092 A meta-analysis of loblolly pine growth and yield studies in the southern U.S.

Restrepo, H.* (1); Bullock, B. (1)
(1) Warnell School of Forestry and Natural Resources, The University of Georgia, Athens, GA, United States

Abstract: Loblolly pine (Pinus taeda L.) is the most commercially important forest species in the southern U.S. The performance of the species
has been methodically studied for almost a century; therefore, there is abundant information on loblolly pine growth. However, few studies have
been aimed at compiling this information. The aim of this research is to use meta-regression to statistically synthetize suitable loblolly pine growth
and yield studies in the southern U.S. As a theoretical framework, the growth and yield models were split into a few core factors: age, site quality,
genetics, density, and management. There were 18 studies selected out of over 500 papers evaluated. Growth factors were included in the
Schumacher model to estimate yield for four dependent stand level variables: diameter at breast height, total height, basal area, and volume. All
growth and yield factors were statistically significant in the diameter and height models, but genetic background was not statistically significant in
the basal area and volume models. Meta-analysis and meta-regression are very promising techniques in forestry to strengthen conclusions about
the effect of factors related to growth and yield of important forest species. Consolidated the information about loblolly pine growth and yield
using statistical procedures should lead to more reliable estimations to implement in forest planning and operations, reduce the uncertainties
associated with yield estimates, and to enhance the analyses of timberland investment. However, more steps are required to improve estimated
models in this research: increasing the number of selected studies, trying different factors/variables arrangements, and including interactions.

Pinus taeda L., genetically improved trees
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IUFRO17-3225 Price Impact Analysis of Increased Biofuel Production on Forest Feedstock Markets: A Spatial Explicit Approach for
Sweden

Ouraich, I.* (1); Lundmark, R. (1); Forsell, N. (2)
(1) Luled University of Technology, Luled, Sweden; (2) International Institute for Applied Systems Analysis (IIASA), Laxenburg, Austria

Abstract: This paper introduces a model of price determination to analyze the impacts of increased biofuel production on forest feedstocks
markets in Sweden. The model is based on a spatially-explicit, demand-supply framework. Data on forest biomass supply and harvest cost at the
gridcell level is available for Sweden for 334 0.5x0.5 degree gridcells. We use the data to construct supply curves, both at the national level and
sub-national level. The supply and harvest cost data is available for four forest commodities: branch & tops, pulpwood, sawlogs and stumps. The
latter are further distinguished depending on the type of harvest operation: thinning or final felling. On the demand side, the model is calibrated
using data on current demand for each feedstock at gridcell level. Demand scenarios for different biofuel targets are generated from the
BeWhere-Sweden model at the gridcell level, which allow us to investigate the potential impacts on market price as approximated by the harvest
cost data. We run simulation scenarios for increased biofuel production from forest biomass for Sweden: a 10 and 20 terawatt hour (TWh) of
biofuel by 2030. As expected, the results show that increased demand pressure on the forest biomass will tend to push prices up. The
magnitudes of change are highest for pulpwood and branches & tops from final felling, where they reach 0.004% to 18.95% and 0.001% to 7.2%
respectively. With respect to the spatial distribution of price change, we notice that it matches expectations as they map out with the spatial
distribution of supply and demand.

Biomass, Forestry, Sweden
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IUFRO17-1081 A Monte Carlo appraisal of the estimation of forest tree abundance and basal area by terrestrial laser scanning

Corona, P. (1); D'Amati, M. (2); Di Biase, R. M.* (3); Fattorini, L. (2)
(1) CREA-SEL, Arezzo, Italy; (2) Universita di Siena, Siena, Italy; (3) Universita degli Studi della Tuscia - DIBAF, Viterbo, Italy

Abstract: Terrestrial laser scanning (TLS) provides a measurement technique that can acquire accurate level of detail from the surrounding area,
which allows rapid and automatic recording of several forest attributes. However, non-detection of trees is a serious problem for the use of TLS in
forest surveys because there is no way to achieve the actual inclusion probabilities of detected trees until some assumption on the detection
process are introduced. We assume a detection function giving the probability of detecting a tree at a given distance from the point at which TLS
is located. We use the conventional distance sampling to determine the inclusion probabilities of detected trees and subsequently develop
adjusted estimates of forest tree abundance and basal area in a hybrid inferential approach. A simulation study is performed to compare the
distance sampling estimator based on a beta detection function with the Horvitz-Thompson estimator based on conventional plot sampling. We
have stipulated several values for the maximum distance. Regarding the sampling design, TLS measurement points and the corresponding plots
used for the comparison are assumed to be located in accordance with uniform random sampling and tessellation stratified sampling.

distance sampling, plot sampling
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IUFRO17-349 Geostatistical model-based estimation of forest biomass in interior Alaska combining landsat derived tree cover,
sampled airborne lidar and field observations

Babcock, C.* (1); Finley, A. (2); Andersen, H.-E. (3); Cook, B. (4); Morton, D. (4)

(1) University of Washington, Seattle, United States; (2) Michigan State University, East Lansing, United States; (3) USDA Forest Service,
Seattle, United States; (4) NASA Goddard Space Flight Center, Greenbelt, United States

Abstract: Lidar data provide critical information on the three-dimensional structure of forests. However, collecting wall-to-wall laser altimetry data
at regional and global scales is cost prohibitive. As a result, studies employing lidar data for large area estimation typically collect data via strip
sampling; leaving large swaths of the forest domain unmeasured by the instrument. The goal of this research was to develop and examine the
performance of a geostatistical coregionalization modeling approach for combining field inventory measurements, sampled airborne lidar, and
landsat-based data products to predict aboveground biomass (AGB) in interior Alaska's Tanana Valley. The proposed spatial modeling strategy
facilitates point-level mapping of AGB density and provides a statistically sound approach for estimating total AGB for areal units. This research is
keenly focused on the appropriate characterization of prediction uncertainty in the form of predictive coverage intervals and standard errors.
Using the framework detailed here, it is possible to quantify estimation uncertainty for any spatial extent desired, ranging from pixel-level
predictions of AGB density to estimates of AGB stocks for the full domain. The lidar informed coregionalization models consistently outperformed
their counterpart lidar-free models in terms of point-level predictive performance and total AGB precision. Additionally, the inclusion of landsat-
derived forest cover further improved estimation precision in regions with lower lidar sampling intensity. Our findings also demonstrate that
model-based approaches that do not explicitly account for residual spatial dependence can grossly underestimate uncertainty, resulting in falsely
precise estimates of AGB. On the other hand, in a geostatistical setting, residual spatial structure can be appropriately modeled within a Bayesian
hierarchical framework to obtain statistically defensible measurements of uncertainty for AGB estimates.

Bayesian hierarchical model; small area estimation
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IUFRO17-2420 Identification of forest carbon stock change using Landsat data and field data for REDD+ reference setting

Hirata, Y.* (1); Saito, H. (1); Leng, C. (2); Sophyra, S. (2)

(1) Forestry and Forest Products Research Institute, Tsukuba, Japan; (2) Administration for Nature Conservation and Protection, Phnm Penh,
Cambodia

Abstract: This study aims to identify forest carbon stock change using Landsat data and field data for REDD+ reference setting. We acquired
time-series Landsat images of Cambodia, and field survey was carried out to estimate forest carbon stock at the grids with 3-km interval where
interpretation of land cover type was conducted on the Google Earth to obtain ground truth data and verification data of the classification. After
atmospheric correction of Landsat data, we performed object-based classification using them. Statistics on reflectance in each band

of Landast data were also calculated for those objects. We made an object-based model to estimate forest carbon stock from the satellite data by
multiple regression analysis using the field-based carbon stock estimate as the object variables and statistics of satellite data as explanatory
variables. Forest carbon in each object was divided into three class for evergreen forest and two classes for other forest types, and classes of
forest carbon stock were mapped. We identified and mapped changes to a small forest stock class using carbon stock class maps of two different
dates to identify forest degradation. This approach makes it possible to introduce evaluation of loss by forest degradation in REDD+ reference
setting.

REDD+, reference, object-based classification
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IUFRO17-1368 New sustainable business models in forest bio-economy to gain added value for rural areas

HOFFMANN, C.* (1); KECA, L. (2)
(1) EURAC Research, European Academy of Bolzano, Bolzano/Bozen, Italy; (2) University of Belgrade, Faculty of Forestry, Belgrade, Serbia

Abstract: Being competitive in processing and refining forest raw-material induces economic value (EV). Although the two value chains of wood
chips and non-wood forest products (NWFPs), presented in this paper, operate under different conditions and business-strategies, it is equal to
both that the added value they gain depends economically on the refinement strategy and socially on sustaining jobs and rural vitality. Thereby,
technical and digital progress and the mutual dynamics of rural urban relationships are decisive to professionalize marketing and logistics for
extending the demand of domestic forest products. The paper analyses key factors enabling sustainable bio-economic business-models, how
they impact rural economy and if that is an appropriate recipe to diminish the rural urban divide. Case studies are taken as references to identify
best ways to use funds and for defending exigency to introduce new forest and NWFPs products according the purpose assessment of resources
and probable market opportunities. Thereby, light is shed on the horizontal and vertical contributions of actors and intermediate suppliers along
the value added chain. By means of the Boston Consulting Group (BCG) matrix, the growth rates of purchase, sales, domestic and export
markets are evaluated. Additionally, the conflicts between micro-economic interests and macro-economic benefits are stated. Thereby, cascade
timber-processing according to the materialistic or energetic timber-usage or interdependencies between silvicultural management and required
site-conditions for NWFPs are also discussed.

bio-economy, value added chain, interest-conflict
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IUFRO17-842 Analyses of value added chains and changes in value added in the wood-processing industries in Germany

Rosenkranz, L.* (1); Seintsch, B. (1); Dieter, M. (1)
(1) Thinen Institute of Int. Forestry and Forest Economics , Hamburg, Germany

Abstract: In the past years, the demand, and therefore the competition, for wood and timber use in Germany has increased strongly. Especially
the increasing nature protection requirements for German forests result in a reduction of the domestic wood-supply available for the German
timber industry.

Against this background, we developed and applied methods for the assessment of the economic impacts of changes in wood-supply for the
German wood-processing industries.

We developed a method for determining average figures of value added and employment of wood-based value added chains, using official
statistics. Based on these figures, the average value added and employment through use of an average unit of wood or wood-based intermediate
input and, subsequently, the effect of changes in wood-supply can be estimated in wood-based value added chains.

By means of a decomposition analysis, we evaluated the effects of value added and the role of wood as intermediate input in the sawmilling and
wood processing industries. Based on statistical data, we developed a decomposition method that can be used to determine changes in product
and intermediate input prices as well as in growth and structural effects. A special focus was set on the impacts of price and quantity changes
based on the input of wood-based products. For the sawmilling industry a connection between wood input and economic growth could be
detected. Furthermore, the high importance of wood and wood-based inputs for the sawmilling industry could be shown.

value added chains, timber industry, decomposition
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IUFRO17-1351 The last primary forest remnants in Europe: their spatial distribution and determinants

Sabatini, F. M.* (1); Burrascano, S. (2); Keeton, W. S. (3); Levers, C. (1); Lindner, M. (4); Potzschner, F. (1); Verkerk, H. (4);
Kuemmerle, T. (1)

(1) Dept. of Geography, Humboldt-Universitat zu Berlin, Berlin, Germany; (2) Dept. of Environmental Biology, Sapienza, University of Rome,
Rome, Italy; (3) School of Environment and Natural Resources, University of Vermont, Burlington, United States; (4) European Forest Institute,
Joensuu, Finland

Abstract: The widespread historical deforestation and exploitation of forests for wood products have led to the almost complete disappearance
of virgin forests from Europe. When not intensively influenced by humans, forests recover through secondary development and accumulate
structural features (e.g. deadwood, large trees, species composition) typically associated with late-successional dynamics. For several reasons,
including some de-intensification of forest management, the proportion of structurally complex forests has increased in many European countries
in the last decades, with benefits for ecosystem services and biodiversity.

