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Research Programme

Introduction
The vision of the Heureka research programme was to significantly con-
tribute to the sustainable multi-purpose management of Swedish forest 
landscapes and forest resources by providing up-to-date decision support 
tools for different stakeholders, ranging from governmental organisations to 
private forest owners. Within the research programme a suite of software has 
been developed for different users and problem areas.  In the 1990’s goals 
and practices within Swedish forestry shifted from single objective timber-
oriented  management towards a multi-purpose management. Nature con-
servation, environmental protection and social aspects were included in both 
forest policies and stated objectives for forest companies and individual forest 
owners. Available systems, such as the Forest Management Planning Package 
(Indelningspaketet in Swedish) and the Hugin system were originally devel-
oped for analysis and planning of timber production. With their roots in the 
1970’s these systems were also quite old, hence their software architecture and 
programming language had become outdated. At the end of the last century 
there were rapid advances in knowledge and methodology in closely related 
disciplines such as landscape ecology and conservation biology, accompanied 
by advances in other relevant field, including operation research and remote 
sensing.  Altogether the need for a new generation of forest analyses and plan-
ning systems was obvious and after a feasibility study (Dahlin et. al, 1997) the 
Heureka research programme was established in a small scale at the Faculty 
of Forest Sciences, Swedish University of Agricultural Sciences (SLU), in the 
year 2000. The research programme was expanded in 2002 through a research 
grant from Mistra, and its first main phase ran from October 2002  to Sep-
tember 2005, funded by SLU and Mistra. In 2005 the research programme 
was further expanded since funding was obtained from two additional financ-
ers for a period of four years. The second phase – which is the main focus 
of this report – of the research programme ran from October 2005 to Sep-
tember 2009 with funding from SLU, Mistra, the Swedish Forest Industries 
Federations and Kempe Foundations. The Faculty of Forest Sciences, SLU, 
has hosted the research programme but departments at the Faculty of Natu-
ral Resources and Agricultural Sciences and the Forestry Research Institute 
of Sweden (Skogforsk) have also participated.  In the second phase the total 
funding has amounted to 10.5 MSEK per year (3 MSEK per year from Mis-
tra and 2.5 MSEK from each of the other three financers).  

This report starts with a short summary and overview of the whole pro-
gramme, followed by a report on each application (software) of the Heureka 
system and reports from the individual thematic research projects. Thereafter 
programme management, funding and expenditure are reported and finally a 
compilation of publications is presented. The project reports have been writ-
ten by the responsible researchers, so some 20 authors have contributed to 
this report.
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Aim and approach
The primary goal of the Heureka programme was to synthesize knowledge 
from different disciplines and to make this knowledge available in deci-
sion support tools, which can benefit various types of users. A fundamental 
concept in Heureka is that the most important utilities (goods and services) 
derived from the forest ecosystem should be considered simultaneously in 
analyses and planning. The goods and services considered are timber, forest 
fuels, biodiversity, recreation, and carbon sequestration. 

Naturally, key aspects of forest ecosystem development and the production 
of forest goods and services are the initial states and subsequent development 
of individual trees and stands of trees (the tree cover). Thus, these aspects are 
core elements of the Heureka system (Fig. 1). Based on a description of the 
initial forest state, a set of models describing the tree cover development given 
the applied management actions – also described by models – the output of 
goods and services as well as the future forest state can be projected.  Based on 
these core elements, three main applications (software) have been developed 
for analyses of individual stands (Heureka StandWise), long-term planning for 
small and large forest holdings, (Heureka PlanWise) and for regional analysis 
(Heureka RegWise).  The system development team has integrated the models 
and methodologies generated in the research projects into executable software, 
which has been designed according to the specifications of the applications. 
These applications are described in the chapter ‘Applications of the Heu-
reka system’ below. The development of the applications, system design and 
programming were key tasks of projects grouped in a sub-programme called 
Applications and System Design (Fig. 2). 

Figure 1. The initial state and subsequent development of individual trees and stands of trees 
are core elements of the Heureka system.

In order to develop models required to describe the initial and projected 
states and the production of the goods and services considered by Heureka, 
relevant models and methodologies have been developed, assessed and com-
piled in a number of research projects organized in four thematic subpro-
grammes: Forest Ecosystem Development (tree cover and soil), Forest Goods 
and Services, Data acquisition, and Decision Support Methodologies; see the 
chapter ‘Projects’ below and Figure 2. 

Initial conditions Future conditions
Silviculture 

and harvests

TimberBio fuel Ecosystem services

Stand development
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Figure 2. The functional organization of the Heureka research programme in five sub-
programmes.

During the course of the research programme ca. 30 researchers at SLU and 
Skogforsk have been funded (part time) within it. Some ten system design-
ers and programmers – SLU employees as well as consultants – have been 
involved, and the management team has included a director, an assistant direc-
tor, an administrator and a communicator (all part-time).

Scientific value
Given that the Heureka system is mainly considered as having practical 
value for users, the fundamental scientific value of the programme consists, 
firstly, of scientific results obtained in the thematic projects and, secondly, of 
research in which the Heureka system has been used. One of the main ideas 
of Heureka has been to synthesize existing knowledge into models that could 
be integrated into the system. In many cases required knowledge was lack-
ing or there were a need for further development. Therefore, in many of the 
thematic research projects fundamental research was needed, resulting in sci-
entific papers (see the lists of publications in the synopses of the individual 
projects or at the end of this report). The research programme has generated 
more than 80 scientific papers, more than 45 of which have been published 
or accepted for publication. After the first phase of Heureka selected results in 
the form of eleven scientific articles were also published in a special supple-
ment to the Scandinavian Journal of Forest Research (Öhman and Lämås 
2006). 

During the first phase of the research programme an informal research 
school was formed within Heureka. It organized a number of PhD student 
courses and eight PhD students affiliated with the research programme have 
now been examined. This research school was not continued in the second 
phase since, inter alia, the focus in the second phase was to finalize the appli-
cations of the Heureka system. Internationally, the overall Heureka research 
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programme, the Heureka system and its thematic research projects have been 
presented at quite a large number of scientific conferences. Notably, at the 
international conference ‘Adaptation of Forests and Forest Management to 
Changing Climate with Emphasis on Forest Health: A Review of Science, 
Policies, and Practices’ in Umeå, August 2008 Heureka staff arranged a session 
`Scenarios and modelling for forest management planning’ in collaboration 
with IUFRO 4.02.07 A side event was also arranged at the conference in 
which Heureka was presented. Further, in 2009 a new EU research network 
was established, the COST Action FP0804 FORSYS – Forest Management 
Decision Support Systems – to be coordinated by SLU (probably at least 
partly in recognition of the contributions made by Heureka). 

To date the Heureka system has been used in the following external 
research projects (among others):
• The FP6 integrated project ‘Eforwood’, in which Heureka RegWise was 

used to provide year 2015 and 2025 indicator values as inputs for the 
ToSIA tool for a forestry-wood chain case study in Västerbotten.

• The Swedish Energy Agency funded project ‘New perspectives on the role 
of forestry in climate change policy’, in which Heureka was used to analy-
ses timber and bio-fuel production and carbon sequestration under various 
possible stand management regimes (Backéus et al. 200x).

• The EU-Life project ‘Forests for Water’, in which Heureka PlanWise was 
used in a study on stream-water dissolved organic carbon in relation to for-
estry activities in a catchment (Öhman et al. 2009).

The system is also being used or planned to be used in a number of other 
projects, among others:
• The EU-Northern Periphery project ‘Clim-ATIC’ in which Heureka 

PlanWise and Heureka StandWise are being used in collaboration with 
local stakeholders to develop management alternatives adapted to climate 
change on a forest holding in Lycksele.

• The ‘Future Forests’ research programme at SLU funded by Mistra, SLU, 
and the forestry sector in which Heureka PlanWise is being used in an 
integration project for projections of case study landscapes. 

• The strategic research project ‘A research platform on tree retention’ fund-
ed by Formas in which Heureka will be used for projections of landscapes, 
stands, and tree retention patches.

Heureka analyses are also being incorporated as components in several cur-
rent research applications in progress. 

User value
The suite of software packages developed and the knowledge produced 
in the research programme have numerous potential users, including most 
stakeholders of the forest ecosystem associated with environmental aspects, 
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forest production, and social values. The most immediate users, however, 
are  authorities, agencies, companies and organisations dealing with matters 
related to forests, and non-industrial private forest (NIPF) owners. In many 
cases the software developed represent break-throughs in multi-purpose forest 
management analyses and planning. For example, for NIPF owners, Heureka 
StandWise provides a tool for making forest management plans for small and 
medium sized forest holdings that are considerably more advanced than cur-
rent and traditional management plans. For (large) forest companies Stand-
Wise includes both strategic and tactical planning facilities within one and 
the same tool. It also provides a link to short term planning systems, such as 
the VägRust system developed at Skogforsk.

In 2009 the Heureka system was introduced in teaching at SLU. In the 
under graduate courses ‘Silviculture and inventory methods’ and ‘Nature 
conservation oriented silviculture’ StandWise was used.  PlanWise was intro-
duced in the undergraduate course ‘Forest management planning from a 
company perspective’ and in the international graduate course ‘Modeling 
growth and yield for decision analysis’.

In the second phase of the research programme there were lively contacts 
with stakeholders via workshops and seminars in collaboration with relevant 
authorities, organizations, and forest companies. These activities were comple-
mented by a smaller “road show”, in which the software developed and other 
results from the research programme were presented in three cities. The users 
of former analyses and planning systems developed at SLU are clearly eager 
to start using the Heureka system and its extended functionalities. Interest has 
also been shown among new potential user groups, as in the environmental 
sector and various organizations, consultants, and advisors working in small-
scale forestry. 

Fulfillment of objectives
At the end of the programme period three central computer programs are 
available: RegWise, PlanWise, and StandWise, and three supporting modules: 
PlanStart (for importing data, etc), Ivent (for field surveys), and PlanEval (for 
multi-criteria decision analyses). The thematic research projects, with a few 
exceptions, have delivered expected models and methodologies. Descriptions, 
user manuals and tutorials for the software are available from a web-page in a 
Wikipedia format (http://heureka.slu.se/wiki). The software is available for 
free downloading via the Heureka Wiki (registration of the user is required). 
A unit is established at SLU to maintain the system and ensure that it contin-
ues to be accessible when the research programme ends. The overall objective 
of the research programme – development of decision support tools for mul-
tipurpose forestry – has thus been met. The Heureka system is already being 
used in research, teaching and for some other uses. It is obvious that objec-
tives of the research programme and the development of the Heureka system 
have been a huge undertaking. Although the software packages are available 
and running it would have been desirable to have had an extended period of 
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testing and final adjustments between the development phase and the intro-
duction and use phase. In practice, the testing and adjustments were less com-
prehensive than ideal, partly due to late delivery of models from some the-
matic research projects, and partly to underestimation of the effort required 
for testing. Testing, final adjustment and completion of system documentation 
and user manuals are continuing at the unit responsible for the maintenance 
and accessibility of the system. At present, however, the resources available for 
the unit to these efforts seem limited.
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Applications of the Heureka system
Three main applications (software) of the Heureka system have been devel-
oped, each containing the core of the Heureka system, i.e. models depicting 
individual tree and stand development: 
• RegWise for regional analysis
• PlanWise for long-term planning in large and small forest holdings
• StandWise for analysis of individual stands.

To support these main applications a number of software modules have also 
been developed: 
• PlanStart for importing data, etc. 
• Ivent for field surveys of (sample) stands
• PlanEval for multi-criteria decision analysis (described in the Thematic 

research projects chapter).

In addition, a suite of software has been developed at Skogforsk for opera-
tional planning. This was included in Heureka to link information (data) and 
methodology between long-term and short-term planning.

Regional analysis, RegWise
Project leader: Torgny Lind, Dept. of Forest Resource Management, SLU, 
Umeå

Project aim 
The objective was to develop an application for long-term analyses of 
regions, counties or other large areas. The application is named RegWise 
(Fig. 3) and is based on a simulation approach to answer “What if?”questions. 
The simulations are guided by a set of rules and regulations. The application 
should be able to include many different utilities in the analyses and report 
results as indicators of these utilities over long-time horizons. Examples are 
timber production, biodiversity, carbon sequestration and recreation indica-
tors.

Methods used in the project
The primary method to implement models such as growth models in the 
Heureka system consisted of writing requirement specifications and instruc-
tion documents about the models. These documents were sent to the software 
developers group for implementation in co-operation with those responsible 
for each model. After implementation each model was tested against a set of 
test data. Another important aspect has been communication with research-
ers involved in other sub-projects within the Heureka programme in order to 
facilitate implementation of their models. Results of analyses with RegWise 
have also been compared to results obtained using the Hugin system. 
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User value
In future, RegWise will be used at least by the users of the present Hugin 
system. However, RegWise meets all the requirements to be useful for a 
wider group of users than existing system (Hugin), because its analyses pro-
vide results covering more utilities. RegWise is also more fl exible and it can 
be run on an ordinary computer, providing users opportunities to undertake 
their own analyses, with support from SLU.

RegWise has been used within the Eforwood project funded under the 
EU “Global change and ecosystems“ research activity of the Sixth Frame-
work Programme (www.eforwood.org).  The role of RegWise was to esti-
mate volumes from cuttings for the years 2015 and 2025 in Västerbotten 
based on a reference scenario. 

Figure 3. Screen-shot of growing stock and harvested volume data generated by RegWise.

Fulfi lment of objectives
The fi rst version of RegWise includes most of the functionality originally 
planned.  The system is fl exible and the user can generate scenarios with dif-
ferent forest management methods assigned to specifi c forest areas. It is also 
worth mentioning that new models for estimating climate effects on tree 
growth, soil carbon and nitrogen stocks and sequestration are integrated in 
the application.  One objective was to make analyses based on wall-to-wall 
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data, improving opportunities to include models demanding such data. Exam-
ples are habitat index models and models estimating forest owner behaviour 
based on forest estate data. However, although RegWise is designed for using 
wall-to-wall data it is not yet streamlined for using this type of data. 
Further developments should include a module for estimating effects of for-
est owner behaviour on   cutting and regeneration activities based on wall-
to-wall data (providing data for each individual holdning) and external data 
about forest owners. Another important issue is to widen the number of users 
of RegWise both within and outside SLU. 

References 
Lind, T. 2002. A Blueprint of the Hugin II system. In: Heikkinen, J., Korhonen, K. T., 
Siitonen, M., Strandström, M. and Tomppo, E. (eds). Nordic trends in forest inventory, 
management planning and modelling.Finnish Forest Research Institute. Proceedings of 
SNS Meeting in Solvalla, Finland. April 17–19, 2001.Research Papers 860: 149–152.

Scientific articles
Barth, A., Lind, T., Pettersson, H. & Ståhl, G. 2006. A framework for evaluating data 
acquisition strategies for analyses of sustainable forestry at national level.  Scandinavian 
Journal of Forest Research 21, Supplement 7:94-105

Working papers
Tomé, M. & Faias, S. (eds), 2007. Report describing version 1 of the regional simulators.  
EFORWOOD Tools for Sustainability Impact Assessment.  Deliverable PD2.5.6. 

Popular science publications
Lind, T. 2005. Applikationen för regional analys. I: Ingemarsson, F (editor). Har skogen 
mer att ge? Heureka årsrapport 2004. Fakulteten för skogsvetenskap, SLU, Rapport nr 
20: 33–36 (In Swedish).
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Long term planning, PlanWise
Project leader: Peder Wikström, Dept. of Forest Resource Management, SLU, Umeå.

Project aim 
The overall aim of this project was to develop a decision support system for 
long-term planning, capable of strongly facilitating attempts to improve the 
utilization of forest resources with respect to both timber production and 
non-monetary values. Here, non-monetary values refer to biodiversity, social 
values (recreation), and carbon sequestration. The application is named Plan-
Wise (Fig. 4) and uses an optimization approach to search for preferred solu-
tions (i.e., to address “How to?” questions).

Key primary tasks for the project included the specifi cation of require-
ments for the software, including the functionalities that should be included, 
and technical specifi cations such as performance requirements. The require-
ments include functional requirements, that is what functionality that should 
be included in the software, as well as technical requirements such as perfor-
mance requirements.

Methods used in the project
The requirements have been compiled by: 
• continuous discussions with a reference group 
• following public forestry debates   
• participation in research projects
• literature studies

Figure 4. Screen-shot generated by the PlanWise software for long-term planning.
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User value
A complete decision support system for forestry planning has been developed 
and is freely available by downloading from the internet. The system can be 
used to make prognoses and generate alternative plans and scenarios for a 
given forest holding or forest landscape.  Thus, the system can guide to users 
to better decisions and thereby increase the value of their forest and its pro-
duction, both economically and with respect to other, non-monetary, values. 
Here, the built-in optimization model helps the user to select among various 
stand-level management alternatives so the overall objectives for the whole 
forest can be met.

The system can also be used in education and in spring 2009 was used by 
students taking the SLU graduate course “Forestry Planning from a Company 
Perspective” (Skoglig planering ur ett företagsperspektiv).  

Finally, PlanWise can be used for research in forest policy and forestry 
planning (see references below).

Fulfillment of objectives
PlanWise was successfully developed and is absolutely state-of-the-art in the 
field of forestry decision support systems. It seamlessly integrates data man-
agement with simulation models, a flexible optimization system, maps, graphs, 
and tables.

Some functionality was not implemented due to a shortage of time and 
personnel in the software development project. The model for depicting tree 
wood properties is one example. The system should also have been more 
thoroughly tested before release. More resources should have been put into 
this. 

Part of the project overlapped with the optimization project addressing the 
development of the optimization programming model, optimization models, 
and tactical planning (see Optimization project section).

References 

Scientific articles
Backéus S., Lämås T. and Wikström P. Carbon sequestration in Swedish forest stands 
under various management regimes. (manuscript). In Backéus S, 2009. Forest Manage-
ment Strategies for CO2 mitigation, Acta Universitatis Agriculturae Sueciae 2009:89 
(Doctoral Thesis). 47 s, ISBN: 978-91-576-7436-4

Hankala, A., Wikström, P., and Eriksson, L.O. 2009. Using software to support forestry 
decision-making with multiple goals: a case study with the MCDA application of the 
Heureka planning system. (In prep.)
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Stand level analysis, StandWise
Project leader: Peder Wikström, Dept. of Forest Resource Management, SLU, Umeå.

Project aim 
StandWise (Fig. 5) should be considered a love child, conceived during the 
project. It was not planned from the beginning, but proved to be much 
loved and received a lot of attention. The software is an interactive simulator 
for exploring stand development and effects of silvilcultural and harvesting 
actions. 

