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Abstract

Forests are a key resource serving a multitude of functions such as providing income to for-
est owners, supplying industries with timber, protecting water resources, providing habitat
for wildlife, and maintaining biodiversity. Recently much attention has been given to the
role of forests in the global carbon cycle and their management for increased carbon se-
questration is seen as a possible mitigation option against climate change. Furthermore,
the use of harvested wood can contribute to the reduction of atmospheric carbon and
other greenhouse gases through (i) carbon sequestration in wood products, (ii) the sub-
stitution of non-wood products with wood products, which in most cases are less energy
intensive during their life cycle, and (iii) through the use of wood as a biofuel to replace
fossil fuels. Forest resource managers are challenged by the task to balance these multiple
and often conflicting forest functions while simultaneously meeting economic requirements
and taking into consideration the demands of stakeholder groups. Additionally, risks and
uncertainties with regard to uncontrollable external variables such as climate have to be
considered in the decision making process.

In this study a scientific stakeholder dialogue with forest-related stakeholder groups in
the Federal State of Brandenburg was accomplished offering a valuable opportunity to
bring together the specific knowledge of scientists, forest service personnel, and environ-
mentalists and thereby provide a link to real life in a scientific study. The main results of
this dialogue were the definition of major forest functions (carbon sequestration, ground-
water recharge, biodiversity, and timber production) and priority setting among them by
the stakeholders using the pair-wise comparison technique.

Following the stakeholder dialogue, the impact of different forest management strategies
and climate change scenarios on the main functions of forest ecosystems were evaluated
at the stand level and forest management unit level. The study was based on the current
forest conditions in the Kleinsee management unit in south-east Brandenburg, which is
dominated by Scots Pine (Pinus sylvestris L.) and oak (Quercus robur L. and Quercus
petraea Liebl.) stands. Forest management strategies were simulated over 100 years us-
ing the forest growth model 4C and a newly implemented wood product model (WPM).
A current climate scenario and two climate change scenarios based on global circulation
models (GCMs) HadCM2 and ECHAM4-OPYC3 and the 1S92a emission scenario were
applied. The climate change scenario positively influenced stand productivity, and hence
increased carbon sequestration (up to 27%) and income. The impact on the other forest
functions was small.

Furthermore, the overall utility of forest management strategies were compared under
the priority settings of stakeholders by a multi-criteria analysis (MCA) method. Signif-
icant differences in priority setting and the choice of an adequate management strategy
were found for the environmentalists on one side and the more economy-oriented forest
managers of public and private owned forests on the other side. From an ecological per-
spective, a conservation strategy would be preferable under all climate scenarios, but the
business as usual management would also fit the expectations under the current climate
due to high biodiversity and carbon sequestration in the forest ecosystem. In contrast,
a forest manager in public-owned forests or a private forest owner would prefer a man-
agement strategy with an intermediate thinning intensity and a high share of pine stands
to enhance income from timber production while maintaining the other forest functions.



The analysis served as an example for the combined application of simulation tools and a
MCA method for the evaluation of management strategies at the stand and management
unit levels under multi-purpose and multi-user settings with changing climatic conditions.

Another focus of this study was set on quantifying the overall effect of forest man-
agement on carbon sequestration in the forest sector and the wood industry sector plus
substitution effects over 50 years. To achieve this objective, the carbon emission reduction
potential of material and energy substitution (S, and S.,) was estimated based on data
extracted from the literature. On average, for each tonne of dry wood used in a wood
product substituting a non-wood product, 0.71 fewer tonnes of fossil carbon are emitted
into to the atmosphere. Based on S, and S, the calculation of the carbon emission
reduction through substitution was implemented in the WPM. Carbon sequestration and
substitution effects of different management strategies were simulated at three local scales
using the WPM and the forest growth models 4C (management unit level) or EFISCEN
(federal state of Brandenburg and Germany). An investigation was conducted on the in-
fluence of uncertainties in the initialisation of the WPM, S,,,.+, and basic conditions of the
wood product sector on carbon sequestration plus substitution effects. Results showed
that carbon sequestration in the wood industry sector plus substitution effects exceeded
sequestration in the forest sector. In contrast to the carbon pools in the forest sector,
which acted as sink or source, the substitution effect continually reduced carbon emission
as long as forests are managed and timber is harvested. The main climate protection
function was investigated for energy substitution which accounted for about half of the
total carbon sequestration plus substitution effects, followed by carbon storage in landfills.
In Germany, the absolute annual carbon sequestration in the forest and wood industry
sector plus substitution effects was 19.9 Mt C. Over 50 years the wood industry sector
contributed 70% of the total carbon sequestration plus substitution effects.

ii



Contents

|1  Multi-use forest management| 1
(L1 TIntroductionl. . . . . . . . . . . . . . 1
I1.1.1  Background| . . . . . ... ... ... L 1

[1.1.2  Objectives of thisstudy| . . . . ... ... ... ... ... ...... 3

[1.1.3  Structure of thisstudy|. . . . . . . . ... ... ... .. 3

M2 Methodd . . . . . o o o e 4
[1.2.1  Forest growth model 4C| . . . . . . . ... ... ... ... 4

[1.2.2 Wood product model|. . . . . . ... ... 0000 6

[1.2.3  Multi-use forest management and multi-criteria analysis methods| . . 8

M3 Resulfd. . . . oo oo e 14
[1.3.1 Science-based stakeholder dialogue| . . . . . . . ... ... ... ... 14

[1.3.2  The impact of substituting non-wood products with wood products |

| on carbon emissions and other ecological factors - a literature review| 15
[1.3.3 The impact of torest management and climate change on forest func- |

[ tlonsl . . . . 17
[1.3.4  Multi-criteria analysis| . . . . . ... ... ... ... ... 20

L4 Discussionl . . . . . . . o v i 23
[1.4.1 Science-based stakeholder dialogue| . . . . . . . . ... ... ... .. 23

[1.4.2  The impact of substituting non-wood products with wood products |

| on carbon emissions and other ecological tactors - a literature review| 23
[1.4.3  The impact of forest management and climate change on forest func- |

[ tonsl . ... 24
[1.4.4  Comprehensive analysis of carbon balance in forest and the wood |

| industry sector] . . . . . ... L 25
[1.4.5  Multi-criteria analysis| . . . . . .. ... 0000 26

.5 Conclusion| . . ... .. . . . . 26
1.6 The author’s contribution to the individual papers of this thesis|. . . . . . . 28

|2 Stakeholder dialogues| 29
2.1 Introductionl. . . . . . . . . . .. . 29
2.2 Stakeholder dialogues| . . . . . ... ... ... oL 31
[2.2.1  Experiences at PIK| . . . ... ... ... ... ... .. ... 31

[2.2.2  European Climate Forum (ECF)| . . . . ... ... ... .... ... 32

R23 ATEAM . « . o o oot e 33

224 SilviStratl . . . . . .. 35

2.3 Methods applied in the dialogues| . . . . . .. .. ... ... ... ... .. 37
2.4 Reflectionsl. . . . . . . . . . 39
[2.4.1 How can we evaluate science-based stakeholder dialogues?| . . . . . . 39

iii



CONTENTS

2.4.2 Achievementd . . . . . . ... 40

[2.4.3  Dealing with different expectations| . . . . . . . . .. ... ... ... 42

25 Conclusionsl . . . . . . . . . 43

[3 Adaptive forest management)| 45
3.1 Introductionl. . . . . . . . . . ... 46
3.2  Material and methodsl . . . . . .. ... o 46
8.2.1  Overall approach| . . . . . ... ... ... o oo 46

.22 ModeldCl . . . . . . o 46

8.2.3 MCA and utility model| . . . . . . ... ... o0 47

B24 Sites and scenariod . . . . . ... o oo oo 49

B3 Results and discussionl . . . . . . . . ... 50
[3.3.1  Forest productivity and carbon sequestration and climate change| . . 50

[3.3.2  Multi criteria analysis| . . . .. ... ... . oL 51

[3.3.3  Economic valuation| . . .. ... ... ... oL 53

B.4 Conclusionsl . . . . . . . . . e 54

[4  Multi-criteria analysis| 55
4.1  Methods and Materiall . . . . . . . . . ... o 57
[4.1.1 Study areal . . . . . . . .. 57

4.1.2 Modeld . . .. . . 57

4.1.3  Simulation runsl. . . . . . ... 58

[4.1.4 Climate scenarios|. . . . . . . . . . o oo e 59

4.1.5 Management strategies|. . . . . . . . ... ... .0 59

[4.1.6  Multi-criteria analysis| . . . . . .. .. ... o000 60

B2 Resultd. « . o oo o o e e 65
421 Simulation resultsl . . . .. ... oL 65

[4.2.2  Multi-criteria analysis - overall utility] . . . . .. ... ... ... .. 67

|4.2.3  Sensitivity with regard to discount rate and liquidation value ot NPV| 70

4.3 Discussionl . . . . . . .. 70
4.3.1  TImpact of forest management on forest functions| . . . . . . . . . .. 71

[4.3.2  Impact of climate change on forest functions] . ... ... ... ... 73

[4.3.3  Advantages and limitations of multi-criteria analysis| . . . . . . . .. 73

[4.3.4  Impact of different stakeholder interests| . . . . . . . ... ... ... 74
b__Role of substitution for carbon balance of wood usel 77
b1  Introductionl. . . . . . . . .. 78
H.2  Methodsl . . . . . .. 79
B2T Dafal. . . . . oo 79
.................................. 82

[5.2.3  Analysis of carbon sequestration in the forest sector and the wood |

| industry sector plus substitution effect| . . . . . . . . ... ... ... 83
[5.2.4  Study area and simulation characteristic|. . . . . . . ... ... ... 85

B3 Resulfd. . . . o o oo e 86
b.3.1 Taterature reviewl . . . . . . . . . . ... 86

[5.3.2  Carbon sequestration in the wood industry sector plus substitution |

[ effect]l. . . . . . 90
15.3.3 Carbon sequestration in the forest sector| . . ... ... ....... 93

v



CONTENTS

15.3.4 Total carbon sequestration in the forest and the wood industry sec-

| tor plus substitution effects| . . . . . . . ... ... L. 93
B4 Discussion] . . . . . .o Lo 95
[5.4.1  Calculation approach of material and energy substitution| . . . . . . 95

[5.4.2  Carbon sequestration in the wood industry sector plus substitution |

| effects) . . . . . . 96
[9.4.3  Carbon sequestration in the forest sector] . . . . .. ... ... ... 97

[5.4.4  Impact of management on carbon sequestration and substitution |

[ effectsl . . . . .. 97
15.4.5 Perspective of total carbon sequestration plus substitution eftects at |

[ national levell . . . . . . . ... ... 98
|A Appendix of Chapter 1| 101
IB Appendix of Chapter 4| 107
IB.1 Equation and paramteters of the utility functions| . . . . . . . ... ... .. 107
B.2 Values of the decision criterial . . . . . . . .. ... ... o000, 109
IB.3 Supplentary material| . . . . . ..o 000 oo 111

|C Appendix of Chapter 5| 115
|C.1 Model description|. . . . . . . . . . ... 116
[C.2 Resultsofthe WPMI . . . . .. .. . oo o o 119



CONTENTS

vi



List of Tables

1.1 Management plans applied in Chapter 3 and Chapter 4. . . . . . ... ... 6
1.2 Example of application areas of MCA methods in forest management plan- |
........................................ 11
[1.3  Verbal comparison used in the pairwise comparison and their corresponding |
| numerical score according to |Saaty (1977).. . . . . .. ... ... L. 13
[1.4  Stakeholder priorities for forest management objectives.| . . . . . . . .. .. 15
[1.5  General characteristics of the studies in Chapter 3, Chapter 4, and Chapter |
. 17
[1.6 Values of the decision criteria for the management strategies in the Kleinsee |
| study under current climate scenario and 100 years simulation time.| . . . . 18
[1.7  Change ot the decision criteria under the climate change scenarios ECHAM4 |
[ and HadCM2 relative to the current climate scenariol . . . . . .. .. ... 20
2.1 Project description.|. . . . . . . . ... L 36
|3.1  Priorities of management objectives and criteria.| . . . . . . . . .. ... .. 48
13.2  Site and management characteristics.|. . . . . .. .. ... 49
|3.3  Definition of the STPs by rotation length and thinning intensity.| . . . . . . 49
13.4  Climatic characteristics of the sites and applied scenarios.| . . . . . . .. .. 50
4.1  Detailed forest stand description of the study site Kleinsee.| . . . . . . . .. 57
|4.2  Sources of the input data for the simulations with the forest growth model |
L aC] . 59
4.3 Description of the management strategies.| . . . . . . . . .. ... ... ... 60
[4.4  Relative priorities of the decision criteria.| . . . . . . ... ... .. ... .. 62
4.5  Overall utility of all management strategies for all stakeholder preterence |
| profiles and climate scenarios.| . . . . . . . .. .. Lo oL 69
[>.1 Carbon emission reduction coefficient of material substitution (Sp,:c) of |
| the wood industry sector scenarios.| . . . . . . . . ... ... 85
[5.2  Forest area, tree species composition, and carbon stocks in biomass and soil |
| at the start of the simulation in the three study regions.| . . . . . . .. . .. 86
[6.3  Mean 5,,4:.c and S,,4¢. g of wood products and wood product classes.| . . 87
[6.4 Sources of uncertainties in the calculation and comparability of 5,,4¢,c and |
[ Smat, GHG| « « « v v o e 89
[5.5  Carbon sequestration in the forest and wood industry sector plus substitu- |
| tion effects under the base scenario in all three study regions.| . . . . . . .. 93
[5.6 Carbon sequestration in Mt C a~' in the forest and the wood industry |
| sector plus substitution effects under the base scenario in Germany.|. . . . . 95

vil



LIST OF TABLES

[A.1 Syat.c and Spat.cre of single wood products int C (¢ C)™| . .. . .. .. 103
IB.1 Parameters of the utility functions of the lowest-level decision criteria.| . . . 108
IB.2  Values of the decision criteria for all management strategies under three |
[ climate scenarios) . . . . . . . . ... 109
IB.3  Utility values of the lowest-level criteria for all management strategies under |
[ three climate scenarios) . . . . . . . . . . . . ... 110
[B.4 Silvicultural operation costs in € ha='.| . . ... .. ... ... ... . ... 111
IB.5 Timber prices and harvesting costs of the assortment groups.| . . . . . . .. 111
IB.6  Distribution of harvested timber trom 4C into the product lines ot the wood |
| product model.| . . . . . ... 112
IB.7 Average carbon sequestration in the soil, dead wood, living biomass and |
| wood product (including landfills) carbon pool.| . . . . . . . . ... ... .. 112
IB.8 Partial utilities under the preterence setting ot a forest manager of public- |
[ owned forest.] . . . . . ... 113
IB.9 Partial utilities under the preference setting of a private forest owner.| . . . 113

[B.10 Partial utilities under the preference setting of an environmental organisation.[114