Identifying both virgin and late-successional forests, here jointly indicated as 'primary' (i.e. relatively intact forest areas that have always or at
least for the past eighty years been essentially unmodified by humans), is crucial for addressing key forest ecosystem sustainability issues.
These include developing a better understanding of forest natural dynamics, assessing biodiversity baselines, and exploring synergies and trade-
offs among ecosystem services and biodiversity.

Yet, many primary forests remain undiscovered and unprotected, especially in Eastern Europe. We produced the first map of known European
primary forests aggregating information via: 1. a thorough interdisciplinary literature review (>600 papers checked), 2. an online questionnaire
(sent to ~130 experts), and 3. the creation of a network of 31 forest experts from 23 countries. Using this data and a comprehensive set of
biophysical and socio-economic variables, we developed a spatially-explicit model to understand the spatial determinants of primary forest
persistence and re-development. We show that historical land-use patterns were constrained by specific environmental and socio-economic
conditions in the European context, and predict the possible occurrence of other, but overlooked, stands in areas with similar characteristics
compared to existing primary forest remnants.

old-growth, virgin forest, spatial determinants
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IUFRO17-1628 Convergence and diversity: international comparability of forest accountancy data networks and approaches for
assessing the economics of small-scale farm forestry in the DACH-region

Toscani, P.* (1); Sekot, W. (1); Burgi, P. (2)

(1) University of Natural Resources and Life Sciences, Vienna, Institute for Agricultural and Forestry Economics, Wien, Austria; (2) School of
Agricultural, Forest and Food Sciences HAFL, Forest Production, Zollikofen, Switzerland

Abstract: The countries of the DACH-region [Germany (D), Austria (A) and Switzerland (CH)] share a long tradition in monitoring the economic
situation of bigger forest enterprises by means of forest accountancy data networks (FANs). In spite of general similarities, international
comparisons and benchmarking exercises are hampered by the diversity of definitions as well as sampling and accounting concepts. The paper
reflects potential misinterpretations of differing results from national FANs and highlights the hitherto achieved advances of the so-called "DACH-
Initiative". By designing adapted reports, introducing additional items and agreeing on common definitions, the compatibility of the data could be
improved substantially. Nevertheless, some fundamental differences remain so that sound comparisons still require experts' knowledge.

Due to the different patterns of forest ownership, the economics of small-scale farm forestry (SSFF) is more or less significant for sector statistics
in the three countries. Hence, the DACH-region provides references for assessing SSFF at quite different levels of sophistication and thus also
up-to-date evidence for the range of approaches identified by the EU project on Monitoring the Socio-Economic Situation of European Farm
Forestry (MOSEFA). National farm accountancy data networks focussing on agriculture prove to be more or less suitable for this purpose.
Economic modelling may even allow for representative results as demonstrated in the case of Austria.

ratio analysis, small-scale forestry, MOSEFA
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IUFRO17-2605 Forest planning, innovative practice and knowledge co-creation: an overview

Lawrence, A.* (1); Nelson, H. (2); Hoogstra-Klein, M. (3); Keenan, R. (4)

(1) University of the Highlands and Islands, Inverness, United Kingdom; (2) Faculty of Forestry, University of British Columbia, Vancouver,
Canada; (3) Forest and Nature Conservation Policy Group, Wageningen University, Wageningen, Netherlands; (4) School of Ecosystem and
Forest Sciences, The University of Melbourne, Melbourne, Australia

Abstract: Forestry is characterised by hierarchical and planning processes, but these traditions have been challenged for more than a decade
as forest management priorities and practice evolve away from a single focus on sustainable timber yields and towards a diversity of
management objectives. In recent years these challenges have increased as researchers and practitioners highlight uncertainties related to
climate change and other aspects of 'global' change including economic and political, and call for resilience. New paradigms for natural resource
planning have been recommended by many academics, planning theorists, and practitioners.

This paper is an overview paper which sets out the issues and a framework for the papers in this session. It reviews forest planning; knowledge
transfer and knowledge exchange processes within that framework (command-and-control vs. alternatives); uncertainty, innovation, learning and
knowledge generation processes; and the relationship with resilience. It organizes contributions around two questions: how do forest practitioners
cope with uncertainty, particularly in relation to knowledge and innovation; and how can forestry planning structures support practitioner
innovation, knowledge co-production and integration of experiential learning with more conventional scientific knowledge. We set out an agenda
for researching options for knowledge exchange, enabling environments and institutional reforms to complement efforts to improve knowledge
exchange, and the implications for forest planning.

knowledge exchange, adaptive management
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IUFRO17-855 Coping with uncertainty - exploring the adaptive capacity of Dutch forest managers

Hoogstra-Klein, M.* (1); Hengeveld, G. (2)

(1) Forest and Nature Conservation Policy group, Wageningen, Netherlands; (2) Forest and Nature Conservation Policy group, Biometris,
Wageningen, Netherlands

Abstract: The rapid and turbulent changes in our world create large uncertainties for forest managers on a myriad of factors, such as the climate,
market conditions, legal frameworks, and their impacts. Over the last decade, incorporating resilience in forest management as a way to
acknowledge and operate under these large and uncertain changes, has become more and more prominent. Rist and Moen (2013) even talk
about resilience-based approaches as a new management paradigm. Planning for resilience in forest management, however, requires an
understanding of forest managers' ability to adapt to changes. Therefore, in this research, we examine the adaptive capacity of Dutch forest
managers. Using Protection Motivation Theory as a framework, two cognitive factors, i.e. perceived risk perception and perceived adaptive
capacity, are determined. Both factors combined have been shown to play a strong role in whether an individual adapts to change or not. Data
are collected using an online survey directed to both public and private forest managers, responsible for the day-to-day management of areas
varying in size between very small (< 5 ha) to very large (> 1000 ha). The results of the survey form, in combination with data from the 6th
National Forest Inventory, an indication of the Dutch forest area where managers feel able to cope with changes, as an indicator for the resilience
of the Dutch forest sector.

adaptivity Netherlands resilience risk uncertainty
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IUFRO17-4077 Climate futures in place: Using interated collaborative scenario building for adaptive landscape governance

Williams, D.* (1); Murphy, D. (2); Wyborn, C. (3); Yung, L. (3)

(1) US Forest Service, Rocky Mountain Research Station, Fort Collins, United States; (2) University of Cincinnati, Cincinnati , United States; (3)
College of Forestry, University of Montana, Missoula, United States

Abstract: Three case studies are presented to show how local decision-makers address uncertainties in climate adaptation. Each case used an
iterated collaborative scenario-building process to engage local stakeholders in discussions about the social, ecological, and climate interactions
in three alternative futures. Based on our research and the literature, we posit that all adaptation decisions are challenged by three attributes:
uncertainty, variability, and cross-scalar interactions. Drawing on our insight into the varied ways that planners and stakeholders express and act
on uncertainty, variability, and scale, this paper examines the interactions between these attributes and the implications for adaptation forest
governance. Comparison of the cases demonstrates a number of beneficial elements to this methodology. Scenario building was found to be a
useful tool for enhancing adaptive capacity, dealing with climate uncertainties and represents a way to co-produce and incorporate experiential
knowledge for natural resource planning. The scenario-building process enabled participants to pursue a future desirable state within certain
parameters and in interaction with other local actors at various scales. This interaction permitted the identification of possible future disputes as
well collaboration and constraints as well as opportunities. One of the remaining barriers to using collaborative scenario building practices as a
collaborative forest planning practice in the US is that current public sector forest planning practice remains anchored in Newtonian model of
knowledge creation and application, whereas planning for large scale landscape changes necessitates methodologies suited to complex
adaptive systems that more effectively engage uncertainties and the co-creation of knowledge.

climate uncertainty, collaboration, governance
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IUFRO17-1138 Forest planning as a stick and a sermon: framing options for adaptation and innovation

Brukas, V.* (1)
(1) SLU, Southern Swedish Forest Research Centre, Alnarp, Sweden

Abstract: The call of the session denotes that "Conventionally practitioners are seen as the recipients of knowledge from science, and
implementers of decisions from planners". However, our earlier studies (e.g. Brukas and Salln &s 2012, Brukas et al. 2013) demonstrate that the
practitioners' degrees of freedom differ significantly between countries. This is due to a number of factors such as the established forestry
paradigms, professional ideology, and mixes of policy instruments. Forest planning is interwoven with these background factors and it can serve
for operationalizing command-and-control approaches but it can also function as informational instrument without rigid prescriptions. The
proposed presentation will illustrate such varying applications of planning by example of two European countries, Lithuania and Sweden. This will
set framework for discussing the options that the different instrumentation of planning provides for coping with uncertainty and fostering
innovation by forestry practitioners.

Policy, management planning, decision freedom
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IUFRO17-1941 Adapting natural resource management to climate change through science-management partnerships

Halofsky, J.* (1); Peterson, D. (2)

(1) University of Washington, School of Environmental and Forest Sciences, Seattle, United States; (2) United States Forest Service, Seattle,
United States

Abstract: Concrete ways to adapt to climate change are needed to help natural resource managers take the first steps to incorporate climate
change into management and take advantage of opportunities to balance the negative effects of climate change. We recently developed several
local and regional-scale science-management climate change adaptation partnerships with national forests, national parks and other
stakeholders in the western United States. Goals of the partnerships were to: (1) synthesize published information and data to assess the
exposure, sensitivity, and adaptive capacity of key resource areas, including water, fisheries, vegetation, disturbance, wildlife, cultural heritage,
recreation and ecosystem services; (2) develop science-based adaptation strategies and tactics that will help to minimize the negative effects of
climate change and assist the transition of biological systems and management to a warmer climate; (3) ensure adaptation strategies and tactics
are incorporated into relevant planning documents; and (4) foster an enduring partnership to facilitate ongoing dialogue and activities related to
climate change in the partnerships regions. After initial vulnerability assessments by agency and university scientists and local resource
specialists, adaptation strategies and tactics were developed in a series of scientist-manager workshops. The final vulnerability assessments and
adaptation actions are incorporated in a series of peer-reviewed technical reports. The partnerships produced concrete adaptation options for
national forest and other natural resource managers and illustrated the utility of scientist-manager workshops in adapting to climate change.

adaptation, climate change

K 5-7 (Konzerthaus Freiburg)

IUFRO17-2967 Role of local knowledge in community forest management: the case of idundakiyave miombo woodland, Tanzania

Bala, P. (1); Bala, P.* (2); Musinguzi, P. (1); Lund, J. (1); Meilby, H. (1); Chomba, S. (3)

(1) University of Copenhagen, Copenhagen, Denmark; (2) Kenya Forestry Research Institute, Kitui, Kenya; (3) Centre for Evidence-Based
Development in Africa, Nairobi, Kenya

Abstract: Technical Forest Management Plans (TFMP) are popular in Participatory Forest Management (PFM) systems.They are often
flawed,costly,and rarely used to inform practices. They partly contribute to delayed decentralization of use right to locals.Information on the
potentials of local knowledge as alternatives to TFMP under PFM is scanty.This study sought to explore local forest managers' understanding of
changes and trends in Miombo woodland condition;ecology,practices and biophysical outcomes of PFM. Qualitative and quantitative methods
were used. Results indicate that local forest managers possess some ecological knowledge similar to those scientifically documented.Their
understanding of changes in forest condition has evolved into simple monitoring techniques on the status of most valued tree species and some
divergent indicators of change in forest condition. However, their understanding of forest stock was scanty and less reliable. Consequently,actual
harvest was less than experts' estimates, which partly explains the conservation success while undermining the livelihoods of some users.This
study points to the potential of local participation in developing simple and reliable monitoring techniques but calls for integration of local and
expert knowledge to determine annual allowable cut for sustainable forest management.