Methods used in the project
StandWise is based on the same core as PlanWise and RegWise. Two software 
programmers who had been working on stand and tree visualization were 
engaged to design and program the 2D and 3D-visualization models. They 
used their own experience from their Master’s projects, in which they con-
structed a 3D forest stand simulator. 

User value
StandWise has been used by a Swedish forest company to evaluate and visu-
alize alternative treatments and development scenarios for dense stands, for 
which determining optimal thinning treatments were considered diffi cult 
to determine. As an example, StandWise has been used by a Swedish forest 
company to evaluate and visualize different alternative treatments and devel-

Figure 5. Screen-shot generated by the interactive simulator StandWise.
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opment scenarios for a stand that was considered problematic in terms of 
difficulties in determining whether a thinning that was performed in a dense 
stands was the best decision. Results from a number of scenarios were used 
in subsequent discussion among foresters and decision-makers. StandWise has 
also been used in graduate courses in forest management and inventory. The 
students typed in their own field data measurements in StandWise, and could 
visualize and exploit the current state, and different management alternatives. 
StandWise is currently being used in a project dealing with continuous cover 
forestry at the Forestry Agency. StandWise will be used to calculate and visu-
alize different stand development scenarios for selected research sites.

Fulfillment of objectives
StandWise was successfully developed and it proved feasible to construct a 
new application that shares the same core as PlanWise and RegWise. Stand-
Wise has proved very useful for testing, education, research, software demon-
stration, and visualization of treatment alternatives.

Future areas of improvement include (inter alia) the addition of function-
ality to simulate tree positions for different spatial patterns (currently only 
distributions defined by a Poisson process are supported), the possibility to 
manually select individual trees for cutting, implementation of different thin-
ning or selection cutting algorithms, and 3D-images of more tree species 
(currently images are available only for pine, spruce and birch).

References 

Popular science publications
Wikström, P., Klintebäck, F., and Westling, J. 2008. BeståndsVis – en simulator för analys 
av skogsskötsel. Fakta Skog nr 4/2008. SLU, Umeå.
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Operational planning
Project leader: Mikael Frisk, Skogforsk

Project aim
The operational planning module in Heureka considers short-term plan-
ning of harvesting and transportation activities and has a clear connec-
tion to the long-term planning application, PlanWise. For example, results 
from PlanWise, such as suggested harvest alternatives for different stands, 
can be directly used for planning of road investments or harvest resource 
planning. The aim of the operational planning is to support short-term 
planning of forest harvests and logistics. An important reason for includ-
ing the project in Heureka was to provide secure information (data) and 
methodology links between the long-term and short-term planning 
applications.

Skogforsk has been responsible for the project and has developed a 
number of tools (software) for operational planning. In Heureka phase 
one Skogforsk received money from the Heureka budget for this work. In 
the second phase, however, Skogforsk has financed the work except for a 
case study in the last year linking long-term planning to operational plan-
ning. For this reason Skogforsk has not followed all of the standard Heu-
reka procedures (e.g. for reporting progress).  

Methods used in the project
The application for operational planning consists of four planning tools, 
due to the variations in decisions that have to be made and the time hori-
zons that have to be considered. Over the 1-3 years time horizon, typical 
decisions concern investments in forest roads and terminals for storage 
and railway transportation. Over the monthly to single year time horizon 
the decisions rather focus on transportation issues and delivery plans, 
including for example, decisions regarding which stands to harvest in 
which month, allocation of stands to different mills, the use of different 
transportation modes, such as truck or train, back-hauling possibilities 
and timber exchange between different forest companies. The tactical 
planning period normally extends over a period from a month to a year. 
At the operational level, covering a time period from a day to a couple of 
weeks, daily planning includes scheduling tasks and route optimization 
for trucks and harvesting machines.
 All of these planning tools share a common structure: a database for data 
storage and calculations, a user interface for preparing data and interpreting 
results, and an optimization model for the calculations. 

User value
In phase one funds from the Heureka budget were used to finance parts of 
the development of models and decision support systems for wood flow opti-
mization (FlowOpt), route optimization (RuttOpt) and road investment plan-
ning (VägRust). The systems were developed in close cooperation with forest 
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companies in Sweden, and they have been used and tested in a number of 
case studies in which several different logistical questions have been addressed. 
For example, FlowOpt has been used to support decisions regarding large 
investments in train terminals, to find the most optimal combination of truck 
and train transportation and to analyze the potential for timber exchange 
between forest companies. These studies have identified potential cost savings 
of up to 15 % for the companies involved. At least two companies have also 
implemented the decision support tool FlowOpt into their business and used 
it to reduce costs and emissions.  

The system for planning road upgrades (VägRust) has been used in two 
case studies together with Stora Enso Skog AB and Holmen Skog AB. The 
results show that the potential for this kind of tool is very high and the 
optimization model gave interesting and reasonable suggestions for road 
investments according to the companies. 

RuttOpt has been developed as a powerful analytical tool, capable of 
handling large, complex transport planning environments. Exact planning 
for hundreds of trucks over a period up to a week can be handled, and the 
effects of alternative plans on transport costs, under various conditions, 
can be calculated. 

In the second phase Skogforsk has reported work focused on improv-
ing existing tools to make them more user friendly and better adapted to 
issues that were not previously included. In FlowOpt this involved develop-

Programme meeting including an excursion on, among others, remote sensing and habitat mod-
els, October 2008, Vindeln. Photo Tomas Lämås
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ment of the optimization model for multi-period analyses and storage plan-
ning. Methods for assessing cost-sharing between companies have also been 
developed and tested. Functions for optimizing the procurement of forest 
fuel, which involves decisions regarding several other aspects in addition to 
round wood procurement, such as chipping operations, have also been added. 
The model has to decide when, where and by which machine the forest fuel 
should be chipped into smaller fractions. 

For RuttOpt and VägRust a completely new platform and user interface 
have been developed. The platform is technically the same for each of the 
systems but some functionality and views are different. The platform is 
built like a client-server solution and consists of Open Source programs 
such as PostgreSQL and GeoServer. 

The development of RuttOpt also included development of an optimiza-
tion model to handle larger, more complex planning problems, independent 
loaders and queues at loaders and industrial sites. In several case studies the 
implementation of route planning has been tested. This is very complex since 
it changes the working conditions and business relations for all stakeholders, 
and further work is required to ensure a smooth transition from current prac-
tices to centralized route planning.  

For VägRust, a completely new optimization model has been construct-
ed. The new model is more advanced and will take into account more 
details than the prior version. The model now considers storage places 
for storing timber from one season to another in order to complement or 
replace the road investments. The model also considers different vehicle 
types, typical vehicles equipped with CTI (Central Tyre Inflation) and nor-
mal vehicles. The CTI-trucks are allowed to use roads of lower standard 
during seasons of low bearing capacity such as spring thaw, and provide 
complementary options to storage and upgrading when planning con-
tinuous, year-round deliveries from forest to mill. 

The system will also provide a more detailed way of calculating the 
costs for upgrading, using the placement of gravel pits and the distance 
from all roads to the closest gravel pit. 

The system is intended to be fed by information directly from the Heureka 
planning tool PlanWise regarding harvesting alternatives for a large number 
of stands. The information from PlanWise includes different harvest alterna-
tives for each stand with harvested volume per assortment and year, present 
value and costs of harvesting. Together with information on delivery plans for 
different seasons and road information the model will also find ways to fulfill 
industrial demands during periods with low accessibility by road. This is done 
by using the optimal combination of road upgrading, timber storage and the 
use of CTI-trucks while minimizing costs of upgrading, transportation and 
storage and maximizing the present value.

The whole process, analyses in PlanWise and optimization in VägRust has 
been tested in a case study in conjunction with the forest company Sveaskog 
in northern Sweden. The case comprised over 12 000 stands, 2 300 km of 
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forest roads, 10 time periods, four seasons and and ten industrial sites. It was 
performed at the very end of Heureka phase two and will be reported sepa-
rately.  The case study was funded by the Heureka budget. 

Fulfillment of objectives
The models and methods developed and incorporated within the applica-
tion for operation planning fulfill the project´s objectives as formulated in 
the project application. 

All models have been tested on real cases at forest companies in Swe-
den with very good and interesting results. During these cases studies 
valuable knowledge about the models and methods has been transferred 
to the companies in order to facilitate future implementation. The results 
from many of the case studies show that there is great potential for reduc-
ing costs and emissions when using the models for planning the wood 
supply chain. Now that the models have been developed and tested the 
next step is to promote their implementation by the companies. 

References

External references
M. Henningsson, J. Karlsson and M. Rönnqvist, Optimization models for forest road 
upgrade planning, Journal of Mathematical Modelling and Algorithms, Vol. 6, No. 1, 3-23, 
2007.

M. Frisk, M. Göthe-Lundgren, K. Jörnsten and M. Rönnqvist, Cost allocation in col-
laborative forest transportation, accepted for publication in European Journal of Opera-
tional Research.

P. Flisberg, B. Liden and M. Rönnqvist, A hybrid method based on linear programming 
and tabu search for routing of logging trucks, Computers & Operations Research, Vol. 36, 
1122-1144, 2009.

G. Andersson, P. Flisberg, B. Liden and M. Rönnqvist, RuttOpt – A decision support 
system for routing of logging trucks, Canadian Journal of Forest Research, Vol. 38, 1784-
1796, 2008.



22

Other applications and system design

PlanStart
PlanStart is a software program used to import data from different data 
sources into the system, for example ordinary stand inventory databases,  
GIS-data, kNN data, and background images. PlanStart can import data 
files from the Forest Management Planning Package, thereby offering 
backward compatibility with that system. PlanStart can also assist field 
inventory stratified sampling design, and both export and import data 
to and from Ivent (see below) and process these data. PlanStart also has 
functionality to simulate tree lists (height and diameter distributions) 
from stand-level averages if individual tree data are not available. 

Ivent
Ivent is a program for handheld computers developed for field inventory of 
data that are needed for analyses with the application for long-term planning, 
PlanWise. Ivent is designed for surveys of plots, within selected stands, in each 
of which: trees are either callipered (in medium aged and old stands) or mea-
sured by height (younger forests)(Fig. 6); the age, height, damage and quality 
of randomly selected sample trees are recorded; and both stand and site data 
are registered at plot level. Ivent can communicate with a GPS and show 
distance and direction to the plot and log plot coordinates. Together with a 
PosTex instrument from Haglöf, the position of each tree on the plot can 
be determined. Ivent has been developed for Windows Mobile and uses the 
database SQL server Compact Edition. The software has been used with the 
handheld TDS Nomad and also works directly on a PDA. To be used together 
with other brands of handheld devices, Ivent might need some adjustment. 
So far the software has been used together with DigiTech® Professional caliper 
from Haglöf.

The system for objective field surveys within Heureka largely resembles 
the system previously developed within the Forest Management Planning 
Package (FMPP) and Ivent can be seen as a follow-up of the FMPP’s soft-
ware for handheld computers, which has been widely used in recent decades. 
Although specifically developed to collect data for analyses with PlanWise, 
Ivent can also be used independently and with other types of plot layout. For 
example, Ivent has already been used for field inventories in connection with 
remote sensing research studies. Together with the application PlanStart, there 
is a possibility to make some choice of variables and to include user-defined 
variables.
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Figure 6. Examples of screen layouts in Ivent with, from the left, a tree list in which trees are 
registered directly through the calipers or manually, a form for registering site data and a plot 
view with trees positioned with a PosTex instrument from Haglöf.

System design
The system was developed by a group of four to five programmers, a test 
leader and a project leader. System architecture is state-of-the-art and adopts 
latest knowledge in the design of complex systems, for example by clearly 
separating data management from business logic and user interfaces. The 
system is a Windows application, developed in Visual Studio with C# as 
programming language. SQL Server (free or commercial version) is used for 
data storage, and can be installed either on a server or locally on a computer. 
All software can be downloaded from the internet, and a website (a “wiki”, 
http://heureka.slu.se/wiki) has been set up where users can find informa-
tion on installation, user’s help and tutorials, and other documentation. Some 
third-party software is included. Cplex is optional and requires that the user 
has a licence. Third-party software includes LP_Solve (optimization solver), 
ILOG Cplex (optimization solver), OnyxTree (tree images), ZIMPL (optimi-
zation modeling language), DotNetMagic (Graphical User Interface compo-
nents), and ZedGraph (Graphs).
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Education and training 
Project leader: Hampus Holmström, Dept. of Forest Resource Management, SLU, Umeå.

The Heureka Wiki – a web-based encyclopedia
To provide information on the Heureka system a website in a Wikipedia 
format was created during the last year of the research programme (http://
heureka.slu.se/wiki, Fig. 7). Wiki was a main task for the Education and train-
ing project.  With easy access, updated information and a well-known format, 
the Wiki is convenient for all users; from the interested forester to the experi-
enced forest researcher. Here, one will find:
• Information about the different applications of the system
• Downloadable installation files and software (and hardware) setup instruc-

tions
• User’s guides and tutorials.

The reference manuals describe the user’s possibilities to control the 
simulations (primarily the forest management treatments) and adapt 
analyses for specific purposes (e.g., by applying user-defined optimization 
models). Descriptions of the system’s underlying simulation and prog-
nosis models are continuously updated. Interactive methods have been 
used in education (see below) where the exercises were extended by tips 
and hints as proposed solutions were reported, and thereafter added to 
the website. For a potential user, the Wiki should be the first place to start 
looking for information about the Heureka system. Contacts are here 
listed, to answer any following questions. Advanced users do also have 
access to the bug report system.

Figure 7. The Heureka Wiki website with navigation menus to the left, an internal search 
engine, and plentiful linked pages.
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Implementations in practical forestry
On several occasions, the Heureka system has been demonstrated to represen-
tatives of the Swedish forestry. Here, users of the Hugin system and the Forest 
Management Planning Package (FMPP) (e.g., the Swedish Forest Agency and 
the forest companies, respectively) were given insight in the new forest man-
agement planning system, and experience, including hands-on exercises. Spe-
cial attention was directed towards the non-industrial private forest owners 
(representatives of “small-scale forestry”) since they were a new target group, 
introducing them to a more advanced planning system than traditional for-
estry plans.The advances in the system include (inter alia) the unbiased initial 
forest descriptions, the length of the planning horizon, the use of economic 
calculations (e.g. net present values), and optimizations instead of subjective 
management proposals.

Applicable and appreciated pedagogical tools
For several decades the FMPP has been used in the “Forest Management 
Planning from a Company Perspective” course to analyze a large forest hold-
ing (some thousands of hectares). In 2009, PlanWise was used instead, and 
for the first time applied in students’ excercises. Much appreciated, partly by 
involving the students in the system development (several bugs were both 
found and fixed during the course), the system proved to be useful for solv-
ing multiple-goal forestry problems. Assigned tasks concerned promotion of 

In 2009 the Heureka system was introduced in undergraduate and graduate courses at the 
Faculty of Forest Sciences, SLU. Photo Sofia Hansson.



biological diversity, recreational values, game hunting, etc., although always in 
conjunction with long-term, profitable forestry. Problems were solved by for-
est domain classifications as well as by restricted optimization models.

In the “Silviculture and Inventory Methodology” course the students 
first took in-field measurements of a forest, then analyzed effects of dif-
ferent treatments applied to this forest, using StandWise. The simplicity of 
applying, and undoing, a certain treatment in a certain forest, visualized 
in 2D and 3D, was found to be of great interest. Moreover, the students 
looked forward to using PlanWise with its built-in Treatment Program 
Generator in future courses.

During 2009 the Heureka system was used in parts of several other 
courses, e.g. “Forest Management Planning” and “Nature conservation 
oriented silviculture”. Some Master’s projects were based on analyses with 
PlanWise. Introductory lectures have also been held at other SLU loca-
tions, e.g. Skinnskatteberg and Alnarp, and the system will presumably be 
applied in teaching at these sites in the future.

Part of the Heureka team at the programme meeting September 2009, Borgafjäll. Photo Su-
sanne Sjöberg.
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Thematic research projects
Growth and yield models
Project leader: Björn Elfving, Dept. of Forest Ecology and Management, SLU, Umeå
Participants: Nils Fahlvik, Southern Swedish Forest Research Centre, SLU, Alnarp

Project aim
The growth and yield models form the core elements for projections of 
tree layer development. They mainly consist of models for stand establish-
ment, diameter- and height growth, in-growth and mortality. The models 
for stand establishment were developed in a separate Heureka project. 
Accurate projections of tree and stand development are essential for the 
overall reliability of the Heureka planning system.

Methods used in the project
Empirical models were developed on the basis of data from the National 
Forest Inventory and from long-term experiments and yield plots con-
trolled by the Faculty of Forest Sciences. Functions were parameterized by 
regression analysis under the assumption of stable growing conditions, 
i.e. it was assumed that observed growth relations in the past will con-
tinue in the future. So far, no deviations from this assumption have been 
detected. The focus in the last three years has been on adapting and test-
ing previously developed models. However, new models were developed 
for height growth of beech and oak and for thinning responses. Effects on 
growth of whole-tree utilization and on mortality of ageing and shelter-
cutting have been quantified on the basis of literature reviews. The vari-
ability of growth and ways to ensure the largest possible precision in 
growth predictions have also been reviewed.

User value
The value for the planning system of reliable projections of the tree layer 
development is self-evident. The new models have also increased pos-
sibilities to evaluate alternative silvicultural systems like continuous cover 
forestry.

Scientific results
No scientific reports have been published in the project period. The aim is 
to gather all growth models with descriptions of their background in the 
report “Growth modeling in the Heureka system” (in prep.). The most evi-
dent result from the project is a working planning system.

Fulfillment of objectives
Although a working system has been constructed many details should be 
re-considered and improved. Regional deviations from predicted growth 
have been observed, but not considered. Their background and stability over 
time should be examined. The system for predicting height growth should 
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be tested in relation to stem form development. Effects of suppression and 
release of trees on this relationship are complex and not specifically handled 
so far. Mortality functions have been developed on the basis of data from 
long-term thinning experiments, but they have not yet been implemented 
in the Heureka system since they only concern pure and even-aged pine and 
spruce stands. (The present Heureka mortality functions are based on NFI 
data.) The system for tree selection at thinning works well, but is difficult to 
handle and has weak empirical foundations. Ideas for development have been 
presented but further studies are needed before a new system can be imple-
mented. It is also important to continuously follow the growth level in order 
to detect deviations between true and projected growth. Effects of changes in 
the climate and nitrogen deposition can be expected, but must be empirically 
verified.