CT Tt : ] ] 7 - ETE T 4C and |

| EFISCEN as applied in the current study.| . . . . . ... .. ... ... ... 116
|C.2  Description of management strategies in the Kleinsee case study,| . . . . . . 117
C.3 General information on studies used to calculate S,.qt,c and Spat.crG. - - - 118
C.4 Carbon emission reduction by material substitution|. . . . . . . ... .. .. 119
|C.5 Carbon emission reduction by energy substitution.| . . . . .. ... ... .. 119
|C.6 Carbon sequestration in wood productsinuse.| . . ... ... ... ..... 120
|C.7  Carbon sequestration in wood products on landfills.| . . . .. ... ... .. 120

viii



List of Figures

[1.1  Conceptual diagram ot the forest growth model 4C|. . . . . . . . .. .. .. 5
[1.2  Conceptual diagram ot the forest wood product model|. . . . . . . . .. .. 7
1.3 The basic structure of a AHP hierarchy.| . . . . . .. .. ... ... ... .. 12
|1.4  Priority of forest management objectives to a local environmental organi- |
| sation, a private forest owner, and forest manager of public-owned forest.| 16
(1.5 Aggregated Sy,ut,c and Syar.guc of the investigated wood products and the [
| overall 5,,4¢. c and S0t grc calculated in this study,| . . . . ... ... ... 16
[1.6 Carbon sequestration in the forest sector of the different studies.| . . . . . . 19
[1.7  Overall utility of stand treatment programs under current climate and the |
| weight of the partial utilities.| . . . . . . . ... .. ... 22
[3.1 Decision hierarchy at stand level.| . . . . . . .. ... ... ... ... .... 47
|3.2  Preference functions for spruce.| . . . . . . ... oo 48
13.3  Average net increment of timber under current climate and climate change.| 50
|3.4  Carbon sequestration under current climate and climate change.| . . . . . . 51
[3.5  Overall stand utilities of the pole pine (a) and spruce (b) stand presented
for three forest stakeholders. The partial utilities of the pole pine (c) and
spruce (d) stand presented for carbon sequestration, timber production,
| biodiversity, and groundwater recharge.| . . . . ... . ... ... ... ... 52
[3.6  Overall stand utilities of the pole pine (a) and spruce stand (b) from the [
| viewpoint of the forest owner under current climate, ECHAM and HADLEY |
| climate scenario . . . . . . ... L 52
[3.7  Spearman rank correlation coefficients for the pine (a) and spruce (b) stands [
| between net present value and carbon sequestration under current climate |
[ and climate scenarios] . . . . . . . ... 53
[3.8  Potential marginal costs of carbon sequestration for the pine stand (a) and [
| additional carbon sequestration over 100 years under these marginal costs |
L (b)) 54
13.9  Potential marginal costs of carbon sequestration for the spruce stand, ad- |
| ditional carbon sequestration over 100 years under these marginal costs.| . . 54
4.1 Decision hierarchy at Kleinsee.| . . . . . . .. .. .. ... ... ....... 61
|4.2  Priority of the partial objectives determined by three stakeholder groups.| 62
[4.3 (a) The impact of management strategies and climate scenarios on mean
| carbon sequestration over 100 years. (b) The effect of MS on the distribution
| of mean carbon sequestration among the carbon pools: soil, dead wood, |
| forest stand, and products under the CRU climate scenario.| . . . . . . . .. 66

ix



LIST OF FIGURES

4.4 Overall and partial utilities of management strategies under the preterence |
setting of (a) the forest manager of public-owned forest, (b) the private [
forest owner, (c) and the environmental organisation.|. . . . . . .. .. ... 68
4.5  Sensitivity of the net present value to the discounting rate.| . . . .. .. .. 70
4.6 Sensitivity of partial utility from objective “income from timber produc- |
| tion” to the discounting rate.| . . . . . . . . ... oo oL 71
[p.1 Aggregation scheme for the calculation of Spat,c and Smat.gHG |- - - - - - - 82
[5.27 Conceptual diagram of the forest wood product model]. . . . . . ... ... 84
P-3  Smatc (a) and Spmargrg (b) of wood products, . . . . . ... 88
[.4 Mean annual carbon sequestration in carbon pools of the wood industry |
| sector and carbon emission reduction by substitution in three study areas |
| under different management scenarios.| . . . . . ... ... 90
5.5 Wood industry sector scenario analysis.| . . . .. ... ... ... .. .... 92
[>.6 Mean annual carbon sequestration in carbon pools of the forest sector (a)
| Kleinsee, and (b) Brandenburg and Germany under different management
[ SCeNAariosd . . . ... 94
[A.1 Questionnaire used at the stakeholder workshop.| . . . . . . ... ... ... 102




CHAPTER 1. MULTI-USE FOREST MANAGEMENT

Chapter 1

The impact of silvicultural
strategies and climate change on
carbon sequestration and other
forest ecosystem functions

1.1 Introduction

1.1.1 Background

The beginning of human settlement initiated changes in natural forest ecosystems. The
extent of forest ecosystems was reduced by clearings and the structure and species’ compo-
sition of the remaining forests were changed through the centuries by increasing manifold
uses of forest goods and services such as domestic wood use, food foraging, wood pasture,
and tar burning. At the end of the 18th century, the forests in Germany were devastated
due to the high demand of wood needed by the industry, intensive wood pasture and litter
raking. During this time some foresters introduced systematic forest management for the
recovery of the forest ecosystem and to ensure a sustainable timber supply. Until the 20th
century, forest management in many places in Germany focused mainly on timber pro-
duction using coniferous species, monoculture forestry and clear-cut systems often leading
to non-site adapted, delicate, instable forest ecosystems. In the second half of the 20th
century, forest management at national and international levels focused more and more
on other forest functions aside from timber production, such as the conservation and sus-
tainable use of biological diversity, social functions and sequestration of carbon in order to
combat global warming (H&ausler and Scherer-Lorenzen [2002) and management strategies
to maintain, conserve, restore and/or appropriately enhance forest functions have been
developed. Among other authors, Maser et al. (1979)), Hilt and Ammer| (1994), Kangas
and Pukkala (1996]), Ammer and Schubert| (1999), Lindhe et al. (2004]), Majunke et al.
(2004) and Schuck et al. (2004)) investigated ways to improve the biodiversity and stability
of forest ecosystems by increasing the amount of dead wood and species diversity. Other
forest functions, such as fresh water supply and soil protection have been investigated by
Vacik and Lexer| (2001)).

Special focus is set on the climate protection function of forest ecosystems. Forest
ecosystems represent a substantial part of the present-day terrestrial uptake of the climate-
relevant carbon dioxide (CO2) by sequestration of carbon in their biomass and soils (IPCC

1



1.1. INTRODUCTION

2001}, 2007; Puhe and Ulrich| 2001} |Schimel et al.2001). COg contributes about 50% of
the total greenhouse gas emissions at present and its atmospheric concentration has risen
steadily since the onset of industrialisation and, by far, exceeds the natural range over
the last 650,000 years (IPCC|[2007). Specifically, fossil fuel burning and land-use changes
are the causes of the increase in atmospheric carbon dioxide concentrations from a pre-
industrial value of 280 ppm? to 379 ppm? in 2005 . Estimates of carbon
sequestration for Europe assume that about 7 to 12% of the European emission is se-
questrated in terrestrial biosphere (Janssens et al.[2003|), which is about 135 to 209 Tg
C a~!'. Carbon gains are observed in forest ecosystems and grassland soils, while crop-
lands and peat are carbon sources. The causes for the high uptake in European forests
are a combination of growth stimulation due to COo-fertilisation (Schimel [1995)), nitro-
gen fertilisation (Spiecker et al.1996)), increased productivity because of global warming
(e.g. longer growing seasons) and European forests being in the exponential growth phase
because of a shift in age-structure towards young forest stands (Karjalainen et al.|[1999;
[UN-ECE/FAQ 2000; Nabuurs et al|[2003). In Germany, carbon sequestration estimates
in forest ecosystems range between 0.143 Mg C ha=! a=! and 0.645 Mg C ha=! a~!
eter and Elsasser| 2002; Janssens et al. [2005)). Additionally, forests managed for timber
supply can affect the amount of COgy in the atmosphere by (i) carbon sequestration in
wood products, (ii) substitution of fossil fuels with biofuel, and (iii) substitution of prod-
ucts of energy intensive materials with equivalent wood products (Burschel et al.|[1993;
[Karjalainen| (1996} |Schlamadinger and Marland| (1996 |Wegener and Zimmer|[2001}; |[Eggers|
[2002; Briceno-Elizondo and Lexer|[2004; [Janssens et al|[2005} [Petersen and Solberg|[2005;
Werner et al.|[2005; Kohlmaier et al.|2007).

Not only do the diverse demands on forest ecosystems lead to changes in forest manage-
ment practices, but also the predicted impact of climate change on forest ecosystems force
forest managers to adopt forest management (Miller||1997; Lindner et al. 2000; Garcia-|
|Gonzalo et al.|2005} Briceno-Elizondo et al.2006). Climate change will lead to an increase
in temperature, CO9 concentration, and changes in precipitation rates and pattern leading
to profound changes in European forest ecosystems (Jarvis||1998; Kellomaki et al.|2005;
[Schaphoft et al. 2006; |Zaehle et al. [2007)) by influencing forest growth and productivity
of forest species and, therefore, the competitive relationships among the species, the po-
tential species composition of unmanaged forests, and the choice of species in managed
forests through the alteration of precipitation patterns and temperature. Increasing tem-
perature and COq concentration will lead to a northward migration of the boreal tree line
and enhance forest productivity if precipitation is not a limiting factor (northern boreal
zone) or if precipitation is also increasing (temperate maritime zone). Otherwise, if the
precipitation rate is decreasing, forest ecosystems will most likely suffer losses in produc-
tivity (temperate continental zone, Mediterranean zone; Kelloméki and Leinonen| 2005).
Furthermore, extreme events such as storms, floods, and droughts are predicted to oc-
cur more frequently and with higher intensity leading to a higher vulnerability of forest
ecosystems and high losses in productivity (Ciais et al.[|2005; Kellomaki et al.|[2005]). Those
changes in climate call for an adaptation of forest management strategies depending on the
predicted changes in each region by choosing the appropriate tree species, increasing the
portion of mixed forest types, and maintaining a high species and structural diversity for
example (Kelloméki et al2005)). Then, forest ecosystems will be further able to provide
forest goods and services such as fresh water supply, biodiversity, climate protection, and
timber.




CHAPTER 1. MULTI-USE FOREST MANAGEMENT

1.1.2 Objectives of this study

The overall objective of this study is the investigation of the impact of forest management
strategies on diverse forest functions under current climate and climate change scenarios
and to quantify the priority of the forest management strategies through the perspective of
different stakeholder groups and their objectives for forest management. Special emphasis
is placed on the climate protection function of forest ecosystems by carbon sequestration
in the forest sector, in the wood industry sector, and the reduction of carbon emissions
through material substitution and energy substitution. This overall objective is specified
as follows:

1. Assessment of important forest functions and their indicators in cooperation with
local stakeholder groups. Quantification of the priority of forest functions to different
stakeholder groups.

2. Adaptation and integration of the wood product model (WPM) developed by |[Eggers
(2002)) in 4C to study carbon fluxes in the wood product chain.

3. Investigation of the impact of different forest management strategies on forest func-
tions at the stand and regional levels. Evaluation and quantification of the priority
settings of stakeholders with respect to the choice of forest management strategies
through application of an appropriate multi-criteria analysis technique.

4. Development, parameterisation and integration of a routine within in the WPM
to investigate the effect of material and energy substitution on carbon emissions.
Identification and evaluation of uncertainties in the parameterisation of material
substitution and uncertainties due to changes in framing conditions in the wood
industry sector.

5. Assessment of the carbon balance of forest management strategies at three spatial
scales (forest management unit, federal state of Brandenburg and Germany) under
the aspect of a combined analysis of the forest sector and the wood industry sector
including substitution.

1.1.3 Structure of this study

This thesis is structured into a general section (Chapterl) and a publication section (Chap-
ters 2 to 5). Section 1.2 includes a detailed description of the applied models (4C and
WPM) focusing on features that were newly implemented or further developed during this
thesis. Furthermore, this section provides an overview of multi-criteria analysis methods
in forest management planning. Findings of this thesis are summarised in Section 1.3 and
discussed in Section 1.4, leading to the conclusions in Section 1.5. Finally, Section 1.6
summarises the author’s contributions to the individual papers of this thesis.

Chapter 2 summarises the objectives, methods, findings, and difficulties of three scien-
tific stakeholder dialogues conducted at the Potsdam Institute of Climate Impact Research
(PIK). This section concerns the dialogue with stakeholders in forestry and forest-related
branches on forest management objectives and the impact of climate change on those
objectives. Chapter 3 and 4 investigate the impact of management strategies at stand
and regional levels on carbon sequestration in forest and wood products, groundwater
recharge, biodiversity, and income from timber production under current climate and two
climate change scenarios. Furthermore, the priority, with respect to the applied manage-
ment strategies, are analysed for three stakeholder groups (environmental organisation,
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private forest owner, and forest manager of public-owned forest). Chapter 5 focuses on
the impact of forest management strategies on carbon storage in the wood industry sec-
tor plus carbon emission reduction through material and energy substitution along with
carbon storage in the forest sector at the management unit level, in Brandenburg, and in
Germany. Chapter 5 also includes an uncertainty analysis of the carbon sequestration in
the wood industry sector plus substitution effects.

1.2 Methods

1.2.1 Forest growth model 4C

The forest growth model 4C (‘FORESEE’ - FORESt Ecosystem in a changing Environ-
ment) is a process-based physiological model. The model simulates tree species composi-
tion, forest structure, forest growth, as well as ecosystem carbon and water balances. Tree
growth is modelled using a cohort approach. A tree cohort represents individual trees of
the same species, age, and similar size. It is assumed that the site is evenly stocked because
the exact position of the individual trees are unknown. The competition of the cohorts
for light, water, and nutrients influences their growth, mortality, and the regeneration of
the stand. Currently, the model is parameterised for seven tree species: European beech
(Fagus sylvatica L.), Norway spruce (Picea abies L. Karst.), Scots pine (Pinus sylvestris
L.), oaks (Quercus robur L., and Quercus petraea Liebl.), European white birch (Betula
pendula Roth.), Aspen (Populus tremulus L.) and Aleppo pine (Pinus halepensis Mill.).
Different integration steps ranging from daily time steps (e.g. soil dynamics and climate
data) and weekly time steps (e.g. net primary production) to annual time steps (e.g. tree
demography and management) are used for the various sub-models (Figure . Detailed
descriptions of 4C and its sub-models can be found in Suckow et al. (2001)), Schaber and
Badeck| (2003)), Lasch et al| (2005)), Freeman et al.| (2005, and Thiirig et al. (2007)).

The simulation of forest growth dynamics, soil water, and soil temperature within 4C
were validated against measurements on monitoring sites (Schaber et al.[|1999; Makela et al.
2000; [Suckow et al. 2001; Lindner et al.[2005)). Application areas of 4C are manifold: (i)
investigation of forest growth under a changing climate (Bugmann et al. |[1997; Lasch
et al.| 2002; Gerstengarbe et al. 2003; Suckow et al.|2005; Kollas [2007), (ii) the study
of effects of management strategies on carbon sequestration in forest and wood product
sector including substitution effects, groundwater recharge, biodiversity, and income from
timber production (Suckow et al.| 2002, |Gerstengarbe et al| [2003, |Gracia et al.| 2005,
Lasch et al.| 2005, Kollas|2007, Chapter 3, Chapter 4), (iii) the simulation of energy wood
plantations on low quality agriculture sites (Rock et al.|2007aybl), (iv) the investigation of
forest regeneration after storm events (Briisch|[2002)), and (v) investigation of future forest
fire risks (Badeck et al.|2004; [Suckow et al.|2005).

Forest management

The model 4C enables the simulation of management plans in mono-species stands by
combining different thinning, harvesting, and regeneration strategies (as examples see the
management plans applied in Chapter 3 and 4 in Table . The time schedule of tending
and thinning in young stands depends on the main tree height and once a height of 15m
is attained, thinnings are scheduled in regular time intervals (e.g. every 10 years). Young
stands are tended at a mean height of 3 m and 15% to 30% of the trees are cut. Half of
the trees are removed from the tallest cohorts and the other half is taken equally from
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Figure 1.1: Conceptual diagram of the forest growth model 4C.

all cohorts. All compartments of the tended trees remain in the forest and are shifted
to the litter pool. During the first thinning, an additional 15% of the trees are cut to
model the clearing of skidder trails. Thinning is characterised by the thinning regime and
thinning intensity. The thinning regime defines from which section of the stands’ diameter
distribution trees are removed. ‘Thinning from below’ removes trees in the lower diameter
classes while ‘thinning from above’ targets trees of high diameter classes. Both methods
are modelled by a stochastic approach based on a Weibull-distribution (Gerold|1990| Wenk|
and Gerold 1996; for further details see Lasch et al. [2005). The thinning intensity can
be defined by a target stand density index Dy, usually between 0.7 and 1.0. Based on
D; and the optimal basal area of the stand B, calculated using species-specific functions
communicated by Degenhardt| (2001) the thinning aim - the target basal area (B;) - is
determined as the product of B, and D;. Features of the thinning such as threshold heights,
time intervals, thinning intensity, and thinning regime can be individually adjusted.

