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On the world stage, SLU entered the World University Ranking with the great ranking of Number 1 for the 
subject of Forestry. I think that our achievements well reflect this top ranking and it has been a true privilege to 
lead our Department that continues to play an important role both within our university and outside among 
our partners and stakeholders. I feel confident that our momentum also will remain strong in the coming years! 

This annual report is divided into the main fields of activities of the Department: Undergraduate, Master’s and 
Doctoral studies, and research within six subject areas, as well as five environmental monitoring programs. Also 
included in this report are the schematic view of the Department’s organization, Department photos, press 
clippings, facts and figures, major activities of the Forest Sustainability Analysis program and the Department’s 
environmental management system followed by a compilation of publications, names of the field staff, and last 
but not least a visualization of the Department co-publication and usage by research community.

First of all, I would like to highlight the joint project “Skogliga grunddata” between the Swedish Forest Agency 
and SLU where our Department was the main partner. After several years of activities it was successfully final-
ized, and the outcome of the project has garnered many compliments for making forest data free and easily 
available on the web.

On the inventory side, there were a lot of activities as always. At the super test sites Krycklan and Remningstorp, 
and in the mountain areas, comprehensive inventories were started up. From 2016, the Swedish National Forest 
Inventory (NFI) included field work in the alpine birch area. Also, the National Inventory of Landscapes in 
Sweden (NILS) program intensified their inventory in the mountain areas, which was financed by the County 
Administrative Board in Norrbotten. The launching of the inventory in the mountain areas means that we will 
for the first time be able to report on all forest land in Sweden in the near future. Our Department also got the 
task to further develop the NFI of Albania. Several of our subject areas will collaborate to complete this exciting 
assignment.

Many new interesting projects have been in line to start up during 2016 and one of the major ones was the 
VALKMAN project. VALKMAN stands for “VALue and Knowledge based scenarios for sustainable MANage-
ment of forest landscapes”. The purpose is to improve decision-making and management of forest landscapes by 
combining estimates of ecosystem values, multilateral and scenario analyses, and participation processes.

When it comes to scientific publishing, 2016 was a productive year. Data from our NFI have never been so 
well-utilized and published, and other subject areas have also blossomed in this regard.

Our Department was certified according to ISO 14001 in 2004. In spring 2016, SLU Umeå received its envi-
ronmental certificate and during the Fall all of SLU was certified. This means that from now on we work with 
our environmental goals also at the Faculty level instead of only at the Department level; this will hopefully 
make our positive environmental impact even greater than before.

All of the achievements of the Department are, of course, based on a combination of individual and team ef-
forts, contributions that all definitely deserve to be mentioned. This is unfortunately an impossible task. Never-
theless, I would like to highlight a few important events with respect to the staff during 2016:

•	 Göran Ståhl was appointed as new Dean of the Faculty of Forest Sciences
•	 Jean-Michel Roberge was appointed as new Program Manager of NILS
•	 Pernilla Christensen was appointed as new Head of the Division of Landscape Analysis
•	 Hans Petersson was appointed as new Vice Head of Environmental Monitoring and Assessment
•	 Gun Lidestav was appointed as new Vice Head and Director of Doctoral Studies
•	 Ann-Helen Granholm successfully defended her licentiate thesis
•	 Anton Grafström received the award from “Kungliga Skytteanska Samfundet” to a merited young re-

searcher at the Faculty of Forest Sciences
•	 Anders Mustza was appointed as Senior University Lecturer
•	 Eva-Maria Nordström earned the competence of Associate Professor in Forest Management with focus on 

Forest Planning
•	 Heather Reese earned the competence of Associate Professor in Forest Management with focus on Re-

mote Sensing
•	 Mats Nilsson was honored in a special celebration for employees that have served the government for 30 

years

I hope you will enjoy reading this annual report and do not hesitate to contact us if you would like to find 
out more about the activities touched upon here. We would be more than pleased to share our knowledge and 
experiences with you!

Yours sincerely,



Organization

Schematic View of the Department

Figure: 
Kenneth Olofsson, SLU 
and Emma Sandström, 
SLU. 
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Administrative and Economy Support

Department Steering Committee

The duties of the Department Steering Committee are to identify key issues and define the Depart-
ment’s position on strategic and comprehensive questions. The responsibilities also include supporting the 
management of the Department. The committee convened on a weekly basis and also had five indepth 
meetings during 2016. 

The administrative staff are involved in most of the 
activities within the Department including book-
keeping, employment issues, field administration, 
student course registration, information issues and 
layout of reports.

In the photo:
Arne Pommerening
Dianne Staal Wästerlund
Hans Petersson
Ola Eriksson
Torgny Lind
Pernilla Cristensen
Gun Lidestav
Pär Andersson
Johan Fransson

Missing:
Jonas Fridman
Per Nilsson
Håkan Olsson
Heather Reese
Erik Wilhelmsson

In the photo:
Nanna Hjertkvist,
Administrator
Ylva Jonsson, 
Economy Administrator
Pär Andersson, 
Economy Officer
Anne-Maj Jonsson, 
Economy Officer

Missing:
Carina Westerlund,
Administrator
Linda Ågren,
Economist

Text: Johan Fransson, SLU.
Photos: Ylva Melin, SLU.

4

On 29 November the staff gathered for a Department day at SLU, Umeå. The theme for the day was equality. The day 
started with coffee followed by a lecture by Emma Swanström from MakeEqual who reflected upon ways to create a 
more equal and including working place. 

Employees at the Department 2016

Department Photos



Press Clippings
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New report on the status of Swe-
den’s forests 

A new report [1] has been released by Swe-
den’s County Administrative Boards together 
with SLU which describes the status of Swe-
den’s forests. The report is based on statistics 
from the Swedish National Forest Inventory. 

Published 18 April 2016 
Natursidan

The open forest

The book “The Open Forest – Sex, Gender 
and Equality in the Forestry Sector” was pub-
lished and Elias Andersson, one of the authors, 
says that the book should be seen as a tool for 
the forestry sector when it works with gender 
and equality issues. The authors argue that 
the challenges are to create equal working 
places and to ensure that the sector takes the 
responsibility for doing so. Another challenge 
mentioned is to make the forest education 
programs more attractive to students with dif-
ferent backgrounds.
 
Published 6 March 2016
Land - Lantbruk och Skogsland  

Forest inventory with free laser data

With “Skogliga grunddata” freely available, the 
forestry sector has better opportunities to cre-
ate more jobs and increase profitability at the 
same time as environmental considerations are 
improved. 
“For the first time we know in detail how 
much forest we have”, write Herman 
Sundqvist, Swedish Forest Agency’s Director-
General and Peter Högberg, SLU’s Vice-Chan-
cellor. 

Published 14 April 2016
Dagens Industri

Backpack scans the forest

A technique that fits in a backpack and can measure 
most of the properties of a tree was demonstrated by 
Johan Holmgren during the autumn excursion
arranged by “Föreningen Skogen” in Jämtland, Sweden, 
writes Karin Lepikko.

Number 9, 2016
Skogen

Switched pine for contorta

With help from the forest analysis program Heu-
reka, the Swedish Forest Society could show that it 
would, in theory, be profitable to plant anew with 
contorta instead of pine.

“We do not know what the final result will be and 
there is of course a risk involved. However, the fore-
cast looks promising.”

Published 21 Augusti 2016
Land - Lantbruk och Skogsland

Record year for bilberries 

A new bilberry record is expected in the 
Swedish forests this year. For most of the 
country bilberry production is predicted 
to be twice the average level. SLU’s fore-
cast predicts the best bilberry season since 
measurement began 13 years ago.