Figure 8. Partial relationship between basal area growth and stand age: numbers of observa-
tions and observed and estimated growth in different age classes. Observed data from, and esti-
mated data for, the permanent NFI-plots in the first observation period (iG5=five-year basal 
area increment).
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Figure 9. Tree longevity: maximum ages for trees of different species according to studies on 
age-determined sample trees in the NFI plots. Those relations were used in functions for mor-
tality due to tree ageing.

Figure 10. Patterns of height growth for different tree species with top heights passing 16 m at 
age 50 years, based on functions for height growth derived from data from both temporary and 
long-term yield plots.
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Specification of silvicultural  
and natural conservation treatments
Project leader: Ulf Söderberg, Dept. of Forest Resource Management, SLU, Umeå. 
Participants: Björn Elfving, Dept. of Forest Ecology and Management, Kenneth Nyström, 
Dept. of Forest Resource Management, SLU, Umeå.

Project aim 
The aim of this project was to provide the Heureka system with adequate 
routines for regulating and controlling the system to obtain the desired 
scenarios for the user. One part of the project was to evaluate existing 
specifications of silvicultural treatments, and if appropriate use them or 
develop them further. Another was to develop new specifications, pay-
ing special attention to the development of specifications for alternative 
methods of silvicultural treatments (continuous cover forestry) and speci-
fications of natural conservation.

The project is concerned with one of the core areas of the Heureka sys-
tem since flexible and realistic specifications of silvicultural treatments, 
natural conservation and other regulating systems are crucial for the out-
come of the system.

Methods used in the project
The methods used were literature studies, interviews and tests of algo-
rithms. Specifications developed in earlier forest management planning 
systems were examined (Eriksson 1981, Lind 2003, Wilhelmsson 1981) and 
discussions were held with users of these systems to gain knowledge of 
experiences of different specifications.

Various currently available applications were also evaluated, especially sev-
eral thinning simulators, in terms of performance and parameter settings.

User value
The results of the project are essential components of the system for the 
user that provide, after programming the interface between the user and the 
system, him/her to specify the scenarios he/she wishes to study. The greater 
the flexibility and the more alternative silvicultural and natural conservation 
treatments that can be specified, the greater the value for different users.

Scientific results
The results of the project are a considerable number of specifications 
delivered to the system development group. The evaluation of the exist-
ing thinning simulators showed that two had fairly similar properties for 
different types of thinning, but one had some advantages that could be 
used in specifications of alternative silvicultural treatments. 

The specifications of the traditional silvicultural treatments have been 
checked and documented for the Heureka-system. They cover all main 
silvicultural treatments, including soil scarification, regeneration methods, 
specifications for prioritising and performing thinning and final felling, 
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and for prioritising and considering effects of fertilisation. Specifications 
for cleaning, stand establishment and early growth were handled in the 
project. Furthermore, algorithms for calculating total volume from thin-
ning, and proportions of volumes from non-prioritised thinnings and final 
felling for the application RegWise were documented.

Continuous cover forestry
Four types of alternative silvicultural methods/continuous cover forestry 
were defined with  accompanying  silvicultural descriptions. The four 
types described are: selection cutting in spruce stands, two-storied pine 
stands, urban forests and deciduous-rich marshes. The definitions include 
criteria used to define suitable stand and site conditions for the different 
types. These alternatives can be seen as default alternatives, while a user 
also has the possibility to change them or define his or her own alterna-
tives.

Example, selection cutting in spruce stands.
Potential stands/plots are defined by a spruce proportion >0.7, a field vegeta-
tion type equal to Vaccinium myrtillus or better (i.e. indicative of a richer site) 
and stands/plots in the thinning or final felling stage.The diameter distribu-
tion should be decreasing, i.e. the numbers of stems in four width classes (in 
which the width of the trees is at least a quarter of the width of the thickest 
tree on the plot) should successively decrease, as the width increases.
   The treatment is specified as a weak thinning from above. The so-called 
10§-curve in the Forestry Act defines the lowest allowable volume in the 
stand after cutting aiming at improving forest development. This curve 
is used as a guide curve. Thinning is performed when at least 30% of the 
volume can be cut without falling below the curve, i.e. when  V

Act
> 1.43 

V
Min

, where V
Act

 is actual volume and V
Min

 is volume from the guide curve.

Nature preservation methods
New approaches have been developed to promote nature conservation, 
involving conservation measures at three levels: stand level, groups of trees 
and the individual tree level. Different specifications are needed for the dif-
ferent levels. If information on an area for nature preservation is given in the 
initial data, this area is referred to the corresponding forest domain, e.g. bor-
der zones.

Stand level
The user can define forest domains to be kept for nature conservation, for 
instance deciduous-rich stands, signified by > 60 % deciduous species in 
young forests and  > 30 % in thinning and final felling stage. The stands 
are treated by promoting deciduous trees when thinned.

Plot level
Two cases are distinguished that are treated in different ways: border 
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zones and other tree groups. Border zones are gathered in a separate for-
est domain and consist of areas bordering waters and bogs. The preser-
vation of other tree groups is randomly distributed across plots and plot 
parts. The user can specify the proportion of the area to be allocated to 
nature preservation. In many cases the information on plots within border 
zones is available either from field data or can be retrieved from GIS layer 
information. The remaining area allocated to nature conservation is allo-
cated to a random proportion per plot (0-100%) of the plots needed to 
meet the specified area.

Tree level
The trees to be retained at final felling for nature conservation can be speci-
fied as  “eternal trees”  (large trees)  or as retained for diversity preservation. 
The latter are generally deciduous trees.  The number of trees per hectare 
that should be left for retention is specified by the user. The selection of 
retained trees is made in a prioritised order based on tree species and diam-
eter at breast height. A list is given as a default specification but the user can 
change the order of species as well as the diameter criteria.

Fulfillment of objectives
Generally speaking, the objectives have been achieved. Many specifica-
tions used in the Hugin-system were found to be appropriate for use in 
the Heureka system, in some cases with minor modifications. The devel-
oped methods and specifications for continuous cover forestry and natu-
ral preservation are flexible and give great opportunities for the user to 
specify desired scenarios.

A new concept for designing treatments was developed, using impu-
tation to allow the use of more plots for decisions regarding treatments 
and their performance. However, time was limited and the ideas were not 
completed. The methods for continuous forest cover and nature preserva-
tion could be developed further in terms of selections of stands and trees. 
This would then require information on how these treatments are actually 
done in practice.
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Stand establishment and early growth
Project leader: Kenneth Nyström, Dept. of Forest Resource Management, SLU, Umeå. 
Participants:  Elfving Björn, Dept. of Forest Ecology and Management, SLU, Umeå.                                                              

Project aim 
The core components in the Heureka-system are the growth models, 
which predict the development of the tree layer during the projections.  
The modeling of regeneration establishment and early growth is based 
on an individual-tree approach, in accordance with the general approach 
in the Heureka system. 

In Sweden, about a third of the productive forest area consists of bare 
land or stands younger than 30 years. Therefore, in forest scenario analy-
sis, it is essential that accurate predictions of the regeneration success 
and development of young stands can be made. Results of regeneration 
in terms of stand density, species mixture and height evenness vary con-
siderably depending on regeneration practices and site conditions. Thus, 
the regeneration success and early development are fundamental deter-
minants of the future stand state and consequently of central significance 
for issues regarding yield and environmental aspects in the long term.  

The main objectives of the project were to implement and increase the 
flexibility of our tools for stand establishment by developing functions to 
model:
• The new plant population after simulated regeneration cuttings and on 

bare land in a given initial state.
• Individual trees from stand level data in existing seedling stands.    
• Implementating and checking existing growth simulators for the reliability 

of their early growth predictions.

Methods used in the project

Stand establishment  
In most growth simulators for management planning it is necessary to 
simulate the regeneration success and early development of the estab-
lished seedlings before the actual growth modeling can start. There are 
two options to generate a new plant population after harvest.

One approach to model regeneration success is by imputation of the 
expected initial state, e.g. by selecting a single plot with desired charac-
teristics. This approach was used by Elfving (1977, 1990) and evaluated 
for the Hugin system and has now also been incorporated in Heureka`s 
toolbox. The regeneration success is described in terms of the expected 
stocking at 12 years total age as a function of regeneration method, site 
preparation, and site conditions. Once the regeneration success has been 
estimated, tree or stand characteristics must be assigned before the 
growth modelling can start. The relationship between expected stock-
ing (ASLU) following regeneration and the expected state at 2-3 meters 
mean height is expressed by an index (Stand quality index, 0-100), which 
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expresses the expected potential influence of stand density, species com-
position and height variation on future growth. The stand quality index is 
the key variable as a predictor for the estimation of the new generation. A 
sample plot with tree data is assigned (from a database) to target stands, 
based on the estimated stand quality index (Uk). To account for the effects 
of random variables involved in stand establishment, a random compo-
nent is added to the predicted mean of the relationship between expect-
ed state of the tree-layer in the young stand and estimated regeneration 
success.   

A second approach to modeling stand establishment is to estimate the 
expected status of the established young stand by a set of hierarchically linked 
functions. This approach has been used in the project to simulate “synthetic”  
plant populations. The Weibull distribution was used to characterize species-
wise frequency distributions for initial heights of established seedlings.  The 
user specifies the mean height (the default in Heureka is 2 meters) of the 
main species according to current regeneration methods. An expected tree 
list at 2-3 meters mean height of established seedlings is then created stepwise  
by applying the sub-models listed below;
• Estimate the expected regeneration result, Uk=ƒ(ASLU,method). This is 

the key variable and is the same in both methods, imputation and simula-
tion. 

• Estimate the expected total number of established seedlings per hectare.  
• Estimate the proportions of conifers and broadleaves.
• Estimate the expected tree species composition (i.e. proportions of Nor-

way spruce, Scots pine, birch, etc.)
• Estimate the expected mean height and height variation for each tree spe-

cies present.The mean height of main species is determined according to 
specifications for the simulation.

• Estimate for each species the shape and scale parameters for the 2-param-
eter Weibull probability density function given the estimated mean height 
and height variation.

• Finally, individual trees are generated (species, heights) by using the Weibull 
distribution to randomly select tree characteristics given the estimated 
parameters for the distribution.

Separate models have been developed for the following regeneration meth-
ods: planting, (Scots pine, Norway spruce, and Pinus contorta), direct seeding 
and natural regeneration (Scots pine) with or without seed trees.  The sub 
models used to build up an initial stand structure are evaluated independently 
of each other.  However, mixed modeling techniques were used in model 
formulation and parameter estimations to capture the within- and between- 
stand variability in the data used for parameter estimation.  The within-stand 
variation in number of stems and proportions of conifers and broadleaves 
resulting from a stochastic simulation for a spruce plantation is illustrated in 
Fig 11. 
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Figure 11. Number of stems per hectare distributed over the species groups conifers and broad-
leaves. The figure illustrates the within-stand variation obtained from 10 realizations with a 
stochastic setting of the regeneration models. Initial state at 2 meters mean height for a spruce 
plantation planted with 2500 plants per hectare.

Existing seedling stands
Models have also been evaluated in the project to create individual tree data 
in stands with an existing seedling population not described by individual 
trees. In current inventories describing young stands, the tree layer is often 
described in an aggregated way. This kind of stand-level information on the 
initial state is common in many data sources, e.g. forest management plans. In 
data from the NFI since 2003 seedlings with a less than 4 cm in diameter at 
breast height are only registered on two small plots per site (radius = 1 m) in 
four classes species-wise.  The numbers of stems are registered in two height 
classes for trees less than 1.3 meters tall and two diameter classes for trees at 
least 1.3 meters tall. To overcome the high variability due to the small sample 
plot size associated with the seedling information and the mixed classifica-
tions of tree sizes, we decided to use the registration (description) of height 
layers occurring on the NFI-plots.  The description of existing height layers 
refers to trees within 20 meters from the plot center.  In height layers less 
than 7 meters, the seedling (tree) populations are described by the number 
of stems, mean height, and species composition.  The height distribution of 
the initial stand is generated by regression models that predict the parameters 
for a Weibull distribution as a function of mean height and height variation 
within the stand (cf. Fahlvik et al. 2005).  Separate regression models are used 
for different forest types defined by species composition. The height variation 
is defined by the coefficient of variation and is estimated by additional func-
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tions, mainly using current forest type and mean height.  An overview of the 
individual tree data initialization in the stand establishment phase is given in 
Fig. 12. 

Figure 12. Overview of the stand establishment phase in Heureka. On bare land at the ini-
tial state or following simulated future regeneration cuttings, a new plant population (individual 
tree list) is generated (user-defined option) by simulation of species-wise height distributions 
or by imputation of a sample plot with tree data. On sites with established regeneration at the 
initial state, available inventory data are used. If the data only consists of stand-level informa-
tion there is an option to create individual tree data from height distributions. 

Early growth
After the stand regeneration is established and individual tree descriptions are 
generated or obtained from inventory data (i.e. tree species and height), the 
growth forecasts can start.  

The early development of young stands to the pole stage (i.e. mean-height 
of approximately 7-8 meters) is projected using a model developed by Elfv-
ing (1982). The growth simulators in young stands are based on height-age 
curves for the main crop trees. The height development for a single tree 
on the plot is derived from functions describing relationships between the 
height development of main crop trees on the plot, the stand density, and the 
social position of the individual tree. Diameter, age (Nyström and Söderberg, 
1987) and volume are estimated from static relationships using height as an 
important variable.  Mortality and damage are predicted by a partly stochastic 
model (Näslund, 1986). 
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Additional sub-models are also included in the growth simulator to simu-
late the effects of pre-commercial thinning, intensive fertilization and use of 
genetically improved material. 

 

User value
The new options evaluated within the project for modeling and predicting 
a new forest population following harvest or from stand level inventory data 
improve our possibilities to make realistic forecasts of tree layer develop-
ment during stand establishment up to 7-8 meters.  Building up the expected 
tree layer composition hierarchally and eventually simulating single trees by 
height distributions gives the users great opportunities to calibrate (adjust) the 
relationships to their own reference data or future expectations regarding the  
number of stems per hectare, tree species proportion and height variation.  

Scientific results
No scientific reports have been published during the project period.  The 
aim is to present evaluated models in a report “Growth models for predicting 
stand development in the Heureka system” (Elfving et al., in prep).

Fulfillment of objectives
The models were developed to be directly applicable in the Heureka system, 
and the input variables are restricted to variables that are measured or assessed 
in practical forest inventories today. Implemented tools for stand estab-
lishment and early growth form a solid base for flexible analyses from the 
regional down to the stand level, well in line with the main objectives for 
the project.  However, there is still much work to do regarding new func-
tionality and tests of the models against new empirical data. As yet Heureka 
does not distinguish between different broadleaved species during simulations 
of the establishment of new populations. An aim is to introduce functions to 
allow this using current data from the NFI and/or data specified by the user.
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Impact of climate change on tree growth
Project leader: Michael Freeman, Dept. of Ecology, SLU, Uppsala

Project aim 
Silvicultural decision support systems for today’s forest management must 
be capable of dealing with the fact that environmental conditions for for-
est growth are currently changing and most likely will continue to change 
throughout the next century. Traditionally, empirical growth and yield models 
based on historical growth data and historic environmental conditions have 
been used to make good predictions of forest timber production. However, 
when the environment changes the empirical models evidently become less 
reliable.

The main objective of this project was to develop a model that incorpo-
rates the effects of climate change into the statistical growth and yield models 
used to forecast forest growth and integrate it as an option in the Heureka 
system. A critical function of the model was that it should be able to account 
for the primary effects of climate change on tree growth, and feedback from 
the climatic effects on soil fertility. Secondary effects like changed risks for 
pests or wind throw were not considered.

Methods used in the project
To deal with the implications of climate change, a process-based model was 
used. The strength of the process-based model is that it incorporates a mecha-
nistic description of the interaction with the environment, which makes it 
responsive to changes in environmental conditions. However, while the pro-
cess-based model can reliably integrate the effects of environmental condi-
tions on individual processes, it may be less reliable when extrapolated to the 
growth of specific tree compartments. For this reason a traditional empirical 
growth and yield model was combined with the process-based model. The 
strength of the empirical growth model is its foundation on historical yield 
data on which site-specific determinants are derived and thus its capability to 
provide reliable estimates for timber yield. In this project, a hybrid model was 
developed that combines the best features of both models by using the pro-
cess-based model to generate biologically realistic responses to climate change 
as input for the empirical model. 

Model development
The process-based model BIOMASS (McMurtrie et al. 1990) was used to 
generate relationships between tree growth and climate change. The model 
has been adapted to and validated for Swedish conditions in a number of 
studies (e.g.  Bergh et al. 1998, Freeman & Linder 2001, Bergh et al. 2003, 
Freeman et al. 2005). Tree growth was simulated in response to changes in 
atmospheric CO

2
 concentration, air temperature, air humidity and precipita-

tion. Soil water conditions were dealt with in the process-based simulations, 
whereas the relationship of soil fertility to temperature change was evaluated 
empirically, based on data from the Swedish National Forest Inventory.  The 
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identified relationships were used to adjust the statistical growth and yield 
model. The modelling covered a range of stand types and growing condi-
tions for the main tree species spruce and pine.

A method of linking the results from the process-based model and the 
statistical growth and yield model was developed.  The method is based on 
the concept of adjusting an intrinsic tree age in the empirical growth model 
to target the relative changes in the growth potential found by the process-
based simulations, e.g. when trees are growing better they are regarded as 
younger and more vital.  The adjustment of the growth potential occurs in 
every 5-year period to take into account the stage of the stand development 
and thus the effects of management.  

Climate scenarios
The simulations of the climate change responses of tree growth were based 
on four climate scenarios  generated by the regional climate model RCA3 
developed by the Rossby Centre of the Swedish Meterological and Hydro-
logical Institute (SMHI) (Kjellström et al. 2005, 2009). RCA3 was used to 
down-scale the results of two global circulation models, forced by IPPC 
emission scenarios: ECHAM5 (emission scenarios A2, A1B, B1) and Had-
CM3 (emission scenario A1B), according to SMHI’s recommendations to 
capture a range of variation in the predictions of climate change.

User value
Today, most researchers agree that the global climate is changing. If so, the 
empirically-based statistical growth and yield models will not give valid 
estimates without adjustments. Including the effects of a changing climate 
in long-term planning is vital to make the right decisions for the future (cf. 
Freeman et al. 2005). Choices of species, thinning regime and age for final 
felling are examples of decisions that have to be reconsidered in a changing 
climate. Valid forecasting of the development of the tree layer is crucial for 
reliable predictions of the outcome of all the goods and services associated 
with the tree layer that is provided by the Heureka system.