Community, PFM, local knowledge, biophysical
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IUFRO17-844 Ideal versus Real forest management: a novel approach for applied cross-disciplinary research in forest science

Lodin, I.* (1); Brukas, V. (1); Sallnas, O. (1); Mozgeris, G. (2)

(1) Southern Swedish Forest Research Centre, SLU., Alnarp, Sweden; (2) Institute of Forest Managment and Wood Science, ASU., Akademija,
Kaunas region, Lithuania

Abstract: Silvicultural research, operative guidelines and legal prescriptions often focus on ideal management schemes that aim to "guide" a
forest stand towards the fulfilment of explicitly or implicitly defined objectives. However, based on empirical data it is evident that substantial
cohorts of forest owners or managers do not follow the prescribed ideals, resulting in substantially different forest management outcomes in
practice. Investigating this divergence can highlight areas characterised by conflicting interests or implementation deficits, where policy makers
might be tempted to intervene and steer the forest management behaviour in a desired direction. It also constitutes an interesting arena for
cross-disciplinary research that would contribute to a better understanding of the various factors shaping forest management practices. In our
paper we provide a conceptualisation of ideal and real forest management, geared towards defining a scientific agenda for future applied
research that qualifies and quantifies this dichotomy. We also illustrate our conceptual elaborations by examples from Lithuania and Sweden, two
European countries that are characterised by markedly different socio-economic developments and forest management traditions.

forestry paradigms, policy, management practice
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IUFRO17-1414 Unravelling uncertainty - Combining forest cover change products and biomass datasets in the context of REDD+

Bos, A. B.* (1); Avitabile, V. (1); De Sy, V. (1); Duchelle, A. E. (2); Herold, M. (1)

(1) Wageningen University & Research, Laboratory of Geo-Information Science and Remote Sensing, WAGENINGEN, Netherlands; (2) Center
for International Forestry Research, Climate Change and Energy, BOGOR, Indonesia

Abstract: To measure the effectiveness of efforts to reduce emissions from deforestation and forest degradation (REDD+), one requires data on
both forest cover (change) and biomass stocks. Regional to global datasets with increasing levels of coverage, spatial and temporal detail, and
accuracy stem from innovations in remote sensing and forest monitoring. Still, these datasets do not necessarily align with each other, and it
remains unclear how their uncertainties influence carbon emission estimates.

Our study area covers six REDD+ subnational initiatives in five countries across the tropics. We compared approaches to quantifying impacts on
carbon emissions. We performed an accuracy assessment on the activity data using several tree cover change datasets such as locally
calibrated products based on dense time series data and a global dataset on annual tree cover change. For the error estimation, we used
validation tools for human interpretation based on Landsat Time Series data and high resolution optical imagery. Next, we calculated carbon
emission estimates based on pantropical biomass maps and field inventory data. We differentiated emissions from before and after the start of
the REDD+ initiatives and also considered control areas to estimate REDD+ impact.

We found that forest change products based on locally calibrated algorithms had a higher accuracy than the global product assessed. Biomass
datasets built on both remote sensing and local field inventory data led to better carbon emission estimates. REDD+ impact was limited but
varied considerably between initiatives. Still, the choice of datasets and assessment methods had an influence on the measured local and
regional REDD+ performance. This study contributes to carbon measurement, reporting and verification by providing insight into what extent both
activity data and biomass data influence the uncertainty of carbon emission estimates.

REDD+;MRV;carbon;biomass;deforestation;uncertainty
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IUFRO17-1839 Uncertainty analysis on the carbon and water balance of Boreal forests using a process-based model driven by satellite
images

minunno, F.* (1); Sirro, L. (2); Mutanen, T. (2); Aurela, M. (3); Hadme, T. (2); Liski, J. (3); Vesala, T. (1); Mékela, A. (1)
(1) University of Helsinki, Helsinki, Finland; (2) VTT Technical Research Centre of Finland , Espoo, Finland; (3) FMI, Helsinki, Finland

Abstract: Earth Observation (EO) data can potentially be used to drive vegetation models and monitor carbon and water fluxes over large areas.
However there might be a high degree of uncertainty in model outputs due to uncertainties in the initial state variables (ISV) from EO and model
parameters (MP).

We studied the propagation of uncertainty caused by ISV and MP through a forest model to the outputs. We used a carbon-balance based
growth model combined with a soil carbon model. The model was previously calibrated by means of Bayesian statistics and then tested at two
eddy sites. Stand variables derived from LANDSAT images at 20m resolution were used to initialize the model.

We used canonical correlation analysis to identify which model inputs (ISV and MP) were mainly responsible for the predictive uncertainty.

The main conclusions were: (1) The bulk of the uncertainty was caused by initial basal area and stand height derived from EO, and those
variables most dependent on EO were the most uncertain. Because of this, the largest uncertainty was associated with mean annual increment,
while the smallest uncertainty was related to evapotranspiration. (2) The uncertainties were larger in the beginning of the simulation and reduced
as time elapsed, owing to the fact that the influence of the initial state was reducing with time. However, we did not consider the correlation of
errors between the input components, therefore probably creating more overall uncertainty to the outputs. It is noteworthy that the uncertainty of
predictions over large areas is much less than that of individual grid cells.

On this basis, we discuss the opportunities and challenges of using EO data for large scale simulations with the aim of monitoring carbon and
water fluxes.

PBmodelling, EO, C&W balance, uncertainty analysis
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IUFRO17-3295 Modeling Carbon Balance in Polish Forests Using Canadian CBM-CFS Software and Remote Sensing.

Balazy, R.* (1); Waraksa, P. (1); Mroz, B. (1); Korzeniewski, K. (1); Zawila-Niedzwiecki, T. (2)
(1) Forest Research Institute, Raszyn, Poland; (2) Warsaw University of Life Sciences , Faculty of Forestry, Warsaw, Poland

Abstract: Modeling carbon balance constitutes a significant challenge even for modern - precise forestry. Increased related profits, and
particularly the greater impact of climate changes result in an urgent need to develop effective tools for its monitoring. For a few years, State
Forests in Poland have been successfully adjusting to their needs the Canadian CBM-CFS software, which serves for the purpose of modeling
carbon balance. Although they have a very detailed and state-of-the-art system of spatial information and a detailed database at their disposal,
also in this case, the need for using remote sensing for making results more specific is noticeable.

The presentation will include the so far Poland's experience in the implementation of CBM-CFS software for the purpose of carbon modeling in
forests, supported by the use of satellite imaging or aerial laser scanning.

Carbon balance modeling, satellite, LiDAR, CBM-CFS
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IUFRO17-3089 Dynamics of mangrove above ground carbon stocks estimated with Landsat time series and field data in J. N. "Ding"
Darling National Wildlife Refuge, Florida.

Peneva-Reed, E.* (1); Zhu, Z. (1); Bullock, E. (2)
(1) USGS , Reston, United States; (2) Boston University, Boston, United States

Abstract: Mangrove wetlands throughout the world have been associated with high Carbon storage capabilities; yet, considerable variation
exists globally in estimated rates of carbon sequestration in surveyed mangrove ecosystems.

The focus of this research is to develop a scientifically rigorous methodology for continuous monitoring of mangrove ecosystems and estimates
of aboveground carbon storage.

Our proposed methodology integrates field data, remote sensing, and modeling to monitor and estimate the amount of carbon stored in
mangrove ecosystems and to create a baseline for future carbon sequestration estimates and forecasting in Ding Darling National Wildlife
Refuge, Florida, USA.

This presentation is focused on 1) the sampling design developed for aboveground biomass estimates; 2) field work implementation with
aboveground carbon storage estimates based on existing allometric equations developed specifically for mangrove species found in Florida; 3)
area and change estimates from the continuous classification and change detection (CCDC) technique for 1986 -2016 using Landsat, and 4)
results from extrapolating the ground data to the entire refuge area using Landsat and high resolution data.

This study serves as a pilot project to develop a methodology that can be applied to other carbon-rich mangrove environments, thus enhancing
coastal resilience to climate change effects.

Mangroves, Carbon, Field data, Landsat Time Series
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IUFRO17-1227 Above Ground Biomass Estimation using Synthetic Aperture RADAR (SAR) in Mount Makiling Forest Reserve,
Philippines

Dida, J. J.* (1); Bantayan, N. (2); Tiburan Jr., C. (1); Lapitan, R. (1)

(1) Institute of Renewable Natural Resources, College of Forestry and Natural Resources, Los Barfios, Laguna, Philippines; (2) Makiling Center
for Mountain Ecosystem, College of Forestry and Natural Resources, Los Bafios, Laguna, Philippines

Abstract: The Mount Makiling Forest Reserve (MMFR) is home to a diverse and unique species of plants, rare and endangered species of
fauna. Given the roles of forest in sequestering atmospheric carbon, the estimation of above ground biomass (AGB) will help in the evaluation of
future conditions of MMFR. The advantages of using remotely sensed data such as Synthetic Aperture Radar (SAR) is that it allows repetition of
data collection that allows fast processing of large quantities. The objective of the study is to investigate the potential use of SAR in AGB
estimation of the long-term monitoring plots inside the MMFR. The backscatter values of HV, HH, HH/HV polarization were generated from a 25
m ALOS PALSAR mosaic dataset and compared with the field AGB estimates. The correlation and linear regression showed that there is a
moderate to strong relationship between radar backscatter and biomass estimates but low coefficient of determination. The use of smaller
subplot areas in the regression analysis did not improve the coefficient. The study nevertheless showed that SAR data can be utilized to estimate
AGB especially in large areas where field survey is costly. Furthermore, additional monitoring plots will be useful in the improvement of
estimation using this technology.