Published 6 July 2016
Aftonbladet

[1] Uppföljning av miljötillståndet i skogslandskapet baserat på Riksskogstaxeringen



Revenues (1000 SEK)

Undergraduate 
and Master’s 
Studies

Research and 
Doctoral  
Studies

Environmental 
Monitoring and 
Assessment

Support 
Function

Total

Government grants 5 048 16 517 36 683 25 58 273

External contracts 747 2 171 29 507 356 32 781

External grants 1 830 26 181 8 558 208 36 777

Other revenues 26 1 137 1 124 0 2 288

Total 7 651 46 006 75 872 589 130 119

Facts and Figures
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Revenues

Costs (1000 SEK)

Undergraduate 
and Master’s 
Studies

Research and 
Doctoral  
Studies

Environmental 
Monitoring and 
Assessment

Support 
Function

Total

Staff 3 520 24 860 47 194 7 737 83 311

Premises 888 2 811 2 696 115 6 510

Other operative expenses 349 8 834 12 932 1 881 23 997

Depreciation 119 251 121 8 500

Overheads 2 455 9 514 15 103 -10 320 16 752

Total 7 331 46 270 78 046 -579 131 070

Costs

45%

25%

28%

2%

Government grants 

External grants

External contracts

Other revenues

28%

2%

45%

5%

35%

60%

Undergraduate and Master’s 
Studies

Research and Doctoral  
Studies

Environmental Monitoring and 
Assessment

25%

6%

35%
59%



Staff Number of Work-Years*

Professors 2.9

Associate professors/Senior university lecturers 11.2

Researchers 24.1

Postdoctoral researchers 3.4

Doctoral students 7.5

Other teachers 1.3

Administrative 7.3

Technical 29.5

Technical (field) 37.4

Total 124.6
 

Financier Revenues (million SEK)

Swedish Environmental Protection Agency 17.2

EU 16.0

Formas 7.3

Swedish National Space Board 4.2

Swedish Board of Agriculture 3.3

Swedish Research Council 2.9

The Swedish Forest Society Foundation 2.0

Ljungberg’s Foundation 1.9

Hildur and Sven Wingquist’s Foundation 1.8

Forestry Research Institute of Sweden 0.9

Brattås Foundation 0.7

SCA 0.6

Saami Parliament 0.6

Swedish National Heritage Board 0.6

Sveaskog 0.5

County Administrative Boards 0.4

Bergvik Skog 0.3

Swedish Forest Agency 0.3

Swedish Energy Agency 0.3

Carl Trygger’s Foundation 0.2

The National Property Board of Sweden 0.1

The Swedish Forest Society 0.1

U.S. Department of Agriculture 0.1

Norra Skogsägarna 0.1

Statistics Sweden 0.1

The International Centre for Reindeer Husbandry 0.1

The Royal Swedish Academy of Agriculture and Forestry 0.1

Pöyry Management Consulting (Sweden) AB 0.1

Östad’s Foundation 0.1

Others 6.7

Total 69.6

External Contracts and Grants
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Tables: Polina Mörk, 
consultant and Anne-Maj 
Jonsson, SLU.
Figures: Ylva Melin, SLU.

*These figures show 
the number of work-
years at the Deparment. It’s 
not a true reflection of the 
number of  employees. 

Personnel Categories



Undergraduate and Master’s Studies

Erik Wilhelmsson 
Vice Head and Director
Undergraduate and 
Master’s  Studies

Text and Photo:
Erik Wilhelmsson, SLU.
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The Department is a major contributor to SLU’s 
Master of Forestry Program (Jägmästarutbildningen). 
Our course selection amounts to 40 ECTS credits 
at Undergraduate level and 45 ECTS credits at 
Master’s level. The courses are given in the fol-
lowing five subject areas: Remote Sensing and 
Geographic Information Technology (GIT), Forest 
Inventory, Forest Planning, Mathematical Statistics, 
and Organization and Leadership. The individual 
courses for each subject area shown in the table on 
page 9 are divided into Undergraduate and Mas-
ter’s level. Courses at the Undergraduate level have 
60 to 80 students per course, and courses at the 
Master’s level generally have 10 to 60 students per 
course.  
 
During 2016, the total volume of teaching per-
formed at the Department corresponded to 65.5 
students studying a full year and 64 students who 
passed the courses. The proportions of grades were 
50%, 35%, and 15% receiving a grade of 3, 4, and 5, 
respectively.

High-lights for 2016 
The Ljungberg’s Laboratory for remote sensing 
has been intensively used by the students and is a 
much-appreciated resource. Mattias Nyström has 
kept the laboratory well organized and has ar-
ranged a series of seminars. A new compendium in 
Remote Sensing (215 pages), Forest Inventory (172 
pages) and Forest Planning (171 pages) has been 
finalized as part of a 3-year project with funding 
from the Ljungberg’s Foundation. This compendi-
um will be a basis for teaching and students’ learn-
ing for many years, and we plan for its continuous 
development.  
 
Thirteen Master’s theses were completed. Six of the 
theses were written in co-operation with organi-
zations in the forestry sector (three in association 
with Holmen Skog, one with Sveaskog, one with 
the Norra Skogsägarna, and one with the Swedish 
Forest Agency).

Karl Forsman was awarded by Venture Cup for hav-
ing one of the best business ideas for efficiency im-
provements in the forest industry. Karl used a drone 
to take aerial photos of lumber stocks at industrial 
sites, made 3D models, and then estimated the vol-
ume of the stocks from the models. The error was 
as low as 2% (compared to 10% of today’s manual 
method).  
 
Elinor Österhult Brehmer was awarded 10 000 
SEK from our Faculty for best Master’s thesis in the 
subject area Forest Planning. Her thesis evaluated a 
method for goal formulation for small-scale forest 
owners which is now implemented by the forest 
owner association, Norra Skogsägarna.  

Per Östman was awarded a prize from Holmen 
Skog for the best Master’s thesis among those com-
missioned by their organization. His thesis deals 
with functions for estimating the rate of return on 
capital in final felling stands, using laser scanning 
data.

Strategic goal 
The long-term goal for educational activities at the 
Department is to deliver relevant competence to 
the forestry sector through high-quality instruc-
tion, develop stable resources for teaching, receive 
good evaluations from the students, and to have 
8-12 students annually writing their Bachelor’s and 
Master’s thesis at our Department. Annual progress 
towards these goals is measured by a number of 
performance indicators. These include external and 
internal participation in curriculum development, 
the number of lecturers per subject area, student 
course evaluations, and the number of Master’s the-
sis completed at the Department.  
 
Curriculum development is handled by subject area 
coordinators Heather Reese (Remote Sensing and 
GIT), Torgny Lind (Forest Inventory), Erik Wil-
helmsson (Forest Planning), Anders Muszta (Math-
ematical Statistics), and Dianne Staal Wästerlund 
(Organization and Leadership).

Karl Forsman received an award from Venture Cup for 
his top idea about estimation of stockpile volume using 
drone imagery.