Scientific results
Process-based model simulations were used to estimate the effect of elevated 
CO

2
, temperature and changed patterns of humidity and precipitation on net 

primary production for Norway spruce and Scots pine covering all of Swe-
den in an approx. 50x50 km grid. Based on these simulations climate change 
response factors were generated specifically for Swedish conditions (Figure 
13) (Freeman & Sahlée 2009) as an improvement of the Scandinavian simula-
tions (Bergh et al. 2009). Response functions were developed to transfer the 
climate change signal from the process-based model to the statistical growth 
and yield model based on these factors. The functions of the climate change 
response were finally used to adjust the growth forecasted by the statistical 
model (Freeman, Wikström & Elfving 2009).
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Figure 13: Potential relative increase in growth of Norway spruce in 2070–2100 relative to 
1961–1990 for stands with LAI = 6 and intermediate soil water holding capacity for four 
different climate scenarios: ECHAM5 and HadCM3 both with the emission scenario A1B (a 
and b, respectively) and ECHAM5 with additional emission scenarios A2 and B1 (c and d, 
respectively). In the Heureka system the response is modified according to the actual LAI, soil 
water holding capacity and soil fertility of the simulated stand.

Figure 14: Potential relative increase in growth of Scots pine in 2070–2100 relative to 
1961–1990 for stands with LAI = 3 and intermediate soil water holding capacity for four 
different climate scenarios: ECHAM5 and HadCM3 both with the emission scenario A1B (a 
and b, respectively) and ECHAM5 with additional emission scenarios A2 and B1 (c and d, 
respectively). In the Heureka system the response is modified according to the actual LAI, soil 
water holding capacity and soil fertility of the simulated stand.
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Fulfilment of objectives
The goal of developing a model of tree growth that takes into account effects 
of climate change was successfully achieved and the model was implemented 
in the Heureka system. The climate response works well in accordance with 
the tree- and site-specific parameters used to drive the statistical growth and 
yield model. However, the question of how soil fertility will develop under 
climate change is uncertain. The sub-model that describes the change in 
fertility in response to temperature was based on inventory data.  A direct 
coupling of tree growth to soil nitrogen available for growth, and subsequent 
response to climate change, however, was desired but not accomplished. A 
future research challenge is to develop a closer relationship between the tree 
growth model and the soil model available in Heureka.
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Soil biogeochemical modelling
Project leader: Johan Stendahl, Dept. of Soil and Environment, SLU, Uppsala.

Project aim 
The aim of this project was to provide models for the cycling of soil carbon 
(and nitrogen) and the weathering of soil minerals. These are important pro-
cesses to model in order to evaluate the impact of forestry on: (1) the balance 
of greenhouse gases between land and atmosphere, (2) nutrient sustainability 
and (3) the acidification of soil and water.

Methods used in the project
Initially soil models were evaluated to identify suitable models for the Heu-
reka system based on: (1) spatial resolution, (2) input data demands, (3) execu-
tion time, and (4) availability of the models. To implement the models in the 
Heureka system, decisions had to be made about the level of integration, 
i.e. full integration, model simplification or meta-modeling. The soil carbon 
model could be fully integrated in the system. The accumulation of carbon 
in the soil depends on the input of litter to the soil and the decomposition of 
soil organic matter. To facilitate the input of litter to the soil carbon model, 
a separate model for litter production was developed to provide the link to 
the forest model. Further, the model was adopted for different soil moisture 
conditions. For the mineral weathering model it was not realistic to supply 
all necessary input data on mineralogy etc. for each forest stand included in 
an analysis or planning process. Thus, instead of a full integration with the 
system, a method was adopted to supply the weathering rate values based on 
a spatial database of baseline weathering rates, which may be adjusted to local 
site conditions. The database covers spatial variability in weathering rates due 
to mineralogical and climatic factors, which are fairly large-scale and may be 
generalized to nearby locations. 

Soil carbon modeling
For soil carbon the Q model was selected for use in the system. This is a 
mechanistic model of the decomposition of soil organic matter (SOM) and 
is based on the continuous quality theory presented by Ågren and Bosatta 
(1998). This theory assumes that the SOM changes continuously during 
decomposition and becomes less favourable for the decomposers to assimi-
late - the quality (Q) of the substrate decreases. The quality of different lit-
ter types is also accouted for. The yearly input of fresh litter from different 
tree fractions, i.e. needles, branches stems etc., is tracked over time and the 
weight loss due to decomposition is modelled. Decomposition rates for the 
different litter types are controlled by the initial litter quality, the time it 
takes for the decomposers to invade the litter, and environmental factors such 
as climate and soil conditions. The input to the model is litter fall, which is 
modeled from the tree layer development given by the forest model. This 
gives the development of the soil carbon (and nitrogen) over the modelling 
period. The main parameter values were set according to Ågren et al. (2007) 
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and Ågren and Hyvönen (2003), except for the decomposer growth rate, 
which was calculated from the mean annual temperature (Ågren & Bosatta 
1998). Parameter settings for different soil moisture conditions were devel-
oped within the project.

Soil mineral weathering modeling
The PROFILE model (Sverdrup & Warfvinge 1993) enables site-specific 
modelling of the mineral weathering in the topsoil, which is required for use 
in a spatially explicit planning system such as Heureka. The weathering rate is 
estimated for steady-state conditions, which means that it is estimated when 
the soil system reaches equilibrium (weathering+deposition=uptake+leach- 
ing) for unchanged environmental conditions. The steady-state assumption 
means that the model does not describe the long-term balance in the system 
or thus the long-term average weathering rate. The transition state theory 
forms the chemical basis of the model and accounts for the chemical reac-
tions involved in the dissolution of the minerals. The dissolution reactions of 
the soil minerals must be very well characterized for the theory to hold, but 
there are at present no alternatives to describe mineral dissolution (Hodson 
et al. 1997). The PROFILE model has been widely accepted, especially for 
calculations of critical loads (Akselsson 2004; Bertills & Lövblad 2002), and 
it has been applied in many countries and environments. It has also been 
evaluated by sensitivity analysis (Sverdrup & Warfvinge 1993; Hodson et al. 
1996; Jönsson et al. 1995), and compared with other methods for estimating 
weathering rates (Hodson & Langan 1999).

User value
Substantial amounts of carbon are stored in boreal forest ecosystems and the 
balance of green house gases between the forest and the atmosphere may to 
some degree be influenced by forest management. About two thirds of the 
carbon in boreal forest ecosystems is stored as soil carbon, which has rather 
slow turnover rates, and changes in this pool are of particular interest for the 
future. As a consequence of international agreements there is an increasing 
demand for predicting the development of the carbon stocks in the forest 
ecosystem. Heureka includes models for the development of the soil carbon, 
which enables analyses of the impact of different forest management alterna-
tives on the soil stocks, both above and below ground. The model is essential 
for integrated analyses of the green house gas emissions from forestry and for-
est products (Eriksson et al. 2007).

The long-term sustainability of soil mineral nutrients is a concern due 
to the increasing use of forest products, mainly for bioenergy. This leads to 
a larger removal of nutrients from the forests at harvest, which might lead 
to nutrient deficits and adverse effects on the acidification status of soil and 
water. The Heureka system estimates the weathering rate and the removal 
of nutrients by harvest, and the balance between the two indicates the need 
for compensation by e.g. ash recycling. This is also relevant for the national 
Environment quality goal “Natural Acidification Only”.
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Scientific results

Soil carbon modeling
The Q model has not previously been adapted to different soil moisture con-
ditions, although the model includes important processes that vary depending 
on soil moisture, such as the decomposer growth rate. A model parameteriza-
tion for different soil moisture conditions was carried out within the project. 
The activity of the decomposers may be limited both by too dry and too wet 
conditions, but in the Swedish climate decomposition is mainly limited by 
too high soil moisture, which can be seen in the large carbon stocks in these 
soils (Fig. 15). For water logged-soils (hydromorphic soils) the decomposi-
tion process is very slow and the decomposition process is different in these 
soils due to the anoxic conditions, which limits the use of models for upland 
soils such as the Q model. Although soil moisture is an important factor 
for the decomposition there have been surprisingly few quantitative studies 
on the relationships between these variables in boreal forests. The approach 
used to parameterize the Q model was to utilize data from permanent sites 
of the National Forest Soil Inventory (NFSI) and National Forest Inventory 
(NFI). The soil carbon stock was estimated to 50 cm depth in the mineral 
soil and the litter-fall was estimated from functions based on the site produc-
tion index. The decomposer growth rate was estimated from the relationship 
between the needle litter input and the carbon stock originating from needle 
litter (ca. 25%), assuming that the soil carbon stocks are at equilibrium. This 
was done for mesic and mesic-moist sites (according to the NFSI classifica-
tion) by region and the difference in decomposer growth rate could be deter-
mined. The soil carbon stock was considerably larger for mesic-moist sites 
compared to mesic sites (Fig. 15) and the difference was stronger towards the 
north of Sweden. The site productivity was lower on mesic-moist compared 
to mesic sites (Fig. 16), reflecting the gradient in needle litter fall, which was 
used in the estimation of the decomposition rate. The decomposer growth 
rate in the Q model was reduced by the factor 0.67 for mesic-moist sites.  
The results are illustrated by simulations of spruce forest of normal productiv-
ity (productivity class G26) at sites with mesic and mesic-moist conditions in 
three Swedish regions in Fig. 17. The carbon stock was ca 10% larger for the 
mesic-moist conditions after one rotation and in the long-term the difference 
will rise to ca. 50%.
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Figure 15. Soil carbon stocks for mesic and mesic-moist sites in three Swedish regions. Estima-
tions based on the National Forest Soil Inventory, 1993-2002.

Figure 16. Site productivity for mesic and mesic-moist sites in three Swedish regions. Estima-
tions based on the National Forest Inventory, 1993-2002.

Soil mineral weathering modeling
The fundamental part of the system that can supply values for base cation 
weathering in forest stands is a weathering database. The database includes 
data from ca. 18,000 sites from the National Forest Inventory. For each of 
these sites a baseline weathering rate was simulated using the PROFILE 



49

model (Fig. 18). In addition, the weathering rate was simulated assuming 
three soil moisture classes (dry, mesic and mesic-moist) and two soil texture 
classes (sandy silty till and coarse and fi ne silty), i.e. for six permutations of 
soil moisture and texture. These weathering rates can be used to adjust to 
local site soil moisture and texture conditions. The simulations performed to 
produce the weathering database are to a large degree similar to those used 
for current reporting under the Long-range transboundary air pollution con-
vention (Akselsson et al. 2007). In order to evaluate different forest manage-
ment alternatives, the Heureka system also calculates the amounts of nutrients 
removed at harvest based on nutrient concentrations in different tree com-
partments.

Figure 17. Simulated changes in soil carbon stocks at sites with mesic and mesic-moist soil 
moisture conditions supporting similar spruce stands with the same site productivity (productiv-
ity class G26).

Fulfi llment of objectives

The most important objectives of the project were fulfi lled, although the soil 
weathering database has not yet been implemented. An aspect that was origi-
nally planned was to include models of the emission of nitrous oxides from 
drained organic forest soils, but these models are perhaps still too uncertain 
to include in a large-scale system such as Heureka. The soil carbon model 
would benefi t from separating humifi ed soil carbon and less decomposed 
material or dead wood. Further, recent development of the Q model to 
cope with a variable climate in scenarios could be incorporated in the future. 
Finally, an important task for the future is further testing to see if Heureka 
delivers good results in diverse situations. 
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Figure 18. Weathering rate of 
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in forest soils.
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Biodiversity
Project leader: Lars Edenius, Dept. of Wildlife, Fish and Environmental Studies, SLU, 
Umeå. 
Participants: Grzegorz Mikusinski, Dept. of Ecology, SLU.

Project aim 
The long-term maintenance of forest biodiversity is one of the fundamental 
requirements for sustainable forest management. This project has developed, 
tested and delivered a planning tool consisting of habitat suitability models 
for a set of species to assess effects of forest management on biodiversity. 

Figure 19. Effects of different forest management plans on the amount (top) and spatial distri-
bution (bottom) of suitable habitat for the red squirrel at different time intervals. All three plans 
result in a gradual decrease in the amount of squirrel habitat, plan A being the worst and plan 
B the least bad in this respect.

Methods used in the project
A biodiversity assessment tool kit consisting of habitat suitability models was 
constructed for six species/species groups from different taxa, viz. bryo-
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phytes, fungi, lichens, invertebrates, mammals and birds. For each species/
species group the most important ecological factors and for most of the spe-
cies minimum area requirements were defined, and these requisites were 
parameterized and translated into forest variables. In order to promote a 
broad coverage of the biodiversity concept, species were selected so as to 
represent a wide range of ecologies. For some species habitat requirements 
were described solely by site-specific forest descriptors like timber volume 
and/or tree species composition, whereas for area-demanding species, the 
type and amount of habitat in the neighborhoods were also included. Forest 
data used to feed the models are derived from the Heureka system, and for 
each specific forest state and species/species group habitat suitability scores 
are calculated over the planning unit area in an external GIS-interface. 

User value
Our biodiversity module provides a simple, generic tool for accommodating 
biodiversity conservation in forest management planning. Species themselves 
are well-known and comprehensible entities of biodiversity, which facilitates 
interpretation and communication of results. Habitat models are efficient 
tools for analyzing and communicating effects of different management sce-
narios on forest biota. Flexibility is built into the module such that users may 
change habitat parameters for existing species, and they may also include new 
species or replace existing ones if desired. Habitat suitability scores may be 
treated equally among species or weighted based on the preferences of the 
user, e.g. to facilitate species with limited dispersal ability or specific habitat 
requirements, to calculate a joint suitability (biodiversity) score. 

Scientific results
There has been a rapid increase in the use and development of habitat suit-
ability modeling in forest management planning. Important impetus in 
our work was the strong desire for simple yet scientifically sound and eas-
ily implementable methods for conservation planning. The approach in 
our project draws on work primarily performed on single species in North 
America. We extended this work and the main outcome and achievement of 
this project is a synoptic tool for multi-species assessment especially designed 
for Swedish forests, forest owners and stakeholders. Along with preparing 
our biodiversity module, we have performed a number of scientific studies 
that tested various methods used in multi-species biodiversity assessment as 
well as the reliability of data on species distribution in further improvement 
of habitat models.  

A literature review of habitat suitability modeling (Edenius & Mikusinski 
2006) showed that single-species models are most common, but considering 
many species is more likely to yield useful habitat suitability modeling tools 
for biodiversity planning. Further, use of spatially explicit models scaled to 
the ecologies of species improves the ability of habitat suitability models to 
identify and quantify functional habitats at different spatial scales. Linking 
species’ habitat requirements with landscape projection models and scenario 
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analysis is an important next step to make habitat suitability models more 
efficient as planning tools in forest management.

We examined the spatial functionality of old spruce-dominated forest in 
several regions of Sweden through the perspective of organisms with differ-
ent ecologies, in terms of their area requirements and mobility (Mikusinski & 
Edenius 2006), using virtual species representing a gradient of these two eco-
logical traits. The main tool was habitat suitability modeling. Countrywide 
estimates of forest variables derived from satellite data and field data from the 
National Forest Inventory using the kNN-method (k-Nearest Neighbor) 
were used as sources of habitat distribution data. We found large regional 
variations in old spruce forest functionality depending on natural condi-
tions and forest history. The relationship between functionality and amount 
was largely curvilinear. Areas with >10% of old spruce forest generally have 
high levels of spatial functionality, whereas high variation in functionality 
was observed in areas with little old spruce forest cover. We found that our 
method for multiple-scale assessment of old forest functionality may be help-
ful in regional forest biodiversity planning.

Effective management of biodiversity in production landscapes requires a 
conservation approach that acknowledges the complexity of ecological and 
cultural systems in time and space (Mikusinski et al. 2007). This includes 
extensions of current methods for conservation planning to consider the 
relative contributions to conservation objectives of different forms of man-
agement, the effects of changes in land use, and the requirements for practi-
cal implementation. As a contribution to meeting the challenge posed by 
Countdown 2010, we presented an example of a planning exercise that used 
a spatially explicit conservation planning tool to incorporate the knowledge 
of regional experts on biodiversity. We placed this exercise in the context of 
the requirements of Countdown 2010 by presenting a general framework for 
forest conservation planning.   

Using an extensive data-set of species occurrences and forest and land-
scape variables, we analyzed the habitat-occurrence relationships of nine 
resident boreal forest bird species in Sweden (Edenius et al. submitted). We 
decomposed the variation at different sampling units and tested the effect of 
habitat on bird occurrence at different spatial scales using generalized mixed 
effects models (GLMMs). The ability of the habitat variables to explain the 
occurrence patterns was highly variable. Large variation at the smallest scale 
suggests that further research should be directed towards understanding the 
importance of both fine-scale variation in habitat suitability and detection 
probability in order to increase the predictive power of species-habitat mod-
els.

We have demonstrated the usefulness of our biodiversity assessment 
approach in case studies covering regional conservation planning at county 
scale (Örebro) and long-term planning at the forest estate level (Remning-
storp, Sundsvall, Krycklan). We have also co-operated within the Heureka 
program, by participating in efforts to find optimal solutions to combine high 
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forest net value revenues and the promotion of habitats for selected species 
for finding optimal solutions. Results from the project have been communi-
cated in a number of peer-reviewed papers, public reports (Faktablad), semi-
nars with forest owners, forest managers, forestry authorities and other stake-
holders, NGO’s, and over the internet. 

Fulfillment of objectives
The biodiversity assessment module has been developed and delivered. Spe-
cies habitat requirements have been translated into forest data such as the 
volume (age) of main tree species, i.e. data readily available and frequently 
used in forest management planning. These variables were useful as habitat 
descriptors in our habitat models, at least over broader spatial scales. How-
ever, a drawback was that we could not predict finer scale distributions of 
model species. Moreover, due to a lack of reliable data on the amount and 
distribution of coarse woody debris, we were forced to limit the number of 
species dependent on dead wood.  This was unfortunate since the major-
ity of threatened species in the Swedish forests are saproxylic. We therefore 
hope for better data on this substrate in future. Also, data on individual trees 
(diameter) would be helpful in developing refined models built on forest 
structural characters. 
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Wood properties
Project leader:  Lars Wilhelmsson (2008-2009); Lennart Moberg  (2006-Jan 2008), 
(both Skogforsk) 
Participants: Björn Hannrup, Johan Möller, John Arlinger and Maria Nordström  
(all  Skogforsk)

Project aim
The main objective of forestry is to produce high and sustainable economic 
gain at low environmental impact.  In regular situations incomes will come 
from selling or supplying wood. Therefore the estimation of potential gross- 
and net values of the typical products, i.e. logs and biomass adapted to cus-
tomers demands is essential. A number of stem, wood and fibre properties 
have been shown to influence process efficiencies and functional properties 
of final products. Consequently, the potential economic and environmental 
value of information on raw-material properties is considerable.The use of 
models to predict wood quality attributes, and the application of such models 
in conversion simulation systems, has been recognized as a viable method to 
link end users’ product requirements and process efficiencies with properties 
of the forest resource. 