Biomass Estimation, PALSAR, Makiling, Backscatter

Room "Baden-Baden" (Novotel Freiburg)

IUFRO17-1866 Mapping growing stock volume and biomass of larch plantations in Northeast China with L-band ALOS PALSAR
backscatter mosaics

Gao, T.* (1); Zhu, J. (1); Yan, Q. (1); Deng, S. (2); Zheng, X. (3); Zhang, J. (1); Shang, G. (1)

(1) Institute of Applied Ecology, Chinese Academy of Sciences, Qingyuan Forest CERN, Chinese Academy of Sciences, Shenyang, China; (2)
Institute of Mountain Science, Shinshu University, Nagano 399-4598, Japan; (3) Institute of Applied Ecology, Chinese Academy of Sciences,
Shenyang, China

Abstract: The reliable estimates of growing stock volume (GSV) and biomass are critical for making management strategies of plantation
forests. This study integrated L-band SAR (Synthetic Aperture Radar) data with ground-based inventory, and developed empirical models to map

GSV and biomass of larch (Larix spp.) plantations (LPs) in Northeast China (ca. 1.24 million km2). The optimum model presented GSV
evaluation in terms of root mean square errors was 33.1 m3 ha-1. The total GSV and biomass were estimated to be 224.3 * 59.0 million m3 and
113.0 £ 29.7 TgC (1 Tg = 1012 g), respectively, over an area of 264 million ha in 2010. The saturation effects of L-band SAR at GSV levels was

beyond 210 m3 ha-1, which could be expected to influence the estimates for a quite small proportion of the study area. However, the estimation

accuracy has limitations due mainly to uncertainties in LP mapping, SAR data and sampling errors. Considering current China's timber supply

and growing environment threat, the LP's non-timber service priorities should outweigh its timber values, and thus the corresponding spatial

pattern planning of services priority and forest management practices should be carried out to assure broader and sustainable benefits from LP

in future.

larch plantation; growing stock volume; L-band SAR
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IUFRO17-2155 Business analyses comparation of selected forest companies in South East Europe

Posavec, S. (1); Keca, L.* (2); Pezdevsek Malovrh, S. (3); Delic, S. (4); Stojanovska, M. (5)

(1) Faculty of Forestry University of Zagreb, Zagreb , Croatia; (2) University of Belgrade, Faculty of Forestry, Belgrade, Serbia; (3) University of
Ljubljana, Biotechnical Faculty, Ljubljana, Slovenia; (4) University of Sarajevo, Faculty of Forestry, Sarajevo, Bosnia and Herzegovina,; (5)
University of Skopje, Faculty of Forestry, Skopje, Macedonia, the former Yugoslav Republic of

Abstract: Specific aspects of forestry as economic activity create certain problems in implementation of business plans and financial
calculations. Particularity of forest management can be noticed in long-term cycle of biomass production, long time period from initial work to
accomplishing economic effects, as well as in large forest investment needs, many times larger than forest owners' financial possibilities. Using
the business analysis, parameters that indicate forecast of future business trends will be compared. Comparative financial reports are basis for
execution of horizontal balance sheet and profit and loss account analysis. In this paper, benchmarking and comparative analysis of business
indicators from financial reports (such as balance sheet, profit and loss account, profitability and cost-effectiveness) of state owned forest
management companies in Croatia, Serbia, Slovenia, Bosnia and Herzegovina and Former Yugoslav Republic of Macedonia will be shown. All
companies that were chosen and analyzed on the basis of management scope and production share are in state ownership. Some countries
have several state owned forest management companies, so the companies with the largest covering area, employment capacity, profit and
annual cut were chosen. Analyzed companies follow the principals of sustainable management, thus supporting social, economic and ecological
function of forestry in the region.

business indicators, benchmarking, profitability
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IUFRO17-2269 Benchmarking based on typical farm data: What forestry may learn from agri benchmark Cash Crop

Zimmer, Y.* (1); Seintsch, B. (2)

(1) agri benchmark Cash Crop, global networks, Braunschweig, Germany; (2) Thiunen-Institut Intern. Waldwirtschaft & Forstbkonomie, Hamburg
, Germany

Abstract: In a globalized world, in-depth knowledge of the different country-specific framework conditions, the resulting operations and
management strategies and finally the economics of these different systems is essential. In order to get there, one needs a harmonized approach
for all participating countries and a global uniform data base.

Usually it is not feasible to generate such information based on large sample sizes because gathering such in-depth data is rather costly, agri
benchmark Cash Crop therefore developed the concept of "typical farms" which is applied in about 50 countries for more than a decade. Based
on a standard operating procedure scientists around the world - including countries without any meaningful official statistics - are collecting and
sharing such information on crop production systems and their economics. The aim is to provide strategic insights to stakeholders from industry,
policy and development agencies.

The paper will provide a systematical overview over the concept of agri benchmark and based on that explore options to apply it in global forest
production.

benchmarking, production economics, forestry
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IUFRO17-2456 Optimizing forest value chains in northern Norway to strengthen regional resource usage and value creation

Johansen, U.* (1); Werner, A. (2); Norstebg, V. (2)
(1) NTNU, SINTEF, Trondheim, Norway; (2) SINTEF, SINTEF, Trondheim, Norway

Abstract: As a consequence of past decades' extensive afforestation in Norway, mature forest volumes are increasing. National forestry politics
aim call for sustainable and efficient resource usage and for increased regional processing. Regional policies seek to provide good conditions for
such industries to be competitive and to improve regional value creation. We discuss how methods from regional macro-economics, operations
research and social sciences may complement each other to support decision makers in this process. Operations research is concerned with
finding an optimally designed wood value chain and an aggregated planning of its operations, taking a holistic perspective on a strategic-tactical
level. Based on statistics and survey data, input-output analysis can estimate the sector's value creation and impact on society beyond the
immediate value chain activities. Combining these approaches in a common mathematical optimization model, a balance is struck between
industry / business and political interests. This helps to assess effects of political measures and business conditions on the regional economy
and on industry activities. Network analysis identifies relations between important entities within and outside the wood value chain, determining
drivers and barriers for adopting good solutions.

Wood value chain, optimization, regional economics
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IUFRO17-3892 Innovative non-wood forest products economies explained through their network structure: failure or success?

Da Re, R.* (1); Lovric, M. (2); Vidale, E. (1); Pettenella, D. (1)
(1) University of Padova, Legnaro (Padova), Italy; (2) European Forest Institute, Joensuu , Finland

Abstract: Local communities may generate new income options through the use of Non-Wood Forest Products (NWFP). Associations,
entrepreneurs, public authorities and other private and public organizations are able to create added value from NWFP through either a market
approach focused on supply chains innovation or a governance approach based on adaptation of the regulative system. Both of these
approaches require a network structure that fosters cooperation and coordination among involved stakeholders.

Which are the network structures that help a successful management of NWFP-based innovation? The paper analyses eight "in depth case
studies" (IDCS) in different European countries, on the basis of the research activities carried out within the StarTree project. Each IDCS,
characterized by different market tools and regulations system, has been considered innovative by local experts; but not all of them succeeded in
creating added value for local communities. IDCS differ by number and type of actors, by the contractual links and social ties, by formal or
informal relationships. These relations have been analysed through the use of selected indices of Social Network Analysis related to the
structural social capital theory. The study demonstrates that the overall network structures with strong small-world characteristics help to create
added value at local level. Results show different types of successful network organizations that have been interpreted both in term of the
efficiency of the whole network and as a result of the role played by single leading actors with relevant market or political power.

Social Network Analysis, Social Capital, NWFP
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IUFRO17-3583 Climate friendly harvest scheduling in boreal forests of Finland

Sievanen, R.* (1); Salminen, O. (1); Kallio, M. (1); Kalliokoski, T. (2); Kuusinen, N. (1); Berninger, F. (2); Vanhatalo, A. (2); Back,
J. (2); Taipale, D. (3)

(1) Natural Resources Institute Finland, Helsinki, Finland; (2) University of Helsinki, Department of Forest Sciences, Helsinki, Finland; (3)
Unversity of Helsinki, Department of Physics, Helsinki, Finland

Abstract: The boreal forests cover three fourths of the land area of Finland. About 80 per cent of the total forest area is managed for commercial
forestry. The forests produce timber for wood processing and pulp and paper industries and provide also bioenergy. The harvests of timber vary
depending on demand of products of forest industry; the harvest level has been on average about 70 per cent of growth in recent years. The
climate impact assessments of regional forest use have mainly targeted carbon and assumed that the operations (timing, intensity of thinning,
and length of rotation in the first place) are applied as is done in the commercial forestry.

Carbon is the most important but not the only constituent of climate impact of forests. We have implemented in a framework of a forest carbon
model that combines a large-scale forestry model, the soil carbon model Yasso07 for mineral soils, and a method based on emission factors for
peatland soils also the effect of forest structure on albedo and secondary organic aerosols. This makes it possible to evaluate the effect wood
use on different components of forest climate impact.

In the analyses forest management planning of commercial forestry, the target is usually to maximize the net present value of cuttings and it has
most often been used also in the analyses of forest carbon. Here we present results of 50-year scenarios pertaining to a region in Finland in
which the target of optimization is climate impact or its components. We apply two scenarios of wood demand (timber and bioenergy) that the
harvest schedules need to meet in addition to optimizing the climate target. We compare the forest structure created by different optimization
targets and levels of wood use and make conclusions about the possibilities of applying climate friendly harvesting in Finland.

forest, climate impact, carbon, albedo, aerosols
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IUFRO17-874 Market-level implications of regulating forest carbon storage and albedo for climate change mitigation

Rautiainen, A.* (1); Lintunen, J. (1); Uusivuori, J. (1)
(1) Natural Resources Institute Finland, Helsinki, Finland

Abstract: Increasing forest carbon storage is one way to mitigate climate change. Increased storage can be encouraged by subsidizing removals
and taxing emissions. Pricing these fluxes according to the Social Cost of Carbon (SCC) has been proposed as a way to attain socially optimal
storage. However, increasing storage means increasing forest area or density, both of which make Earth's surface darker (i.e. reduce the mean
annual albedo of the landscape). Dark surfaces absorb more solar radiation than light ones and, therefore, have a stronger warming impact on
the atmosphere. This "albedo effect" is especially large in areas with seasonal snow cover. To optimize the climatic impacts of forestry, it is
therefore necessary to regulate two externalities (carbon and albedo) instead of just one (carbon). We explain how a forest carbon subsidy
system could be extended to include albedo, and we analyze the market-level implications of implementing such a policy. We show that
regulating both externalities reduces the socially optimal level of carbon storage in forests, compared to regulating carbon only. The market-level
framework allows us to account for the land allocation effects of albedo regulation, which are not included in previous (stand-level) studies.

carbon, albedo, externality, climate, regulation
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IUFRO17-2101 REDD+ activities at the local level - Lessons from community managed forests in the Heart of Borneo

Damayanti, E. K.* (1); Berry, N. (2); Fehse, J. (3)

(1) Bogor Agricultural University, Daemeter Consulting, Bogor, Indonesia; (2) LTS International, Nr. Edinburgh, United Kingdom; (3) Value For
Nature Consulting, LTS International, Oxford, United Kingdom