Master’s Theses and Courses
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More information:  
Master’s theses can be 
found in SLU’s digital 
archive Epsilon,
pub.epsilon.slu.se/

Master ‘s Theses
Remote Sensing

Forsman, Karl, 2016. Using structure from motion 
for stockpile inventory in the forest industry. (Super-
visor: Jonas Bohlin) 

Romlin Fredriksson, Anton, 2016. Remote sensing-
aided objective estimation of growing stock for for-
est property assessment. (Supervisor: Håkan Olsson) 

Sjödin, Edward, 2016. Analysis of seasonal variations 
for estimation of forest variables with InSAR tech-
nology. (Supervisor: Henrik Persson) 

Straker, Adrian, 2016. Comparison of forest fire 
severity classification models based on aerial images 
and Landsat 8 OLI/TIRS images of a forest fire area 
in central Sweden. (Supervisor: Jonas Bohlin) 

Wästlund, André, 2016. Forecasting of ALS data with 
TanDEM-X. (Supervisor: Henrik Persson) 

Forest Inventory

Lundberg, Andreas, 2016. Confidence-building 
communication in timber purchases – A case study 
within Sveaskog. (Supervisor: Gun Lidestav) 

Wikberg, Mattias, 2016. Private forest owners´ 
attitudes to alternative communication options in 
forestry. (Supervisor: Gun Lidestav) 

Forest Planning

Lundberg, Marcus, 2016. Forest management in the 
urban forests of Holmen in Överum municipality. 
(Supervisor: Eva- Maria Nordström) 

Lundström, Adam, 2016. Formulation and evalua-
tion of reindeer herding-adapted forest management 
with integrated information from grazing land divi-
sion. (Supervisor: Tomas Lämås) 

Wilhelmsson, Pär, 2016. An analysis of existing and 
alternative thinning schedules for Pinus sylvestris in 
northern Sweden. (Supervisor: Hampus Holmström) 

Öberg, Maja, 2016. Timber buyers´ work approach, 
attitude and strategy – A case study from the Ånger-
manland district of SCA Forest. (Supervisor: Dianne 
Staal Wästerlund)

Österhult Brehmer, Elinor, 2016. Formation of for-
est owner strategies at Norra Skogsägarna by using 
Heureka PlanWise. (Supervisor: Erik Wilhelmsson) 

Östman, Per, 2016. Functions for estimation of 
capital return on forest stands. (Supervisor: Erik 
Wilhelmsson) 

All Master’s theses written at the Department can 
be found at: http://stud.epsilon.slu.se/view/divi-
sions/5041.html

Courses
Subject Area Undergraduate Level (years 1-3)  

60-80 students per course
Master’s Level (years 4-5) 
10-60 students per course

Remote Sensing and GIT Basic GIT, 7 ECTS Advanced GIT, 7.5 ECTS
Remote Sensing and Forest Inventory, 7.5 
of 15 ECTS

Forest Inventory Basic Tree and Stand Measurement, 
1.5 of 15 ECTS (in Forests and For-
estry)
Inventory, 1 of 15 ECTS (in Forests 
and Forestry)
Forest Inventory and Statistics, 6 of 9 
ECTS

Remote Sensing and Forest Inventory, 7.5 
of 15 ECTS

Forest Planning Introduction to Forest Planning, 3.5 
ECTS (in Silviculture and Forest 
Management Planning)
Forest Management Planning,            
4 of 15 ECTS (in Silviculture and 
Forest Management Planning)
PlanWise as Decision Support in For-
estry Planning, 7.5 ECTS 

Forestry Sustainability Analysis, 7.5 ECTS

Mathematical Statistics Mathematical Statistics, 7 ECTS
Forest Inventory and Statistics, 3 of 9 
ECTS

Organization and Leader-
ship

Individual and Group Leadership, 0.3 
ECTS (in Forestry Practice)

The Forestry from Organizational Theory 
Related Perspective, 15 ECTS

Text: Ylva Jonsson, SLU.
Table: Erik Wilhelmsson, 
SLU.



Doctoral Studies

Gun Lidestav 
Vice Head and Director
Doctoral Studies
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Text and Table: 
Gun Lidestav, SLU.
Photo: Julio Gonzalez, SLU.

The doctoral program trains doctoral and licentiate 
students in how to develop and address questions 
within the research subjects of Forest Management, 
Technology, Mathematical Statistics, and Econom-
ics. 

In 2016, a total of 16 active doctoral students were 
enrolled, including eight men and eight women. 
One student successfully defended her licentiate 
thesis, while four were finalizing their doctoral the-
ses for defence in the beginning of 2017. One new 
doctoral student was enrolled during the year.  

The doctoral students made great progress, and 
their research resulted in co-authorship on 38 sci-
entific publications. Doctoral students also present-
ed their results at several national and international 
conferences, meetings, and workshops. 

The majority of the doctoral students actively 
participated in seminars. Students have taken part 
as representatives in the Working Committee of 
Doctoral Studies at the Department level and in 
the self-organized Council of Doctoral Students at 
the Faculty level.

Currently, 11 senior researchers act as supervisors, 
and the doctoral students are supported by 29 as-
sistant supervisors. The gender balance within the 
supervisor group is uneven with only three women 
acting as supervisors and eight women as assistant 
supervisors, whereof two are at other departments. 
Conversely, some of our staff are engaged as assis-
tant supervisors at other departments and universi-
ties. 

The Department undertakes an annual review of 
the individual study plans of all doctoral students, 
and the Department’s Director of Doctoral Studies 
reports the outcome of this review to the Head 
of Department. The Director of Doctoral Studies 
at the Faculty organizes annual meetings for the 
department directors to provide information about 
new regulations and to facilitate harmonization of 
the various doctoral studies. 

The Department runs the research school in Ap-
plied Forest Statistics and Scientific Computing, 
which organized three courses during 2016: An 
Introduction to Scientific Programming and Simulation 
(a NOVA course), Basic Statistics with Mathematics, 
and Multivariate Statistics (see table below).  

Courses
Credits (ECTS) Participants Responsible

An Introduction to Scientific Programming and Simula-
tion (a NOVA course)

3.0 24 Arne 
Pommerening

Basic Statistics with Mathematics 4.0 4 Anders Muszta

Multivariate Statistics 4.0 4 Anders Muszta



Text: Ylva Jonsson, SLU.
Photo: Ylva Melin, SLU.
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Remote Sensing

Ann-Helen Granholm
Segmentation of forest patches and estimation of canopy cover using 3D infor-
mation from stereo photogrammetry 

Licentiate seminar: May
Supervisor: Professor Håkan Olsson                 
Assistant supervisors: Dr Anna Allard and Associate Professor Mats Nilsson

Licentiate Thesis

Ann-Helen Granholm nails her licentiate thesis on the plank under Assistant supervisor Anna Allard’s supervision.



Remote Sensing

Staff
Tommy Andersson
Peder Axensten
Mikael Egberth
Johan Fransson
Ann-Helen Granholm
Johan Holmgren
Mats Högström
Jonas Jonzén
Mats Nilsson
Mattias Nyström
Karin Nordkvist
Kenneth Olofsson
Henrik Persson
Heather Reese
Emma Sandström
Sebastian Schnell
Jörgen Wallerman
André Wästlund

Doctoral Students
Jonas Bohlin
Mona Forsman
Ivan Huuva
Nils Lindgren

Postdoctoral Researchers
Inka Bohlin
Eva Lindberg

Guest Researcher
Milutin Milenkovic

Estimating stem profiles using terrestrial laser scanning data

Text: Håkan Olsson, SLU.  
Figures:  Kenneth Olofsson, 
SLU.
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Ground-based or terrestrial laser scanning (TLS) is 
a technique widely used in industry today where, 
for instance, bridges or buildings can be measured 
with high accuracy. The cost and size of the instru-
ments have decreased rapidly during the last two 
decades at the same time as measurement speed has 
increased. Thus, the future use of TLS technology 
for forest inventory applications has become more 
and more realistic.  
 