4C has the option to chose between two harvesting methods: clear-cut and shelterwood
management. The timing of the harvest is defined by the rotation period length which
can be chosen individually. Applying the shelterwood system, the stand is opened up
in two steps with the aim to allow natural or artificial regeneration and to protect the
seedlings against climatic exposure such as frost and extreme heat through the sheltering
effect of the old trees. Trees at the lowest 2/3 of the diameter distribution are removed
during the regeneration cuts. During the first cut, the basal area is reduced by 30% and
seedlings are planted. The second cut removes 40% of the basal area of the old stand
and the regeneration is tended. The whole stem of harvested trees is removed from the
forest. Branches, foliage, coarse roots, and fine roots remain in the forest and decompose.
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The harvested timber can be classified according to the German timber classification
system (MELF (Ministerium fiir Erndhrung, Landwirtschaft und Forsten)|1995)) for a
further socio-economic analysis. Dead stems with a breast height diameter below a certain
threshold (e.g. 15 cm) remain in the forest and decompose, while taller dead trees are
removed with the next thinning or harvest operation.

Two regeneration methods can be chosen in 4C: natural regeneration and planting. The
seedlings are defined by species-specific mean height, minimum value of height, standard
deviation of height, and number of seedlings.

Table 1.1: Management plans applied in Chapter 3 and Chapter 4.

Silvicultural operation Chapter 3 Chapter 4
Tree species Pine, spruce Pine, oak
Tending At a mean tree height of 3m
Clearing of skidding trail At a mean tree height of 9m
Thinning Schedule At a mean tree height of 9, 12, 15 m
Regular time schedule at a mean tree height higher than
15m
10 years 7 or 10 years
Regime Thinning from below Thinning from below in pine
stands and thinning from above
in oak stands
Intensity Defined by target stand density index: 0.7, 0.8 or 0.9
Harvest System Clear-cut Clear-cut or shelterwood cut
Rotation period 80, 120, 160 Pine: 80, 100, 120, 140
length Oak: 140, 160, 180
Regeneration System With sampling of the same tree ~ With sampling of the same tree
species species or of an alternative tree
species
Saplings Pine: 10,000 per ha, 2 years old, and mean height 17.5 cm

Spruce: 6.000 per ha, 4 years Oak: 9.000 per ha, 2 years old,
old, and mean height of 37.5 cm  and mean height of 40.0 cm

1.2.2 Wood product model

The wood product model (WPM) simulates carbon pools and fluxes of wood in the wood
products sector and on landfills and the reduction of carbon emissions through material
substitution of long-lived wood products and energy substitution (Figure|l.2). The WPM
is based on the model concept of carbon accounting in wood products introduced by
Karjalainen et al.| (1994) and further developed by [Eggers| (2002), Briceno-Elizondo and|
LLexer] (2004)), and [Schelhaas et al| (2004)).

During this work, the WPM by [Eggers| (2002) was adapted and further developed for use
in 4C. The WPM runs within the forest growth model 4C, but can also be used as a stand-
alone model. The WPM requires the annual amount of the harvested timber classified
according to the German timber classification system. The pools of the WPM can be
initialised by a spin-up run. The WPM comprises four main processes: (i) processing and
allocation of carbon in graded timber to wood products, (ii) calculation of the retention
period of carbon in wood products and in landfills, (iii) allocation of carbon in wood
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Figure 1.2: Conceptual diagram of the forest wood product model (sw = softwood, hw = hard-
wood).

products at their end of life to recycling, landfilling or incineration, and (iv) calculation
of carbon emission reduction through energy and material substitution.

In the first step, 40% of partial logs and logs are classified as industrial roundwood
to account for various timber defects, as based on the experience of forest service per-
sonal and literature (LFA (Forstliche Versuchs- und Forschungsanstalt Baden-Wirttem-
berg) 11993)), if wood quality is not intrinsically modelled in the forest growth model or
specified from empirical data. Furthermore, the amount of timber is transferred into
carbon with the assumption of 50% carbon in oven dry mass. Carbon in timber grades
is distributed into industrial lines based on figures from the German timber market re-
ports 2002 and 2003 (BMVEL (Bundesministerium fiir Verbraucherschutz, Ernahrung und
Landwirtschaft) 2003a; [2004a; for the parameters see Appendix (B} Table . Seven in-
dustrial lines are differentiated and carbon in industrial lines is further distributed into
product lines (Figure [I.2). This distribution reflects the processing of timber into main
products and by-products and is parameterised according to|Eggers| (2002)). Finally carbon
is allocated into use categories. The following use categories are distinguished according
to Eggers (2002)): building material, other building material, material for structural sup-
port, furnishing, packing material, long-life paper, short-life paper. The retention period
of carbon in different use categories is defined by a lifespan function, an extended logistic
decay function by |Row and Phelps| (1990). The carbon at the end of the life-cycle of a
wood product is removed from the use categories and will, to a certain degree, be recy-
cled, landfilled, or incinerated. Finally, the amount of carbon emission reduced from the
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atmosphere by material and energy substitution on emission reduction is calculated (for
further details see Chapter 5).

1.2.3 Multi-use forest management and multi-criteria analysis methods
Important processes to promote sustainable multi-use forest management

Since the middle of the last century, the demand for the sustainable development of the
world’s forest ecosystems to maintain and provide diverse functions has become increas-
ingly recognised at international, European, and state levels. At the international level,
in 1992 the UNCED (United Nations Conference on Environment and Development) in
Rio de Janeiro was a major milestone for the integration of environmental goals in rela-
tion to sustainable development in global policies. First steps were already taken in 1972
at the United Nations Conference on the Human Environment. Three of the five major
instruments agreed on at UNCED set an international framework for the use of forest
ecosystems and underlined the contribution of forestry to the sustainable development of
countries. The Forest Principles (formally known as the Non-Legally Binding Authorita-
tive Statement of Principles for a Global Consensus on the Management, Conservation and
Sustainable Development of All Types of Forests; DESA (United Nations Department of
Economic and Social Affairs)|1992) focused at maintaining the multi-functionality of forest
ecosystems to meet social, economic, ecological, cultural, and spiritual needs of present
and future generations. The climate protection function of forest ecosystems is addressed
in the Framework Convention on Climate Change (FCCC; |[UN (United Nations) [1992)
and the subsequent processes. In 1997 the Kyoto Proctocol was adopted, in 2001 detailed
rules for the implementation of the Kyoto Protocol were set by the Marrakesh Accords,
and in February 2005 the Kyoto Protocol entered into force committing individual, legally-
binding targets of greenhouse gas (GHG) emission. Activities to reduce GHG emission in
the forestry sector were defined by Artikel 3.3 (afforestation, reforestation, and deforesta-
tion), 3.4 (forest management), and 12 (clean development mechanism). The conservation
and maintenance of biological diversity was already a matter of international concern, es-
pecially since the Brundtland Report in 1987, and drafts of the Convention on Biological
Diversity (CBD; UN (United Nations)||1993]) were prepared before UNCED. The issues of
the convention were conservation and sustainable use of biological diversity, the regulated
access to genetic resources, and a fair and equitable sharing of benefits arising from the
use of genetic resources. Following the 1992 UNCED, the World Summit on Sustainable
Development was held in 2002 in Johannesburg. Furthermore, at the global level, criteria
and indicators of sustainable forest management were developed by intergovernmental pro-
cesses, e.g. Forest Stewardship Council (FSC) and the Programme for the Endorsement
of Forest Certification schemes (PEFC).

At the European level, the Ministerial Conference on the Protection of Forests in Eu-
rope (MCPFE) was launched in 1990 addressing the most important issues of forest and
forestry. A continuing process of conferences and expert meetings set recommendations in
favour of the protection and sustainable management on European forests. The climate
protection function by forestry and the use of wood as an energy source and alternative to
non-renewable materials are addressed in the Helsinki and Vienna Resolutions (MCPFE
(Ministerial Conference on the Protection of Forests in Europe)|1993b; H4, MCPFE (Min-
isterial Conference on the Protection of Forests in Europe)|2003c; V5). Resolution H2 of
the Helsinki Conference calls for a conservation and appropriate enhancement of biological
diversity in all types of forests as essential part of forest management (MCPFE (Ministerial
Conference on the Protection of Forests in Europe) 1993a). Guidelines to achieve this goal

8



CHAPTER 1. MULTI-USE FOREST MANAGEMENT

are listed in Resolution V4 of the Vienna Conference (MCPFE (Ministerial Conference on
the Protection of Forests in Europe) 2003b). Other existing initiatives and programmes
at the European level on nature conservation and biodiversity are the Pan-European Bio-
logical and Landscape Diversity Strategy and the Habitats Directive (formally known as
Council Directive 92/43/EEC on the Conservation of Natural Habitats and of Wild Fauna
and Flora; EU (European Union)|(1992)), and the Natura 2000 network. Furthermore, the
preservation and enhancement of the social and cultural dimensions of forest management
was set as goal (MCPFE (Ministerial Conference on the Protection of Forests in Europe)
2003a; V3).

Germany has a long tradition of sustainable forest management. The German forest
law of 1975 lists in Article 1 next to the economic function of the forest, the protective
function (e.g. productivity of the ecosystem, climate, water balance, and purification of
air pollution) and recreation function. For example, in the Federal State of Brandenburg
90% of the forest serves an economic function, 62% a protective function, and 36% a
recreation function (double counting is possible; MLUV (Ministerium fir Landliche En-
twicklung, Umwelt und Verbraucherschutz) 2007b). Changes in the overall concept of
forest functions and forestry are apparent in the forest laws of the federal states and
the negotiation process of the German forest law. Most federal laws have included the
protection of fauna and flora as a main goal of forest management under the umbrella
of the protective function or as a separate function during the last years. Furthermore,
they also do not rank the economic function in the first place or explicitly address the
coequality of all forest functions, and they include a definition of sustainable (close-to-
nature) forest management with high environmental standards and the abandonment of
clearcutting practices. In addition to the forest laws at the state and federal levels different
programmes, guidelines, and activities of the forest service contribute to the sustainable
maintenance of forest ecosystems and their biological diversity, such as Forestry and Bio-
logical Diversity Strategies (BMELF (Bundesministerium fur Erndhrung, Landwirtschaft
und Forsten)|2000a; BMVEL (Bundesministerium fiir Verbraucherschutz, Ernahrung und
Landwirtschaft) |2002) and the “Griiner Ordner” (forest guidelines of the Federal State of
Brandenburg; MLUR (Ministerium fiir Landwirtschaft, Umweltschutz und Raumordnung)
2004). As a process following the UNCED, the National Forest Programm (NFP)(later
named “Nationales Waldprogramm Deutschland” (NWP)) was initiated in 1999 by the
Federal Ministry of Food, Agriculture, and Forestry. The main objective is a continu-
ing dialogue open to all interested forest-related stakeholders groups about future forest
use and forest management (BMELF (Bundesministerium fiir Ernahrung, Landwirtschaft
und Forsten )|2000b; BMVEL (Bundesministerium fur Verbraucherschutz, Ernadhrung und
Landwirtschaft)[2003b, |2004b)). The NFP identified the main goals, the need for action, the
responsible players, and gave recommendations in the fields of international cooperation
in the forest sector and international trade, biodiversity, choice of forest policy instru-
ments, economic relevance of forestry and the wood industry, and the new function(s)
of forests (BMVEL (Bundesministerium fiir Verbraucherschutz, Erndhrung und Land-
wirtschaft) 2003al). A further step to maintain, use and strengthen the multi-functionality
of forest ecosystems is a better understanding of processes in the forest ecosystem and the
development of new technologies in the forestry and the wood industry. Many research
projects are fund by the German Government such as the Agency of Renewable Resources
(FNR), the joint projects “Future-oriented Forestry” (1999 - 2004), “Integrated Environ-
mental Protection in the Timber Industry” (1999 - 2004), and “Sustainable Forestry” (2004
- 2008) as well as monitoring programmes such as the Federal Forest Inventory (BWI),
soil mapping - “Bodenzustandserhebung im Wald” (BZE), and genetic monitoring.
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Multi-criteria analysis methods

Multi-use forestry and often conflicting stakeholder interests call for flexible and versa-
tile methods in strategic forest planning to analyse forest management decisions and are
needed due to the long-lasting effects of forest management (e.g. species choice) on eco-
nomic, ecological and social functions. These methods can be provided by combining
forest growth simulation models, socio-economic models, and multi-criteria analysis meth-
ods (MCA). Forest planning and the analysis of its consequences include the following
steps: (i) acquisition of forest data and frame conditions (e.g. forest law and forest guide-
lines, predicted future climate conditions, economic restrictions) and evaluation of the
actual situation, (ii) assessment of forest management objectives and criteria of decision
makers and, eventually, of other interest groups, (iii) selection of appropriate forest man-
agement alternatives and analysis of their consequences, (iv) ranking of the alternatives
and selecting the best option with respect to the objectives defined in phase (ii) using
MCA methods.

MCA methods provide a tool to meet the demands of today’s complex forest manage-
ment as they were developed to deal with difficulties in human decision making while
handling complex systems in a consistent way. All MCA techniques have the following
features in common: (i) they define an explicit set of objectives of the decision maker,
their measurable criteria and decision alternatives, (ii) they require judgements on the
priority settings between the decision options according to objectives, (iii) they predict
and analyse the consequences of the decision alternatives on the decision criteria and the
objectives of the decision maker, (iv) they provide methods to aggregate the data on the
individual criteria to provide a measure to select a single most preferred option, to rank
options, to select options suitable for subsequent detailed appraisal, or to distinguish be-
tween acceptable or unacceptable options. The decision maker can be integrated in the
ranking of alternatives and the search for the best suitable solution of the decision problem.
The MCA methods will be chosen depending on the question of the specific multi-criteria
decision problem, the available information and database, decision makers’ involvement,
the technical background, and the need of comprehensibility of the MCA methodology and
their results for scientists, decision makers, and stakeholders. Application areas of multi-
criteria analysis techniques are manifold in forest management planning, some examples
are listed in Table .2l

Ranking, rating and pairwise comparison are three methods to select and prioritise deci-
sion objectives and their criteria. All of them are transparent, easy to understand and offer
a convenient environment for participatory decision making (Mendoza and Prabhu/2000b;
Sheppard and Meitner|2005). Ranking orders the criteria according to their importance.
Rating distributes a given score (e.g. 100 points) among the elements and, in this way,
judges their relative importance. Pairwise comparison judges the elements of the decision
problem through a one-on-one comparison of their importance. Among these methods,
pairwise comparison is found to reflect the most refined priorities of the decision elements,
but to be the least comfortable method for decision makers (Mendoza and Prabhu/[2000b)).
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Table 1.2: Example of application areas of MCA methods in forest management planning.