The objectives of phase II of this project have been:
• to further test, improve and supplement models for wood and fiber proper-

ties that can be implemented in Heureka and related to process efficiency 
and/or properties of end-products. 

• to develop and implement the concept of tree-pricing for valuation of 
produced wood in both short-term and long-term perspectives. 

Methods used in the project
We have developed/selected and applied mixed models based on deductive 
and statistical model approaches, including fixed and random effects:  
• We have prioritized industrially relevant, basic stem, wood and fiber prop-

erties with respect to available models and experimental materials.
• An additional set of models has been developed based solely on a deduc-

tive approach and these models have not yet being validated.
• All models included are based on commonly available or predictable input 

variables that are used in routine forest inventories and have been adapted 
(or could easily be adapted) to Swedish/Scandinavian forestry conditions 
(Species: Norway spruce and Scots pine).

• In principle the same models can also be used in real harvester production 
reports using StanForD pri-files (StanForD2010 hpr-messages).

• The introduction of tree-pricing provides a flexible tool for general gross 
valuation of standing trees. The system is based on tree size, frequencies of 
damage and faults combined with stem segmented valuation of wood and 
fibre properties.
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• Default segmentation of stems according to size and valuation of wood 
properties results in prices that are close to valuations in common pricelists 
based on VMR 1-07.    

• Valuation of trees with different wood and fiber properties can be based 
on a value index expressed by economic weights. The user should also be 
able to alter both the segmentation and the economic weights of different 
properties for different scenario analyses.     

In the tree-pricing concept short-term perspectives should provide estimates 
of payment to forest owners reflecting normal price levels in the present 
wood market. Long-term perspectives should include possibilities to generate 
scenarios in which stems can be valued differently from today. This should 
include options to alter the limits of stem sections, the frequencies of damage 
and faults and the values of different properties.  In tree-pricing all parts of 
the tree can be valued. In addition to the stem, branches, needles stumps and 
bark can also be included in the valuation. 

User value
Forestry is justified by incomes from forest products. These are dependent 
on  their fit to consumers demands with respect to volumes and properties 
of produced logs. This information in combination with cost estimates for 
harvesting, forwarding and haulage to different industrial sites provides a basis 
for optimisation of the forest resources, including estimates of environmental 
load.

Scientific results
The set of models for characterizing stems and logs in Heureka has been 
expanded by the following models:
1. Modulus of elasticity (MOE) and (MOR) of centerboards originating from 

Norway spruce sawlogs (Fig. 19) (Hannrup et al. manuscript) 
2. Models of green density at harvesting (Wilhelmsson et al. manuscript)
3. Models for conversion of basic density to Density at 12 % MC (including 

a shrinkage effect on volume and weight effect of water) (Wilhelmsson 
unpublished).

4. Models for calculation of fibre collapse resistance (Wilhelmsson (2008) fur-
ther developed from Jonsson (1979))

5. A number of additional models for bark density, carbon sequestration etc.

The concept of tree-pricing  is based on generic tree and stand characteristics 
feeding models for predicting stem, wood and fiber properties. The results 
can be used in decision support systems for controlling wood supply in terms 
of key timber indicators such as economic value, raw material consump-
tion, energy requirements and environmental impact. The basic properties 
are weighted according to their influence on each key timber indicator. The 
actual property values for a given stem or stem-section (i.e. present sawlog/
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pulpwood energy wood sections) are then related to norm values which are 
determined for a larger region. These norm values can be calculated using 
data from the Swedish National Forest Survey. The resulting index quantifies 
the benefit (e.g. economic value), or load (e.g. environmental impact such as 
emissions) that each raw material component represents. This entity can then 
easily be implemented in the goal function, or in a restriction, of optimiza-
tion algorithms. They can also be used in a more passive description of the 
wood supply over a given time period for an individual mill, for deliveries 
in a defined region, or aggregated to the national level.  A similar valuation 
concept, but more closely adapted to specific customers’ demands and opera-
tional planning is now under development at Skogforsk, but not within the 
Heureka framework. 

Figs. 20-22 show examples of the characterisation of different wood prop-
erties by means of models included in Heureka.

Figure 20. Predicted versus measured modulus of elasticity of Norway spruce centerboards 
(Hannrup et al. manuscript). Independent variables are predicted basic density(Wilhelmsson et 
al. 2002) and height in the stem.  
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Figure 21. Proportions of log volumes of different assortments and quality classes. Results 
from bucking simulations of plots from the Swedish National Forest Inventory in Västerbotten 
(2001-2005). Analyses performed within the Indisputable key & Eforwood projects  
(Wilhelmsson et al. 2009).

Figure 22. Results from combining input data from the Swedish National Forest Inventory 
(2001-2005) from all of Sweden, bucking simulations with TimAn2 and models for predict-
ing basic density (Wilhelmsson et al. 2002) and maximum knot size (kdmax)(Moberg 2000). 
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Table 1. Properties that can be predicted (calculated) by PriAnalysis (Skogforsk), demonstra-
tion software built on the same models as delivered to Heureka  and current implementaton. 

Description of property To be implemen-
ted in Heureka

Basic density under bark, kg/m3s.ub. X

Heart wood diameter, mm X

Heart wood proportion, % X

Double bark thickness, mm X

Latewood proportion, % X

Number of annual (growth) rings X

Fibre length, mm X

Fibre wall thickness, µm*100 X

Maximum knot diameter, mm*100 X

Proportion of green knots at surface, % X

Green density under bark, kg/m3s.ub.

Green bark density, kg/m3 (solid)

Sound knot log top cylinder (only includes sound knots) X

Solid volume under bark, dl X

Solid volume over bark, dl X

StanForD-code indicating whether log was cut manually by  
operator (0=automatic)

X

Calculated raw mass of log, kg

Number of growth rings at small end of log (minimum) X

Number of growth rings at large end of log (maximum) X

Collapse resistance of fibres. Relative figure (max 1, min =0.05)

Wood density at 12% MC (by dry weight and actual volume)

Longitudinal width of average knot whorls in the log, mm

Average NetInternode = average knot-free distance between branch 
whorls, mm

Proportion of knot-free wood between branch whorls in percent of total 
length, %

Modulus of Rupture (Centerboards of Spruce) (MPa) X

Modulus of Elasticity (Centerboards of Spruce) (MPa) X

Bark percentage based on volume over bark X

Sequestrated carbon per m3 wood

Sequestrated carbon in log (excluding bark)

Sequestrated carbon in bark, kg

Sequestrated carbon in bark per log

Required volume to sequestrate one ton carbon m3ob.
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Fulfillment of objectives
The objectives to develop models for predicting wood and fibre properties 
of industrial relevance and incorporate them in Heureka have been fulfilled. 
Additional analyses can be performed by model software from Skogforsk 
(TimAn2 , PriAnalyses, SAS-programmes etc.). These programs are based on 
standardised StanForD (StanForD2010) production files and can be used for 
both bucking simulations and production reports from real harvesters. The 
tree-pricing module in Heureka is currently being implemented and we can 
foresee that these objectives will be fulfilled. Tree-pricing is already opera-
tional in the wood market, and has already been introduced and practiced by 
Sveaskog and Södra (Fig. 23).

Figure 23. Total relative value (%) of Scots pine wood from 31 objects in Sweden valued  by 
tree-pricing (calculated from harvester production files) and industry measurements by VMF 
(VMR 197). (Möller et al. 2006).

In memoriam
Lennart Moberg, PhD, passed away unexpectedly on the 31st of January 
2008. Lennart Moberg’s all too early passing is not only a severe and painful 
loss for his family, relatives and friends. It is also a great loss for Swedish for-
estry research. We are among the many that miss him. Thank you Lennart, for 
everything you did for us and for the Heureka wood properties project. 
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Models of forest suitability for outdoor recreation
Project leader: Anderas Lindhagen, Dept. of Forest Products, SLU, Uppsala.

Project aim 
The aim of this project was to develop models for calculating relative recre-
ational values of forest sites, from existing models describing the suitability of 
the forest as an environment for outdoor recreation and using the descriptors 
of the forest in the Heureka system as predictors. Three main models have 
been constructed, describing:
1. Recreational value at stand level.
2. Recreational value according to locations of stands in the landscape.
3. Total recreational value at landscape level.
Models 1 and 2 provide relative recreational values between 0 and 1, where 
values close to 1 indicate that the forest site is very suitable for outdoor rec-
reation.  The total recreational value (model 3) is calculated as the product of 
the results of models 1 and 2, so a forest stand must have a high value accord-
ing to both of these models to be assigned a high value in the total model. 

Methods used in the project
The stand-level model (1) is based on preference studies conducted mostly in 
Sweden, but results from Denmark, Norway and Finland have also been used 
(Hultman  1983, Koch & Jenssen 1988, Ribe 1989, Axelsson-Lindgren 1990, 
Lindhagen 1996, Hörnsten 2000, Tyrväinen et al. 2003, Jensen & Koch 2004, 
Kardell & Lindhagen 2006, Lindhagen 2010a, Lindhagen 2010b).  The data 
used in these preference studies were acquired from postal surveys, in which 
the respondents sorted photos of various forest environments in accordance 
with their perceived suitability for outdoor recreation. 

The model of the recreational value according to location at landscape lev-
el  (2) has been constructed as an expert model, based on literature studies of 
the outdoor recreation habits and behavior of the adult Swedish population 
(Statistiska centralbyrån 1993, 2004, Hörnsten 2000, Hörnsten & Fredman 
2000, Björk et al. 2008, Fredman et al. 2008). 

User value
The models are suitable as tools to facilitate forest management and planning 
by landowners who want to provide forests with high recreational values. 
Such landowners may include local municipalities who want to provide good 
recreation areas for their inhabitants, or small private forest owners who want 
attractive areas near the center of their holdings. 

The models are also suitable for local and regional studies of outdoor rec-
reation sites and facilities. They can be used, for example, by local municipali-
ties when planning new housing areas or by governmental agencies when 
investigating affects of forestry on the landscape and potential uses of land-
scapes.

The stand level model is implemented in all three main Heureka software 
packages: StandWise, PlanWise and RegWise. The total landscape recreational 
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value model, based on both stand attributes and stand localization, is only rel-
evant in a landscape context. Thus, it is applicable in PlanWise and RegWise, 
but not StandWise.

Scientific results
For even-aged forests the stand level model is divided into the following 
three sub-models (one of which is also used for uneven-aged forest), related 
to different stages of stand development: 
• Clear-cut areas and young regrowth with a mean height less than 2 meters.
• Young even-aged stands with a mean height exceeding 2 meters, but 

before the first commercial thinning.
• Even-aged forest after the first commercial thinning. This sub-model is also 

used for uneven- aged forest.

The model for calculating recreational values of forest stands according to 
their locations in the landscape is based on the number of potential visitors 
living within certain distances and the stands’ accessibility. The latter is based 
on the distance to the nearest road, but also considers obstacles (railways 
and highways) hindering access. The model uses the number of inhabitants 
residing within 50 m, 300 m, 2000 m and 40000 m of the stands as predic-
tors, weighted so that substantially more people need to live 4000 km away 
to have the same impact on recreational value as a few persons living within 
50 m. This is because the latter are presumed to see, or otherwise experience, 
the forest every day and in some cases see it from their houses. The other 
two distances, 2000 m and 3000 m are assumed to correspond to comfort-
able walking or biking distances. We know that most forest visits are to sites 
at these distances from visitors’ homes, and that the number of visits decreases 
rapidly as the distance is extended and the visitors have to spend more time 
to get to the forest sites. Whether or not the forest stand is close to a lake or 
water course broader than 6 m is also considered in the model since closeness 
to water is highly appreciated. 

Fulfillment of objectives
These models are based on the attitudes and behavior of the “normal” Swede. 
According to the original program plan we also hoped to develop models 
for more specialized forest visitors who want access to wilder nature, with 
fewer forestry tracks and signs of other human activities. For example, lying 
trees and dead wood are considered to detract from the recreational experi-
ence by most of the respondents in preference studies, but to add to them by 
a minority of the respondents. A lot of effort has been spent to try to exclude 
the respondents with different preferences and try to determine a model for 
only these respondents.  However, there has been insufficient data in the pref-
erence studies to find such respondents, probably because the same respon-
dents react positively to dead wood in some cases, while in other cases they 
react negatively. Very few, if any, respondents consistently favor dead wood 
and lying stems. Another reason for this shortcoming is that the description 



66

of dead wood and decomposition in the Heureka system is not as detailed as 
we hoped it would be. In the future, preference studies need to be improved 
in terms of both the information they provide regarding perceptions of dead 
wood and lying stems by different categories of visitors and their ability to 
discriminate between, for example, urbanist and purist visitors. 
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Data acquisition for regional planning
Project leader: Mats Nilsson, Dept. of Forest Resource Management, SLU, Umeå.
Participants: Jonas Bohlin, Michael Gilichinsky, Steve Joyce, Mats Nilsson, Håkan Ols-
son, Dept. of Forest Resource Management, SLU, Umeå. Johan Stendahl, Dept. of Soil 
and Environment, SLU, Uppsala. 

Project aim 
The main objective of this project was to develop methods for providing 
data to be used in the regional application (RegWise), including wall-to-
wall maps with estimated forest parameters and field data from the Swedish 
National Forest Inventory (NFI). Raster maps with estimated forest param-
eters such as stand volume and tree species mixture are not only useful as 
input to RegWise, but also in applications such as habitat mapping and land-
scape planning. 

Methods used in the project
The project has been divided into the following four sub-projects:
• Development of methods to handle field data from the Swedish NFI.
• Wall-to-wall mapping of forest parameters (kNN Sweden 2005).
• Development of methods to handle time series of satellite data.
• Topographic modeling of soil moisture.

Field data from the Swedish NFI 
The aim has been to develop and implement methods that make it possible 
to use field data from the Swedish NFI in RegWise. An important task has 
been to improve the quality of the NFI data used in the application by post-
stratifying the field samples using remotely sensed data or map products based 
on remotely sensed data. Methods have been developed that can be used to 
derive both estimates of parameters like stand volume, tree species mixture 
and woody biomass (Nilsson et al. 2005), and estimates of changes in vari-
ables such as the annually clear felled area in a region (Nilsson et al. 2009).  

Wall-to-wall mapping of forest parameters 
One important aim has been to develop and produce a new national wall-
to-wall raster map with estimated forest parameters representing the forest 
conditions in 2005. The method used is the k Nearest Neighbour (kNN) 
algorithm (e.g., Tomppo 1993, McRoberts 2002, Reese et. al. 2003) in 
which satellite data are combined with field data from the Swedish NFI. The 
new dataset is produced using SPOT HRG images from 2005 and 2006. 
The relatively small scenes (60 x 60 km) have made it necessary to spectrally 
calibrate the images so that NFI plots from more than one image can be used 
for the estimations. The reason for this is the relatively low sampling inten-
sity used by the NFI, which sometimes results in too few field plots within a 
SPOT scene. The possibility to improve the quality of the kNN estimates by 
including multi-temporal satellite data and ancillary data from maps has also 
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been tested. 
Estimates of forest parameters obtained from optical satellite data often 
underestimate the true variance of the parameters. Thus, a histogram-match-
ing post-processing procedure for calibrating the kNN estimates to the distri-
bution obtained by the NFI has been developed. 

Time series of satellite data
Methods for mapping changes based on multi-temporal satellite data have 
been developed. The use of mapped clear cuttings gives valuable information 
that can potentially be used together with satellite data and ancillary data to 
estimate forest parameters using the kNN method. 

Topographic modeling of soil moisture
The soil moisture is important for the local variation in soil characteristics, 
which affects many important soil processes.  It also affects the production 
capacity and biodiversity.  The aim has therefore been to investigate the top-
ographic influence on soil properties. A topographical wetness index (TWI) 
has been derived using a digital elevation model. 

The possibility to use TWI values as additional data when estimating forest 
parameters using the kNN method has also been tested. 

User value
New and more accurate raster maps (kNN Sweden) with realistic distribu-
tions of estimated forest parameters will soon be available. The new raster 
maps will make it possible to derive reliable estimates for relatively small 
areas, and it will be better suited for identifying extreme values, for example 
identifying areas with old deciduous forest, as compared to the previous 
kNN Sweden 2000 dataset. The kNN Sweden 2000 dataset is already avail-
able free of charge on the Internet (http://skogskarta.slu.se/) and the 2005 
dataset will soon be available from the same website. 

Post-stratification of the NFI plots means that the initial state of the forest 
is estimated more accurately in RegWise, which also improves the quality of 
scenarios describing how the forest will develop over time given, for exam-
ple, different management policies. 

Scientific results
The scope for improving estimation accuracies for different forest parameters 
at a county level by combining field data from the NFI and satellite data 
using post-stratification, compared to using field data alone, has been evalu-
ated. The results show that the standard errors for estimates of total stem vol-
ume, stem volume for pine, stem volume for spruce, stem volume of decidu-
ous trees and tree biomass can be reduced by 10% - 30% at a county level 
(approximately 1 million ha forest land) by using post-stratification based on 
kNN data compared to use of field data from the NFI alone (Nilsson et al. 
2005).

The kNN estimates have been successfully calibrated. Results show that 
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the mean and variance of total stand volume estimates correspond closely to 
the mean and variance obtained by the NFI after the calibration, although 
the original kNN estimates had considerably less variance (Gilichinsky et 
al. 2009). It has also been found that the accuracy for total stand volume 
increased after the matching as compared to the accuracy of the original 
kNN estimates.

The possibility to improve the accuracy of kNN estimates of forest param-
eters by using TWI, mapped clear cuttings, and other types of ancillary data 
in combination with satellite data in the estimation was tested. The results 
show that the estimation accuracy for variables such as stand volume was 
slightly improved when adding information on cuttings and tree species in 
the kNN estimation, as compared to only using satellite data. However, the 
estimation accuracy was not improved by including TWI.

Fulfillment of objectives
The research and development regarding the kNN method, including cali-
bration of the estimates, and the use of post-stratification based on remotely 
sensed data has been successful. However, the development of the methods 
has taken much longer than initially anticipated. It was also intended that a 
segmentation algorithm should be developed and implemented.  Unfortu-
nately, it was not possible to finalize this part within the Heureka program. 
The implementation of a segmentation algorithm will therefore be finalized 
within SLU’s environmental monitoring and assessment program.  
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Data acquisition for long-term planning 
Project leader: Jörgen Wallerman, Dept. of Forest Resource Management, SLU, Umeå. 
Participants: Anna Ringvall, Dept. of Forest Resource Management, SLU, Umeå.