There are mainly two goals that can be achieved by 
using TLS to measure forest variables – faster field 
inventory and an increase in the amount of infor-
mation provided by the measurements. Today TLS 
instruments can measure one million 3D coordi-
nates per second (see Figure 1). Hence, measuring 
a forest field plot takes about three minutes. The 
instruments can also be positioned on a vehicle or 
carried in a backpack.  
 
A current research topic is to develop algorithms 
that can create models of trees from the millions of 
individual 3D coordinates obtained from the laser 
scanner instrument. Examples of forest variables 
that can be derived from TLS measurements are 
tree positions and stem number; stem diameter, 
stem shape, and stem volume; the amount, size, and 
shape of branches, which might also indicate tree 
species; canopy volume; and leaf area index.  
 
A stem profile detection algorithm operating on 
TLS data was developed and evaluated at SLU [1, 
2]. It is based on the idea that the laser measure-
ments have different characteristics with regard to 
the stems compared to the branches and the can-
opy. The laser points that belong to the stems are 
identified using filtering techniques, and this makes 
it possible to model the stems. The algorithm has 
a tree detection rate of 90% in a 10 m radius plot, 
and an errror of the estimated stem profile diam-

eter is about 1 cm (see Figure 2). The method is 
robust and able to detect stems in heavily branched 
spruce stands. 
 
This research shows that using TLS in forestry is 
a promising technique that will probably be used 
commercially in the near future. This research field 
is still young, and new techniques and applica-
tions are being discovered every year. There is, for 
instance, the ongoing development of prototypes 
and products where laser scanners have been put 
on harvesters, off-road vehicles, and backpacks.

Håkan Olsson
Subject Area 
Manager

Figure 2. Stem profiles of trees in field plots can be extracted by using data from terrestrial laser scanning. The 
algorithms are used to build cylinder models of the detected tree stems with an error of about 1 cm for the stem 
diameters. 

Figure 1. This terrestrial laser scanner from Trimble is 
used by SLU in forest inventory research projects. It 
produces one million millimeter-accurate 3D coordinates 
per second from points in the terrain that the laser beams 
are reflected from.i

References
[1] Olofsson, K. and Holmgren, J. 2016. Single tree stem profile 
detection using terrestrial laser scanner data, flatness saliency 
features and curvature properties. Forests, vol. 7, no. 9.
[2] Holmgren, J., Olofsson, K., Nyström, M. and Olsson, H. Es-
timation of tree stem attributes using ground based and airborne 
laser scanning. Proc. SilviLaser 2015, La Grande Motte, France, 
28-30 September, 2015.



Staff
Anna-Lena Axelsson 
Adam Dahlén
Henrik Feychting
Hanna Granberg
Anton Grafström
Torgny Lind
Ylva Melin
Martin Nylander

Doctoral Students
Sarah Ehlers
Cornelia Roberge
Xin Zhao

Postdoctoral Researcher
Svetlana Saarela

Forest Inventory and Empirical Ecosystem
Modeling
A new sampling design for the Swedish National Forest Inventory
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Text and Figure: Hans 
Petersson, SLU.

Anton Grafström
Subject Area 
Manager

Background
The sampling of temporary clusters (tracts) of the 
Swedish National Forest Inventory (NFI) occurs in 
five-year cycles, and the current cycle will end in 
2017. Thus, there is a need to prepare for selecting a 
new sample before the next cycle in 2018–2022. 

Project
In co-operation with the Swedish NFI, we (An-
ton Grafström, Martin Nylander, Hans Petersson, 
and Xin Zhao started a project to create a new 
sampling design for the selection of temporary 
clusters. The requirements for the new design were 
to keep basically the same sizes of the clusters and 
about the same number of clusters in each stratum. 
The previous design made sure that the clusters 
were well spread geographically, and this was also a 
requirement for the new design. So, can we really 
make any significant improvements without seem-
ingly changing the sampling design with respect to 
sample size and geographical spread? It turns out 
that the answer is yes! 

Figure 1. An example of an inclusion zone. The inclu-
sion zone (K) for the tree consists of the darker circles 
intersected by the surface of the forest (F), and the circles 
connected with dots represent a cluster. Any cluster C(x) 
with its center x within K, such as the one in the figure, 
includes the tree in one of the plots. 

Methodology
As underlying data for preparing the new sampling 
design, we used a recent nationwide forest map 
of Sweden that was created using airborne laser 
scanning data and field data from the NFI. Us-
ing this forest map, we found that forest attributes 
vary rapidly across the landscape with respect to 
the sampling intensity. This means that spreading 
the sample only geographically is not sufficient 
to ensure that the sample is representative of the 
population. 

The new sample has been selected to match the 
population to the distributions of five auxiliary 
variables as closely as possible. The chosen auxil-
iary variables are geographical coordinates, ground 
elevation, and the predicted height and basal area 
of the forest from the map. Distributions for these 
variables are matched by a double sampling ap-
proach, where auxiliary variables are extracted for 
a very large initial sample of clusters. The second 
selection is done by the local pivotal method and 
produces an even thinning of the initial sample. 
With this approach, we make sure that the selected 
sample becomes much more representative of the 
population than what is possible by the use of 
traditional designs.  

For the new design, we use a continuous (infinite) 
population approach where each possible tract is 
represented by its center point (Figure 1). The new 
design was evaluated for a selected stratum (region 
3), and we were able to increase the representa-
tivity significantly. With the new strategy, we can 
achieve up to a 95% reduction of the variance of 
the sample means of the remote-sensing auxiliary 
variables compared with traditional designs. For this 
reason, we conclude that the new strategy that will 
be implemented in the forthcoming Swedish NFI 
has great potential to achieve significant improve-
ments in the estimation of many important forest 
variables.
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The ForWater program
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Water is one of our most important resources, and 
at the same time one of our most threatened. We 
know that surface waters are affected by forestry, 
but water quality in lakes and streams in harvested 
areas has received limited attention in Sweden, 
and the synergistic effects of climate change and 
forestry are almost entirely unknown. The main 
objective of the ForWater program has been, there-
fore, to achieve a scientifically based assessment of 
how pressures from forest management and climate 
change will affect water quality. The project has 
aimed to provide a better understanding of the 
integrated effects of forestry and climate change 
on water quality and to provide the basis for the 
development of a decision support tool that can be 
used to cost-effectively balance the competing de-
mands of increased forest production and measures 
to protect water quality. The project started in 2011 
and ended in 2016. 

The development of the decision support tool was 
done by Johanna Lundström as a postdoctoral pro-
ject within the ForWater program, together with 
Karin Öhman. The tool is adapted for the design-
ing and planning of buffer zones around rivers and 
lakes because retaining buffer zones is an effective 
conservation method for reducing negative impacts 
on water quality when harvesting timber. The 
forest adjacent to surface waters, i.e., the riparian 
forest, provides many crucial functions, such as 
keeping important biogeochemical processes intact, 
stabilizing the river bank, acting as a filter and bar-
rier of pollutants, and acting as a source of organic 
matter for the aquatic system. The tool is now an 
integrated part of the Heureka system to facilitate 
the establishment of buffer zones, and based on 
one or more map layers different buffer zones can 
be defined. What the tool does is to split all stands 
that intersect any of the map layers used to define 
the buffer into a buffer stand and a corresponding 
parent stand (see Figure 1). It is possible to simu-

late management within the buffer stands, both 
dependent on the management in the correspond-
ing parent stand (management is only simulated if 
the attached parent stand is managed in the same 
period) or independent of such management (the 
buffer stand is treated as a regular stand and is then 
only limited by the available settings in Heureka). 
The tool will facilitate spatial analyses in Heureka, 
and it has great potential to be used for a variety of 
different planning problems beyond those con-
nected to water quality. It will also reduce the need 
for separate GIS software for Heureka users. 