Source Forest management objectives Special  Region
fea-
ture?
1992 Timber production, yields of other products, 1 Finland

amenity values, benefits from game management,
conservation values

[Pukkala and Miina] (1997) Profitability, economic security, amenity values 1,5 Finland

[Pykaklainen et al.| (1999) Income, regional socio-economic values, recre- 2 Finland
ation, nature conservation

[Strange et al.| (1999) Timber production, yields of other products, so- 3 Poland
cial value of carbon storage, social value of recre-
ation

(2000) Timber production, sustainability, and biodiver- 1 Austria
sity

[Vacik and Lexer| (2001) Timber production, recreation, protection func- 3 Austria
tions (water, rock fall and avalanches), and biodi-
versity

[Ananda and Herath (2003)  Sawlog production, old-growth conservation, re- 2 Australia
creation intensity

Huth et al.| (2005)) Timber production and forest structure Malaysia

[Sheppard and  Meitner] Biological richness, forest/soil productivity, tim- 2, 3,4  Canada

(2005)) ber and non-timber economic benefits, water sup-

ply, recreation resources, visual quality, cultural
features/places, and worker /visitor safety

11 = risk assessment, 2 = participatory planning, 3 = spatial objectives, 4 = 3D visulisation, 5 = time
preference

The most widely used multi-criteria methods include multi-attribute utility theory, out-
ranking theory, goal programming, and the analytic hierarchy process (AHP). The first
three methods are briefly outlined, since the focus is on AHP. The multi-attribute util-
ity theory (Keeney and Raiffa [1796)) expresses the decision makers overall appraisal of
an alternative by a utility index. The utility index is estimated using a multi-attribute
utility function, adding the utility of the single decision criteria weighed with respect to
the overall objective. Constraints can be added. Outranking represents the French school
of multi-criteria analysis methods . All decision alternatives are compared in
pairwise manner, separately for each criterion, on a scale between 0 and 1. The priorities
are aggregated over all indicators to calculate the overall priority of each pair of decision
alternatives. An important advantage of the outranking methods is that it offers the ability
to deal with ordinal and more or less descriptive information. The difficult interpretation
of the results is the main weakness of the outranking methods. Two outranking methods
commonly used in natural resources management are ELECTRE IIIl and PROMETHEE
IT (Kangas et al|2001a; Huth et al.|2005). Goal programming is a modification of linear
programming to handle multiple, normally conflicting objectives. Goal programming mea-
sures the deviation of the objectives from a given target value and tries to minimise the
deviations. Its objective function is expressed in terms of the deviations from the target
objectives as a vector or weighted sum. An important advantage of goal programming
is its simplicity and ease of use. Furthermore, it is possible to handle large numbers of
variables, constraints and objectives.
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The analytic hierarchy process

The AHP, originally developed by (Saaty|1977,1990) consists of four basic steps. First, the
decision problem is broken up into subsystems for a better understanding and to study
functional interactions of its components and their impact on the entire system. This
abstraction of a system structure is called hierarchy. It is assumed that the elements can
be grouped in disjoint sets (hierarchical levels) and that the elements of a level influence
and are influenced by the elements of only one other level. Because hierarchies can be easily
expanded in their complexity, and subsequently become difficult to handle, they have to be
built carefully making compromises between being a precise duplicate of the reality and an
abstraction of only those elements which are important to solve the research question. The
impact of a level on the next adjacent higher level can be evaluated by relative priorities
of the elements of that level with respect to the adjacent level. The highest level of the
hierarchy must be composed very carefully because these priorities drive the rest of the
hierarchy. The hierarchy consists, typically, of at least four levels (Figure . The first
level defines the overall goal of the decision problem; the second level, its partial decision
objectives. The partial decision objectives are specified by decision criteria at the third
level. Finally, the lowest level contains the decision alternatives to be evaluated. The
second and third hierarchical level can be expanded by additional levels to provide further
structuring of the decision problem, if necessary.

1st hierarchical

level overall goal
2nd hierarchical partial decision partial decision partial decision
level objectives 1 objectives 2 objectives |
l | Y N i ]
3" hierarchical decision L decision
level criterion 1 | | criterion n
l I Y
decision
criterion ||

b |

ith hierarchical decision J decision L decision
level alternative 1 alternative 2 alternative 2

Figure 1.3: The basic structure of a AHP hierarchy.

The second step of the AHP is the pairwise comparison. The elements at each hi-
erarchical level are pairwise compared to determine their preference with respect to the
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elements of the next higher level. Two elements (C; and C;) are compared at a time on
a verbal scale of relative importance. The decision maker has the option to express the
preference from equal importance to absolute importance of one element over the other.
If C; is equal or more important than Cj;, the verbal comparison is transformed into a
corresponding numerical score given in Table [I.3] The reciprocal values are used if C;
is less important than C;. The numbers 2, 4, 6, 8 and their reciprocals can be used to
enlarge the scale. This process has the advantage of focusing exclusively on two elements
and their relationship one at a time.

Table 1.3: Verbal comparison used in the pairwise comparison and their corresponding numerical
score according to Saaty| (1977)).

Score Descriptionn

1 Equal importance

3 Weak importance of one over the other
5 Essential or strong importance

7 Demonstrated importance

9 Absolute importance

In the third step, the Eigenvalue method is then used to determine the weights of the
partial objectives and the decision criteria. An n-by-n matrix (where n is the number of
decision elements) of pairwise comparisons is determined. The principal eigenvector of
the matrix is calculated and normalised. The following rules are defined: a;; = 1 / a;; and
thus, when i = j, a;; = 1. Thus the matrix A has the form:

1 wy/wy ... wi/wy
wg/wl 1 ’U)Q/wn
A=Ay=1| | . . . (1.1)
wp/wy  wp/wy ... 1

where w;/w; is the preference ratio of the decision elements i and j.

The AHP is a simple and effective method to evaluate multi-criteria decision problems
and is therefore suitable for participatory involvement. It forces decision makers and
participants to define the objectives of a decision problem and its criteria which can
be qualitative and quantitative. Using APH objective information, expert knowledge as
well as subjective preference can be included in the analysis. The priority estimation
of objectives can be easily interpreted and trade-offs between competing objectives and
interests can be illustrated. Applying AHP it has to be kept in mind that the number of
comparisons can increase rapidly with the number of criteria and alternatives which may
hinder an easy analysis of decision alternatives. The AHP method ifself has no possibility
to express hesitations regarding the comparisons and provides no tools to investigate
uncertainties based on the original and produced data (Kangas and Kangas 2005).

The AHP was developed for conflict solution in the economic sector in the 1970’s (Saaty’
2001) and was first proposed as an approach to multiple-objective forest planning by
Mendoza and Sprouse| (1989). Thereafter, the AHP has been widely used for structuring,
analysing and solving forest planning aspects with or without stakeholder integration (e.g.
Kangas|[1996; Lexer |2000; Schmoldt et al.|2001}; |[Vacik and Lexer||2001)). Research related
to AHP and its applications has led to methodological advances and extensions. Hybrid
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methods have been developed to combine the advantages of AHP with the benefits of other
MCA approaches such as heuristic optimisation method (HERO; Pukkala and Kangas
1993; 11998; Kangas et al.| 2001b), goal programming (Diaz-Balteiro and Romero [2001)),
linear programming (Kangas||1992} |Korhonen and Wallenius 2001, and SWOT (strength-
weakness-opportunity-threat; Kurtilla et al.| [2000), to fit the demand of decision problem.
A further evolution of the AHP is the analytic network process (Saaty|2001; |Wolfslehner
et al.[2005).

1.3 Results

1.3.1 Science-based stakeholder dialogue

Eleven of 24 local representatives of national and international stakeholder groups closely
related to use and management of forest ecosystems services and functions followed up
on the invitation to participate in the stakeholder dialogue regarding the impact of cli-
mate change on forest functions. Unfortunately, none of the invited representatives of
the tourism branch, water management, and the wood industry were able to attend the
meeting. Scientists and stakeholders exchanged their specific knowledge and experience
on problems induced by climate change for the forest sector and discussed the relevance
of the climate change impact on forest management and possibilities to react to changes.
Commonly, the opinion that climate change will influence forest ecosystems and forest
management was shared. But the individual stakeholders had different views, mainly due
to economic constraints, of the necessity to react now to minimise the potential negative
impacts of climate change. Forest service personnel and scientists, who are relatively free
from economic considerations, were more anxious to find ways to react to climate change
in forest management than private forest owners.

The main objectives of forest management defined at the workshop were: timber pro-
duction, fuelwood production, conservation and increase of biodiversity and semi-natural
forest ecosystems, carbon sequestration, groundwater recharge and social functions. The
questionnaire used to weight the objectives was returned completely answered by 7 of 11
participants of the stakeholder workshop and by 3 of 23 stakeholders who were also asked
to fill in the questionnaire (Appendix Figure . Despite the low number of answered
questionnaires some conclusions could be drawn from them. Three groups with different
objective profiles were distinguished: (i) forest managers of publicly owned forests and cli-
mate change scientists (FM), (ii) private forest owners and representatives related to the
wood industry (FO), and (iii) environmental organisations (EQO). The first group, FM, fo-
cused on timber production (Table . Relatively high priority values were also assigned
to biodiversity and close-to-nature forestry, as well as social functions. The second group,
FO, prioritised economic objectives (timber or fuelwood production). The representatives
of EO (who had a forestry related background) shared the view of forests as ecosystems
evenly providing all forest functions, in contrast to a generally expected emphasis on bio-
diversity and climate protection which was represented by the forest soil scientist. Overall,
for half of the representatives, timber production had the highest priority and fuelwood
production the lowest. The social function objective had the most controversial ranking -
three times the highest priority and three times the lowest priority.

For the case study applications the following objectives were selected: income from tim-
ber production, carbon sequestration, biodiversity and groundwater recharge. The impact
of management on social functions was not investigated as factors such as infrastructure,
leisure facilities, or lakes influence this function more than silvicultural management. The
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exemplary priority of forest management objectives for one member of each group is shown
in Figure [I.4]

Table 1.4: Stakeholder priorities for forest management objectives (dark grey fields mark the
objectives with the highest weight and light grey fields with the lowest weight).

Stakeholder group®
Timber production
Fuelwood production
Biodiversity

Carbon sequestration
Groundwater recharge
Social functions

Stakeholder

&
=

Local forest manager 1 036 0.0 020 0.03 006 0.28

Local forest manager 2 FM 0.30 0.03 0.17 0.08 019 0.23
Climate change scientist 1 FM 0.27 0.03 0.22 0.11 0.08 0.28
Climate change scientist 2 FM 0.27 0.04 028 0.06 010 0.24
Private forest owner (outside of Brandenburg) FO 0.51 023 0.11 0.08 0.04 0.03
Waste wood user FO 0.20 0.55 0.07 0.05 0.08 0.05
Wood technology scientist FO 045 0.25 0.03 0.12 0.09 0.06
Environmental organisation 1 EO 0.22 0.12 0.15 0.15 0.23 0.12
Environmental organisation 2 EO 0.18 0.03 0.18 0.18 0.15 0.27
Scientist (soil science) 0.15 0.08 030 0.08 0.08 0.30

'FM = forest manager of public-owned forest, FO = private forest owner, EO = local environmental
organisation.

1.3.2 The impact of substituting non-wood products with wood prod-
ucts on carbon emissions and other ecological factors - a literature
review

In almost all reviewed studies, the substitution of non-wood products with wood products
led to a reduction of carbon and/or GHGs emissions during their life cycle. The effect of
this material substitution on carbon (S,,qt,c) and GHG emissions (Syat,gHg) was quan-
tified in tonnes of carbon equivalents per tonnes of carbon in used wood (t C (t C)71),
where S,,,,¢+ > 0 indicates a reduction of the emissions to the atmosphere when wood was
used instead of equivalent materials. S,,qt,c and S;qt,cHG of single wood products ranged
from -9.8 to 27.1 and -8.1 to 22.5 (Appendix [A| Table . Smaller ranges were observed
if windows were excluded (Sat,c: -0.1 to 2.2, S;at.cre: 0.02 to 2.2). The mean values of
10 investigated wood products for S,q¢,c ranged from 0.1 to 3.6 and for S,,4t, g from 0.2
to 3.8, with the highest mean values for windows followed by the orchard trellis systems
(Figure . The aggregated S,,q¢,c and Syqt,grc of the reviewed studies was 0.71 and
0.90.
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Figure 1.4: Preference of forest management objectives to a local environmental organisation
(EO), a private forest owner (FO) and forest manager of public-owned forest (FM).
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Figure 1.5: Aggregated Sy,q¢,c and Syt of the investigated wood products and the overall
Smat,c and Spq¢,cra calculated in this study.

16



CHAPTER 1. MULTI-USE FOREST MANAGEMENT

Furthermore, wood products were often more preferable than their equivalent products
in terms of other ecological factors, such as acidification, nutrification, and photochemical
oxidant formation (Appendix . Two studies also investigated the effect of using wood
or other materials on ozone depletion, human toxicity potential, soil toxicity potential,
and aquatic toxicity potential during the life cycle of windows (Richter et al.|[1996)) and
exterior constructions (Kinniger and Richter|2001)). In most cases wood products were
less preferable than their equivalent products under these criteria with the exception that

wooden windows had a lower aquatic toxicity than windows made of other materials
(Appendix [A)).

1.3.3 The impact of forest management and climate change on forest
functions

The section presents the evaluation of the impact of forest management strategies on forest
function in three studies (Chapter 3, Chapter 4 and Chapter 5) which were conducted at
different scales, partly under different management strategies and with different simulation
time intervals. Mean features of the study and abbreviations used in this section are
summarised in Table [L.5l

Table 1.5: General characteristics of the studies in Chapter 3, Chapter 4, and Chapter 5.

Study Scale Management Time interval Abbreviation in
strategies this section
Chapter 3  Stand level STP1 to STP10 100 years SL1 to SL10
Chapter 4 Management unit level - Kleinsee = MS1 to MS6* 100 years KL1100 to KL6100
Chapter 5 Management unit level - Kleinsee ~KL1 to KL4! 50 years KL159 to KL45¢
Brandenburg BB1 and BB2 50 years BB1 and BB2
Germany GR1 and GR2 50 years GR1 and GR2

!'Management strategies MS1 and KL1, MS2 and KL2, MS3 and KL3, and MS4 and KL4 are identical.

The impact of forest management on groundwater recharge, biodiversity, tim-
ber production income

Groundwater recharge was unchanged or only slightly influenced by management at stand
and management unit levels (182 to 213mm). A positive impact was observed under
conservation management (KL11g9) and an increasing proportion of oak (KL31g9) at the
management unit level (Table [L.6)).

Biodiversity was defined as a function of mean dead wood stock alone at stand level and,
additionally, by the share of deciduous stands at the management unit level. Dead wood
was considerably higher under conservation management than under active management
at both levels. In Kleinsee actively managed forests stored, on average, about one fourth of
the amount of dead wood compared to forests under conservation. Only small differences
were observed among the management strategies (10.1 to 13.1 t C ha~!). Species compo-
sition changed, depending on the management strategies, towards an increased (KL31¢p)
or decreased (KL4;00 to KL61gg) share of deciduous trees.

At the stand level, the decision criteria for timber production was mean net increment
(mean of sum of harvested and standing timber) over the simulation time. In pine stands,
the criteria was influenced by thinning intensity with the highest values under moderate
thinning, while in the spruce stand thinning had little impact. The indicators of timber
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production at the management unit level were main standing stock after 100 years (MST),
net present value (NPV), and even flow of income. Under conservation management MST
was highest since old stands were over-represented, while no income was achieved. The
active management strategies could be split into two groups relative to KL2199. Under
KL5109 and KL61gg, MST was similar to KL2199 while NPV was increased by 45%. The
conversion to more oak stands (KL31g9) and short rotation pine management (KL4;¢g)
decreased MST (-32% and -17%) and, more so, NPV (-78% and -70%).

Table 1.6: Values of the decision criteria for the management strategies in the Kleinsee study
under current climate scenario and 100 years simulation time.