Project aim 
This project aimed at developing methods to provide data about every forest 
stand in an addressed area, primarily to support the long-term planning appli-
cation, PlanWise. The specific requirements were:
• Each stand had to be represented by single-tree data, i.e. as if objective 

sample-plot survey data, including lists of tree diameter measurements and 
species, were available for each stand.

• Proper representation of the forest variation within each stand, in order to 
provide sufficient information for adequate stand silviculture modeling and 
treatment optimization.

• Possibilities to utilize different data sources, especially common forest stand 
databases, and possibly in combination with airborne laser scanner (ALS) 
information.

 
In addition, a new study site was established in the project, for acquiring, 
evaluating and comparing field survey measurements, remote sensing data, 
and raster maps of forest state parameters, to support validation of the Heu-
reka system, perform case-studies and assist the education of users. 

Methods used in the project

Modeling stand variation
Using the two main sources of data considered here, i.e. forest stand databas-
es and ALS data, extensive efforts have been made to model and predict the 
variation of forest within stands. Using only the data in a forest stand data-
base, it is possible to assess the within-stand variation in terms of tree height 
and diameter distributions, by modeling distributional parameters (Weibull 
parameters or percentiles) using stand database information as explanatory 
data (e.g. Kangas & Maltamo 2000, Kangas et al. 2007). Furthermore, uti-
lization of ALS data provides a means for highly accurate modeling of tree 
height distributions and reasonably accurate diameter distributions, using the 
area-based method as well as detection and estimation of single trees (e.g. 
Næsset et al. 2004, Gobakken & Næsset 2005). These research findings form 
the fundamental basis of the project, and two different approaches to utilize 
modeled distributions to produce single tree stand data were developed - a 
new plot data selection algorithm and an ALS-based support for simulation 
of single tree data.
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Selection of plot data to represent modeled stand variation
The Heureka system implements many statistical models, which collectively 
describe the complex multivariate properties of a very large number of for-
est parameters. In order to obtain good results, it is likely to be important to 
supply the system with data in which the natural multivariate dependence 
structures are preserved. A first attempt to address this problem using ALS 
data was made in the first phase of the Heureka project using imputation of 
existing field plot data to each stand (Wallerman & Holmgren 2007). This 
was not very successful, mostly due to the requirement for a very large data-
set of reference field plot data with ALS data for each plot.

Here, a new method to assign existing field plot data to each stand was 
developed. Given the existing information for each stand, such as site index, 
species composition, mean stem volume, and estimated height and diameter 
distributions, this new method aims to use only this to carefully select a few 
plots from a very large set of reference plots. In short, the existing data are 
used as a goal for the joint properties of the selected plots. The main steps of 
the algorithm are:
1. Prediction of tree height and diameter distributions using existing data 

(stand register or ALS).
2. Selection of plots of similar geographical area tree species composition, and 

site index.
3. Selection of n of these plots by iterative random selection until the mod-

eled bivariate tree height, diameter distribution and mean stem volume of 
the stand are satisfactorily represented by the surveyed tree data.

The algorithm was implemented using C# and the statistical software R (R 
Development Core Team, 2008), and evaluated using data from the Krycklan 
test site and the very large Forest Management Planning Package database of 
field plot survey data (“IP Bank”). 

ALS-based support for simulation of tree data
Accurate predictions of diameter and height distributions allow an alternative 
method to supply the system with single tree data, based on simulation of 
observations from these distributions. Such synthetic data can be easily pro-
duced once knowledge of the parent distributions is available. However, a 
drawback is probably the loss of natural dependence of the resulting synthetic 
data. The area-based method for modeling forest parameters using ALS data 
(Holmgren 2003, Næsset et al. 2004, Gobakken & Næsset 2005) is rather 
straight forward and generally produces accurate estimates of the total tree 
distributions, i.e., not distributions for each tree species separately, although 
this is clearly needed. 

Here, a convenient tool to perform area-based ALS analysis was imple-
mented, including a basic method to utilize existing information on tree spe-
cies proportions to estimate species-specific tree distributions. It was imple-
mented in R using the sp package to access raster and vector data.
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Establishment of the Krycklan test site
The new test site, Krycklan, consists of the Krycklan stream watershed, 
which covers an area of 70 km2 outside Vindeln in northern Sweden. It is a 
major research site for the Krycklan Catchment study (KCS, ccrew.sek.slu.
se/krycklan), and investigators involved in this project and the KCS have 
closely cooperated in investigations at the site. Many data capture activities 
have been performed on the test site:

2006
• Laser scanning using an ALTM scanner (1100 m flying altitude, 3-4 puls-

es/m2);

2007
• Surveys of 162 circular field plots of 6 m radius, using routines according 

to the National Forest Inventory;

2008
• Laser scanning using TopEye Mk II (500 m flying altitude, 5 pulses/ m2),
• Surveys of 31 forest stands (ca. 10 plots stand, 10 m radius) in the BIO-

SAR project,
• Surveys of 110 field plots (12 m radius, positioned trees) in the IRIS proj-

ect,
• Stand delineation and species assessment using aerial photo interpretation 

in stereo. 
The surveys of 2008 were made using the Ivent application, and provided 
opportunities to test, validate and correct errors in other applications, includ-
ing PlanStart. Using the collected data, ALS-based raster maps have been 
made of the area (Table 2) and are documented in Wallerman (2009). 

Table 2. Mapping datasets at Krycklan

Dataset Resolution Unit
Digital elevation model 0.5 m × 0.5 m [m above MSL]
Biomass map 10 m × 10 m [ton/ha]
Mean stem volume 10 m × 10 m [m3/ha]
Mean tree height map 10 m × 10 m [m]
Mean tree diameter map 10 m × 10 m [mm]
Mean tree age 10 m × 10 m [yr]
Tree height percentiles 10 m × 10 m [m]
Weibull parameters of tree height 
distribution

10 m × 10 m -

Tree diameter percentiles 10 m × 10 m [mm]
Weibull parameters of tree diameter 
distribution

10 m × 10 m -

Data from the Krycklan test site are stored in a SDE database on the SLU 
computer network, in order to be easily assessed and maintained. Further-
more, there is substantial interest in extending and utilizing this unique data-
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set, in the BIOMASS and IRIS projects, for educational purposes and in 
projects of Master’s students based at both SLU and Umeå University. 

User value
In the project, basic support to utilize the currently most promising source of 
geographical forest data – ALS – was developed. Use of ALS data is expected 
to provide accurate descriptions of each scanned forest stand, in terms of both 
average stand parameters and their variation.

The establishment of the Krycklan test site provides excellent opportuni-
ties to develop user education material, and may very well provide means for 
further development of the system. 

Fulfillment of objectives
A very large part of the project work involved the development of meth-
ods to impute or assign existing field plot data to stands, in order to provide 
single-tree representation and plot-level survey data for each stand. Unfortu-
nately, this approach was not successful. The method used to select plot data 
to represent modeled stand variation did not meet the target distributions 
very well, regardless of the number of reference plots available. However, 
use of simulations may very well provide data of sufficient quality, and pro-
vides a very straight-forward method to create single-tree data from common 
forest stand databases as well as ALS data. 
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System for objective field surveys for long-term planning 
Project leader: Anna Ringvall, Dept. of Forest Resource Management, SLU, Umeå 
Participants: Sören Holm, Per Hansson, Dept. of Forest Resource Management, SLU, 
Umeå.

Project aim 
Since the introduction of the Forest Management Planning Package (FMPP; 
Jonsson et al. 1993) in the 1980’s, long-term planning in large-scale forestry 
in Sweden has been largely based on data collected by objective plot surveys 
in an objectively selected sample of stands. This type of inventory provides 
unbiased estimates with, for larger areas, a high precision (small standard 
errors). However, in Heureka, different types of spatial analyses are a core 
capability. For such analyses, data from all stands in the target area are needed 
and methods to obtain such data have been developed within the project 
Data acquisition for long term planning. However, given the higher accu-
racy of estimates from objective field surveys, there will be, at least initially, 
demands for some analyses, e.g., to determine cutting levels at a company lev-
el, based on data from objective field surveys in a sample of stands. In contrast 
to data originating from imputation, data from objective field surveys contain 
detailed tree data in addition to detailed site data, which are important for 
e.g., growth functions.

The system for objective field surveys in the FMPP has been well tested, 
in terms of both the methodology and dimensioning. New challenges with 
Heureka included the potential need to incorporate new variables, for exam-
ple in the models developed for non-timber values. The data from an objec-
tive field survey in a sample of stands should also complement the data for all 
stands obtained through imputation methods studied within the project Data 
acquisition for long term planning, which might have implications for the 
way the sample stands should be selected. It is also possible that remote sens-
ing data, e.g., aerial laser scanning data, can be used for more efficient sample 
design both at stand level and for selecting stands. There have also been 
major technological developments in handheld computers and GPS since 
the FMPP was developed. Although the FMPP methodology is well-tested, 
better computer capacity should also enable better studies on a reasonable 
dimensioning under different demand on accuracy.

The aim of this project was to develop a cost-efficient system for field sur-
vey to be applied when using the long-term planning application, PlanWise. 
The project consisted of a research-oriented part in which different alterna-
tives were compared, both for the stratification applied in the selection of 
stands and the field survey. The second part of the project aimed to imple-
ment the suggested routines, i.e. ensure that the systems were ready for use by 
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the end of the project period. The main deliverable from this project was an 
operational field survey method including: 
• Definition of variables,
• Recommendations of field equipment and specifications for the field sur-

vey software,
• Routines for planning field surveys (including stratification and selection 

of stands), routines for correction of collected data and algorithms for state 
estimates and standard error estimates in the application.

Methods used in the project
In the scientific part of the project, different designs and estimators for plot-
wise field surveys within stands were compared through Monte Carlo simu-
lations (e.g., Lämås & Ståhl 1996). In these simulations, data from a field 
survey and airborne laser scanning at the Remingstorp estate in southwest 
Sweden were used (Holmgren & Wallerman 2006). Different measures from 
laser data were extracted for each field plot and used as auxiliary information 
either in the layout of plots (stratification) or for estimation (calibration esti-
mator). 

Different alternatives for calculation of calibration ratios for height and 
volume predictions (from regional functions) were tested on sample tree data 
from an objective field survey using FMPP in Västerbotten performed by the 
company SCA. Effects on estimates of the different alternatives were studied 
through Monte-Carlo simulations.

In the development-oriented part of the project, a large portion of the 
work consisted of writing instructions for the system development group. 
Many of the routines were already used in the FMPP but still needed to be 
described for this group.

The developed application for field computers was tested within this proj-
ect in a field survey at the test site Krycklan in Vindeln. Data from this field 
survey were then also used for testing routines for calculating calibration 
ratios and estimating the current state in the application PlanStart (Ringvall 
2009).

User value
Based on the descriptions of routines created within this project, a system 
for objective field surveys has been developed. Although alternatives were 
studied, the final methodology largely resembles the methodology used in 
FMPP. With the developed system, implemented in the applications Ivent 
and PlanStart, the same type of analyses as previously made by FMPP can be 
made by PlanWise. The applications Ivent and PlanStart also have some new 
functionality in comparison with FMPP. The two applications can also be 
used independently for other types of plot surveys. For example, Ivent has 
already been used for field surveys in remote sensing-oriented research stud-
ies.
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Scientific results
The comparison of a random layout of plots with a layout (stratification) 
or an estimator (calibration estimator) using laser scanning data as auxiliary 
information indicated that it provided possible improvements in terms of pre-
cision of estimates. However, the increase in precision did not compensate for 
the possible drawbacks of using auxiliary information. In the tested area, the 
best alternative, stratification, increased the precision of estimates of volume 
ha-1 by 16%, on average over 13 stands, but would result in more complicated 
field work, less flexibility and more complex calculations. With the calibra-
tion estimator, the choice of using auxiliary information or not can be made 
at the analysis stage and the calibration estimator works well for some param-
eters (providing similar improvements to those for stratification) but less well 
for others and may also introduce some small bias due to the low number of 
plots in a stand. Before final conclusions are drawn, it would be of interest 
to repeat the study with data from other stands, e.g, stands at the Krycklan 
testsite in Vindeln, since Remingstorp consists of rather homogenous stands 
and the effect of using auxiliary information might be stronger in more het-
erogenic stands. In addition, an alternative and possibly more interesting use 
of the calibration estimator may be to “calibrate” old updated field data with 
new laser scanning data.

Fulfillment of objectives
The main aim of this project was to provide a description of a system for 
objective field surveys, based on a sample of stands, enabling PlanWise to 
be used in similar analyses to those in which the FMPP has previously been 
used. That objective has been fulfilled, in that such a system has been devel-
oped and implemented in applications. However, more time than expected 
was needed to write instructions and support implementation, including 
implementation of functionality that already existed in the FMPP. Hence, 
some of the topics planned to be studied during the project time were omit-
ted, including the study of an alternative stratification and sample stand 
selection procedure to support the imputation methods studied within the 
project Data acquisition for long-term planning. It was also unclear whether 
or not the imputation methods will be based on field data collected in objec-
tive field surveys. Instead, in the future it might be of interest to study how 
estimates from objective field surveys, which are known to be unbiased with 
small standard errors for large target areas, might be used to complement or 
calibrate estimates/data from the less accurate imputation methods. Further, 
the newly developed models in Heureka did not include many new vari-
ables in comparison with the system for field inventory in FMPP and studies 
regarding the precision of such variables were not included. However, the 
system implicitly requires measurements of dead wood acquired in a similar 
manner to that used in the Swedish NFI, which might be too complicated 
for some users. Simplified routines can be used, but might give rise to bias, as 
shown by Fraver et al. (2007). Hence, this study was planned to be followed 
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by a study of the consequences for Heureka of including simplified dead 
wood measurements but this was omitted due to time constraints.
During the course of implementation, other research questions, of varying 
importance and complexity, were raised. Some were studied in the project, 
such as different alternatives for calculating calibration ratios for height and 
formheight functions. Some will be studied in the near future, including 
alternative approaches for calibrating age predictions from functions using 
sample tree data, possibilities to calibrate growth functions (at plot level) 
based on remeasurements of some stands, implications for stand selection and 
estimates if surveys are made as continuous surveys (i.e., a certain amount 
of stands surveyed each year) in comparison with today’s cyclic surveys and 
implementation of different alternatives for sample tree selection. It would 
also be of interest to study how remote sensing information could improve 
stratification at a stand level and as a support for adequate dimensioning in 
selected stands.
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Data acquisition for operational planning
Project leaders: Andreas Barth, (2008-2009), Lennart Moberg (2007), Ingemar Eriks-
son (2006), Skogforsk  
Participants: Johan Holmgren, Kenneth Olofsson, Jörgen Wallerman, Dept. of Forest 
Resource Management, SLU, Umeå.

Project aim
The aim of this project was to develop methods for data acquisition relevant 
for operational forest planning. The lack of high quality data from prehar-
vest inventories is one of the most important problems hampering improve-
ment of efficiency in forest operations (e.g. optimization of stand selection 
and stand sequencing) and the ability to meet increased customer demands. 
To obtain such data, it is essential to be able to predict yields with sufficient 
detail and accuracy, down to wood-property level. This requires improved 
methods, techniques and routines for variables including diameter distribu-
tion at the tree species level, tree age, frequencies of down classed logs, size 
of harvest areas and other factors affecting wood quality.

Methods used in the project
The following methods and steps were applied:
• Development and evaluation of a method for combining airborne laser 

scanner (ALS) and harvesting data.
• Evaluation of data quality from the developed method as input for predict-

ing wood product recovery in bucking simulations.
• Evaluation of the use of high-resolution airborne laser scanner data trained 

with field plot data.

User value
The results from this project open possibilities to design data acquisition sys-
tems that will provide highly precise pre-harvest predictions of the expected 
volume and value recovery of company-specific round wood assortments 
from candidate sites. By implementing efficient routines for inventories of 
areas to be cut, planning of the wood supply to industrial sites will be much 
improved, which also will contribute to reductions in transport and the 
amount of wood stored at industrial yards.

Scientific results
The main focus within the project has been to develop a method for detect-
ing and describing all the trees within a stand by ALS, and to supplement this 
information using harvesting data and imputation techniques in order to pre-
dict wood product recovery. By linking information from the harvester with 
ALS data, trees within stands that have not been harvested can be described 
by variables from the harvester, including stem diameters. Stem diameter 
measurements are automatically registered by all modern harvesters so these 
data could be available at a low additional cost. However, to be able to link 
the harvester information with airborne laser scanner data the positions of 



81

single trees have to be registered during harvesting, which is not done by har-
vesters today. Results from a first study, hosted by SCA, were presented at two 
scientific conferences (Wallerman et al. 2008, Moberg et al. 2008). Results 
from a second study at Vindeln Experimental Forests are presented in the 
Master’s thesis by Larsson (2009). At a sub-stand level DBH and tree height 
were estimated with RMSEs of 1.7 cm (8.4%) and 0.7 m (5.2%) , respectively. 
The stem volume was estimated with a RMSE of 25 m3ha-1 (10.5%). Exam-
ples of the diameter distribution at the plot-level for two field-plots are pre-
sented in Fig. 24. Further results will be presented in a forthcoming scientific 
paper (Holmgren et al. 2009).

Figure 24. Comparison of density plots between imputed diameters and reference diameters for 
plots 5.3 and 11.1. at Vindeln Experimental Forests in Strömsjöliden. From Larsson (2009).

Field trials in the project Data acquisition for operational planning. To the left planned harvest-
ing areas in Strömsjöliden, Västerbotten. An application for FcGIS was developed to assist the 
operator to register tree identification numbers on the sample-plots (right, from Remningstorp, 
Västergötland).



82

Stem taper data can serve as input in bucking simulations in order to make 
prognoses of wood product recovery for a standing forest. In Fig. 25 the 
results from bucking simulations in 17 sub-stands in Strömsjöliden are pre-
sented (Larsson 2009). The total volume of logs was estimated with a RMSE 
of 23.5 m3ha-1 (13.0%). When divided into saw timber and pulp wood the 
accuracy decreased with a RMSE between 27.5-28.7%. However, these fig-
ures could probably be improved if tree species classification was incorporated 
in the remote sensing data. Knowledge of the tree species composition is 
highly valuable and would also improve the details in the prognoses of wood 
product recovery. Supplemented with additional data, such as geographic 
location and stand age, individual tree models can be used to predict wood 
properties such as fibre length, cell wall thickness, basic density, and knot size.