This new GIS tool was tested in a case study where 
the costs of retaining different riparian zones were 
evaluated. More specifically, we compared the use 
of fixed-width buffer zones with hydrologically 
adapted, site-specific widths. Fixed widths are the 
traditional method and are relatively easy to design 
and implement, but a site-specific variable width 
will improve the protection of biogeochemical and 
ecological functions of the riparian zone (traits 
that we want to protect). Our results showed that 
the hydrologically adapted buffer zones were a 
more cost-effective alternative because the cost of 
retaining a hydrologically adapted buffer zone was 
cheaper per unit area than a fixed-width zone due 
to the lower proportion of productive forest area 
within the zones. This indicates that by identifying 
the parts of the riparian zone that are wet and of 
higher ecological significance, a more cost-effective 
protection scheme can be developed. Consequently, 
a larger and arguably more environmentally opti-
mized buffer zone could be retained at the same 
cost as that of a comparable fixed-width zone.

Ola Eriksson
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Figure 1. Panel A shows a landscape comprising eight forest stands and one stream. When defining a buffer zone around 
the stream (panel B), the tool divides the stands covered by the buffer into one parent stand and one (or sometimes several) 
buffer stand(s). The landscape in panel B now comprises 14 stands, but the buffer stand and corresponding parent stand are 
connected in the stand register and can be analysed as being dependent on each other. 
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Mathematical Statistics Applied to 
Forest Sciences
The year 2016 was very productive in terms of 
publications. Our comparatively small but effective 
group managed to publish eight papers in interna-
tional, peer-reviewed journals of high standing. Arne 
Pommerening published with Dan Binkley – Wal-
lenberg professor in Forest Ecology at SLU and 
editor in chief of Forest Ecology and Management – 
an interesting paper applying his growth-dominance 
characteristic to the Białowieza virgin forest in East-
ern Poland and discovered intriguing and previously 
unknown patterns. Vítková et al. (2016) published 
a study entitled “What is the uncertainty of human 
tree selection in selective forest harvesting?” The 
authors set up a tree-marking experiment involving 
forest managers with different levels of experience 
and education. As a result of this study, it turned 
out that experts were unwilling to adopt the new 
marking method, and the training led to confusion 
and decreasing agreement in this group. In con-
trast, participants with little or no prior knowledge 
responded well to the training, and the agreement 
in this group was significantly higher than among 
the experts. Gazol et al. (2016) published a study 
entitled “Fertilisation triggers 11 years of changes in 
community assembly in Mediterranean grassland” in 
which taxonomic and functional species composi-
tion and diversity were used to compare niche over-
lap and null models as a way to assess mechanisms 
influencing community assembly.

Kenneth Nyström and Anders Muszta have been in-
volved in two research projects – “Data assimilation 
for supporting sustainable forestry” and “Methods 
to estimate site productivity from stand height data 
derived from time series of 3D remote sensing 
data” – in co-operation with other researchers at the 
Department. In the first project, they have created 
a new nonparametric method together with Anton 
Grafström for estimating the state of a forest using 
remote sensing data and historical Swedish National 
Forest Inventory (NFI) data. The second project in-
vestigated the potential of mapping site productivity 
using time-series of tree height data from stereo-
matched aerial images, digital maps of the wetness 
index, and NFI data.

Jaime Uría-Díez has continued to work on crown 
shifts of Scots pine. Together with Arne Pommeren-
ing, he has mainly worked on two publications, one 
that attempts to describe observed crown shifts in a 
forest at Valsain in Spain using point-process statistics 
and one in the field of biodiversity concerned with 
the question of whether larger trees generally have a 
tendency towards high species mingling.

Also this year there has been a great demand for sta-
tistical consultation. The consultation unit reported 
230 hours in total. These included 130 hours for 
Master’s students and 100 hours for researchers. The 
majority of researchers seeking statistical consulta-
tion were from the departments of Forest Ecology 
and Management, followed by Wildlife, Fish, and 

Environmental Studies, and Forest Resource Man-
agement.

Since the end of 2016, a new and successful con-
sultation product has been offered by the staff in 
the field of scientific computing. This has been well 
received by many doctoral students and researchers 
at SLU.

Kenneth Nyström and Anders Muszta have been 
teaching in our Master’s courses in forest inventory 
and statistics. The Master of Forestry Program at 
SLU is currently under revision, and this process has 
required numerous discussions and meetings. These 
negotiations have particularly involved the module 
“Forest Inventory and Statistics”.

In 2016, Arne Pommerening had his official in-
auguration as Professor in Mathematical Statistics 
Applied to Forest Sciences. On this occasion he held 
a special lecture for students entitled “My quest for 
research in forest biometrics” in April and another 
public lecture on the day of the inauguration in May 
entitled “Can’t see the woods for the trees? – The 
journey of mathematical forestry”. This was followed 
by the official inauguration ceremony and a dinner 
(see Figure 1).

In October 2016, we offered for the first time a new 
course for doctoral students and young researchers 
dedicated to “scientific programming and simula-

Figure 1. Geoffrey Daniel, Natasha Pommerening, and Arne 
Pommerening (from left to right) in deep discussion at the din-
ner table on the inauguration day.

tion”. We teamed up with the NOVA university 
network and received a grant to fund external 
lecturers. Gerhard Nachtmann (BOKU University, 
Vienna) and Sebastian Schnell (Göttingen Univer-
sity) have taught large parts of this course, and the 
student response both in terms of applicants and in 
terms of appreciation has been overwhelming.
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Forest in Rural Studies 
Planning for rural-urban dynamics: Living and acting at several places (PLURAL)
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The PLURAL project is a strong research environ-
ment (25 million SEK) funded by FORMAS and 
is now after a one-year extension running into its 
seventh and final year (2011–2017). The project has 
aimed to analyse who Sweden’s new forest owners 
are and what they want with their forest ownership. 
• How have living and working patterns changed, 
and what do the new stakeholders in rural forest 
areas want? 
• How do the new rural property owners act? 
• How can local planning be supported? 

The project has shown that today’s small-scale/
non-industrial private forest owners are, compared 
to previous owners, increasingly living away from 
their land (see Figure 1) and are to a higher degree 
urban, female and inheriting their forests. Draw-
ing on Swedish cases and comparisons in European 
areas, the project places the “new forest owner” as 
an important example of broader rural change. In 
Sweden, the project has drawn upon surveys on 
a national level comparing forest owners and the 
general public, demographic and forestry databases, 
and case studies in both northern and southern 
Sweden (Vilhelmina in Västerbotten and Helge å 
in Skåne). Taking part in and co-operating with 
authors from the EU COST Action FACESMAP 
– a European network project with similar aims as 
PLURAL – and with the EFINORD-SNS Forest 
in Urban and Rural Studies Network, the project 
has also been able to illustrate that while forest 
has so far been little emphasised in rural studies, 
although it constitute an important and large part 
in many rural areas in Europe. In many of these 
forests, ownership and use are also areas undergo-
ing change, not the least with respect to the social 

context. Understanding changes in forest owner-
ship and use is, thus, relevant to understanding the 
potential impact of globalisation on land use and 
rural-urban change more broadly. Results from the 
project have been summarized in numerous pub-
lications, four doctoral theses, and a project book 
that is currently in print [1]. 