Abstract: Two communities in the Heart of Borneo (HoB) have been starting to manage forests in their areas. Objective of this study is to
understand how communities develop, implement, and monitor activities in the REDD+ context. Several village meetings and key informant
interviews were held in each community. Results show that forests have become their livelihood, but the communities did not have knowledge on
how to legally manage the forests. Some interactions with external parties, such as local and international NGOs and international institutions
have made communities aware and understood their rights over forest, relate their livelihood to the forest management schemes, and finally
started to formalize management of surrounding forests. During facilitation by authors, REDD+ concept were communicated in a very simple
way, using the examples of communities' livelihood, forest ecosystem services, and how to maintain the forests so that communities can utilize
the forests over generations. Communities planned land uses and specific activities for each land use. In both communities, legal forest
management rights and development of village regulation on forests are required enabling conditions for sustainable use and management of the
forests. Forest management activities and monitoring schemes were planned, e.g. forest boundary demarcation, tree planting activities, forest
patrol, and ecotourism. Experiences in these two villages can therefore help inform the development of community-led REDD+ and payments for
ecosystem service projects in community managed forests (e.g. village forests, customary forests and territories, and other types of social
forestry areas) throughout the Heart of Borneo.

community, livelihood, forest services, REDD+, HoB
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IUFRO17-1352 Beyond carbon: a look on community-based forest conservation approach at a sub-national REDD+ demonstration site
in the Philippines

Veridiano, R. K.* (1); Tumaneng, R. (2); Pales, J. R. (3); Monzon, A. K. (4); de Alban, J. D. (5)

(1) Johann Heinrich von Thiinen Institute , Institute of International Forestry and Forest Economics, Hamburg, Germany; (2) PCIEERD,
Department of Science and Technology, Taguig , Philippines; (3) National Mapping & Reource Information Authority, Taguig, Philippines; (4)
Department of Geography, University of Cambridge, Cambridge, United Kingdom; (5) Department of Biological Sciences, National University of
Singapore, Singapore, Singapore

Abstract: In a country where participatory involvement of different stakeholders is the norm, we have come to learn how to translate numbers
and data into a language that communities and policy makers alike would understand. Much has been done since the inception of REDD+ in the
Philippines as part of a larger framework for its implementation. Case in point is the Victoria-Anepahan REDD+ demonstration site located in
Palawan province. This study highlights the importance of ensuring that communities of indigenous peoples (IP) play an integral part in every
component of REDD+ implementation. Through a series of training workshops and fieldwork, we were able to train and develop capacities of 97
participants (76% of which are IPs), of whom eventually gained a step-wise understanding of various REDD+ concepts as well as an appreciation
of the results of biodiversity and carbon assessments. Together with the partner IP communities, we're able to estimate that the sub-national
REDD+ site currently harbours a baseline forest reference level of 11.20 +1.37 Mt CO2eq/yr. The mean biomass estimate (254.99 t/ha)
generated by the study conforms to the default values at the national (227.40 t/ha) and sub-national (297.51 t/ha) scales. Yet, the story does not
end with them having understood these concepts. Equipped with this new knowledge, local IPs together with policy makers from the provincial
government initiated the establishment of a community-managed watershed reserve, ratified through a local ordinance and demarcated on the
ground. Such actions and initiatives further demonstrate the indigenous peoples communities' capacity to act upon science-based assessments
and translate them into conservation policies that promote better management and conservation of the remaining forests of Palawan, Philippines.

IP community, capacity-building, REDD+
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IUFRO17-2048 Expectation and Disappointment: the social life of expectations in REDD+ pilot projects in Tanzania

Massarella, K.* (1); Sallu, S. (2); Ensor, J. (3); Marchant, R. (1)

(1) University of York, York, United Kingdom; (2) University of Leeds, Leeds, United Kingdom; (3) Stockholm Environment Institute, York, United
Kingdom

Abstract: The management of stakeholder expectations is highlighted as an important issue by practitioners of forest conservation and
development pilot projects, particularly in relation to REDD+. Yet very little is known about how expectations function on the ground, or what their
outcomes are. Through analysis of narratives from a wide range of international to local stakeholders about their experiences of REDD+ pilots in
Tanzania, and insights from the sociology of expectations literature, this study investigates the 'social life' of expectations. It explores causes of
expectations, how they develop on the ground and are framed by different stakeholders, and their outcomes, with many actors identifying a cycle
of expectation and disappointment. It finds that expectations behave as both cause and outcome of piloting activity; that they are framed
differently by different stakeholders depending on personal, social and external factors, making them highly unpredictable; and that the 'social life'
of expectations continues after the pilot project itself has finished. As such, this paper advocates a more in-depth and nuanced discussion of
expectations among practitioners. This includes acceptance that expectations are an important part of people's experience, yet their inherent
unpredictability makes them hard to manage in pilot projects like REDD+.

Expectations, pilot projects, REDD+, Tanzania
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IUFRO17-1962 Tailormade solutions for tenure security in REDD+ and community conservation projects

van der Zon, M.* (1); de Jong, W. (2); Arts, B. (3); Boot, R. (4)

(1) Wageningen University , Tropenbos International, Lima , Peru; (2) CIAS, Kyoto, Japan; (3) Wageningen University , Wageningen,
Netherlands; (4) Tropenbos International, Wageningen, Netherlands

Abstract: In the 1990s, economists, influenced by historians and anthropologists, started to recognize that tenure security as perceived by local
actors is what influences their choices regarding investing in their land and its resources. While land titles can contribute to this perceived tenure
security, the local historic contexts as well as social, economic and power-related elements are at least as important for land use choices,
including conservation. By providing empirical evidence, this paper indicates that tailormade bottom-up approaches to tenure security in forest
communities positively impact on results of REDD+ and conservation projects. Such approaches take into account existing local realities, with
their unique traditions, norms, values, and economic and other interests when designing and implementing tenure arrangements. The
conclusions are based on a series of case studies that pursue alternative approaches to provide tenure security used in the Peruvian Amazon,
including local conservation areas, conservation or ecotourism concessions, private conservation areas, and conservation agreements. As part
of our analysis we bring to light weaknesses of the current dominant focus in REDD+ projects on communal land titles as a 'one-size-fits-all'
solution, and comment on how more flexible bottom-up approaches can help mitigate these.

tenure, communities, REDD+, conservation
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IUFRO17-873 How to achieve effective participation of communities in the monitoring of REDD+ projects in the Democratic Republic
of Congo (DRC)

Mukungu, J. (1); Schmitt, C. B.* (2)

(1) University of Freiburg, Chair of Nature Conservation and Landscape Ecology, Freiburg, Germany; (2) University of Bonn, Center for
Development Research (ZEF), Bonn, Germany

Abstract: The UNFCCC REDD+ mechanism requires national schemes for carbon measurement, reporting and verification and safeguard
information systems for non-carbon benefits. Locally, REDD+ projects need to establish monitoring systems in line with the aspired project
certification. In this context, community-based monitoring (CBM) is proposed as a complementary approach to remote sensing and expert-based
monitoring. In the Congo Basin region, the Democratic Republic of Congo (DRC) is the most advanced country in implementing REDD+ projects
but CBM is little developed. The objective of this study was to prepare recommendations for the integration of CBM in REDD+ monitoring in the
DRC based on a Delphi survey. Out of 65 national and international experts selected for their expertise in REDD+ and CBM in DRC and
elsewhere, 35 agreed to participate in the study; 19, 17 and 14 feedbacks were received from the first, second, and third Delphi round
respectively. The results revealed consensus amongst panelists that community members can monitor carbon and non-carbon benefits. The
panelists stressed the importance of community participation in all steps of the monitoring process, while capacity-building activities must be in
place. The findings support REDD+ projects and the national REDD+ coordination in defining the role of communities in REDD+ activities in the
DRC.

community monitoring, Delphi study, safeguards
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IUFRO17-729 Assessing community capacity for MRV activities at pilot project level: comparison analysis from case study of
Rwanda, Cameroon and DRC.

sufo kankeu, R.* (1); Tsayem Demaze, M. (2); SONWA, J. D. (3)

(1) Center for international forestry research (CIFOR), University of Maine Lemans (France), Yaoundé, Cameroons; (2) University of Maine
lemans, Lemans, France; (3) Center for international forestry research (CIFOR), international institute of tropical agriculture (1ITA), Yaoundé,
Cameroons

Abstract: To measure the socioeconomic benefits from forests, data collection must focus on people, not only trees. But also to assess forest
resources for REDD+ project initiatives the exercise has to be done not only by scientist from university but mainly by local people using thus the
local knowledge to monitor forest resources. The assessment and monitoring doing by local people is not only cost-effective and time-saving but
also allow the implication of beneficiary community. Many research conclude But community capacity was generally found to be insufficient for
meaningful uptake and implementation MDP or REDD+ mechanism. At the level of a local pilot project does the local community has all
requirement and skills to carry out MRV activities? Using the community capacity assessment framework, we evaluate the community capacity
on implementing and monitoring a MRV activities in three Rwanda, Cameroon and DRC. Based on the criteria like planning, coordination, and
management abilities we investigated on the local skills, community knowledge, and local social organisation that are needed for collecting,
analysing, reporting and monitoring forest resources. Our study reveals that the local context of countries influence hardly on the implementation
process. Furthermore skills and local knowledge are more developed in the forest zone (Cameroon); in contrary organisational capacities are
more in degraded context like west DRC and Rwanda. National REDD+ processes can learn on the local experiences of local pilot project to
build national mechanism.

MRV, local community, pilot project, forest
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IUFRO17-1568 Spatio-temporal analysis of accessibility of urban forest: An analysis on Tohoku region, Japan

Uchiyama, Y.* (1); Kohsaka, R. (1)
(1) Tohoku University, Sendai, Japan

Abstract: The accessibility of urban forest depends on the distribution of population and landcover change. Urban forests need managements to
balance the conservation of urban biodiversity and recreational use which contribute to the quality of life. In the process of sub-urbanization
mostly with population increase, amount of urban forests tend to decrease, yet, the forests with high accessibility can increase simultaneously. In
the process of shrinking with depopulation, as with nested in Japanese cities, amount of urban forests can gradually increase and the forests with
high accessibility can be maintained. However, aging of urban residents will proceed, and the aged residents have difficulty in maintaining
adequate managements of the urban forests. By analyzing those spatio-temporal trends, urban issues in future can be identified, and it can
contribute to developing the efficient policies and activities of urban forest managements. In this research, we analyze a Japanese city that are
moving to depopulation trend, and provide scientific platform to develop the strategies in era of shrinking. The districts with depopulation do not
occur uniformly in a municipality area, the managements of districts level with long term perspectives are required.

Urban forest, accessibility, population, landcover
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IUFRO17-745 Managing ecosystem commons - Attitude toward environmental consideration among Swedish forest owners based on
a forest owner typology.

Widmark, C.* (1)
(1) Swedish University of Agricultural Sciences, Umed, Sweden

Abstract: Management of common ecosystems is an important challenge for policy makers. Especially the forest is a vital provider of ecosystem
services. In Sweden, forest cover about 57 per cent of total land area, and is one major provider to the local economy. About half of the forest
land is owned by non-industrial private forest owners, while the rest is owned by forest companies or the government. Swedish forest policy
generally written according to the so-called Swedish Forest Model which means that the forest owners, regardless of ownership structure, have
the freedom but also the responsibility, to manage their forest to fulfill the general consideration paragraph. The policy thus increased the
demand of more competence of the forest owner in terms of knowledge of e.g., environmental consideration. The policy system does not
incentivize forest owners to take consideration and there are no penalties for owners who do not fulfil the goals and investigation shows that
consideration has decreased. It seems that forest policy is failing, as the environmental goals are not reached. The question is why is policy not
successful? One question, not previously researched, is how forest owner's attitudes and values affect their behavior toward environmental
consideration. In a recent postal survey directed to 3000 non-industrial private forest owners (the largest ownership group in Sweden), questions
on attitudes and values aims at evaluating the Swedish forestry model. A first step, presented in this paper, is to understand the motivation
behind forest ownership. In the forest ownership typology, we found three distinct motivations driving forest ownership: economic, consumption
and protection goals. Within these three categories we found five ownership types. There typologies can further be used in future research
explaining attitudes and values in relation to environmental consideration, social and recreational values, as well as general attitudes to Swedish
forest policy.