Decision criteria KL1100 KL2109 KL3100 KL4100 KL5100 KL6109
Carbon sequestration [t C ha™'] 2.07 1.49 1.24 1.41 1.44 1.37
Percolation [mm] 213 194 203 182 190 190
Dead wood [t C ha™] 43.3 11.4 12.4 13.1 10.4 10.1
Portion of pine stands [%)] 68 68 23 92 83 85
Mean standing stock [m® ha™") 480 238 198 161 237 222
Even flow of income 41 39 19 32 33
NPV [ ha™!] 0 979 217 289 1421 1418

The impact of forest management on carbon sequestration in the forest and
the wood industry sector including substitution effects

The forest sector Forest soils and dead wood were consistently a carbon sink in all
studies independent of the chosen regional scale, management strategy, and time interval.
The magnitude of the soil carbon sink and dead wood carbon pool ranged from 0.08
t C ha™' a=! (BB1) to 1.74 t C ha™' a~! (KL15) at regional levels (Figure [1.6h-c).
The soil and dead wood pool of EFISCEN simulations was considerably lower than in
4C simulations (Figure ), partly due to the fact that standing dead wood was not
included under EFISCEN. The mean annual carbon sequestration decreased with the
prolongation of the time interval from 50 to 100 years in the Kleinsee case. Living forest
biomass acted as a carbon sink (KL2j9p to KL61gg, KL3509, KL459) or carbon source
(KL2s50, BB1, BB2, GR1, GR2) within a range of -0.54 t C ha~! a=! (KL450) to 0.45 t
C ha~! a~! (GR1) under management (Figure[L.6h-c). Higher carbon sequestration rates
where only found without forest management. The magnitude of the mean annual carbon
sequestration in biomass was also influenced by the chosen time interval in the Kleinsee
case. Under KL159 and KL253, the mean carbon sequestration was higher than under
KL1199 and KL21gg. The opposite effect was observed under KL359 and KL45y compared to
KL3190 and KL41¢9. The most pronounced influence of a change in management strategy
compared to the business as usual (KL2s, /100) was observed by KL350,100 and KL450 100,
while the differences between KL25/1099 and KL550/109 and KL250/199 and KL65g/100 were
small. The main influence of an increased share of oak stands at long terms (KL3100),
was the reduction in soil carbon. In contrast, the change to exclusively pine in short
rotation management (KL459, KL4199) lead to the highest increase in soil carbon and
highest decrease in carbon sequestration in biomass compared to the other management
strategies.
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Figure 1.6: Carbon sequestration in the forest sector of the different studies: (a) Kleinsee, 100
years, (b) Kleinsee, 50 years, (c) Brandenburg and Germany, 50 years. Biomass

carbon pool is displayed with white, dead wood carbon pool with light gray and soil
carbon pool with dark gray.

The wood product sector Mean carbon sequestration in wood products in use and
in landfills ranged between 0.26 (KL3199) and 0.56 t C ha=! a=! (GR2) under active
forest management. Additionally, carbon emissions were reduced by 0.61 (BB1) to 1.04
t C ha=! a=! (KL4s50) through energy and material substitution. Carbon sequestration
and carbon emission reduction in the wood industry sector together, exceeded carbon
sequestration in the forest sector (an exception being KL25), in some cases by up to three
times. Energy substitution accounted for about half of the total carbon sequestration in
the wood industry sector plus substitution effects, followed by landfills (26%), material
substitution (14 to 29%), and wood products in use (2 to 14%). The impact of forest
management strategies was small on the wood product carbon pools and substitution
effects. Without management (KL15p), the wood industry sector including substitution
effects acted as net carbon source.

Uncertainties of carbon sequestration in the wood industry sector plus substitution
effects due to uncertainties in the calculation of S,,.; ¢, uncertainties in initialisation
time of the spin-up run, uncertainties in future changes in the energy mix and waste

management ranged from -11.9% to 6.2% relative to the base scenario (for further details
see Chapter 5).
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Overall effect of carbon sequestration in the forest and wood product sector
including substitution effects The mean annual carbon sequestration in the forestry
and the wood industry sectors plus substitution effects ranged from 1.40 (BB2) to 2.77 t
C ha™! (KL250). The integration of the substitution effects on the carbon balance lead to
a different ranking of the management strategies in Kleinsee than under the sole consid-
eration of carbon pools in the forestry and the wood industry. KL159 no longer achieved
the most preferable carbon balance. The highest carbon accumulation plus substitution
effects were achieved under KL25q, followed by KL459, KL159, and KL35g.

In Germany the absolute annual carbon sequestration in the forest and the wood indus-
try sector plus substitution effects was 19.9 Mio t C under GR1 and 19.6 Mio t C under
GR2. Energy substitution contributed one third to the total carbon sequestration plus
substitution effects. The wood industry sector achieved 70 to 78% of the total carbon
sequestration plus substitution effects, 14.02 to 15.27 Mio t C a™!.

The impact of climate change on forest functions

The main impact of climate change scenarios was an enhanced tree growth primarily in-
fluencing the partial objectives carbon sequestration and income (Table . The increase
under the dryer ECAHM4 scenario was smaller than under the HadCM2 scenario. Most
distinctive was the positive influence of both climate change scenarios among the deci-
sion criteria on NPV and among the the management strategies on KL31g9 (conversion
to an oak-dominated forest). The impact of the climate change scenarios on groundwater
recharge and dead wood was small under all management strategies (Table . ground-
water recharge mainly decreased, while the dead wood stock slightly increased or decreased
depending on the climate change scenario and management strategy. Species distribution
was not influenced, due to the fact that the growth conditions under the climate change
scenarios were not completely unsuitable for pine or oak. Carbon sequestration in the
forest sector and wood product sector was increased under both climate change scenarios.

Table 1.7: Change of the decision criteria under the climate change scenarios ECHAM4 and
HadCM2 relative to the current climate scenario in % given separately for KL1199 and
KL2100 to KL6100.

Decision criteria ECHAM4 HadCM2
Range Range

KL1 Min Max KL1 Min Max
Carbon sequestration 31.4 12.1 17.3 33.3 21.9 27.4
Percolation -6.6 -6.5 -5.4 -1.7 -0.2 1.3
Dead wood -11.8 -1.3 1.8 -2.4 -1.8 3.5
Mean standing stock 49.4 15.5 20.4 27.1 18.1 24.9
NPV - 27.4 157.1 - 29.1 180.6

1.3.4 Multi-criteria analysis

Two different aspects were evaluated using the multi-criteria analysis technique: the im-
pact of stakeholder priorities and the impact of climate change on the overall utility and
ranking of management strategies.
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Influence of the priorities of different stakeholder groups

The stakeholder priority setting had the strongest influence on the overall utility of the
management strategies at the stand and management unit levels; the focus in this section
is on the management unit level. Although the priority setting of FM and FO were not
the same, both stakeholders have in common that the overall utility depended strongly
on the partial utility from timber production due to the high priority assigned to this
objective (to a higher degree for FO than for FM). This resulted in a similar ranking of
the management strategies (Figure [L.7p,b). Under KL5109 and KL61gg the highest overall
utilities were obtained. KL21y9 was ranked third due to the lower partial utility of income
from timber production relative to KL5199 and KL61g9 but this was partly offset by the
high utility the partial objective biodiversity achieved due to a more preferable species
distribution. The application of KL3199 and KL419y9 were less preferable for FM and FO.
KL11gp achieved the lowest utility. The higher partial utilities of carbon sequestration,
groundwater recharge, and biodiversity for KL11gg could not compensate for the loss in
income from timber production.

The main focus of EO was on a forest management scheme ensuring all forest functions
equally. For this priority profile, KL.2199 provided the highest utility under current climate
(0.60) due to higher partial utilities from biodiversity and carbon sequestration compared
to strategies KL31090 to KL61gp (Figure ) KL2199 was closely followed by KL11gp.
The higher partial utilities from carbon sequestration and biodiversity under KlL1igg,
compared to KL21g, were offset by the partial utility of income from timber production
under KL21g9. The ranking of the other management strategies was: KL5199 > KL61gg >
KL3100 > KL41¢g.

The overall utility at stand level for the pole pine and pole spruce stand was maximised
under the management strategies with the longest rotation period length, but different
thinning regimes.

Influence of climate scenarios

In general, both climate change scenarios (HadCM2 and ECHAM4) increased the overall
utility of the management strategies under all stakeholder priority profiles relative to the
current climate scenario (CRU), but the effect was stronger under the HadCM2 scenario.
The magnitude of the overall utility increase varied among the stakeholder profiles and
management strategies. KL3199 and KL41¢g benefited most through a stronger increase of
the partial utility of income from timber production than the other management strategies.
Under the HadCM2 scenario and the priorities of FM and FO respectively, the ranking
of KL31g9 and KL41g9 switched relative to CRU but the overall utilities were still very
close. The increase of the overall utility of KL2199, KL5199 and KL61gg was small under
the climate change and stakeholder scenarios. Under KL11¢g, the increase in the overall
utility was mainly due to a strong increase of carbon sequestration in the forest. Thus, the
influence of climate change on the overall utility of KL11qgg is the highest under the priority
setting of EO. This led to a change in ranking between KL11gg and KL2199 compared to
the results under the CRU scenario. While KL.2199 was the most preferable management
strategy under the CRU scenario, KL11g9 was the most preferable management strategy
under both climate change scenarios.
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Figure 1.7: Overall utility of stand treatment programs under current climate and the weight of
the partial utilities (Biod = biodiversity, Water = groundwater recharge, C seq =
carbon sequestration, and income for (a) a forest manager, (b) a forest owner, (c) an
environmental organisation.
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1.4 Discussion

1.4.1 Science-based stakeholder dialogue

The science-based stakeholder dialogue played a key role in this study and was an effec-
tive tool to derive essential information for the regional studies about forest management
objectives striven for by different stakeholder groups (Chapter 3 and Chapter 4). In par-
ticular, the workshop was found to be very constructive by the stakeholders as well as the
project partners. The dialogue helped to understand stakeholders’ concerns, problems, re-
strictions, and uncertainties in current forest management and forest management under
the aspect of a changing climate. Since stakeholder dialogues do not focus on achiev-
ing a representative sample of the population as public participation, they can provide
a wide range of different opinions on a specific topic (Stoll-Kleemann and Welp| 2006
Welp and Stoll-Kleemann|2006). Although the full diversity of stakeholders’ objectives
and priorities could not be investigated due to the absence of representatives from the
wood industry, water management, and tourism branch and possible bias induced by the
selection of representatives, the tentative assumptions about priority settings of different
stakeholder groups were supported by the workshop results. Only the ranking of forest
management objectives by the representatives of the environmental organisations was a
surprise. Having a forestry background, they considered timber production of equal im-
portance to other functions and did not put a stronger emphasis on conservation. Thus
the dialogue between the stakeholders was not as controversial as expected.

1.4.2 The impact of substituting non-wood products with wood prod-
ucts on carbon emissions and other ecological factors - a literature
review

With the review of current studies comparing the impact of wood products with similar
non-wood products on carbon emission during their life cycle, the estimation factor of
carbon emission reduction through material substitution of long-life wood products of
earlier studies by Burschel et al.| (1993) and |Schlamadinger and Marland, (1996|) could be
updated and additional positive effects added. Furthermore, it could be shown that under
the aspect of the climate protection function of material substitution it is of interest to
analyse their effect on the emission of additional GHGs because the positive effect was
increased even further. In addition to the studies reviewed in Chapter 5, other studies
were in qualitative agreement with the conclusion that wood products were, in most cases,
preferable in terms of reducing carbon dioxide and/or other GHG emissions relative to
their equivalent products (Ritsch|1991, Kunniger and Richter|1998, |[Forintek Canada Corp.
1999| |[Eyerer and Reinhardt|[2000, |Glover et al.| |2002| and some studies cited by |Petersen
and Solberg| 2005, Werner et al.| 2005, [Werner et al.| [2006]). But due to the fact that: (i)
most studies were not fully comparable because of different system boundaries of the life
cycle analysis and additional factors (see Chapter 5) and (ii) studies in application areas of
wood products such as furniture, exterior construction (e.g. bridges), and packing material
were missing, further substitution studies are needed to close the gap and to identify areas
of wood product use that are most suitable to reduce carbon and other GHG emissions.
An advanced analysis of the impact of material substitution on other ecological factors as
conducted by e.g. Richter et al.| (1996), Waltjen et al.| (1999) and Kunniger and Richter
(2001)) can prevent a one-sided focus on climate protection by identifying other areas where
the wood products may have disadvantages compared to their equivalent product.
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1.4.3 The impact of forest management and climate change on forest
functions

Given the scope of the study to evaluate the transient effects of management starting from a
forest with a given species and age class distribution, variations induced by another status
quo may add uncertainties to the evaluation of the different scenarios. Therefore, the
results discussed in the next three sections are valid within the study regions and further
generalisations have to be drawn carefully.

Comparing management strategies with timber harvest relative to the business as usual
in the Kleinsee case study showed that they all have advantages and disadvantages and
none of them can be preferred at first sight. An increase in income from timber production
was only possible through an increase of pine stands but this conflicted with the preferred
species composition, while the other criteria were influenced very little. In contrast, focus-
ing on oak stands increased biodiversity and positively influenced groundwater recharge
which will be increasingly more important if, in the future, precipitation decreases as pre-
dicted by some climate change scenarios. But these positive effects can only be achieved if
the forest owner accepts drastic financial penalties or if forest policy offers instruments to
compensate those losses, for example through financial incentives (new guidelines for the
private forest sector in Brandenburg are in preparation; MLUV (Ministerium fur Landliche
Entwicklung, Umwelt und Verbraucherschutz) 2007a, MLUV (Ministerium fiir Landliche
Entwicklung, Umwelt und Verbraucherschutz)| 2007c). The conversion to short rotation
pine management was the only management strategy showing no advantages. But under
changed assumptions that distribute more timber to the category of fuelwood and take
into account that the fuelwood prices have increased considerably relative to the prices
of other assortments since the first evaluation, the climate protection function and the
income from timber production under this scenario will be positively influenced. On the
other hand, this management strategy should not be applied at large scale under the cur-
rent forest guidelines, but it can increase forest structure diversity and product diversity
at the management unit level. The same holds true for the other management strate-
gies. Combining the strategies at spatial and temporal scales will most likely increase the
advantages and minimise the drawbacks.

The main effect of the climate change scenarios and increasing levels of COy was an in-
creased forest ecosystem productivity influencing the forest function carbon sequestration
and income from timber production which is in line with earlier studies (e.g. |Kelloméki
et al. 2000, [Kramer and Mohren|2001} Kellomaki et al.| 2005, [Lindner et al. 2005|). Neg-
ative effects - a decreasing percolation rate and amount of dead wood - were only small.
However, it must be stressed that precipitation scenarios in the east of Germany are sub-
ject to high uncertainties, with GCM scenarios including lower precipitation levels as in
the applied scenarios which may lead to growth reduction as reported by other studies
(Lasch et al. 2002 |Gerstengarbe et al. 2003} [Lindner et al.|2005). Furthermore, the fact
that the climate change scenarios do not predict climatic extreme events and thus losses
due to possible drought events, storms and a higher risk of pest outbreaks due to those
extreme events there is most likely an overestimation of the ecosystem productivity and
therefore carbon sequestration.
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1.4.4 Comprehensive analysis of carbon balance in forest and the wood
industry sector

Results of the Kleinsee study indicated that ceasing forest management in this forest
will exceed managed forests in terms of carbon storage in living and dead biomass for
a long time. The effect of carbon sequestration may be overestimated within 4C (Lasch
et al.[2005) and other studies predicted an advantage in terms of carbon sequestration
of unmanaged forest for a shorter time period (e.g. \Wirth et al.). However, the multiple
options within the wood industry sector to sequestrate carbon by additional carbon storage
in wood products and especially through the reduction of fossil fuel emissions by material
and energy substitution, compensated for the lower net accumulation in the forest and
could surpass the possibilities of non-managed forests. In addition, the reduction in carbon
emissions from fossil fuels due to energy substitution (which exceeded all other options to
sequestrate carbon or reduce carbon emission in the forest and the wood industry sector)
and material substitution did not represent a saturating sink as does carbon sequestration
in non-managed forests. Instead, it was permanently kept up with every consecutive
harvest along with the carbon stocks in the forest.