PLURAL is a co-operative project between the 
Department of Forest Resource Management 
at SLU and the Department of Geography and 
Economic History at Umeå University. It is led by 
Professor of Political Science Carina Keskitalo, who 
works at both departments. At SLU, additional par-
ticipants in the project are Associate professor Gun 
Lidestav, who leads the subject area Forest in Rural 
Studies, Associate professors, Karin Öhman and To-
mas Lämås, Postdoctoral researcher Elias Andersson, 
Dr Torgny Lind, Dr Per Sandström, and Dr Stefan 
Sandström, doctoral students Jeannette Eggers and 
Camilla Thellbro, and communicator Mona Bonta 
Bergman. In addition, some ten persons at Umeå 
University participate in the project. The project 
has further co-operated with a number of con-
current projects at the Department, in particular 
the projects Baltic Landscapes, INTEGRAL, and 
ARANGE. The PLURAL project is a co-coordi-
nator of the ISSRM conference that will be held 
in Umeå in June 2017, which will also be the final 
conference of the project. 

Read more: 
The PLURAL web site and stakeholder portal: 
http://www.slu.se/PLURAL. Information from 
PLURAL is also included in the stakeholder portal 
www.northportal.info (to be launched in May 
2017). 

[1] The PLURAL book: Keskitalo, E.C.H. (in press, 
ed.) Globalisation and Change in Forest Owner-
ship and Forest Use: Natural Resource Manage-
ment in Transition. Palgrave Macmillan: Basing-
stoke.
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Figure 1. Residency of Vilhelmina’s (black) and Älmhult’s 
(red) forest owners.

Together in our forest. 
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International Forestry
National Forest Inventory capacity-building in Albania
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Background
In many countries, the development of forestry sec-
tor policies is supported by National Forest Inven-
tory (NFI) systems. By combining field sampling and 
remote-sensing techniques, these NFI systems are 
producing objective, unbiased estimates with known 
precision on the status and trends in land use and forest 
cover, environmental resources, timber volumes, and 
carbon stocks. Their purpose is to facilitate forest policy 
decisions based on factual knowledge. NFIs are also 
increasingly evolving as continuous inventories that can 
enable environmental monitoring. The Swedish NFI, 
implemented by the Department of Forest Resource 
Management, is one of the oldest and most sophisticat-
ed of its kind in the world and has contributed to the 
development of NFI systems in a number of countries 
over the years.

The project
The present collaboration involves SLU and the Swed-
ish Forest Agency as the consultants and the Albanian 
Ministry of Environment as the client. It is funded by 
the World Bank and Sida and is being implemented 
over 3 years starting in October 2016. The Depart-
ment is the lead consultant, and four of its staff (Mats 
Sandewall, Jonas Fridman, Mikael Egberth, and Anton 
Grafström) participate as experts. The project objective 
is to assist Albania’s environmental authority in building 
its capacity in designing and implementing an NFI, 
“ANFI 2018”, which aims to increase the knowledge 
about Albania’s forests – their status, how they are 
changing, and how they are managed – for the pur-
pose of developing sustainable resource-management 
policies. On a practical level, the work will be carried 
out by the Albanian staff while SLU/Swedish Forest 
Agency, with local support from the Faculty of Forest 
Sciences inTirana, will contribute expertise, advice, and 
training on the methods and procedures – including 
remote sensing, field inventory, database management, 
data analysis, and the presentation and communication 
of results.

The methodology 
The previous inventory “ANFI 2004” was a stratified 
inventory of forestland (the three strata were high forest, 
coppice, and shrub) based on classification of satellite 
image maps that were available at that time. A total of 
500 sample plot clusters were allocated and measured 
in the field using standard methodologies. The plots 
were permanently marked in the field and defined by 
coordinates for the purpose of re-inventory.
The methodology is now being revised, and the evalua-
tion of ANFI 2004 will form the basis for ANFI 2018. 
New remote sensing data (ortho photos and laser) have 
been procured for the whole country and will contrib-
ute to an upgraded methodology.
A strategic decision to be taken in the new NFI 
concerns the design. The stratification and allocation of 
clusters in 2004 were not perfect; however, in order to 
provide good estimates of recent changes, those clusters 
would need to be re-measured. New remote sensing 
data should allow for a more efficient stratification and 
plot allocation, and revising the design might improve 
the estimates of current situation, but any estimates of 
recent changes (which might be of great interest) will 
be poor.

Major challenges 
A work plan was agreed on at the start of the project, 
but making it work in all its critical and practical parts 
– such as staffing, obtaining images, procurements, 
and training activities – might not come easily.  In a 
development project, it is always a challenge to balance 
capacity development and implementation. With a tight 
work plan, it could be tempting to take shortcuts such 
that the consultant implements the work rather than 
trains the local partner to do it. This would, however, 
not address the overall objective of sustainable capacity- 
building and should be avoided.
Local expectations that the NFI will provide accurate 
and detailed information for many different forms of 
local-level planning go far beyond what is possible. 
Thus, communication with stakeholders of what will 
be the output and use of the NFI, and how other 
information needs might be satisfied, is important.

Nearly 62% of the forest area in Albania has a slope of 
more than 40% according to ANFI 2004. 

Staff and experts participating in the ANFI capacity-building 
project during a field excursion. 
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SLU is unique among Swedish universities with 
its strong focus on environmental monitoring 
and assessment (Foma). Within SLU, our Depart-
ment is also quite unique as Foma is our main 
activity (roughly 60% of the budget). For a large 
set of terrestrial variables, Foma is the long-term 
monitoring and assessment of stocks and changes 
in stocks. Foma includes data capture, analysis and 
reporting. The inventories are performed using 
area-based sampling designs adapted mainly to 
a regional or larger scale. The idea is to carefully 
measure variables on the sample units, so that most 
of the uncertainty arises from the fact that only a 
sample is measured, not the entire population. The 
uncertainty of estimates can be controlled by an 
efficient design and a large sample and it is pos-
sible to assess the accuracy of estimates. Foma is 
an efficient way to monitor “how much” can be 
done without disturbing the population, while an 
experimental design focuses on explaining “why” 
in a well-defined manipulated area. Projections and 
scenarios about the future of terrestrial variables, 
often based on data from the monitoring programs, 
are also regarded as Foma. 
 
The main objective of Foma at the Department 
is to provide accurate and timely information, 
e.g. official statistics requested by our subscribers, 
indirectly the Swedish government. Data are e.g. 
used by the Swedish Forest Agency and the Swed-
ish Environmental Protection Agency for reporting 

and for following up under international conven-
tions by the FAO, the Swedish Forest Agency and 
the forest industry. Other users are the public, 
NGOs and researchers. The results are also used 
in teaching. One of our Department’s strengths is 
the link between research and Foma activities. The 
research supporting the Foma programs is, among 
other things, about improving inventory designs 
including remote sensing techniques, mathematical 
statistics and modeling. The output from the Foma 
programs is used for e.g. planning. The majority of 
our scientific publications are directly or indirectly 
related to Foma. 
  