NIFP-owners, Swedish forestry model, survey
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IUFRO17-2920 The influence of agricultural concessions on local community life in peat land areas in Riau, Indonesia

Mori, M.* (1); Sakata, Y. (1); Harada, K. (1)
(1) Nagoya University, Nagoya, Japan

Abstract: In Indonesia, where 80 million people are economically dependent upon forests, the national government is attempting to balance
economic development with the concerns of local residents. The long-term residents of Lukun village of Indonesia's Riau province depend upon
sago palm production in peat swamps. However, devastation of these swamps for large scale development by companies under concession
creates conditions which threaten local agricultural livelihoods as well as land disputes. In this research, we attempt to clarify (1) the effect of
concessions on local people and (2) the problem of concession permission. Interviews with local people and NGOs reveal that nearby
construction of canals for plantation development has lowered the water level of the peat swamp at Lukun village, rendering cultivation of sago
palm more difficult for local residents. Analysis of documents indicates that the development next to Lukun village was legally undertaken under a
concession issued by the Ministry of Forestry in 2009, meaning that the local government couldn't intervene to address this problem. We argue
that it is necessary for the government of Indonesia to give permission for concession in peat swamps with consideration for not only the
concession area but also the lives of residents in surrounding villages.

Indonesia, peat land, conflict, forest fire,
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IUFRO17-522 Vulnerability of rural communities to climate change in the Gambia: influence of methodological approaches on
assessment outcomes

Fandohan, A. B.* (1)
(1) Ecole de Foresterie et d Ingenierie du Bois, Cotonou, Benin

Abstract: Climate change has become a major concern globally, particularly to rural communities who have to find rapid coping solutions.
Several vulnerability assessment approaches have been developed in the last decades. This comes along with higher risk for different methods
to result in different conclusions thereby making comparisons difficult and decision making non-consistent across areas. We assessed
vulnerability of farmers to climate change in the North Bank Region of the Gambia. Twenty four indicators reflecting vulnerability components:
(exposure, sensitivity, and adaptive capacity) were selected for this purpose. Data were collected through household surveys and key informant
interviews. One hundred and fifteen respondents were surveyed across six communities and two administrative districts. Results were compared
over three computational approaches: the maximum value transformation normalization, the z-score transformation normalization, and simple
averaging. Regardless of approaches used, communities that have a high exposure to climate change and extreme events were the most
vulnerable. Furthermore, vulnerability was strongly related to the socioeconomic characteristics of farmers. The survey evidenced differences in
vulnerability among communities and administrative districts. Comparing output across approaches, overall, the study area was found to be
highly vulnerable using the simple average and maximum value transformation, whereas it was only moderately vulnerable using the z-score
transformation approach. We suggest that assessment approach-induced discrepancies be accounted for in international debates to
harmonize/standardize assessment approaches to the end of making outputs comparable across regions. This will also likely increase relevance
of decision making for adaptation options.

Vulnerability, Maximum value, Z-score, Averaging
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IUFRO17-302 Landscape Image Sketching Technique for Forest studies

Ueda, H.* (1)
(1) Center for Advanced Tourism Studies, Hokkaido University, Sapporo, Japan

Abstract: To discuss different perceptions and interpretations of forests in a cultural framework, we proposed Landscape Image Sketching Image
as an original, practical methodology. Utility of the methodology was tested through some cross-national researches, in which respondents were
asked to make a landscape image sketch of an imaginary forest and to include keywords and text. The visual data were analysed from four
aspects: 'linguistic knowledge', 'spatial view', 'self-orientation' and 'social meaning', which were represented by landscape elements, the shape of
elements, the subject's standpoint and the combination of the elements in the framework.

As results, landscape image sketches revealed differences in characteristics between respondents in each nation. The results suggested a
fundamental difference in ways of seeing the landscape through individual perceptions rather than normative views on forests. This methodology
for visualising ways of seeing a landscape can be useful in understanding different assumptions about environmental issues, not only for a global
environmental discussion regarding each locality, but also for local environmental management and public participation.

Landscape imagery, visual method
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IUFRO17-1848 The socioeconomic impacts of large-scale tree plantations on local communities. Examining the empirical evidence.

Malkamaki, A.* (1); D'Amato, D. (1); Hogarth, N. J. (1); Kanninen, M. (1); Pirard, R. (2); Toppinen, A. (1); Zhou, W. (2)
(1) University of Helsinki, Department of Forest Sciences, Helsinki, Finland; (2) Center for International Forestry Research, Bogor, Indonesia

Abstract: To meet increasing global demand for industrial roundwood, the area of large-scale tree plantations has expanded significantly during
the last decades. Concerns about the long-term sustainability of this expansion, and the associated impacts on ecosystem services and local
livelihoods have caused controversy among academics and practitioners. This systematic review synthesizes the available literature on the
impacts of large-scale plantations on local communities, and identifies trends, bias and gaps in the empirical evidence base. All relevant literature
was sought from scholarly databases and relevant organizational sources. Following screening and quality assessment, 115 individual studies
underwent data extraction and synthesis. Results show no clear evidence that large-scale plantations are largely benefiting local people,
however this may be partly due to a topical bias in the evidence base, with most studies focused on land use conflicts. However, there was some
evidence of livelihood diversification and improved resilience, most likely due to recent improvements in plantation governance. Efforts for multi-
stakeholder management of plantation landscapes should be encouraged, but to be successful these management schemes must be balanced,
and suitable sustainability indicators used to monitor progress. In addition, terms of multi-stakeholder collaboration cannot be overly conditional
or dictated by short-term economic or political interests.

Impacts; Planted forests; Systematic review
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IUFRO17-4152 Village Forest Management Agreements (VilFoMA) as a performance-based payment scheme under REDD+ in Lao PDR

Koch, S.* (1)
(1) GIZ Laos, Vientiane, Lao, People's Democratic Republic

Abstract: The Climate Protection through Avoided Deforestation (CliPAD) program is a development project of the Lao Government supported
by GIZ and(KfW). CliPAD supports the province of Houaphan to establish a provincial REDD+ program and provides incentives to local
communities to participate in forest management and conservation efforts in village forest areas by engaging sub-national jurisdictions to develop
and support strategies for reducing deforestation. The Village Forest Management Agreement (VilFoMA) scheme aims to regulate and promote
sustainable management, protection and conservation of village forests. It intends to achieve this by establishing a legal basis and framework to
link all village forest categories with international funding for climate change mitigation and channeling it down to the village-level through
performance-based payments. Certain conditions need to be created and specific processes completed before VilFOMA can be enacted.
Participatory Land Use Planning (PLUP) delineates forest and agricultural land while the Free, Prior and Informed Consent (FPIC) process
involves awareness raising and the furnishing of consent to participate in the program are the initial preconditions. The village forest
management planning process collects, collates and analyses data on forest resources, conditions and dynamics to create a Village Forest
Management Plan which stipulates the specific management activities. The VilIFOMA scheme is a framework covering all generalized contractual
issues related to village forest management. It is a binding agreement between the village and district authorities which sets out the terms and
conditions and outlines both parties' rights, benefits and the agreed incentive obligations in relation to village forest management and
conservation. Adhering to the ViILFoMA will result in the sustainable use, protection and restoration of village forests and payments to incentivize
participation and reward performance in these endeavors.

KG | - 1015 (Uni Freiburg)

IUFRO17-2534 Spatial analysis of forest environmental tax as a scheme of Payment for Ecosystem Service: Suggestions to the REDD+

Kohsaka, R.* (1); Uchiyama, Y. (1)
(1) Tohoku University, Sendai, Japan

Abstract: In this research, concepts for improving the scheme of REDD+ are provided by analyzing concrete facts and examples of forest
environmental tax of Japan and other Asian region. The forest environmental tax is collected with other general taxes, and the revenue of the tax
is used for the management of forest areas with social or environmental issues. The management areas are selected by the regional forest
cooperatives with bottom up manner. Therefore it is not clear that the selections are appropriate to tackle with the issues of forest areas in wider
regions. In this paper, result of analysis on the spatial correlation of distribution of management areas and social and environmental factors is
provided. The result shows that the management areas overlap with the areas with high aging rates or natural hazard risks in a certain degree.
To adequately manage the forest environmental tax, the spatial analysis of management areas with wider perspectives is required. By the
analysis, the applicability of the concept of Payment for Ecosystem Service (PES) to REDD+ is analyzed. PES is a scheme for facilitating
sustainable conservation of forest environment. The forest environmental tax is introduced as a scheme of PES in local level.

PES, forest environmental tax, REDD+, GIS
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IUFRO17-2535 Schemes of Benefit Sharing in alternative livelihood strategies: potential of Geographical Indications of Non Timber
Forest Products

Kohsaka, R.* (1); Uchiyama, Y. (1)
(1) Tohoku University, Sendai, Japan

Abstract: The benefit from the conservation of forest environment and related biodiversity need to be shared with global and local stakeholders
engaged in the conservation activities. Especially, local stakeholders can share the benefit through developing alternative livelihoods based on
Non Timber Forest Products (NTFP) including beekeeping and mushroom production. However, there are NTFPs with relatively low economic
value, and they cannot be used easily in alternative livelihoods strategies. To facilitate the conservation activities based on alternative livelihoods,
other Benefit Sharing (BS) scheme need to be utilized in REDD+ areas. As another BS scheme, Geographic Indication (Gl) is payed attention to.
There are cases that Gl applied to NTFPs, and Gl facilitate BS in regional community that produce NTFPs. The BS scheme by Gl can support
the conservation activities in the region. In this research, issues and potentials of Gl of NTFPs are discussed, and the requirements of BS
schemes that can be applied to REDD+ are provided.

Alternative livelihood, NTFP, GI, ABS, REDD+
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IUFRO17-915 Shifting Cultivation and REDD+ in Laos: Can the Village Development Grants deliver on stabilisation of shifting
cultivation and CO2 emission reductions?

Ramcilovic-Suominen, S.* (1)
(1) Department of Geographical and Historical Studies, Faculty of Social Sciences and Business Studies, Joensuu, Finland

Abstract: The most recent estimate using satellite data estimated a total of 6,5 million ha of land under shifting cultivation in Laos. Ever since the
independence in 1975, eradication of shifting cultivation - and later on its 'stabilisation’ - has been the Government's most persistent policy. With
the newest policy and institutional interventions, brought by the Reduction of Deforestation and Forest Degradation (REDD+), shifting cultivation
was once again brought up as one of the main drivers of deforestation and forest degradation; and therefore an important concern for REDD+.