The evaluation of different forest management strategies led to the conclusion: a com-
bined consideration of carbon sequestration and substitution effects shows different rank-
ings of management strategies than the sole consideration (compare results of Chapter 4
and Chapter 5). The studies in Brandenburg and Germany showed that increased forest
harvest and, thereby a reduction in the forest biomass carbon pool compared to business
as usual can most likely be offset by the subsequent increase of carbon sequestration in
the wood industry sector and its substitution effects.

Overall, Germany’s forestry and the wood industry could considerably contribute to
the GHG reduction goal committed under the Kyoto Protocol if carbon sequestration
in forestry and carbon sequestration of the wood product industry plus substitution ef-
fects could be fully accounted under the Kyoto Protocol. Under all options, the use of
wood for energy production had the greatest potential to influence the GHG balance as
also was concluded by Sathre (2006). However, only the management induced changes in
carbon sequestration can be partly accounted for under the Kyoto Protocol and the di-
verse positive effects of harvested wood reducing carbon and GHG emission are not at all
favourably accounted for in the forest sector. In order to not favour a management option
that increases carbon sequestration in forestry but at the same time reduces the climate
protection function of the wood industry sector, policies are needed that provide measures
to investigate and quantify the best forest management strategy to sequestrate carbon in
forests and the wood industry sector and reduce carbon emissions by substitution effects at
the national scale. The forest growth model 4C and the WPM can serve as a tool to study
these effects at the stand and regional level. In contrast to other carbon accounting models
such as CO2FIX (Masera et al.[2003; [Schelhaas et al.2004), FULLCAM, and GORCAM
(Schlamadinger and Marland [1996)) that use empirical growth models and therefore are
not able to cope with environmental changes, the application of 4C offers the additional
possibility to investigate the impact of changing climatic conditions and increasing CO2
levels on carbon sequestration in the forest and the wood industry sector plus substitution
effects.
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1.4.5 Multi-criteria analysis

In this thesis, MCA provided an effective tool to support and evaluate the silvicultural de-
cision process in the search for the most preferable management strategy given a complex
set of management objectives, stakeholder interests, and management strategies. Alterna-
tive management strategies were compared on the basis of the overall utility. Similarities
and differences in the prioritising of a management strategy, the ranking, and the im-
pact of the single management objectives on the overall utility of the management were
evaluated. As expected, different management strategies were prioritised by the stake-
holders, but under the given conditions a compromise in forest management between the
stakeholder groups seems possible. Business as usual combines a high timber production,
carbon sequestration, and biodiversity and therefore was the most preferable management
alternative under the current climate scenario for EO, while FM and FO would have to
accept a small cut back since the management regimes with a higher income achieved a
slightly higher overall utility. One way to balance this trade-off for FM or FO could be an
adjustment payment for providing a higher biodiversity, increasing the NPV of the sim-
ulation period. Another option to meet the expectations of all stakeholder groups could
be a mix of different management strategies at the management unit level as is typical in
forest management practice.

1.5 Conclusion

This study provides an extensive model-based evaluation of the impact of forest manage-
ment strategies on different forest functions with the main focus on carbon sequestration
in forestry and the wood industry sector including material and energy substitution ef-
fects. The priority setting among the management strategies have been investigated for
three different stakeholder groups using current and future climate scenarios. The major
findings of this study are:

Research increasingly takes place in small interdisciplinary teams. The science-based
stakeholder dialogue offers a valuable extension of this practise by bringing together even
more specific and diverse knowledge, including a link to real life/ business in science and
an increasing acceptance and usability of research results for the stakeholders.

Single forest management objectives can be positively influenced by choosing adequate
management strategies. However, this entails a trade-off for other forest functions. To
increase advantages and decrease disadvantages of management on forest functions, dif-
ferent alternatives should be combined at local and temporal scales.

The use of wood products, instead of products made of other materials, offers in almost
all investigated application areas the possibility to reduce carbon emissions during their
life cycle. On average for each tonne of dry wood used in a wood product substituting a
non-wood product, 0.71 tonnes less of fossil carbon are emitted into to the atmosphere.
Including other GHGs, the climate protection effect of material substitution is even more
pronounced.

The main impact of climate change under the given climate change scenarios is an
increase in forest ecosystem productivity that positively influences carbon sequestration
and income. Negative impacts are only small; however, studies using other climate change
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scenarios indicate that ecosystem productivity could also decrease in Brandenburg in the
future.

The study indicates that for an overall evaluation of the impact of forest management
strategies on the climate protection function of forest ecosystems, a combined analysis of
the forest and the wood industry sector plus substitution effects is necessary. Under the
combined analysis non-managed forests are not further favoured over managed forest in
terms of climate protection.

The combination of process-based forest ecosystem models and MCA methods is an ef-
ficient tool to support planning and decision making of forest management under current
and climate change conditions.

Further Research

In the forests of the Federal State of Brandenburg, many of the predominant coniferous
(e.g. Scots pine) forests are currently being transformed into mixed forest stands (Miiller
2000)) with the aim to increase the portion of mixed stands from 11% to 41% (Rofl and
Miiller| 2006). Therefore, the simulation of growth and management of mixed stands
should be further developed and evaluated to provide a tool to investigate the effects of
conversion of monoculture stands to mixed stands on forest functions and to provide re-
sults to support the assumption that under many aspects mixed forests are preferable to
monoculture forests.

To further increase the accuracy of the simulated carbon sequestration in forests by 4C,
the processes in the soil carbon pool and the carbon sequestration in old stands should
be further developed due to uncertainties in these areas (Thiirig et al.|2007; Lasch et al.
2005). Additionally, the parameterisation of the WPM needs continual actualisation due
to changes in the timber flow in the wood industry sector, changing framing conditions
such as the energy mix, new scientific results on the still highly uncertain decay rates of
wood on landfills and the life span of wood products in use, and new results of life cycle
analysis of wood products and their equivalent products on carbon emission reduction.

Another point of interest is a comprehensive analysis on the overall effect of GHGs se-
questration plus substitution effects in the wood product sector. Studies by [Schwaiger and
Schlamadinger (1998)) and Dones et al.| (2003) indicate that the positive effect of energy
substitution will increase if additional GHGs are taken into consideration. The landfill
pool will act as a GHG source if methane emissions are considered in addition to carbon
sequestration (Kohlmaier et al. [2007).

Including substitution effects in the evaluation of the climate protection functions of
forest ecosystems and wood industry lead to a different ranking of the management strate-
gies. Subsequently, the effect of this change on the priority setting among management
strategies should be evaluated under current climate and changing climatic conditions
using the MCA method.
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1.6. THE AUTHOR’S CONTRIBUTION TO THE INDIVIDUAL PAPERS OF THIS THESIS

1.6 The author’s contribution to the individual papers of
this thesis

Paper 1 (Chapter 2) This paper is based on a discussion about experiences in sci-
entific stakeholder dialogues at the PIK that I had with Martin Welp and Anne C. de
la Vega-Leinert in 2003. I mainly contributed to the book section the experience with
stakeholders within the project SILVISTRAT.

Paper 2 (Chapter 3) For this paper I prepared and analysed the questioning of the
stakeholders about their objectives with regards to forest functions and the weighting of
the forest functions. I also prepared the input data needed for the MCA, contributed to
the design of the simulation runs, and to the analysis and interpretation of the results and
the discussion.

Paper 3 (Chapter 4) I prepared, analysed, and processed the forest inventory data for
this paper, designed and ran the experiments, adapted the MCA method for this research
question, and developed a code to run the MCA. Furthermore, I analysed and interpreted
the results and drafted several versions of this manuscript. Manfred Lexer contributed
to the development of the MCA and to the interpretation of their results. Petra Lasch
and Felicitas Suckow helped with the parameterisation of the soil data and management
options within 4C. Franz Badeck guided the whole process.

Paper 4 (Chapter 5) I prepared and conducted the literature search for parameters on
material and energy substitution, developed the modelling protocols, and did the relevant
coding within the WPM. I performed the simulations with 4C and the WPM, did the
post-processing and interpretation of the results. Helpful comments on methods, results
and discussion were contributed by all co-authors. The data of the EFISCEN simulation
and information about the model were provided by Hans Verkerk. I also drafted the sev-
eral versions of the manuscript.
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Chapter 2

Science-based stakeholder
dialogues in climate change
research

Martin Welg] Anne C. de la Vega-Leinert?} Susanne Stoll-KleemannP’] Cornelia Fiirstenau?

An edited verision is published as Welp, M., de la Vega-Leinert, A.C., Stoll-Kleemann, S.
and Firstenau, C. (2006) Science-based stakeholder dialogues in climate change research. In
Stoll-Kleemann, S. and Welp, M. (eds.) Stakeholder dialogues in natural resources management.
Springer-Verlag, Heidelberg. pp 213-240.

2.1 Introduction

Science-based stakeholder dialogues are structured communication processes linking sci-
entists with societal actors that are relevant for the research problem at hand. Rather
than being objects of research, the stakeholders are partners in dialogues, in which the
exchange of arguments is the distinguishing feature. The richness and relevance of such
dialogues usually increases if there is a safe space in which a broad range of view-points
can be freely expressed. Scientists have started to create forums which provide a plat-
form for such interaction and consciously seek dialogues by organising workshops or by
launching joint research projects. Science-based stakeholder dialogues can be regarded as a
distinct approach to knowledge creation, in which researchers actively seek to incorporate
non-scientific knowledge in the research process.

Different streams of literature implicitly or explicitly deal with science-based stake-
holder dialogues. Post-normal science, transdisciplinary research and ‘Mode 2’ knowledge
production are the most prominent approaches addressing the need for more stakeholder
involvement, each emphasising different aspects of dialogues. The concept of post-normal
science developed by Funtowicz and Ravetz| (1993)) can be characterised as science where
the traditional fact/value dichotomy can not be maintained. This line of literature is

!University of Applied Sciences Eberswalde, Germany
2Potsdam Institute for Climate Impact Research, Germany
3Humboldt University of Berlin, Germany
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therefore relevant for what will be outlined in this chapter. We speak of post-normal-
science when “facts are uncertain, values in dispute, stakes high and decisions are urgent”
Funtowicz and Ravetz| (1993). Under the conditions of ‘soft’ facts, hard value-related
decisions must be made. This requires the involvement of non-scientific knowledge. In
this context [Hage et al.| (2005)) see quality assurance as one of the major challenges of
post-normal science. To address this challenge [Funtowicz and Ravetz| suggest ‘extended
peer communities’, who “deploy ‘extended facts’ and take an active part in the solution of
their problems” [Ravetz| (1999). Participants of these ‘extended peer communities’ can be
all kind of stakeholders from the business, policy or NGO world. Each group can enrich
the research process with their local, environmental or sectoral knowledge.

In transdisciplinary research issues are addressed from more than one viewpoint simul-
taneously (Pohl 2005). To solve complex problems, such as biodiversity loss or climate
change a traditional disciplinary approach is not enough. But the line of argumentation
goes beyond this: besides different disciplines researching together, research needs to take
into account the knowledge outside the scientific sphere. Research will be socially relevant
only if the traditional ways knowledge is produced and organised change. One line of
interdisciplinary research for example concerns the collaboration between research insti-
tutes and industry/the private sector - an issue which is of high relevance for science-based
stakeholder dialogues.

Mode 2 knowledge production described by (Gibbons et al.| (1994) also emphasises trans-
disciplinarity. The authors observe a shift in those organisations that produce knowledge
away from established institutions towards more heterogeneity and reflexivity. Mode 2
knowledge production implies that dialogues play an increasingly important role in crit-
ically scrutinising arguments presented by different organisations. A common nominator
for the three above-mentioned lines of literature is viewing research as a process of mutual
learning. Science-based stakeholder dialogues are part of the practices that have been
described as transdisciplinarity, Mode 2 knowledge production or post-normal science.

From the scientists’ point of view relevant stakeholders in a research process may include
representatives of the private sector, NGOs, governments, citizen groups or lay persons
(Welp et al.|2006). The main difference between using traditional social science approaches
(such as interviews or questionnaires) and facilitating science-based stakeholder dialogues
is that the latter fosters participatory and collaborative research and promotes mutual
learning between all actors involved.

The objectives of science-based stakeholder dialogues may include some of the following:
identifying socially relevant research questions, providing a ‘reality check’, incorporating
ethical and value considerations in assessments, and accessing stakeholders’ knowledge.

A research process should ideally include several iterations of dialogues, which take
place over a long period of time. Different stages may have different objectives. Cycles of
stakeholder dialogues may start with identifying relevant research questions and move on
to phases of consultation, developing models, reviewing and modifying these models and
coming to new conclusions.

There are few recipes to guarantee a successful stakeholder dialogue. The degree of
stakeholder involvement, its timing and iteration, and the methods to collect and analyse
knowledge uncovered and produced during dialogues are critical aspects to consider. Each
research project is designed and run according to its specific research objectives, partici-
pants, available resources, etc. Science-based stakeholder dialogues are as diverse as the
research questions they explore. Each dialogue is thus a unique process, which will yield
unique results. This uniqueness however does not mean that valuable scientific insights
and useable qualitative and quantitative knowledge cannot be systematically produced,
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discussed and tested in stakeholder dialogues. On the contrary, the authors strongly be-
lieve that such dialogues substantially increase the social relevance of research and improve
the quality of results, provided they are adequately thought out and conducted.

Participation in decision-making has been hailed as one of the pillars of sustainable
development and integrated resources management. It has thus been advocated as a
means to improve the relevance, legitimacy and implementation of decisions taken, as
well as the credibility and accountability of decision makers with regard to civil society.
The same principles are increasingly applied to climate change research, which is to a
large extent funded by tax-payers via government bodies under the understanding that
science has a role to play in informing and guiding society along the path of sustainability
transition.

The present paper reflects on stakeholder dialogues and experiences made at the Pots-
dam Institute for Climate Impact Research (PIK, GermanyED. PIK conducts integrated
assessment projects in the field of adaptation and mitigation of climate change. Most
projects have a strong focus on computer modelling of global change, on its potential
impacts and possible adaptation. We have selected three initiatives and projects with a
particularly strong stakeholder component for further analysis.

In more general terms this paper explores how science-based stakeholder dialogue can
play an important role in the generation of knowledge and what the relevance of such
dialogues is for the wider society. To this end two objectives are set. First, key aspects
relevant to stakeholder dialogues are discussed in the light of the examples and lessons
are drawn from an evaluation of PIK’s stakeholder experience. Second, theoretical consid-
erations introduced in [Welp and Stoll-Kleemann| (2006) and extended in Stoll-Kleemann
and Welp (2006)are revisited in the light of the practice in science-stakeholder dialogues
commented below.

2.2 Stakeholder dialogues in climate change research

2.2.1 Experiences at PIK

PIK has in the last decade played a significant role in climate change research, partic-
ularly in model-based integrated assessment studies. It has sought to develop a holistic
approach for climate change and climate impact studies, with horizontal integration (via
interdisciplinary staff and projects), and vertical integration (via the consideration of all
major research aspects from problem formulation to recommendations to policy-makers).
At the core of PIK’s mission is the wish to produce meaningful insights and to encourage
a transition to sustainability.

PIK’s mission, research focus and structure have constituted a suitable environment
within which science-based stakeholder dialogues have found a natural place. The authors
of the present paper have all been involved in innovative participatory environmental
research, in particular via stakeholder dialogues. The dialogue initiatives considered here
range from the creation of platforms for dialogues, such as associations and forums, to
individual projects funded by different sources (EU, national research funding, private
companies).