A Working Committee of Foma is established at 
the Department to support the steering committee 
with facts for strategic decisions. This committee 
has members representing each Foma program and 
is chaired by the Vice Head of Foma. The intention 
is to also strengthen the co-operation within the 
Department on Foma issues, and between Foma 
and other activities. The committee offers semi-
nars and training, and follows up and co-ordinates 
international and national reporting and activities 
in projects/networks. The committee strives to 
expand the use of Foma data and as part of that 
work identifies new requests and demands from the 
surrounding society.
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The environmental monitoring and assessment at the Department consists of five programs and several other pro-
jects. The programs are the Swedish National Forest Inventory (NFI), National Inventory of Landscapes in Sweden 
(NILS), Terrestrial Habitat Monitoring (THUF), Butterfly and Bumblebee Inventory (FHIN), and Forest Sustain-
ability Analysis (SHa).
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The Swedish NFI’s permanent sample plots

Swedish National Forest Inventory

By combining data from the Swedish National Forest 
Inventory (NFI) with calculated future scenarios ac-
cording to SKA 15, it is possible to illustrate how the 
development since 1955 might look like if forestry 
management and fellings continue in a similar fashion 
as today. 

The historical trends of increasing growth, fellings, and 
standing volume are predicted to continue at similar 
rates during the entire simulation period. Standing 
volume increased from just over 2000 to almost 3000 
million m³sk during the period 1955 to 2010 and is 
predicted to continue to increase to almost 5000 mil-
lion m³sk by 2110. Growth has increased from about 
80 to close to 120 million m³sk/year and is predicted 
to increase to more than 160 million m³sk/year by 
2110. For fellings, the increase from 1995 to 2010 was 
from about 50 to just over 80 million m³sk/year, and 
fellings are predicted to increase to 115 million m³sk/
year by 2110 (see Figure 1).

For areas of set-aside land, this increase in stand-
ing volume and growth is not intended for timber 
production. If we examine only the production-based 
forestland, then the standing volume is predicted to 

Key points during 2016
•	 Rickard Nilsson was recruited as a system developer
•	 The NFI was expanded to include a field inventory in the alpine birch area for the first time
•	 The Swedish Forest Soil Inventory was included in the systematic control inventory
•	 The NFI became engaged in a capacity-building project with the Albanian NFI
•	 Data from the NFI 1953–1982 have been harmonized and restored, thus facilitating quicker analyses with 

higher levels of data quality for the period 1953–2015
•	 Data from the NFI have been made available in a range of open data formats via the established PX-Web 

platform
•	 More than 40 scientific papers were published, where data from the NFI were used in some way. Of these, 

more than 10 had co-authors from the Division of Forest Resource Data, and one was published in Nature

In 2016, the Swedish NFI expanded its range to include 
alpine birch areas for the first time. 

Figure 1. Increment (annual growth) and fellings for Sweden. Data are from the Swedish National Forest Inventory 
(solid line) and from calculated future development according to SKA 15 (dashed line).
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increase from 2500 to 3800 million m³sk/year and 
growth from 100 to 145 million m³sk/year during the 
period 2010 to 2110.

The sustained increase in standing volume should re-
sult in a potential increase in the rate of felling, which 
is demonstrated in the alternative scenarios within 
SKA 15, where a significantly higher rate of felling 
could be applied throughout the entire simulation 
period.

The forest - past, present, and future 
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Large-scale monitoring of biodiversity in Sweden’s terrestrial environment 

The National Inventory of Landscapes in Sweden 
(NILS) aims to monitor the status and trends in 
biodiversity and landscape structures in all types of 
terrestrial environments. It is funded through the 
Swedish Environmental Protection Agency. Field 
data are collected within 632 squares (1 km × 1 km 
each) using circular sample plots and line-intersect 
sampling (Figure 1). The entire country is covered 
on a five-year cycle – the first inventory was per-
formed 2003–2007, the second in 2008–2012, and 
we are currently in the third cycle, which started 
in 2014. In 2016, a total of 113 squares, including 
1,356 sample plots, were inventoried in the field by 
17 field workers working in pairs. The wide range 
of registered field variables has a strong focus on 
the vegetation within the squares, but also includes 
physical aspects of the environments as well as key 
indicators of land use.

NILS offers unique data for assessing progress 
toward the fulfillment of Sweden’s environmen-
tal quality objectives. Some NILS variables have 
recently been proposed by the Swedish Environ-
mental Protection Agency for inclusion as for-
mal environmental indicators. One example of 
an environmental quality objective where NILS 
can play a major role is ‘A Magnificent Mountain 
Landscape’. Indeed, NILS is the only environ-
mental monitoring program collecting vegetation 
data in a systematic way across the whole Swedish 
part of the Scandinavian mountain range. NILS 
data on vegetation cover will be used as indica-
tors for monitoring environmental changes in the 
mountain region. Figure 2 provides an example of 
NILS data showing changes over time in field-layer 
vegetation. We are currently engaged in a dialogue 
with governmental agencies about the potential use 
of NILS data for the assessment of other environ-
mental quality objectives, e.g. ‘Sustainable Forests’, 
‘Thriving Wetlands’, ‘A Varied Agricultural Land-
scape’, and ‘A Rich Diversity of Plant and Animal 
Life’.

In addition to the field survey, the NILS squares 
have also been inventoried through interpretation 
of aerial photographs taken during the first inven-
tory cycle (2003–2007) as well as using histori-
cal photographs from the 1970s and 1980s. This 
colossal photo-interpretation work was completed 
during 2016, and analyses addressing historical 
landscape changes are currently being performed 
with special emphasis on the agricultural parts of 
the landscape. This work will yield crucial knowl-
edge about changes that have occurred with regards 
to not only the composition, but also the spatial 
structure of the landscapes. 
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Figure 1. The NILS inventory covers all terrestrial 
environments, while the Butterfly and Bumblebee 
Inventory focuses on meadows and pastures with high 
conservation value. 

Figure 2. Percent cover (%) 
of the field-layer vegetation 
in the alpine tundra (green) 
and mountain birch (blue) 
zones based on NILS field 
data. The points show the 
5-year moving average, 
and the bars show the 95% 
confidence intervals. Change 
analysis shows a signifi-
cant increase from the first 
(2003–2007) to the second 
(2008–2012) inventory cycle. 
To read more, see Hedenås 
et al. (2016). 

All of these staff work 
in NILS and many also 
work in THUF and/or 
in the Butterfly Bumble-
bee Inventory (FHIN). 
The program also uses 
other employees within 
the Department’s subject 
areas and environmental 
monitoring and assess-
ment programs.

Text and Figure 2: Jean-
Michel Roberge, SLU. 
Figure 1: Erik Cronvall, 
SLU.
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The EU Habitats Directive can be seen as the 
foundation of the European Union’s nature conser-
vation policy. The aim of the directive is to protect 
habitats and species of European community 
interest, and it states that every member state shall 
undertake surveillance of the conservation status of 
habitats and species. As a response, the program Ter-
restrial Habitat Monitoring (THUF) was initiated 
in 2006 with the aim to develop efficient methods 
for monitoring and assessment of terrestrial habitats 
of high conservation status and later also organizing 
necessary data collection, analysis, and reporting.

The Swedish National Forest Inventory (NFI) 
and National Inventory of Landscapes in Sweden 
(NILS) are two on-going programs at the Depart-
ment that already collects data on coverage and 
status of terrestrial habitats. In 2008, additional 
habitat variables were included in these programs 
and assessment shows that the Swedish NFI and 
NILS are both able to deliver accurate habitat 
information on common habitats. However, for less 
abundant habitat types the precision is too low to 
fulfil the reporting requirements.