We use a case study approach, selecting SUFORD SU Project (Sustainable Forestry for Rural Development, Scaling Up - SUFORD SU) -
financed by the World Bank and the Government of Finland - as a case. We particularly focus on Village Development Grants (VDG). The VDGs
aim to contribute to emission reductions by addressing shifting cultivation and promoting permanent agriculture and other alternative livelihood
options. Five years since the VDGs were distributed to targeted villages, the shifting cultivation seems to continue as earlier. However, no studies
have examined the potentials of VDGs to address shifting cultivation and reduce CO2 emissions.

We analyse the potentials of VDG, as a REDD+ policy measure, to address shifting cultivation and CO2 emissions. In addition, we analyse the
villagers' rationales for relying on this type of agriculture. We focus on ten villages; five of which are VDG beneficiaries. We use remote sensing
data and satellite mapping in those ten villages to establish the effects of VDGs on shifting cultivation and CO2 emissions. To understand the
extent to which communities have, or have not abandoned from shifting cultivation, as well as the reasons behind their decisions, we use socio-
economic data and household interviews in four (out of 10 selected villages), two of which are VDGs beneficiaries.

*Study is in progress and no results to report yet. Will be on time for conferer.

Shifting cultivation, policy measure, CO2,REDD+
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IUFRO17-3678 Are there differences between men and women's preferences for benefit sharing arrangements in REDD+ schemes?

Mwangi, E.* (1)
(1) Center for International Forestry Research, Nairobi, Kenya

Abstract: This paper presents the results of an assessment of benefit sharing arrangements in REDD+ projects in Indonesia, Peru and
Tanzania. It focuses on three issues i.e. the satisfaction or dissatisfaction of men and women with benefit distribution arrangements, the factors
that influence their satisfaction or dissatisfaction and their preferred measures for improving benefit sharing arrangements. Data was gathered
from a total of 17 villages where REDD+ schemes were implemented. A total of 926 men and women were interviewed using an intra-household
survey. Results show that women were more satisfied with non-cash benefits than men even though they were less likely to be included in the
decision and design of benefit sharing. Men preferred cash benefits and were more likely to have participated in benefit sharing decisions.
Across all countries the kind of benefits and their distribution was determined by implementing NGOs alone or in consultation with village
authorities. Differences between men and women are linked to women's education, frequency of forest use and the migration status. The type,
distribution and delivery of benefits need to align more closely with the preferences of resource managers. A mixed portfolio that includes cash
and non-cash elements is preferable.

Gender, benefit sharing, REDD+
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IUFRO17-3818 Exploring small cities' influence on nature-based tourism and community development

Rodriguez, S.* (1); Santellano, E. (1); GONZALEZ, D. (1)
(1) UNIVERSIDAD AUTONOMA DE CHIHUAHUA, Chihuahua, Mexico

Abstract: Nature-based tourism has several benefits, it provides jobs to local people and contributes to culture and natural resources
preservation. Mexico attracts thousands of tourists every year due to its cultural and natural richness. Reports showed a 7.6% increase of
international tourists from 2013 to 2015. However, its contribution to rural development is exiguous. There is an increase interest for nature-
based, agro-tourism, and adventure types of tourism that opens the possibilities to explore strategies that suit tourists' demand and local people's
desires to fulfii demand. This study described the profile and perceptions of visitors of San Ignacio de Arareco, a Mexican ejido in Sierra
Tarahumara Chihuahua. The area of the ejido is 20000 hectares of pine-oak forest, and its population is of 2273 indigenous Tarahumara. It has
seven natural attractions, a water fall, water springs, four geological formations, and the lake of Arareco. A sample of 284 tourists were
interviewed in holly week 2015, the principal reasons to visit the area are cultural attraction and natural scenes. Although tourists spent 3000 US
dollars per family in average, only 2 dollars is received by the community, Creel the closest town receives all the benefits of the cultural and
natural attractions, due to its infrastructure to host tourists.

Rural development, indigenous community, tourism
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IUFRO17-2092 Giving locals a say in promoting tourism by enhancing recreation in the wildland urban interface in Florida, USA

Stein, T.* (1); Ward, C. (1); Paudyal, R. (1)
(1) University of Florida, School of Forest Resources and Conservation, Gainesville, United States

Abstract: Although nature-based tourism and recreation are often considered to exist under the same conceptual umbrella, researchers and
practitioners often take widely different approaches to understanding and implementing the activities. However, regional planners often look to
local nature-based recreation areas as potential attractions to lure tourists for potential economic benefits. Research will be discussed that
examined how to best introduce tourism opportunities into parks and conservation lands through understanding the needs, desires, and concerns
of local residents in Hillsborough County, Florida, USA. Research conducted a three-phase approach that included 1) nominal group meetings
with key interest groups to the conservation areas, 2) a survey of community residents who participated in public meetings, and 3) a wider survey
of county residents. Results show that although interest groups and stakeholders who attended public meetings had similar opinions on potential
tourism opportunities, a broader sample of local residents hold diverse perspectives on appropriate tourism opportunities for local parks and
conservation areas. Specifically, residents who lived adjacent to parks were significantly more likely to value physical fitness and solitude
opportunities while residents who lived more than five miles away valued festivals and other social opportunities. Implications for management
will be discussed.

nature-based tourism, recreation management
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IUFRO17-941 Recreational hunting - a source of income for forest owners and a contested pastime: A survey of attitudes of the
general public in Denmark

Jensen, F. S.* (1); Gamborg, C. (2)

(1) Department of Geosciences and Natural Resource Management, University of Copenhagen, Frederiksberg C, Denmark; (2) Department of
Food and Resource Economics, University of Copenhagen, Frederiksberg C, Denmark

Abstract: Hunting as a recreational activity can be an important source of income for forest owners. But it stands apart from other forms of
outdoor recreation in involving the pursuit and killing of wild animals. This study identifies the general Danish public's attitude to recreational
hunting and explores attitudinal differences associated with six demographic characteristics, the conditions under which hunting is carried out,
and respondents' so-called wildlife value orientations. It is based on a national survey from 2012 of the general public using an Internet-based
questionnaire sent to a representative sample (n = 1,001). 43% of the general public had a positive attitude, 31% were indifferent, and 26% had a
negative attitude to recreational hunting. Attitudes were associated with the way the hunting is organized, the type of lease, and some types of
hunting. Respondents with a "mutualist" wildlife value orientation had the most negative attitude to hunting. A rethink of hunting as part of the
leisure industry may be considered, since the least positive attitude to hunting was found in relation to commercial hunting. The results also raise
questions about the compatibility of recreational hunting with other outdoor leisure activities. Tighter hunting regulation might have knock-on
effects on forest management practices.

Wildlife values, hunting attitudes, Europe
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IUFRO17-1861 From place-based natural resources to value-added experiences: Future nature-based tourism in the bio-economy

Fredman, P.* (1); Haukeland, J. V. (1); Tyrvainen, L. (2); Siegrist, D. (3)

(1) Norwegian University of Life Sciences, As, Norway; (2) Natural Resources Institute Finland, Helsinki, Finland; (3) University of Applied
Sciences Rapperswil, Rapperswil, Switzerland

Abstract: Nature-based tourism is an increasingly important sector of the Nordic bio-economy, and the potential for further growth is high. This
presentation will discuss key conditions for further development of this sector, thereby strengthening its contribution to business innovation,
community development and sustainable use of natural resources. Contemporary nature-based tourism is undergoing significant changes in
terms of diversification, globalization and new technology. Such changes call for an inter-disciplinary research approach to build cutting-edge
knowledge on resource use, demand structures and product configurations. The point of departure for this presentation is the BIOTOUR project,
a multi-disciplinary research project supported by the Norwegian Research Council with the overall hypothesis that an integrated perspective of
the nature-based tourism sector will provide a basis for new products and more sustainable development. Through literature studies and
structured communication techniques based on Delphi methodology, the project analyses key changes and trends with respect to nature-based
tourism in the bio-economy. The presentation will provide an overview of the most prominent trends and analyze associated challenges for the
nature-based tourism sector. BIOTOUR has a special focus on composite adventure experiences, genuine wildlife experiences, the role of trails
and events in a nature-based tourism context.

Nature-based tourism, Bio-economy, Trends, Delphi
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IUFRO17-3009 Touristic and recreational uses of forests in peri-urban areas: a case study in Veneto (Northern Italy)

Pettenella, D.* (1); Secco, L. (1); Masiero, M. (1); Brotto, L. (1); Gallo, D. (2)
(1) LEAF Dept, Unive. of Padova, Legnaro PD, Italy; (2) ETIFOR Srl, Legnaro PD, Italy

Abstract: Forests and rural landscapes are crucial for tourism development and recreational activities and they may be relevant resources to
invest for attracting visitors and contribute to the local economy. Tourism can also be an important development factor in terms of employment
opportunities at the local level, thus contributing to the wellbeing of local communities. However, while mountain forests and landscapes are well-
known and often properly managed for touristic/recreational uses since long time, small and fragmented forests in peri-urban, lowland areas are
less valued.

The paper focuses on lowland forests in Veneto (Northern Italy) located close to Venice and other touristic places along the Adriatic Sea. The
area is visited every summer by about 3 millions of tourists and, starting from 35 years ago, has been subject to a large afforestation program.
Forests are owned by local Municipalities, while management activities are carried out through various forms: direct management by
Municipalities, management agreement with private companies or not-for profit entities, rent to private, etc. Forest owners and managers are
supported by the Lowland Forest Association (Associazione Forestale di Pianura, AFP), a unique case of private-public cooperation in lowland
forest management in Italy. AFP has been established to help active forest management in the area, encourage positive impacts for locals and
enhance the dialogue with multiple stakeholders.

Management operations are not just financed through Municipal budget, but also through funds raised by the AFP via other sources, such as the
Rural Development Program and private investors. Ongoing and planned investments aim to increase the capacity of the forests to deliver
ecosystem services, including cultural ones. The study provides economic data about the value of ecosystem services and a cost-benefit
analysis of planned investments, also in connection to tourism and recreation activities.

lowland forests, tourism, recreation, AFP, Italy
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IUFRO17-2627 Rural tourism: Its feasibilty frontier as seen from empirical evidence

Paredes, M. D. R.* (1); Mendoza, M. A. (1)
(1) Colegio de Postgraduados , Veracruz, Mexico

Abstract: Tourism, and most other economic activities in rural communities in Mexico are perceived as fully or partially failed attempts. Only a
few cases are presented as success stories. This research follows a theoretical welfare model to assess rural tourism performance. Simulated
sensitivity runs were used to define the extent and general shape of the solution space. Main factors linked to rural tourism were identified as
feasibility boundary restrictions for rural enterprises. A study case is presented to illustrate the trends and limitations of nature based tourism in
the current Mexican scenario. Rural tourism in Mexico is feasible only marginally because of the combined effect of tourism and other land
regulations. Still, when a place has valuable attractions, rural tourism is a positive addition to other productive endeavors. The study case, in
Western Mexico, involves several forest land owners who collectively manage their properties. The tourism activity for them implies a net present
value of USD $21 per hectare added to their fixed assets. Owners expressed interest in tourism as a complement to timber production and other
products from the land. Their situation can be shown to represent region-wide trends.