The three selected examples are the European Climate Forum (ECF)EL ATEAMEL and

!See the PIK web site: www.pik-potsdam.de

2See the ECF web site: www.european-climate-forum.net

3The full name of the project is Advanced Terrestrial Ecosystem Assessment and Modeling, Project
number: EVK2-2000-00075, funded by the 5th Framework Programme of the European Commission un-
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SilViStratﬁ (see Table . ECF is a platform for the exchange of arguments regarding
long-term climate policy and other controversial issues related to climate mitigation and
adaptation. ATEAM (2001-2003) was concerned with ecosystem service provision and
European vulnerability to global change and SilviStrat (2001-2004) with local forest man-
agement responses to global change (in the state of Brandenburg, Germany). The above
examples are representative of the diversity of stakeholder initiatives at PIK (for further
examples see de la Vega-Leinert et al. 2006, in review). While ECF is consolidating a
long-term stakeholder process, ATEAM and many other projects run over 3-5 years only.
While the research agenda in ECF is responsive to stakeholders’ expectations, ATEAM
and SilviStrat are product-oriented projects which thus have a well-set agenda defined to
a large extent at the project proposal stage.

The stakeholders involved in PIK’s stakeholder activities have been diverse, ranging
from interested individuals to international corporations. Creating bridges for long-term
collaboration between scientists and stakeholders requires intensive attention. Researchers
need to be aware that stakeholders may become weary of being approached repeatedly for
different activities. To avoid overlaps a PIK stakeholder database was created. This im-
proved communication with various stakeholder groups and facilitated synergies between
different projects. In the following the objectives, main issues and involved stakeholders
of each case are described.

2.2.2 European Climate Forum (ECF)

The European Climate Forum (ECF) is a non-profit organisation established in 2001 by
seven leading research institutions in the field of climate research, energy research and
integrated assessment as well as diverse members, which include traditional and renew-
able energy industries and companies, major energy users, insurance and finance, policy-
makers, environmental NGOs, and scientists. Strategic decisions are made in monthly
telephone conferences of the board, which includes both scientists and stakeholders.

ECF provides a platform for discussions on controversial climate change issues. The
objectives of stakeholder dialogues have ranged from identifying new research questions to
combining ethical and factual arguments and accessing stakeholders’ local knowledge with
respect to impacts of climate change. ECF has focused on issues, for which there exists at
present strong disagreement and controversy. Examples of such controversial issues include
carbon capturing and storage (CCS), long-term climate policies (Hasselmann et al.[|2003),
the role of biofuels in the transport sector (ECF (European Climate Forum) 2003), and the
question “What is dangerous climate Change?”EI (ECF (European Climate Forum) |2004]).
Such questions have typically been discussed in the annual ECF events or a thematic
workshop.

A further way of cooperating with stakeholders is to initiate and carry out joint studies.
An example of close collaboration between researchers and stakeholders was a project on

der the topic “Energy, Environment and Sustainable Development”. See the web site: http://www.pik-
potsdam.de/ateam/

4The full name of the project is Silvicultural Response Strategies to Climate Change in Management
of European Forests. See the web site: http://www.efi.fi/projects/silvistrat/

% According to the UN Framework Convention on Climate Change the ultimate objective of climate
policy is to “stabilise greenhouse gas concentrations in the atmosphere at a level that would prevent
dangerous anthropogenic interference with the climate system”. There is however no agreement what
warming levels qualify as dangerous according to this piece of international law. Some stakeholders consider
the already observed changes of 0.8°Celsius above pre-industrial levels as dangerous, while others suggest
that a 2 °Celsius increase in global mean temperature over a long period of time would have dangerous
impacts on ecosystems and human livelihoods (ECF (European Climate Forum) [2004).
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videoconferencing with the Deutsche Telekom. The project, which was carried out jointly
by PIK and the Deutsche Telekom AG under the umbrella of ECF assessed the potentials
of information and communication technologies (ICT) to contribute to a more sustain-
able development of the transport sector. The focus was on the potential of substituting
business travel by using video- or teleconferencing (Runge and Reusswig|2004]).

Stakeholders who are involved in ECF activities include the founding members, members
who have joined the forum later and invited guests. The stakeholders typically include
representatives from corporations and companies operating in sectors such as insurance,
car manufacturing, and energy. Also small and medium-sized enterprises (SMEs) and
non-governmental organisations (NGOs) such as WWF are involved.

Since the involved individuals and institutions have very different perceptions on the
climate change problem, there are differences in the preferred course of action to mitigate
and to adapt to climate change. The members have different areas of competence too.
For example some have technical know-how, others are strong in economic analysis, while
others have data which is of high relevance for integrated assessment studies. These
particular competencies combined with the richness of perspectives make the dialogues
attractive for both researchers and stakeholders.

The selection of participants has been based on personal contacts rather than on a
systematic approach. The group of potential participants to be approached for specific
events depends on the issues to be discussed. For example, for the event focusing on bio-
fuels in road transport both energy suppliers, energy distributors and policy-makers were
taken into account. The involved NGOs were mainly environmental organisations. Other
groups representing sections of civil society, such as consumer and car drivers’ associations
are interesting as potential future members. It should be noted that policy-makers have
been invited to ECF events as guests. Membership is not open to political or government
organisations. This is a conscious choice and reflects the view that ECF should be in-
dependent from political bodies. Some argue that funding from private businesses may
corrode scientific independence as well. Experience has however shown that in such fund-
ing arrangements scientific freedom has not been more limited than with public funding
sources, in particular since NGOs play a balancing role in the dialogues.

2.2.3 ATEAM

ATEAM was a large interdisciplinary (> 60 scientists) project funded under the 5th EU
Framework Programme (Schroter et al.|2005). Its focus was on ecosystem modelling and
vulnerability assessment to global change at European scale. The research in ATEAM
was not stakeholder-centred, in that it was neither initiated nor run in close collabora-
tion with stakeholders. However, the research process and content throughout the project
continuously focused on producing results which could be of use to the stakeholder com-
munity targeted by ATEAM. Stakeholders could significantly influence, but not funda-
mentally change the research work plan, the modelling framework or methodologies devel-
oped within the project without stakeholder consultation. The direct role of stakeholders
within the project was punctual, mostly feedback orientated, and focused on evaluating
specific modelling components as well as the overall scientific results. Stakeholders were
involved at key points during the research process, in between which scientists improved
and tested their models with consideration of stakeholders’ suggestions. The research
agenda in ATEAM was further centred on top-down quantification in a natural science
context, rather than exploratory bottom-up qualitative research, as for example in the
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scenario development part of the Millennium Ecosystem Assessmenﬂ It was comparable
in its aims and process to the dialogue developed within the Delft process (van Daalen
et al.||1996)).

The goals of the ATEAM stakeholder dialogues were manifold. In particular the project
aimed at: 1) opening up the ecological modelling world to a wider audience, 2) foster-
ing greater knowledge integration through inter- and transdisciplinarity, 3) learning from
stakeholders what scientific information is meaningful for natural resource managers and
decision-makers, 4) improving and evaluating ecosystem service modelling and vulnerabil-
ity assessment, and 5) raising awareness on global change issues.

The issues ATEAM focused on were: 1) improving modelling of ecosystem service pro-
vision under global change, 2) developing a multi-scenario approach (including climate,
nitrogen and land use scenarios), 3) producing a preliminary aggregated indicator for adap-
tive capacity at sub-national level, and 4) combining the above elements innovatively to
produce maps of European vulnerability to global change over 4 time slices till 2100. These
maps, as well as their interpretation were ATEAM’s main deliverables. ATEAM'’s strong
points were thus: its state-of-the-art natural science and terrestrial ecological modelling,
for which it has obtained high scientific recognition and credibility, and its willingness to
create bridges of collaboration and meaning to social sciences modelling and to a wide
range of stakeholders.

ATEAM’s stakeholders included public and private sector consultancies (e.g. DHI Wa-
ter and Environment or Associazione Cultura Turismo Ambiente), sectoral representatives
(e.g. cereal growers, paper-agro industries), private businesses (e.g. land and forest own-
ers), public organisations which act as advisers (e.g. European Environmental Agency),
managers (e.g. forest, water and or natural park management), non governmental or-
ganisations (e.g. Royal Society for the Protection of Birds), independent umbrella or-
ganisations (e.g. Comité International pour la Protection des Alpes) and other scientific
institutions not involved in the ATEAM consortium.

ATEAM aimed at developing participative methods and activities, and to obtain feed-
back to improve the usability of its model outputs. It was thus important to collaborate
with stakeholders who understood sectoral as well as scientific issues related to global
change. Stakeholders’ scientific affinity and competence eased the discussion with ATEAM
scientists, who especially at the beginning of the project were relatively inexperienced with,
and critical of, the dialogue concept. Often stakeholders had different hats (e.g. private
sector consultant and academic), and participated as individuals, rather than official rep-
resentatives of specific organisations. Initially stakeholders from personal networks were
invited. Then a matrix was designed with relevant sectors vs. geographical focuses/scales
and organisation type. The aim was to systematically produce a sample/database of stake-
holders to contact and hopefully involve during the course of the project. Few stakeholders
with a purely local focus (e.g. regional nature park managers) were approached since the
project was producing limited meaningful results at this scale.

Despite the participation of many stakeholders who represented private sector activi-
ties, ATEAM did not sample comprehensively purely commercial interests. ATEAM often
targeted environmental managers and consultants who had a green bias, despite keeping
in mind at all times the requirements for sectoral competition and market viability. They
provided a fresh, albeit controversial (from the point of view of ATEAM scientists) view
of the realities of many businesses. Noticeably absent from the spectrum of ATEAM
participants were representatives from the transport or financial/insurance sectors, farm-

5See: www.millenniumassessment.org.
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ers, consumer and/or citizen associations, or downstream manufacturing or distributing
activities such as the agro-chemical industry and food processing (except for paper, and
energy and water distribution). Contacts were made to fill some of these gaps (e.g. IKEA,
Gerling Reinsurance, local farmer(s) and national farmer’s association). Non-attendance
was then mostly due to the lack of relevance of ATEAM'’s results for specific commercial
activities, of time, or of remuneration (i.e. the project could not cover all expenses, e.g.
consultants’ fees).

2.2.4 SilviStrat

SilviStrat was also an EU 5th Framework Programme funded research project with 7
partners spread over the different forest regions in Europe from the Mediterranean to
the Boreal region. The main focus of the project was to investigate adaptive management
strategies to enhance carbon sequestration in European forests and to find ways to mitigate
adverse impacts of global climate change. The assessment at a scale of forest management
units (Badeck et al.|2005) was based on simulations performed with two forest growth
models, 4C (Lasch et al.2002) and FINNFOR (Kellomaki et al. [1993). Furthermore a
wood product model (Eggers||2002) was used to calculate/simulate the fate of carbon
in wood products and landfills. The stakeholder dialogue was part of a subproject - a
regional study, which evaluated the effects of forest management on forest functions in
Brandenburg, Germany.

The overall objective of the stakeholder dialogues within SilviStrat was to investigate
forest management objectives and management preferences assigned by single stakeholders.
A further objective was to present first relevant findings about the impact of management
and climate change on carbon storage and timber production. The effects of global climate
change to forest ecosystems and their functions, and the awareness to and relevance of
these impacts were discussed and possibilities to react to changes were compiled. The
workshop had the aim to bring together scientists and stakeholders to exchange knowledge
and experience, discuss the problems of climate change for the forestry sector and define
new research questions.

SilviStrat analysed direct and indirect impacts of present forest management operations
and climate on carbon sequestration, timber production, biodiversity, and groundwater
recharge in European forests. The aim was to develop a better understanding of how
management could be improved to maintain sustainable forest production and increase
carbon sequestration capacity, and sustain multi-functionality of forest ecosystems under
current and changing climate conditions. Additionally, costs and benefits of adaptive
management strategies were assessed at the management unit level. In representative
management units of major east German forest types the impact of forest operations were
simulated with the goal of increasing carbon sequestration, maintaining sustainable forest
production and other forest functions under changing climatic conditions. Furthermore
the impact of forest management on reduction of drought risk and the potential of forest
management for carbon sequestration and mitigation of climate-change-induced impacts
was estimated at the European scale.

SilviStrat focused on local stakeholders using goods and services provided by forest
ecosystems or managing forest ecosystems, including private forest owners, local environ-
mental organisations, federal forest services (from local forester to higher administrative
levels), the wood industry, scientists as well as representatives of forest-related business
sectors (water management, tourism).
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CHAPTER 2. STAKEHOLDER DIALOGUES

The regional study within SilviStrat tried to involve mainly representatives of stake-
holder groups closely related to forest ecosystems, such as forest managers and businesses,
which directly or indirectly market forest products (timber and non-timber products).
Excluded were the local population, tourists and policy-makers. The focus was on lo-
cal stakeholders who were from the region covered by the study area, as well as regional
representatives of national or international organisations and scientists. The selection of
potential participants was partly based on personal contacts and partly on a systematic
approach. Not all invited groups were represented in the workshop and questionnaires due
to lack of relevance of the research topic or time. To secure a larger, more representative
group, stakeholders from outside Brandenburg were asked to participate. Nevertheless,
some gaps still remained.

2.3 Methods applied in the dialogues

Methods used in stakeholder dialogues need to be tailored so that they fit the objectives.
Two kinds of tools for stakeholder dialogues can be distinguished: tools for facilitating
communication (communication tools) and tools for formalising actors’ mental models,
assessments, etc. (analytical tools) (Welp and Stoll-Kleemann| 2006). Analytical tools
can be applied to complement and support communication tools. Approaches such as
Bayesian Belief Networks can be used to formalise stakeholders’ assessments (Welp et al.
2006)). Structuring and framing the research problem at hand can benefit from conducting
group model building exercises (Vennix|1999)) or by eliciting mental models of stakeholders
(Morgan et al.|2002), or by combining both methods.

Workshops, brainstorming sessions, and regular teleconferences have been used by ECF
in a search for new socially relevant and intellectually challenging research questions.
Various controversial themes, such as the potential of biofuels in the transport sector, have
been discussed in some technical and economic detail and documented in proceedings.
A way to approach the broad public and experts in the academic, NGO and business
world has been to draft discussion papers. Such papers, for example on long-term climate
policies, have been published in refereed journals while press releases targeted the general
public (Hasselmann et al.[[2003|). The writing of such discussion papers in small writing
teams has provided an opportunity for mutual learning. For example, the ECF discussion
paper “The Challenge of Long-Term Climate Change” was drafted by a group which was
formed at the annual ECF conference 2002. This paper did however not represent an ECF
consensus view, since the forum does not endorse specific views expressed by its members.

ECF has promoted and been closely involved in the development of communication
tools, most notably of climate computer and board games. A computer game for two
players was launched in November 2002 at a climate exhibition in the ‘Deutsches Mu-
seum’, Munich. In the game, players control future climate policy by adopting the role of
either the government, a Chief Executive Officer of a global company or a typical private
household from an industrialised country. The players endeavour to maintain a sustain-
able climate in the future while pursuing their own individual welfare goals. According to
a survey among visitors to the Museum, the game was evaluated as being interesting and
fun to play. Usually visitors played the game for 15 minutes.

Finally the internet has also been one important communication tool: documents, soft-
ware and a climate game have been made available to interested people around the world.
Email circulars have been effective in informing members of new events, publications or
opportunities for cooperation. The public outreach activities of ECF have included besides
discussion papers (Hasselmann et al.|2003) also press releases.
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A board game (Winds of Change) was developed in close collaboration with the Munich
Reinsurance Company. This game depicts challenges in technological learning, investments
and keeping climate warming beyond dangerous levels and has been applied with stake-
holders from the business world as well as students. ECF also supported the development
of a further board game (Keep Cool), where players play a decision-maker of a region
(such as Europe, USA, developing countries, etc.). The ECF family of climate gamesﬂ
thus comprises at the moment one computer game and two board games, which can be
used in fostering team learning on climate change.