The seashore habitat inventory was resumed again 
during 2016 with a slightly modified design. The 

inventory was initially developed and demonstrated 
during two field seasons in the Life+ MOTH 
project. The inventory is focused on the terrestrial 
parts of the Swedish marine shores. The survey was 
based on 260 sample units (5.0 km × 2.5 km) ran-
domly placed along the Swedish marine coastline. 
When the data from all points are compiled, the to-
tal area of shore habitats can be calculated and their 
overall conservation status can be assessed.

Terrestrial Habitat Monitoring

Pasque flowers.

Butterfly and Bumblebee Inventory

The Butterfly and Bumblebee Inventory was 
established in 2006 as part of an assignment from 
the Swedish Board of Agriculture. The objective 
is to detect and report changes in the quality of 
meadows and pastures in Sweden with respect to 
biodiversity and to contribute to the follow-up of 
the national environmental objectives.

The method used for the collection of butterfly 
and bumblebee data is Pollard Walks. Our field staff 
walks along straight transects crossing the meadows 
and pastures, counting all butterflies and bumble-
bees within a distance of 5 m for butterflies and 2 
m for bumblebees. 

A sample of nearly 700 meadows and pastures in 
the vicinity of the sample plots used in NILS is 
visited over a period of 5 years. Analysis of the 
data from the first two cycles in 2006–2010 and 
2011–2015 began in 2016 and will be finished and 
reported in 2017.

Erik Cronvall
Project Leader

Text and Photo: Erik 
Cronvall, SLU.

Meadow Browns and Tree Bumblebee on Field 
Scabious.
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Tomas Lämås
Program Manager

Staff
Mona Bonta Bergman
Hampus Holmström
Anders Lundström
Peder Wikström
Karin Öhman

Text, Figure, and Photo: 
Tomas Lämås, SLU.
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The VALKMAN project – VALue and Knowledge-based scenarios for 
sustainable MANagement of forest landscapes

The program Forest 
Sustainability Analysis is 
a leading actor provid-
ing the target group with 
decision support tools 
and analyses related to 
long-term forest resource 
development including 
the production of goods 
and services.

The program of Forest Sustainability Analysis (SHa) 
is responsible for the management and further 
development of the Heureka forest analysis and 
planning system. The program also runs research 
projects, typically using the Heureka system and in 
collaboration with other research groups within as 
well as outside the Department. The VALKMAN 
project began in 2016 with financing from the 
Swedish Environmental Protection Agency, and 
the project integrates tools and methods to form 
a model for value and knowledge-based guidance, 
planning, and management of forest landscapes. The 
framework includes components for the estima-
tion of the provision of ecosystem services, for the 
elaboration of landscape-level scenarios, and for 
highlighting synergies and trade-offs, and it takes 
into consideration stakeholders’ values and prefer-
ences.

Recently, methods have been developed (within 
the former NILS-ESS project, among others) to 
estimate the occurrence and abundance of field-
layer and bottom-layer vegetation. Models are 
built on NILS and the Swedish NFI field plots, 
and on climate, topographic, and remote sensing 
data. Examples are models of the occurrence and 
abundance of ground lichens and dwarf shrubs 
that are important for reindeer fodder and for 
berry production, respectively. By combining 
such biophysical features and spatial aspects – like 
patch sizes and their spatial distribution – it is also 
possible to estimate habitat suitability for different 
species. On forestland, remote sensing data such 
as aerial laser scanning and satellite data obviously 
reflect the state of the tree layer. Thus, by replacing 
the remote sensing data with tree and stand data it 
is possible to link the models to projections of tree-
layer development using the Heureka system. 
Using Heureka PlanWise, contrasting scenarios for 
forest management and, thus, for the provision of 

ecosystem services will be elaborated 
upon using two case study areas. A landscape in 
Västerbotten incorporating the Käringberget 
eco-park makes up the northern case area, and the 
municipality of Linköping in Östergötland makes 
up the southern area. Forestry and nature conserva-
tion are of focal interest in both areas, while in the 
northern area reindeer herding is also in focus and 
in the southern area recreational aspects around a 
larger city are of interest. 
A process for the involvement of stakeholders in 
planning and decision-making processes will be 
elaborated and tested as a final part of the project 
(Figure 1). The aim is to form a constructive and 
fruitful dialog among stakeholders as to facilitate 
the exchange of ideas and knowledge. This will 
support informed and improved decision-making 
with the intention of reducing conflicts. Here 
the focus will be on the communicative process, 
and we will combine “hard” (formal) methods for 
multi-objective analysis with “soft” methods for 
participatory planning, the latter within a collabo-
rative learning approach.

Project participants: 
Sven Adler, Henrik Hedenås, Hampus Holmström, 
Eva-Maria Nordström, and Karin Öhman of the 
Department of Forest Resource Management; 
Grzegorz Mikusinski of the Department of Ecol-
ogy; and Elin Ångman of the Department of Urban 
and Rural Development.

The VALKMAN project will be carried out during 
2016–2018.

More information can be found at:
www.slu.se/SHa

Figure 1. The VALKMAN approach for value and knowl-
edge-based processes for the sustainable management of 
forest landscapes. 



Dianne Staal Wästerlund
Co-ordinator

Text: Dianne Staal 
Wästerlund, SLU.
Photos: Jenny Svennås-
Gillner, SLU.
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Environmental Management System

In 2004, our Department was the first department at SLU to be environmentally certified ac-
cording to the ISO 14001 standard. Following a government decision that all public authorities 
should implement an environmental management system, SLU aimed at certifying the entire 
university, something which was achieved in 2016. During that process, the Department became 
part of the SLU Umeå environmental management system, which covers all operations in Umeå 
as well as all of SLU’s forest research parks. This achievement was celebrated with a “certival” in 
September for all SLU staff. The new certificate according to the ISO standard adopted in 2015 
also meant new objectives. The objectives for SLU Umeå include reducing our CO2 emissions 
from travel, reducing the volume of combustible waste and saving energy in our own buildings. 

Integration of the Department’s and SLU Umeå environmental 
management systems
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Publications
The publication list below includes work that was published during 2016. The publications are presented 
for each of the Department’s subject areas and environmental monitoring and assessment programs sepa-
rately. Peer reviewed scientific articles are listed first followed by proceedings, book chapters and reports. 
In the end of the publication list, articles in popular science are listed.
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The map shows which organizations the Department has co-published together with, the threshold value 
is two co-published articles. Source: Web of Science Core Collection (Thomson Reuters), data from the 
SLU University Library.

The map shows which organizations the Department has co-published together with, the threshold value 
is three co-published articles. Source: Web of Science Core Collection (Thomson Reuters), data from the 
SLU University Library.
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The map shows co-publication at SLU. Source: Web of Science Core Collection (Thomson Reuters), data 
from the SLU University Library.

The map shows which countries writers to cited articles (i.e. articles that cite articles authored by re-
searchers from the Department) come from (2013-2016). The number of citing articles is 1250 and no 
self-citations are included. Source: Web of Science Core Collection (Thomson Reuters), data from the 
SLU University Library.

Source:  All four maps are based on data from the Web of Science Core Collection (Thomson Reuters), 
data from the SLU University Library on the 26th of June 2017. Articles included are published by an 
author from the Department during the years 2013-2016 and are published in a journal indexed by the 
Web of Science. 

Visualization of the Department Co-Publication  
and Usage by Research Community

Text and Figures: Ale-
jandro Engelmann, SLU 
University Library and 
Marie Stråhle, SLU Uni-
versity Library.



Department of Forest Resource Management
Swedish University of Agricultural Sciences
SE-901 83 Umeå, Sweden
Telephone: +46 (0)90-786 81 00
Internet: www.slu.se/srh