Mexico,outdoors,finances,simulation
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IUFRO17-2677 Low density nature based tourism, a study case from Mexico

Paredes, M. D.* (1); Mendoza, M. A. (1)
(1) Colegio de Postgraduados , Veracruz, Mexico

Abstract: The interplay between timber management, outdoor recreation, and nature-based tourism is examined. Eleven-year records from one
forest in Western Mexico allow a characterization of the tourist's experience visiting timberlands under silvicultural management. The picture
emerging from the study case is that visitors leave with a favorable opinion of a forest devoted to commodity production, but they will not
experience environmental and culturally important scenes when these occur in less productive lands, and in late successional stages. The
economics of this educational process is less attractive than alternate means. The total cost of one day visit in the study case is around USD
$119; visitor direct expenditures reach up to $ 75 USD. The difference is managed as indirect timber costs, or it is written off from fixed assets
such as land. Landowners feel that nature tourism is deterring further regulatory restrictions to forestry, a benefit, if any, accrued to all timber
producers, regardless of how many forest owners have this dual timber and tourism business.
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IUFRO17-1653 A Survey on Awareness and Demand of Urbanites about Introduction of Mountain Eco-tourism

Kim, J.-H.* (1); Kim, Y.-J. (1); Kim, S.-H. (1)
(1) National Insitute of Forest Science, Seoul, Korea, Republic of (South Korea)

Abstract: The public's attention to forest recreation and the demand on the tourism experiences in mountain villages have recently increased,
which requires introducing mountain eco-tourism, by utilizing the existing accommodations and experience facilities established by Mountain
Village Development Project and the surrounding ecological, recreational, cultural, and tourism resources. Therefore, the survey on urbanites'
awareness and their demands was conducted in order to set the direction of mountain eco-tourism as a new policy project. This survey consists
of the current situation, the demand, intention of participation, and the expected effects of mountain eco-tourism. From July 24th to August 15th
2015, an online-survey was conducted targeting 1,000 adult females and males over 18 residing in 16 urban and provincial areas. As a result of
the major analysis, 75.4% of respondents answered that they visited mountain and rural villages for tourism and 88.1% intended to participate in
mountain eco-tourism. They revealed their intended times of participating: 46.1% of them intended to visit once a year and 32.1% twice a year.
On average, the respondents intended to pay USD138%(138,000KRW) for total travel expenses. Regarding the demand for mountain eco-
tourism, 82.6% asked for improvement of accommodations and convenience facilities, 77.9% public relations and information offering, and 75.5%
development of local tourism products. As for the expected effects of mountain eco-tourism that were perceived high, 80.4% expected natural
healing and health care, 74.5% local revitalization, and 71.6% educational effects. This research is expected to be utilized as baseline data for
mountain eco-tourism policy making reflecting urbanites' awareness and demand.

mountain eco-tourism, urbanites'demand, intention
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IUFRO17-1098 Changes in the livelihoods of people in protected areas in China

Wang, W.* (1)
(1) University of British Columbia, Vancouver, Canada

Abstract: With the establishment of protected areas, mixed outcomes show up to local people. By denying their access rights to natural
resources, a series of changes happened, including related resettlement (voluntary or involuntary) and intervention programs development, such
as ecotourism development. This study focuses exploring when ecotourism development: 1) what changes are local people experiencing? and 2)
which factors impact on people's livelihood strategies and outcomes? In order to deepen understanding about the impacts of ecotourism
development and resettlement on local people's livelihoods in protected areas in China, sustainable livelihood theoretical framework was used.
100 semi-structured interviews with local people and management officers in Jiuzhaigou Biosphere Reserve and Shennongjia National Nature
Reserve in China have been done. This study found that physical and financial capitals are crucial for local people to share the benefits from the
ecotourism development.

livelihood; protected area; local; China
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IUFRO17-1059 Recreational Indicators in the Danish National Forest Inventory - 10 Years of Experiences and Results

Jensen, F. S.* (1); Nord-Larsen, T. (1); Johannsen, V. K. (1); Skov-Petersen, H. (1)
(1) Department of Geosciences and Natural Resource Management, University of Copenhagen, Frederiksberg C, Denmark

Abstract: Several international processes aim to monitor the forest status, and the political focus on the recreational/social function is increasing
- as well as the demand for cost-effectiveness of the monitoring efforts. This paper describes, to our best knowledge, a unique forest recreation
monitoring approach which is part of the compulsory Danish National Forest Inventory (NFI).

The NFl is based on a 2 x 2 km grid, with a cluster of four sample plots placed in each corner of a 200 x 200 m square in each grid cell. One fifth
of the sample clusters are monitored each year. Before including recreational indicators on a permanent basis, a trial inventory was
accomplished in 2006-2007. This trial identified 11 recreational indicators, including e.g. trails, hunting facilities and litter, which was meaningful
seen from a recreational point of view and manageable in the existing inventory system. Results founded on a total of 4,138 forested clusters
inventoried in 2008-2012 (which makes up the first full sample circuit) is presented.

It was e.g. found that hunting facilities were present on 27% of the clusters; forest roads/trails on 35%, while tracks were found on 17% -
indicating access facilities are present at more than half of the Danish forest area. The presence of other outdoor recreation facilities, like
campgrounds and fireplaces, were more limited (6%). An interesting observation is made in relation to conflict management: only at 1% of the
clusters there are coincidence between hunting facilities and other recreational facilities. The results can be related to e.g. ownership status and
geographical/administrative regions.

It is revealed that NFI's relatively simply and cost efficient can be expanded to include a number of recreational/social indicators which generally
is not available otherwise. The continuity of the measurements will be a valuable addition to sustainable knowledge-based management and
policy decisions.

Recreation, monitoring, national forest inventory
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IUFRO17-1856 On-site data vs. population data vs. panel data - How to best monitor the society-forest relationship?

Fredman, P.* (1)
(1) Norwegian University of Life Sciences, As, Norway

Abstract: Forests are important for tourism and recreation, especially in the Nordic region where they represent a large share of the land area.
Previous research has shown that proximity to forests in urban regions significantly contribute to perceived well-being for many people. Likewise,
protected forest areas contribute to increased recreation opportunities that could generate appreciative actions through nature interpretation
programs. Forests also play a significant role for the consumption of tourism "space" in Nordic landscapes. To better understand and manage
abovementioned values from forests it is critical to monitor visitor use in a systematic way. Visitor monitoring provides key information for not only
management and planning of natural areas, but also for resource allocation, public accountability, enhancing visitor experiences, marketing and
interpretation. There are, however, many different approaches to monitor visitors in nature areas, and this presentation discusses pros and cons
of using on-site data vs. population data vs. panel data. The analysis is based on experiences from several studies of outdoor recreation and
nature-based tourism in Sweden, and among topics discussed are applicability, reliability and feasibility of the different methods.

Visitor monitoring, Outdoor recreation, Surveys
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IUFRO17-1536 Forest in Switzerland from the point of view of the Swiss public: Results of a nationwide monitoring survey

Hunziker, M.* (1); von Lindern, E. (1); Frick, J. (1); Bauer, N. (1)
(1) Swiss Federal Research Institute WSL, Birmensdorf, Switzerland

Abstract: There are several dimensions of the relationship between forest and the people, such as general forest preferences, the attitudes
towards the ecological, protective and productive function, forest-recreation behaviour etc. The aim of a Swiss nation wide survey was to
investigate these dimensions and to compare the results with those of a former study 1997.

To reach these aims we conducted a nationwide representative telephone and internet survey (N=3022, response rate = 32%) in the whole of
Switzerland (all three language regions).

The results show that the provision of air and oxygen, the protection of traffic lines and settlements, the ecological function and the production of
wood are among the most important forest functions from the point of view of the public. Nevertheless, forest recreation is very important for the
Swiss people. They visit the forest in the average 1-2 times per week in summer and 1-2 times per month in winter. This means that Swiss forest-
visit frequentation has one of the highest levels in Europe. However, forest-visit frequency did not increase since 1997 but very slightly
decreased (statistically not significant). Nevertheless, the perceived conflicts in the context of forest recreation doubled since 1997. This might be
the result of the increasing number of recreation activities that are conducted in the forests. But these conflicts did neither reduce the overall
satisfaction with the forest visits nor the perceived restoration by them. They are both rated on a very high level. We also investigated the forest
preferences and the respective assessment of the mostly visited forests and found that the people differentiate regarding concrete forest
attributes such as the existence of dead wood, species distribution, infrastructure elements and so on. Mostly the preferences and perceived
actual state matches well which explains the high satisfaction with forest visits in Switzerland.
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IUFRO17-549 Integrating social and physical aspects of forest recreation - a new approach to a comprehensive monitoring

Hegetschweiler, T.* (1); Plum, C. (1); Fischer, C. (1); Brandli, U.-B. (1); Ginzler, C. (1); Hunziker, M. (1)
(1) Swiss Federal Research Institute WSL, Birmensdorf, Switzerland

Abstract: Forest monitoring normally either focuses on physical aspects assessed in National Forest Inventories such as tree species, stand
structure, etc. or on social aspects assessed in questionnaire surveys focusing on the relationship of people with the forest. However, especially
regarding forest recreation, both the physical characteristics of the forest in which recreation takes place as well as the social aspects such as
visitor preferences and behaviour play an important role. The question arises whether National Forest Inventories (NFls) and socio-cultural forest
monitoring (usually nationwide questionnaire surveys) could be combined to explain and possibly even predict forest recreation patterns from
forest-related and visitor-related data. One possible approach to achieve this is to take (parts of) the questionnaire from the household survey
and use them in a forest visitor survey at NFI sample plots. The second possible approach is to take visualizations, e.g. in form of photographs,
of NFI plots with underlying forest data and use them in a survey. We tested both approaches with the aim of developing a model to predict visual
attractiveness and recreational usage of the forest from physical and social data. An evaluation of of both approaches can provide indications to
how a comprehensive forest recreation monitoring including both physical and social aspects could be conducted effectively.

Links physical and social data, method development
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IUFRO17-1701 An analysis of communicative interaction as a tool to understand the dynamics of society-forest relationship in
Baden-Wiirttemberg

Simminger, E.* (1); Bethmann, S. (1); Baldy, J. (2)
(1) FVA Baden-Wirttemberg, Freiburg, Germany; (2) University of Freiburg, Freiburg, Germany

Abstract: In recent years political discourse faces challenges regarding transparency, citizen participation and the value of different forms of
knowledge. Forestry does not remain unaffected by these dynamics: The public increasingly questions silvicultural management decisions and
demands to have a right to be involved in decision-making processes. Therefore the branch has to seek higher transparency and to include the
perspective of the public as a different form of knowledge into professional discourses e.g. by considering people's values and needs and
therefore implementing participatory processes.

First results of a research project are presented focusing on the monitoring of these and further dynamics between and within forestry and the
public. The sociocultural forest monitoring funded and conducted by the Forest Research Institute Baden-Wuerttemberg, Germany (FVA) has a
local focus on forests in southwest Germany. The research design does not reproduce existing opinion surveys for another local area but it uses
a qualitative method approach. Findings are based on the analysis of different instances of communication such as public relation events, civic
engagement, and participatory processes.

Communication,Dynamics,Participation,Qual.Methods
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IUFRO17-3413 Timber or Non-Timber Forest Products: How do stakehold