Commercial methods currently deliver predictions at the single-tree level 
based on high resolution ALS data trained by field plot inventory data. Height 
and diameter of single trees are predicted and diameter distributions can be 
estimated at the stand level. Together with information on the stem taper 
these data can be used as input in prognoses of wood product recovery. The 
method has been evaluated as an input for operational forest planning (Barth 
et al. 2008, Barth 2008). Diameter and height estimates at stand level were 
comparable or better than those provided by tested field inventories. Accurate 
delineation of planned harvest areas gave accurate estimates of total stem vol-
ume. However, for wood product recovery the distribution between different 
assortments is more important than total volume. For such analysis diameter 
distribution at the tree species level is required. Based on the single tree esti-
mates the diameter distributions were in most cases acceptable, but tree spe-
cies classifications were generally poor. For operational forest planning better 
tree species classifications are clearly desirable.

Figure 25. Total volume of logs for 17 sub-stands at Vindeln Experimental Forests in Ström-
sjöliden. A comparison of prognoses of wood product recovery based on the harvested trees and 
the estimated stem data based on ALS, analyzed using Aptan in the TimAn software package 
(Arlinger et al. 2002).
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Fulfillment of objectives
The main efforts in the project have focused on developing and testing a 
method for combining information from the harvester and high resolution 
airborne laser data. Harvesters continuously measure trees in the forest and 
register stem diameters. This information can be successfully and cheaply used 
to train high resolution ALS data. However, for practical applications the har-
vesters also need to automatically measure and register the position of single 
trees. Various solutions for this problem are possible, but to date there have 
been no practical trials of possible methods.

Wood product recovery can also be predicted with a terrestrial laser scan-
ner (TLS). TLS data have been acquired within the project and briefly evalu-
ated. Such data provide valuable information on the lower section of the 
stems and based on these measurements parameters of the upper section 
of the stems can also be estimated. This method can be used for measuring 
sample trees within stands that will be harvested, or used to train ALS data to 
make predictions for all stems within a stand or for other stands that will be 
harvested. These methods will be more comprehensively evaluated by SLU 
and Skogforsk during 2010 within the IRIS-project.
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Planning and optimization
Project leader: Karin Öhman, Dept. of forest resource management, SLU, Umeå. 
Participants: Peder Wikström, Dept. of forest resource management, SLU, Umeå.

Project aim 
The Heureka system is designed to be used for analysis and decision sup-
port when addressing complex forest resource management problems. The 
complexity of these problems is a consequence of the spatial and temporal 
dynamics of the resource system itself, the response of the system to silvicul-
tural activities, the diverse and often conflicting goals and the huge number 
of management alternatives. As a result it is not possible to compare and 
evaluate all possible combinations of management activities without relying 
on quantitative tools, i.e. formulating the stated problem with a mathemati-
cal model and solving the model with an optimisation method. This allows 
the analyser not only to rank the management alternatives in a systematic 
way, but also to make sensitive analyses of the effects of, e.g. different timber 
prices, changed preferences and new restrictions and to analyze trade-offs.

The aim of this project was to develop such quantitative tools to be inte-
grated in the Heureka system. 

The work can be divided into undertakings to develop methods for:
1. Including habitat area,
2. Avoiding large harvest openings,
3. Clustering harvest activities,
4. Integrating tactical and strategic planning,
5. Deciding the geographical location of nature reserves,
6. Developing a stand-level management model that can be used for
exploring and evaluating different kinds of silvicultural systems.

Methods used in the project
The main focus in this project has been to develop quantitative tools for 
integrating spatial considerations in the planning process. Undertakings 1-3 
and 5 are all examples of typical spatial problems. The approach in the proj-
ect has been to first identify the most important spatial aspects. This has been 
done by literature studies, interviews and workshops. Secondly, a number of 
approaches for optimizing the spatial layout of forest harvest activities with 
respect to these aspects have been developed. 

Unfortunately, when spatial consideration of harvests is included in stra-
tegic planning problem they inevitably grow in complexity (Öhman 2001). 
One reason for this is that to represent spatial aspects in the models integer 
variables must be used since they allow one to specify if a unit is managed by 
a certain treatment. Another reason is that including spatial aspects requires 
each stand to be characterized in terms not only of its state but also that 
of the neighbouring stands. Further, it is not always obvious what measure 
should be used to represent the spatial problem. For example is it sufficient 
that harvest areas are within a certain distance from each other, or should 
some other requirement be satisfied when considering aggregation of har-
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vests? As a result, for the identified problems different formulations have been 
tested and suggested in the project for expressing spatiality in the optimiza-
tion.

This complexity has led to spatial aspects of the optimization often being 
solved by a heuristic method. However, the application of heuristic algo-
rithms often means that the algorithms need to be specially designed, or at 
least parameterized, for the specific problem being addressed. In addition, 
when dealing with problems including many constraints there could be dif-
ficulties if the constraints are transformed to penalty functions and included 
in the objective function. This could create problems in the relative weight-
ing of these functions and poor convergence if there are non-continuities 
in the augmented objective function. Finally, it could be difficult to ensure 
that the optimal solution is found, or at least a close to optimal solution. An 
alternative to heuristic techniques is to use an exact solution technique such 
as mixed integer programming (MIP) with the branch and bound algorithm 
(Williams, 1985). One limitation of the branch and bound algorithm has 
been the time required to locate the solution to a complex problem and, 
hence, the limited size of the problems that can be solved. However, recent 
developments in optimization software systems and computer hardware 
have increased the scope for solving large-scale problems in a reasonable 
time (Atamtürk and Svavelsbergh 2005; Johnson et al. 2000). As a result, the 
problems addressed in the project have been formulated so that they could be 
solved with MIP and the branch and bound algorithm. 

User value
The optimization tools developed within this project should be considered 
as aids to generate different solutions that form the basis for decision-mak-
ing. The tools will be designed to support rather than replace planners and 
resource specialists in the decision-making process. The tools should enable 
trade-off analysis between economic values of timber production and effects 
on other utilities. 

Scientific results

Spatial analysis
When solving a forest planning problem, one may end up with a plan with 
very large openings. To prevent this, an optimization problem can be for-
mulated as a so-called Area Restriction Model (ARM). We propose the term 
Opening Size Constrained Problem, but regardless of the terminology,  this 
kind of problem has been considered notoriously difficult to solve with exact 
methods. However, in recent years, Goycoolea et al. (2005) presented a 
very strong MIP formulation that made it possible to solve quite large ARM 
problems with exact methods (branch and bound) in a reasonable time. One 
drawback is that the problem formulation is quite complex and requires 
advanced GIS-analysis and programming before entering data into the opti-
mization model. In Heureka, the model of Goycoolea et al. (2005) has been 



86

adapted to the problem structure used in Heureka, and the necessary calcu-
lations have been automated (Wikström & Öhman 2009). The user simply 
selects a function called “Add Opening Size Constraints”, after which all 
required computations are made and all model parameters and equations are 
added to the optimization model.

A second aspect connected to spatial analysis is habitat modeling. The 
focus when using habitat suitability models in forest planning has often been 
to investigate the potential habitat area for certain species if a certain man-
agement plan is applied (i.e. a “What if?” question is addressed). Another 
approach when using habitat models in forest planning is to include the habi-
tat models in the problem formulation and the optimization (i.e. “How to?” 
question). How should the forest area be managed if a certain area of habitat 
is desired? This question assumes that the habitat demand is included in the 
optimization part of the planning process. As a result, a new general spatial 
habitat model that could be included in the optimization and still allow the 
problem to be solved with an exact solution method has been developed in 
conjunction with the biodiversity project (Öhman, Edenius & Mikusinski 
2009). The habitat model includes both suitability assessment of stand-wise 
conditions and evaluation of the spatial context of the stand in a broader 
landscape (Fig. 26). 

Another feature that enables spatial analysis in PlanWise is the automatic 
addition of shared borders between each pair of adjacent polygons. This feature 
enables the inclusion of clustering. During the Heureka project an approach 
for two different clustering problems has been developed, the clustering of old 
forest and the clustering of harvest areas (Öhman & Wikström 2007; Öhman 
& Eriksson 2009). The approach is built on the idea of minimizing the outside 
perimeter of old forest and harvest areas, respectively. For example, if two adja-
cent stands are old forest in the same period the total perimeter of the old for-
est areas will be lower than if two non-adjacent stands with the same area and 
shape were saved. An advantage of using the perimeter as a criterion is that it 
makes it possible to formulate and solve the problem as an MIP problem with 

the traditional branch and bound algorithm. 
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Figure 26. The spatial layout of habitat patches for Hazel Grouse at the end of the planning 
horizon for cases a) without spatial consideration and b) with spatial consideration. 

Tactical and strategic planning
PlanWise offers functionality to generate long-term treatment schedules, in 
which the planning period is divided into five-year time periods. For more 
short-tem planning, five-year periods are too coarse since it is necessary to 
control the flow of product on a yearly basis. Therefore, PlanWise now also 
offers functionality to generate short-term schedules, in which a typical plan-
ning horizon is five to ten years, divided into one-year time steps. The same 
optimization model system is used for solving tactical optimization problems, 
PlanWise uses the same data structure in both strategic and tactical cases. 
From a strategic solution, or plan, the user can choose to start from that plan 
and generate a more detailed tactical plan. Alternatively, the user can let the 
system generate tactical alternatives for each stand that is eligible for harvest 
(thinning, selection felling, final felling) during the tactical period. Those 
results can then be used as input for VägRust (see the Operational planning 
project) or solved as an optimization problem, probably with an upper bound 
for harvested volume guided from a more long-term strategic plan.

Fulfillment of objectives
The original project plan was revised during the course of the project. One 
planned objective was to develop methods for defining the geographical 
location of reserves. Due to a lack of time this was not possible during the 
project time. However, one possibility when evaluating possible locations to 
reserve is to use the model for clustering old forest areas. Another undertak-
ing for which we did not reach the goal is undertaking number 6, develop-
ment of the stand-level management model. The intention was to develop 
a model allowing a target-oriented approach, i.e. one allowing manage-
ment programs to be generated from goals set by the user and applicable for 
separate, single-stand analysis (a primary desire for many users). The model 
should be used for separate, single-stand stand analysis, which is indeed a 
primary request of many users. Although this goal was not reached, the long-
term treatment schedules, generated by PlanWise, could still be ranked by 
(for instance) the net present value. 

Future improvements include the addition of roads as entities in an opti-
mization model. This was a planned objective but was not reached. It will 
enable the clustering of harvest activities by coordinating harvest activities 
between stands that are linked to the same road segment. Another area of 
improvement is to develop robust optimization models that always result in 
feasible solutions. One problem with e.g. the ARM model described, is that 
a problem may be infeasible and only an advanced user may be able to find 
a workaround. A solution to this problem is to develop models that are for-
mulated in such a way that solutions will always be found. One step in this 



88

direction has been taken, but is still under improvement. Regarding habitat 
models, PlanWise for the moment only offers answers to “What if?” ques-
tions. Another future important improvement in PlanWise is therefore to 
include consideration of the habitat models in the optimization part. That is, 
PlanWise should in the future offer answers to “How to?” questions.  
Finally, the optimization model in PlanWise applies a modeling language 
called ZIMPL. Optimization models are stored as files and can be shared 
between users. Hence, optimization models can be developed and easily dis-
tributed.

References 

Scientific articles
Öhman, K. & Eriksson, L.O. 2009. Aggregating harvest activities in long term forest 
planning by minimizing harvest area perimeters, accepted for publication in Silva Fen-
nica.

Öhman, K. & Wikström, P. 2008. Incorporating aspects of habitat fragmentation into 
long-term forest planning using mixed integer programming. Forest Ecology and Man-
agement 255(3-4): 440-446.

Öhman, K., Edenius, L. & Mikusinski, G. 2009.Optimizing spatial habitat suitability 
and timber revenue in long-term forest planning:. Submitted to Canadian Journal of For-
est Research. 

Wikström, P. & Öhman, K. 2009. Adaptation of MIP harvest scheduling models with 
opening size constraints to handle treatment programs, annual allowable cuts and road 
access. Manuscript in prep.

Working papers
Öhman, K. 2007. Rumslig hänsyn i skoglig planering, SLU, Inst. för skoglig resurshus-
hållning. Arbetsrapport 195.

External references
Atamtürk, A. & Savelsbergh, M.W.P.. 2005. Integer programming software systems. 
Annals of Operations Research 140(1): 67-124.

Goycoolea, M., Murray, A.T., Barahona, F., Epstein, R., & Weintraub, A., 2005. Harvest 
scheduling subject to maximum area restrictions: Exploring exact approaches. Oper. Res. 
53, 490-500.

Johnson, E.L., Nemhauser, G.L. & Savelsbergh, M.W.P. 2000. Progress in linear program-
ming-based algorithms for integer programming: An exposition. Informs J. Comput. 
12(1):2–23.

Öhman, K. 2001. Forest planning with consideration to spatial relationships. PhD. Thesis. 
Acta Universitatis Agriculturae Sueciae, Silvestria 198, 32 pp.

Williams, H. P. 1985. Modelbuilding in mathematical programming, John Wiley and 
Sons.



89

Multi-Criteria Decision Analysis
Project leader: Ljusk Ola Eriksson, Dept. of Forest Resource Management, SLU, Umeå. 
Participants: Anu Hankala, Carola Häggström, Peder Wikström, Karin Öhman, Dept.  
of Forest Resource Management, SLU, Umeå. Per Westerlund, Sogeti Sverige AB

Project aim 
Forest planning to date has predominantly meant planning of timber produc-
tion. However, as interest is increasingly directed also towards non-timber 
forest values, new methods for planning are needed. Increasingly, the value 
of forests cannot be considered purely in economic terms, but additional 
goals must be considered, such as conserving pleasant scenery or increasing 
possibilities for recreation (Hörnsten 2000). 

Multi-criteria decision analysis [MCDA or MCDS (MCD Support) or 
MCDM (MCD Making)] is one approach that can be used to apply the vari-
ous objectives in forest planning and analyze their relative importance in an 
analytical manner. An MCDA process generally starts with the identification 
of a problem or a goal, continues by assessing the importance and weight of 
the criteria and alternatives involved, and results in an overall ranking of the 
alternatives according to their importance (e.g. Belton & Stewart 2001, Kan-
gas & Kangas 2005). A successful MCDA process will thus facilitate decision-
makers’ understanding of the problem and its dimensions, and guide them to 
identify and choose preferred courses of action for planning.

The aim of this MCDA project was to develop and test a software appli-
cation that enables multi-criteria analysis of plans created in the PlanWise 
application.

Methods used in the project

Software development
The software, named PlanEval, was built on three principles: it should be 
(i) possible to retrieve data easily and flexibly, (ii) based on well-established 
MCDA methods, and (iii) easy enough for users without prior knowledge of 
MCDA to apply.

The first design principle meant that it should be possible to access data 
from plans created by PlanWise within the application. In the program, the 
user opens a PlanWise project and marks the plans that should be included 
in the analysis. From that point onwards the user has direct access to all data 
created in PlanWise, whether it is scalars, diagrams or maps.

The second requirement concerns the way the MCDA methods should 
be employed in order for the user to evaluate different plans. The general 
approach of decision analysis is applied, meaning that the analysis process 
rests on a hierarchical description of objectives against which the plans are 
evaluated. Then follows the choice of techniques by which the preferences 
should be elicited, both for the objectives and the plans. At the moment pos-
sible alternatives are the Analytic Hierarchy Process (AHP) and direct point 
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allocation. The former is one of the best documented methods applied in 
forestry situations, while the latter is possibly intuitively easiest to understand; 
see Kangas et al. (2008) for an overview of methods.

To ensure the usability of the software a cognitive walk-through was per-
formed on a prototype of the program. Several difficulties, including ambigu-
ous taxonomy, were detected, some of which could be addressed before 
the field test. The walk-through also highlighted which parts of the process 
needed to be conducted by the consultant and which parts could potentially 
be left to the end user, the forest owner.

Figure 27. Differences in constraint settings between three plans, all with the objective of 
maximum net present value at 3% discount rate.

Figure 28. The goal hierarchy (here translated from Swedish).

 

 

Figure 1. The different constraint setting between the three plans. All plans with the objective 

of maximum net present value at 3% discount rate. 
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Software test
PlanEval was tested on the forests of the Östad estate, covering some 3,000 
ha in south-west Sweden (Hankala et al. in prep.). The area was considered 
especially suitable for this study, partly because of its size and the associated 
complexity of the planning, and partly because of its foundation-based own-

Figure 29. Presentation of data for the evaluation of plans in the user test: the upper chart 
compares plan A against plan B with respect to harvests over time and the lower graphic com-
pares plan A against plan C with respect to harvests along trails.
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ership and long management experience.  The study incorporated several 
phases, including place inspections, positioning of special objects on maps and 
repeated communications, by mail, on goals and constraints. Using the final 
criteria structure and identified constraints, the forest stands were specified 
into domains and respective control categories to prepare for the simulations 
in PlanWise. The estimated development of the forest estate was simulated 
with PlanWise, and three different development scenarios were optimized 
under slightly different criteria using an AIMMS model (Fig. 27).

In a second meeting a user test was conducted with the owner and forest 
officer together with two of the project staff, Hankala and Eriksson. Three 
plans were analyzed during the test. A goal hierarchy was developed based on 
a preliminary structure presented by the authors (Fig. 28), the hierarchy was 
weighted, and the plans were evaluated against each of the objectives of the 
hierarchy (Fig. 29 shows examples of screen shots of data presented during 
the evaluation of the plans). The AHP method was used for both weighting 
goals and evaluating the plans.

User value
There are some generally available MCDA software packages, such as HiV-
iew, V.I.S.A., Expert Choice, and Web-HIPRE;  see French & Xu (2005) for  
acomparison of different methods. It is, of course, possible to analyze forest 
planning problems with these general MCDA tools.  However, the user must 
then prepare the data needed for the analysis separately, which takes time and 
limits flexibility. The MCDA application developed here overcomes this dif-
ficulty; all data are available and the information that is presented, and how it 
is presented, can be adjusted during the process.

The MCDA application provides the user with a well-established multiple 
criteria method, offering a systematic way of analyzing a range of plans. As 
the user can simultaneously access the results database of the forest simula-
tions and optimizations it enables fluent changes from one view to another, 
for example from a map presentation to a diagram, from one preferred vari-
able to another and scope for chronological assessments through the possibil-
ity of changing the evaluation period.  