Within ATEAM, networking and contacting stakeholders has been a major activity
throughout the project. Communication and dissemination material included flyers that
have been produced in different languages, posters, executive summaries and full reports
of meetings, a Webpageﬂ and facilitation/moderation during events. Activities included
stakeholder workshops, questionnaires and interviews. The main dialogue focus of ATEAM
has been in presenting its research, obtaining feedback from stakeholders, and seeking ways
of accommodating stakeholders’ suggestions within the pre-defined ATEAM framework.
The specific objectives of each event were shaped to evaluate the progress of the research
either in plenary or in dedicated sectoral working groups. Additionally stakeholder ques-
tionnaires and interviews of ATEAM scientists were carried out as part of the evaluation
of the dialogue’s outcome. Finally, independent observers participated in each general
stakeholder meeting and provided the stakeholder dialogue coordination team with criti-
cal feedback, which helps to improve the following events.

Half way into the project it became clear that a digital compilation of the project’s most
salient results would be a useful communication tool for interested stakeholders. This led to
the development of the ATEAM Atlas of European Vulnerabilityﬂ (Metzger et al.| 2004/ and
http://www.pik-potsdam.de/ateam/). The tool allows users to select indicators of impact
and vulnerability, using the socio-economic, climate and land use scenarios they are most
interested in. The maps are placed in a fact sheet, which provides succinct information
on the models and scenarios used, the main assumptions made, the indicators themselves
and additional references. Whenever aggregated or relative indicators are shown, users can
decompose the results into their components or choose to view absolute data. Furthermore,
users can perform simple queries, as well as focus in on specific environmental regions or
countries. During final dialogue activities, stakeholders viewed early versions of the tool
and commented on ways to improve it.

The SilviStrat project used a combination of communication and analytical tools. A
workshop was organised in cooperation between PIK and the Landesforstanstalt Eber-
swalde (Brandenburg) to identify forest management objectives and the preferences of
23 stakeholders. The workshop started with a brainstorming session in which important
forest functions were identified. Later on the group elaborated these main functions. The
relevance of different forest management objectives was evaluated with the help of a ques-
tionnaire, which each stakeholder was asked to fill in. A summary of the presentations,
discussion and findings of the workshop was sent to all interested parties. Stakeholders
who could not participate in the event were also asked to fill in the questionnaire.

Forest management objectives and preferences of stakeholders were investigated using

"Further information about the ECF family of climate games can be found on the web site:
www.european-climate-forum.net/games

8Some of this material is available at: //www.pik-potsdam.de/ateam/stakeholderweb/ateam_ stake-
holder_material.html

9The ATEAM Atlas of European Vulnerability is available to download at:  www.pik-
potsdam.de/ateam/
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Saaty’s Analytical Hierarchy Process (AHP) and Saaty’s eigenvalue method (Saaty|(1990).
The AHP is a mathematical method for analysing multi-criteria problems. The forest
management objectives are ranked by pair-wise comparisons where stakeholders have the
option to express their preference between two functions on a rating scale from equally
important to absolute priority. The ratings are arranged in a symmetric matrix and
the local priorities of the elements in the matrix are calculated by the normalised right
eigenvector. The expected utility of alternative management options was calculated by
means of a multi-criteria analysis method based on an additive utility theory (Kangas and
Kangas|2002; Lexer|2000), which incorporated results from the stakeholder dialogue. The
potential success of simulated forest management plans were analysed and trade-off effects
between conflicting objectives were discussed.

The three examples thus applied very different tools ranging from games to computer
models. The originality of SilviStrat’s and ATEAM’s stakeholder dialogue exercises was
that the results derived from the dialogue were directly used in model development. SilviS-
trat used multi-criteria analysis to reflect with stakeholders on management alternatives
in the forest sector. ATEAM developed innovative land use scenarios and an interactive
interface for integration of its main results: the ATEAM mapping tool and Vulnerability
Atlas (Metzger et al.[2004)). ECF created different communication tools including board
and computer climate games. All projects developed diverse and lively stakeholder net-
works and created situations in which stakeholders were confronted with state-of-the-art
science on climate change.

2.4 Reflections

2.4.1 How can we evaluate science-based stakeholder dialogues?

What are adequate and useful evaluation criteria for science-based stakeholder dialogues?
Oels| (2006]) gave an overview of some approaches to evaluation. In the following we will
expand on this and focus on criteria that are especially relevant for science-based dialogues.
Criteria that can be used for other participatory processes, such as city or road planning,
do not necessarily apply to scientific dialogues. The main reason for this is that in planning
and decision-making a consensus or clear majority view regarding a decision or action is
striven for. In scientific dialogues on the other hand, a consensus view may emerge, but
it is not the primary aim. Disagreement may prevail, as it often does, and shape future
research. Nevertheless, evaluating stakeholder processes faces similar difficulties as when
evaluating other participatory processes.

Evaluation of science-based stakeholder dialogues helps to adjust the course of the exer-
cise and improve it gradually. There are few papers exploring the theoretical underpinning
and practical steps of evaluating science-based stakeholder dialogues. However, relevant
literature can be found in adjacent areas of evaluation, such as critical theory (Webler
1995), risk communication (Rowe and Frewer 2000), public participation (e.g. Webler
1995, Rowe and Frewer||2000) and democratic theory (Fiorino/1990)). A distinction can be
made between evaluations conducted by outsiders and participatory evaluations. While
outsider evaluations are said to be independent and less biased it is important to have, in
addition, evaluations from the participants themselves. The latter is viewed as credible
and useful because the diverse needs of participants are more likely to be fulfilled (Chess
2000)).

Important criteria to evaluate stakeholder dialogues are accountability, performance
and direction (Abrams et al.2003)). Accountability means that scientists are accountable
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to the invited stakeholders and focus on transparency (free flow and access to all relevant
information). Performance includes responsiveness to stakeholder concerns, effectiveness
and efficiency (making the best use of resources) as well as using adaptive approaches.
Direction finally focuses on strategic vision and effective leadership (how new ideas are
generated and innovative processes to address and resolve difficult issues launched) as well
as the use of collaborative learning in various forums.

A main distinction can be made on the object of the evaluation. This can explore how
stakeholder dialogues take place (process evaluation) or assess the results themselves (out-
come evaluation). Both can be performed during and/or after stakeholder dialogue efforts.
It is useful anyway to reach consensus between the participants in advance on which goals
to evaluate. For science-based stakeholder dialogues outcome-related evaluation is likely
to be the most relevant one (e.g. was a stakeholder dialogue beneficial in identifying faults
and gaps in the research strategy?). The output of the stakeholder dialogue should have a
genuine impact on the research carried out (criterion of influence). One danger of science-
based stakeholder dialogues is that some projects often only want to fulfil the conditions
of research funding agencies, which increasingly require stakeholder dialogues as compo-
nents of research projects without there being any intent of considering the knowledge of
stakeholders formulated in the science-based dialogue. One approach that might lead to
fulfilling this criterion is to ensure that there is a clear acceptance from all participants
beforehand as to how the output will be used and how it might direct research. A more
process related criterion is that of transparency. It means that the stakeholder dialogue
should be transparent so that the stakeholders can see what is going on and how they
influence the research process. The nature and scope of the stakeholder dialogues should
thus be clearly defined. It is important to ensure that there is reflection regarding the
scope of a stakeholder dialogue and its expected output. The effectiveness of a procedure,
as well as its credibility, is likely to be influenced by any dispute caused through misun-
derstandings. Documenting the process of reaching a shared view (as well as the outcome)
will increase transparency, and hence the credibility of the exercise. Furthermore it will
increase the efficiency of the process.

2.4.2 Achievements

ECF has consolidated a rich and dynamic network of stakeholders. The main difference
to other networks, such as the MIT Energy Modelling Forum, PEW Foundation, Climate
Strategies (RIIA) and the Electric Power Research Institute (EPPRI), is the focus on
joint studies and exchange of arguments among members with very different interests.
In contrast to the ATEAM and Silvistrat projects which lasted only some years, the
ECF was created as a permanent structure. ECF has for example positively contributed
to structuring the debate on “What is dangerous climate change?”” As a result of an
international symposium in Beijing scientists and stakeholders came to the conclusion
that a 2°Celsius increase in global mean temperature over a long period of time would
be dangerous for ecosystems and humans (ECF (European Climate Forum) 2004)). This
message was conveyed and well received at a side event of the United Nations Framework
Convention 10th Conference of Parties in Buenos Aires, Argentina. The development of
climate games has been an activity that has given ECF public visibility. Games can be
used as communication tools to engage people in thinking about and discussing climate
change in an entertaining way. Coupled climate-economy models have served as a point of
reference for game development, in particular in the development of the computer game.

ATEAM’s achievements through stakeholder involvement are significant. Firstly, a
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group of leading natural science modellers opened up to stakeholder interactions and
more generally to the need of integrating social sciences in ecosystem modelling. The
stakeholder participation has in itself been a powerful driver for more interdisciplinar-
ity and a continuous help to focus and prioritise research efforts and resources to better
address stakeholders’ needs. Secondly, scientists were instead led to question the ba-
sic assumptions, methodologies and indicators used in their scenarios and models, the
meaningfulness of the models themselves and of their results (incl. specific temporal and
geographical scales) for stakeholders. Thirdly, efforts were mobilised to address stake-
holders’ suggestions when time and resources allowed this. For example additional case
studies were carried out, the focus of one PhD thesis was significantly changed and spe-
cific modelling indicators were adapted to better suit issues raised by stakeholders. When
stakeholders’ recommendations could not be catered for within the scope and time-horizon
of the project, they contributed to drawing a future research agenda, which fed ongoing
research. That the ATEAM modelling and assessment approaches achieve clear scientific
credibility was critical for stakeholders, who also placed a high value on the transparency
of the methods used for aggregation and integration of the results. This has influenced
vastly the ATEAM research work plan. Indeed this led to the development of innovative
analytical and communication tools to promote better understanding of potential global
change impacts on ecosystem service provision. In particular, the integrated vulnerability
mapping methodology and mapping tool, as well as the concept of summary map informa-
tion sheets were designed to address this very need. Consequently, scientists participating
in the process have gained a more open attitude to participatory research since they have
had direct, positive experience that this can be stimulating and fruitful, despite being
resource and time consuming (see |de la Vega-Leinert et al., in review for a more detailed
evaluation of the ATEAM stakeholder dialogue).

In the SilviStrat project stakeholders played a key role in the research process. The
results of the stakeholder dialogue were essential in particular for the regional study within
SilviStrat. The multi-criteria analysis method that was applied in the study of forest
management needed the inputs of stakeholders. These rankings were in past research
projects provided by scientists/experts rather than by professionals in the forest sector.
Stakeholders’ assessments have now been integrated into the process and therefore the
study is more closely linked to local knowledge on the management level. The dialogue
helped to understand stakeholders’ concerns, problems, restrictions and uncertainties in
current forest management and under the aspect of changing climate. The project results
provided an overview of differences and similarities of stakeholder interests in relation
to forest ecosystem management. Stakeholders identified new research questions during
the research process. These were collected and either addressed in the ongoing SilviStrat
project, or if this was not feasible, used in drafts of future research projects.

By and large PIK has established itself as an institute which is interested in, and
has gained the capacity to conduct stakeholder dialogues, which are of interest for both
scientists and people outside the scientific community. It is also important to note that
PIK is performing this together with other European and international research institutes.
Since the time stakeholders can dedicate to such activities is limited, a coordinated effort
among researchers and research institutes creates synergies and increases the efficiency of
such dialogues.
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2.4.3 Dealing with different expectations

Stakeholders may have different views on what the objectives and outcomes of a dialogue
may be. It is important to reflect on the expectations and to develop a shared view on
what stakeholders and scientists may gain by engaging in the time-consuming effort of
stakeholder dialogues. Reflecting on these expectations should be part of the evaluation
scheme of scientific stakeholder dialogues.

Within ECF the agenda is set jointly by scientists and stakeholders. Joint studies can be
created flexibly if the provided resources are available. In other types of research projects
the possibility to change research strategies is more limited since they are funded projects,
which have an agreed research programme and products to deliver to the funding agencies.
Thus for example ATEAM and SilviStrat have made successful and useful incursions into
participatory integrated assessments. Although the full diversity of stakeholders’ needs
and preferences could not be catered for, flexibility and adaptation has been developed
to explore new research directions when stakeholders’ suggestions suited the interests,
expertise and willingness of the involved scientists.

Although stakeholders’ and scientists’ interests sometimes differ, strong efforts have
been made to listen carefully to, and accommodate the expectations and research needs
of stakeholders. Within ECF new research areas have been intensively searched for and
debated. Research projects were mostly easily agreed upon and initiated (e.g. project
on the role of telecommunication in COg reduction). However in one instance a proposed
project on carbon capturing and sequestration (CSS) was subject to heavy debate. Some
stakeholders considered carbon sequestration as an unacceptable technical fix, and were
strictly against such a project and considered the issues as a no-go area. Others saw it as a
potentially low cost technology for climate mitigation. Embedded in a broader assessment
of technological options, carbon capturing and storage were eventually accepted for a
project proposal. The framing of the research question is thus of great importance: many
climate-related issues can be framed either as narrow technological questions which put
aside for example the question of societal acceptability, or as a broader set of social-
scientific and natural-scientific sub-questions.

Researchers are not always ready to engage in dialogues with stakeholders. Dialogues
in natural sciences are a very recent development and many natural scientists have hardly
dealt with dialogue methods (which have more affinities to social sciences). At the be-
ginning of the ATEAM project, some scientists in the consortium were uneasy about the
decision to engage in dialogue activities. The project had chosen to step out of the known
paths of fundamental ecological modelling research and there was some uncertainty on
whether this was a valid choice from the scientific point of view, and on how to perform
this well. In the peer community some viewed this initiative ‘at best’ as a marketing
trick to attract funding or ‘at worst’ as a ‘non scientific’ goal, which would discredit the
project’s overall scientific credibility. The project leadership thus took a significant risk
and had to dedicate much time to convincing some project members and peers that it
would be worth the effort. The latter was achieved by not compromising in core parts of
the research plan (e.g. the detailed modelling developments and the benchmarking exer-
cise, see Morales et al.| 2005)), which were not presented to stakeholders. These formed the
main scientific achievements per se of the project, and guaranteed scientific credibility in
the ecological modelling peer community. As consensus was forged on the originality and
feasibility of the overall methodology, including the generic adaptive capacity index, and
of the importance of the stakeholder dialogue component, the project achieved scientific
recognition also in the interdisciplinary global change assessment community. Explicitly,
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the dialogue has aimed at elucidating ATEAM’s work to raise stakeholder interest on the
future results, and awareness on potential impact of global change. Implicitly however
ATEAM scientists aimed at obtaining an overall consensus on the validity of ATEAM’s
approach through plenty of room for discussion on the limits of the research and needed
future improvements.

Within SilviStrat the aim was a wide-spread understanding of forest services and func-
tions which are required by various groups. One particular problem was to secure the
participation of stakeholders from the wood industry, tourism and water management.
Due to lack of time or the low priority they gave the workshop these groups were not rep-
resented. Furthermore representatives of environmental organisations had a forest-related
background and therefore did not present a strict nature conservation point of view. Thus
the dialogue between stakeholders was not as controversial as expected.

2.5 Conclusions: dialogue practice in view of the Integrative
Theory of Reflexive Dialogues

The selection of stakeholders contacted for a dialogue exercise is, consciously or not, biased
towards some specific actors rather than others. As discussed by |Welp and Stoll-Kleemann
(2006) and |Stoll-Kleemann and Welp| (2006)), stakeholder dialogues are distinct from pub-
lic participation exercises in that they do not aim at achieving a representative sample of
the population, but rather a wide range of different opinions on a specific topic. Before
initiating a dialogue exercise the spectrum of interested parties should thus be identified,
leaving aside those which do not seem relevant to the problem at hand. In this selec-
tion process the personal networks, preferences, interests and priorities of the researcher
will induce some amount of bias towards specific actors. To minimise this, a system-
atic selection process can be developed to complement the often used ‘snowball approach’
(Biernacki and Waldorf [1981)). The creation of a stakeholder database can play a criti-
cal