Scientific results
The test of the application gave important insights into its strengths and 
weaknesses, which are still under evaluation. It can be noted that the users in 
this case were able to state which plan was the most preferred and what they 
wanted as supplementary information concerning that plan. 

Shortcomings were also identified. The decision analysis methodology is 
by itself not self-evident. This also applies to AHP as an MCDA technique.  
This could make the process difficult to follow in the intended way without 
spending time to introduce the concepts and train the users (cf. Mendoza 
& Martins 2006, Kangas et. al. 2001, Wolfslehner et. al. 2005). Different 
variables can be shown differently – this requires adaptation and quick learn-
ing from the user. Thus, the flexibility of the program as such could pose 
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problems. Spatial problems pose particular problems. One concerns the 
importance of scale; some features may be difficult to detect or discriminate 
between plans due to the scale and the user may need help through addi-
tional metrics to focus on critical issues (Jankowski et al. 2001). Visualizations 
could be useful (Sheppard & Meitner 2005). For a user who has a well-
defined objective from the outset, trade-off analysis of particular issues in one 
plan may be more relevant than the comparison of entire plans, i.e. the appli-
cation does not provide an optimal match for all situations.

Fulfillment of objectives
Further research is needed to delimit the planning situations for which the 
MCDA application is particularly suitable. It is also necessary to examine the 
terminology and work flow, in detail, to ensure that the user can appreciate 
the methodology.

More technical improvements could also promote appropriate use of the 
application, including the addition of capabilities for a group decision support 
system, GDSS, and to support participatory processes (the system is to some 
degree prepared for use by several participants). The possibility to evaluate 
plans by value functions could reduce the burden on the user to make com-
parisons. It may also circumvent some of the conceptual problems in the use 
of the MCDA techniques by separating plans from criteria values. 

With continued field tests under diverse conditions and following 
improvements the MCDA application should become an integrated instru-
ment in the Heureka decision support tool kit.
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Forest owner behaviour and dynamics
Project leader: Lennart Eriksson, Dept. of Forest Products, SLU, Uppsala. 
Participants: Fredrik Ingemarson, Dept. of Forest Products, SLU, Uppsala.

Project aim 
The aim of this project was to construct models for predicting private forest 
owners’ behaviour, in terms of plantation, pre-commercial and commercial 
thinning and final cuts. The ambition is to use these models for prognoses of 
forest activities among private forest owners in the Heureka  
system.

The conveyance of real estate, and the importance of changes in decision 
behaviour, appeared to be difficult to describe, since transactions with legal 
ratification (investigated in this study) do not include all transactions involv-
ing real estate.

Methods used in the project
Tobit-analyses (Amemiya 1984) were performed on the results of a survey of 
forest owners (1200 replies), in order to estimate prognostic models of forest 
owner behaviour. Data on 5590 transactions of estates with legal ratification 
from 1990 to 2007, and two censuses of forest owners, were also subjected to 
statistical analyses. The ambition was to discover structural trends in the own-
ership of forest estates in terms of forest area of the estates, the owners’ liveli-
hood in relation to the estate, gender, age, etc. Interviews were performed 
with estate agents as well as with owners involved in the conveyance of real 
estates during the last three years. 

User value
Prognoses of forest owner forestry behaviour are possible, given scenario val-
ues of the structure development of the forest owners.

Scientific results

Models for prognosis of forest activity decisions
The owners of large forest estates are generally more active per hectare forest 
area than the owners of small ones. At the same time the activity on forest 
estates in southern Sweden is greater than on those in the north, although 
the northern forest estates are larger on average than those in the south. 
The state of the forest (estimated by kNN’s satellite-based data) expressed as 
standing volume per hectare forest area and the area-weighted proportion of 
forest older than 20 years is positively correlated to the extent of both thin-
nings and final cuts. Young forest owners are generally more active in all 
forest operations than older forest owners. One variable, duration of posses-
sion, shows a varying relation to activity, since owners who have possessed 
their estates for 0-10 years are more active than others, but activity increases 
with time amongst owners who have had their estates for a very long time. 
Men are more active in all operations than women, but a nuanced interpre-
tation of the data is that the latter group prefers commercial thinning and 
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the former final cuts. Owners who live outside the county in which their 
estate is situated are less active in operations such as pre-commercial thin-
nings, commercial thinnings and (sometimes) final cuts than owners who live 
in the same county. Thinning is much less frequently practiced in the north 
of Sweden. The patterns for planting operations are similar to those for final 
cuts. For the frequencies of plantation (sometimes) and pre-commercial thin-
ning another significant variable, which is not relevant for other operations, 
is the form of conveyance (inheritance or purchase): buyers of forest estates 
perform these silvicultural operations more diligently than other classes of 
owners.

The study of conveyances of forest estates
It was found that the database of transactions (conveyances) with legal rati-
fication covers only a proportion of  all transaction events in Sweden. Con-
sequently it is not possible to formulate realistic models for changes of forest 
owner structure over time. The conveyance of a forest estate follows old 
traditions but with modifications, which will gradually but markedly change 
the structure of forest owners. The following findings were obtained from 
the material in the study, but it does not give the complete picture. Men 
overall acquire estates from women, but this strong effect is probably neutral-
ized by trends in transactions without legal ratifications and consequently not 
included in the material considered in this study. Men dominate in purchases 
of estates from persons outside the family, while women often acquire estates 
in the form of inheritances or bequests. When a forest estate is disposed of, 
the former owner is on average 63 years old with a tendency to increase over 
time, while the age of the new owner has remained on average 45 years. 
Men predominate as chosen representatives in cases where there are pairs of 
new owners (who are usually a husband and wife, but may be two brothers, 
two sisters, or some other pair). When an estate with two or more owners 
(usually two siblings) is disposed of the distribution of owner representation 
of men and women is equal. Far more women dispose of estates than they 
acquire estates according to this database, which presumably must be coun-
teracted by transactions without legal ratifications, and consequently are not 
included in the examined register, e.g. when the ownership of an estate shifts 
after a partner dies.

The number of people who acquire a forest estate is smaller, on average, 
than the number who dispose of one, but estates are acquired by a single per-
son less frequently than they are disposed of by a single person. The propor-
tion of owners living outside the municipality in which the estate is situated 
is increasing for estates that are transferred to another owner. The proportion 
of inheritances/bequests out of the legally ratified transactions is 0.40 to 0.46. 
Some increase in this proportion has been connected to the repeal of taxes on 
inheritances/bequests.

Studies of census data indicate that the total forest area in estates with 
less than 100 hectares of forest is decreasing, while the corresponding area 
in estates with more than 100 hectares is increasing. The flow of forest 
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area between these size groups has amounted, over two decades, to some 
hundreds of thousands of hectares. A successively higher proportion of the 
forest area is managed by more large-scaled companies, but the arithmetic 
mean of the forest area of the average forest company (estate) has remained 
unchanged, since areas are transferred between companies, but the compa-
nies still exist.

The survey study covering an area-weighted selection of forest estates 
including questions giving a time-perspective of the ownership, are however 
difficult to interpret. With increasing time of possession, the ownership by 
men rises. This may be because women are increasingly regarded as respon-
sible owners in modern acquisitions. Another possible explanation is that 
women tend to own their estates for a shorter time than men. Non-family 
purchases (most often by men) seem to have increased with time. Increases in 
possession time are associated with increases in the likelihood that the own-
ers live within the community of the estate, this correlation is interpreted as 
an indication that the frequency of acquisitions by persons living outside the 
estate community is increasing.

Interviews with estate agents and estate valuers as well as with persons, 
actively involved in the transfer of estates over the last three years, confirm 
most of the above conclusions. Moreover, they show that great consideration 
is taken of possibilities for education, external and social conditions at the 
time of a decision to dispose of or acquire a forest estate. These functions will 
move away from the forest regions where the forest estates are often situ-
ated, due to urbanisation processes, whilst the proportion of owners living 
outside the community of the estate increases. The interviews indicate an 
increased transfer of estates back to people living near the estates. A frequent 
and maybe increasing group of people are part-owners of estates. The earlier 
normal ambition, to buy out siblings, is no longer evident, because all owners 
have other sources of income and occupations. An often mentioned class of 
forest owner with money to spend, has an external occupation and lives not 
far from the estate. In this group there is a potential for size rationalization 
of forestry. Requirements for the traditional forest owner group (owners liv-
ing on or near their estates) to dominate among owner categories is access to 
social service, and external occupation and social relations.

Fulfillment of objectives
Significant models of prognosis for private forest owner’s behaviour were suc-
cessfully estimated. However, the conveyance of real estates (which influences 
their behaviour in a long-time perspective), and the importance of changes 
in decision behaviour, appeared to be difficult to describe, since transactions 
with legal ratifications (investigated in the study) do not include all real estate 
transactions. New attempts should be made to improve knowledge in this 
area.
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Programme management
When the second phase of the research programme began it was turned into 
a ‘thematic research programme’ based at the SLU Faculty of Forest Science. 
At the same time the organization and leadership were changed.  A steer-
ing committee with representatives from users and financers was formed and 
a program leader was appointed. The projects were organized in five sub-
programmes, see Fig. 2 in the Research programme chapter. A programme 
management group was formed by the sub-programme leaders and to pro-
vide support there were an assisting programme leader, an administrator, and 
a communicator. Experiences of the management of the research programme 
in its second phase are presented in an administrative report.

Steering committee meetings 
typically included seminars 
and excursions on topical is-
sues. Here Magnus Larsson, 
SCA Forest and chairman 
of the steering commit-
tee in the second phase of 
the Heureka research pro-
gramme, studies fast growing 
poplar on the Björnstorp 
estate in the southernmost 
part of Sweden.  
Photo Tomas Lämås.
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Steering committee
Magnus Larsson, SCA Skog AB (Chairman)
Patrik Alströmer, Östads Stiftelse
Gert Andersson, Skogforsk
Magnus Fridh, the Swedish Forest Agency
Erik Karltun, SLU (2008-2009)
Maj-Britt Johansson, SLU (2005-2008)
Ola Sallnäs, SLU
Sune Sohlberg, the Swedish Environmental Agency
Urban Nilsson, SLU (2008-2009)
Göran Ståhl, SLU (2005-2008)

Programme director
Tomas Lämås, Dept. of Forest Resource Management, SLU, Umeå

Support functions

Assistant programme director
Dr Johan Sonesson, Skogforsk, Uppsala

Administrator
Ylva Jonsson, Dept. of Forest Resource Management, SLU, Umeå

Communicator
Susanne Sjöberg, Dept. of Forest Resource Management, SLU, Umeå 

Sub-programme (SP) leaders

SP1 Forest ecosystem development:
Prof. Björn Elfving, Dept. of Forest Ecology and Management, SLU, Umeå 

SP2 Forest goods and services:
Associate Prof. Lars Edenius, Dept. of Wildlife Fish, and Environmental Studies, SLU, 
Umeå

SP3 Data acquisition:
Dr Jörgen Wallerman, Dept. of Forest Resource Management, SLU, Umeå

SP4 Decision support methodologies:
Prof. Ljusk Ola Eriksson, Dept of Forest Resource Management, SLU, Umeå (2009).

Dr Karin Öhman, Dept. of Forest Resource Management, SLU, Umeå  
(on parental leave 2009)

SP5 Applications and System Design:
Dr Peder Wikström, Dept. of Forest Resource Management, SLU, Umeå.
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Funding and expenditure

Funding
The second phase of the Heureka research programme ran in the form of a 
thematic research programme based at the Faculty of Forest Science, SLU, 
October 2005 – September 2009. The account was, however, closed in 
December 2009. During this period Heureka had a total budget of  
42 000 kSEK.

The four contributors to the Heureka funding were:
MISTRA  12 000 kSEK
Skogsindustrierna  10 000 kSEK
KEMPE Foundations 10 000 kSEK
SLU 10 000 kSEK
Total  42 000 kSEK

Skogforsk has also contributed funding for certain projects in which Skog-
forsk has special competence and interests. These projects have been funded 
by Skogforsk totally or partly, and this part of the funding is not included in 
the Heureka programme budget.

Expenses
The expenses for the research programme can mainly be divided into three 
parts: expenses for synthesis, thematic research projects, and programme 
management. The largest part (42 %) was allocated to synthesis, which coin-
cides with sub-programme 5, Application and system design. This included 
design of the applications (software) of the Heureka system, system design 
and programming, and education and training. System design and program-
ming have been performed by SLU employees and external consultants. The 
costs of external consultants comprise a substantial part, but have still been 
found to be cost efficient.  The second largest part (39 %) funded the more 
than 15 thematic research projects in sub-programmes 1 – 4. The last part (19 
%) concerns programme management, i.e., costs for the steering committee, 
programme leader, and support staff, i.e. assistant programme leader, admin-
istrator, and communicator (including funds for communication). This part 
also included costs of external services related to programme management, 
common activities, and travel related to programme management, including 
communication.
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Figure 30. Expenses in the second phase of the Heureka research programme (total 42 000 
kSEK) divided into synthesis (applications and system design), thematic research projects, and 
programme management (SP = sub-programme).
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Publications in phase I and phase II  
of the research programme
The list below covers all publications produced within the Heureka research 
programme. 
The publications are divided in:
• Scientific articles
• Doctoral theses
• Master theses
• Reports
• Working papers
• Papers in conference proceedings
• Popular scientific publications
• Other publications (e.g. programme plans)

The scientific articles in bold are published in a supplement to Scandinavian 
Journal of Forest Research, containing selected results from the first phase of 
the Heureka research Programme (Scandinavian Journal of Forest Research, 
Vol. 21, February 2006, Supplement No. 7.

Scientific articles
Andersson M., Dahlin B., Erikers K. & Sallnäs O. 2005. Multi-objective forest landscape 
projection modelling – problems and prospects. Journal of Sustainable Forestry 21:2/3 
175-197.

Andersson M., Dahlin B. & Mossberg M. 2005. The forest time machine – a multi-pur-
pose forestry decision support system. Computers and Electronics in Agriculture 49:114-
128.

Backéus, S ., Wikström, P., and. Lämås, T. 2005. A model for regional analyses of carbon 
sequestration and timber production. Forest Ecology and Management 216: 28-40

Backéus, S ., Wikström, P., and. Lämås, T. Carbon sequestration in  Swedish forest stands 
under various management regimes. (manuscript) In Backéus S , 2009. Forest Manage-
ment Strategies for CO2 mitigation. Acta Universitatis Agriculturae Sueciae 2009:89 
(Doctoral Thesis). 47s, ISBN : 978-91-576-7436-4

Barth, A., Lind, T., Pettersson, H. & Ståhl, G. 2006. A framework for evaluating data 
acquisition strategies for analyses of sustainable forestry at national level.  Scandinavian 
Journal of Forest Research 21, Supplement 7:94-105

Bergh, J., Freeman, M. & Räisänen, J. Modelling regional effects of global change on net 
primary production in Scandinavia. Manuscript in prep. Global Change Biology.

Boman, M. 2005. To pay or not to pay? - A ratio scale interpretation of polychotomous 
questions with uncertain response options. Manuscript.

Boman, M. & Mattsson, L. 2005. Trade-offs in forest utilization from a sustainability per-
spective. Accepted for publication in Journal of Sustainable Forestry.

Boman, M., Berg, C., Ahlroth, S., Bostedt, G., Mattsson, L. & Gong, P. 2005a. Environ-
mental accounting through adaptation of contingent valuation methodology: A proposal. 
Submitted. 
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Boman, M., Norman, J., Kindstrand, C.  & Mattsson, L. 2005b. On the budget for 
national environmental objectives and willingness to pay for protection of forestland. 
Submitted.

Bostedt, G. & Mattsson, L., 2005. On the benefits and costs of adjusting forestry to meet 
recreational demands. Submitted.

Bostedt, G., Parks, P.J. & Boman, M. 2003. Integrated natural resource management in 
northern Sweden: An application to forestry and reindeer husbandry. Land Economics 
79(2), pp. 149-159.

Edenius, L. & Mikusiński, G. 2006. Utility of habitat suitability models as biodiversity 
assessment tools in forest management. Scandinavian Journal of Forest Research 21, 
Supplement 7:62-72.

Edenius, L. & Mikusiński, G., et al. Matching national bird breeding surveys with for-
est habitat data: influence of spatial and structural components of the data. Submitted to 
ecography.

Edman, T., Angelstam, P., Mikusiński, G., Roberge, J.-M., Gromadzki, M. & Carlson, A. 
Assessment of forest landscapes´ conservation value using umbrella species requirements: 
spatial evaluation of a meta-population model in Poland. Manuscript.

Elfving, B. & Jakobson, R. 2006. Effects of retained trees on tree growth and field veg-
etation in Pinus sylvestris stands in Sweden. Scandinavian Journal of Forest Research 21, 
Supplement 7:29-36.

Elfving, B., Freeman, M. & Mörling, T. 200X. Correlation between weather conditions 
and tree growth for Scots pine and Norway spruce in northern Sweden 1980 – 2001. 
Manuscript in prep.

Elfving, B. 2009. Natural mortality in thinning and fertilization experiments with pine 
and spruce in Sweden. (submitted)

Elfving, B. 2009. Top height development in thinning and fertilization experiments with 
pine and spruce in Sweden. (submitted)

Eriksson, E. Gillespie, A.R. Gustafsson, L. Langvall, O. Olsson, M. Sathre, R. Stendahl, J. 
2007. Integrated carbon analysis of forest management practises & wood substitution. 
Canadian Journal of Forest Research 37 (3), 671-681.

Eriksson L. A model predicting silviculture and cut for Swedish private forest owners. 
Manuscript.

Erikson, M. & Olofsson, K., (2005). Comparison of three individual tree crown detec-
tion methods. Machine Vision and Applications.  14(4), 258-265

Eriksson, L.O. 2006. Planning under uncertainty at the forest level – A system approach. 
Scandinavian Journal of Forest Research 21, Supplement 7:111-117.

Fahlvik, N. & Nyström, K. 2006. Models for predicting individual tree height increment 
and tree diameter in young stands in southern Sweden. Scandinavian Journal of Forest 
Research 21, Supplement 7:16-28.

Fahlvik, N., Agestam, E., Nilsson, U. & Nyström, K. 2005. Simulating the influence of 
initial stand structure on the development of young mixtures of Norway spruce and 
birch. For. Ecol. Manage. 213: 297-311.

Forsberg M., Frisk M. & Rönnqvist, M. 2005. FlowOpt – a decision support tool for 
strategic and tactical transportation planning in forestry. International Journal of Forest 
Engineering, vol 6. No2 pp. 101-114 July 2005

Fraver S., Ringvall A. & Jonsson B-G. 2007. Refining volume estimates of down woody 
debris. Canadian Journal of Forest Research, 37: 627-633 
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