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Abstract

Climate change is expected to change the way fdmalop. This is likely to affect the quality of
goods and services offered by forests. Sustairfabést management needs to adapt to climate-
induced changes. This requires information conoerttie nature of these changes. The main aim of
this study was to evaluate forest wood productiuch f#abitat protection functions under climate
change. At the same time, the appropriatenessistirgxtools for use in the context of climate
change was explored. The growth of trees underdui&y1B climate of 2071 to 2100) and current
(2001 to 2030) climate scenarios was simulatedguSihVA forest growth model for a 30-year

period with no thinning. Two 50m x 50m test platsrh Merzalben (mixed oak and beech) and
Johanniskreuz (pine and beech) were used for thelaion. The study revealed a statistically
significant reduction in tree growth under the fetalimate at 95% confidence interval. The
simulated average tree DBH increment under thedutlimate was 1.53 cm less for the oak trees and
1.50cm less for the pine trees than under the cucdtenate. The reduction in growth was attributed
to limited water availability during the vegetatipariod under future climate.

The future wood production and habitat protectiamctions in the same test plots under the current
(2001 - 2030) and future climate (2070-2100) scesarere evaluated using an existing evaluation
framework currently used in the Rhineland PalaéinAtccording to the evaluation, there is no change
in the suitability of the forest stands for woodguction and habitat protection. Although the
framework reflects spatial variation well, onlyraall percentage of the criteria are sensitive to
temporal changes.
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EVALUATING FOREST WOOD PRODUCTION AND HABITAT PROTE CTION FUNCTIONS UNDER CLIMATE CHANGE AN EXAMPLE OF
TWO STANDS IN THE PALATINATE FOREST, GERMANY

1. Introduction

The Intergovernmental Panel on Climate Change ()Rf&fines climate change as “the change in
climate over time, as a result of natural and huawives that alters the composition of global
atmosphere and that is in addition to the natuaebbility observed over time” (IPCC 2001). This is
reflected by regional climate change and changingrenmental conditions. World temperatures are
expected to increase by 1.8-4.0 °C by the endeo®1fi century relative to the temperature of 1980-
1999, depending on future greenhouse gas emissoamario (IPCC 2007).

Change in temperature and rainfall patterns wiltlifyoforest growth, the status of the main forest
species, and species composition. The magnitutteeathange depends on the specific tree species
response to the climate factors (Pretzsch & Dug€k§2). Changes in the species composition and
forest structure due to climate change will infloerthe goods and services they provide (Laseh
2002).

What will be the nature of the changes brought abgclimate change in forests and how will these
changes affect the quality of goods and servicesgiged by the forest? The answer to this queston i
important as forest planning and management neggiepare for the challenges of adapting to
climate change. This study seeks to evaluate woadigtion and habitat protection in forests under
climate change. Wood production depends largelthergrowth of trees in forest stands and so
modification to tree growth could affect wood protian. Forests play an important role in
biodiversity conservation by providing habitat thfferent plant, fungi and animal species.
Heterogeneous and complex forest structures aoeiassd with habitat for a wider range of biotic
life than homogeneous forest structure (Pommere2@@). Changes in tree growth due to climate
change could result in changes in forest struaarkespecies composition.

This MSc research project is part of the “Transal Forestry Management Strategies in Response
to Regional Climate Change Impacts” (ForeStClingjgct. ForeStClim seeks to develop
transnational coordinated forestry managementeptioin and adaptation strategies for forestry in
North-West-Europe (ForeStClim 2008). Among othgeotives, it aims to secure sustainable timber
production and efficient protection of forest ecisyns. This MSc project was carried out in
Merzalben, Germany located in the Palatinate Fofdst Palatinate Forest is said to be the largest
continuous forest in NW Europe and was designaseail@osphere reserve by the United Nations
Educational, Scientific and Cultural OrganizatitdiNESCO) in 1992 (UNESCO 2007).

1.1. Conceptual Framework

The conceptual diagram in Figure.l attempts to sthewnteractions involved in forests and climate
change. Gases that are emitted to the atmosplrauoeléncarbon dioxide, nitrous oxides and methane.
They cause enhanced greenhouse effect which ectefl by increase in temperature and changes in
precipitation patterns. This in turn causes chamgésrest development and hence the functions they
can fulfil.
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Figure 1. Conceptual framework for the interactibesnveen climate change and forests

1.2. Research Problem and Justification

As effects of climate change in forests continushtow, it becomes increasingly urgent to develop
forest management strategies for adaptation toatdirohange. Estimating forest development under
possible future climate could provide informatiageded for the planning and management.

Forests are generally managed to meet certaintblg@e@nd derive certain forest functions. The
owners or the communities mostly determine thegectibes. However, environmental conditions
(e.g. climate, soils, slopes and altitude) alsg planajor role in determining species that areafildt

for a particular location. Previous studies in &imd (Bricefio-Elizondet al. 2006; Garcia-Gonzalet

al. 2007) have shown that changes in climate will lteaichanges in growth patterns of species like
Norway spruce, Scots pine, silver fir and commoedbe The impact of recent climatic changes on
the plant development across Europe has shown ekanghenology as a result of an earlier onset of
spring (Chmielewski & Rotzer 2001).

Forests provide goods (like wood and non-timbeegbproducts) and services (like habitat and soill
protection). With the trend in climate change, thisests will grow under warmer temperature,
different precipitation patterns and higher 8f©ncentration. from what they are now (IPCC 2007).
This will probably affect forest development, resg in changes in forest structure and composition
and their goods and services provision.

The Palatinate Forest is important for biodiversitpservation. UNESCO officially recognised it as a
trans-boundary biosphere reserve in 1998. Wittckizanges in climate, the question is whether the
forest will maintain its habitat protection funatifor biodiversity conservation.
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The Palatinate Forest has a wide spectrum of hHabitarthy of protection and is important for
biodiversity conservation. It is also important feood production. In view of this, it was seen &
suitable area to demonstrate how these forestiimec{wood production and habitat protection) are
evaluated with existing evaluation models.

This research was carried out in the context oFbieStClim project, using tools that were
developed and that are already being used by santagps in the project. This was done as part of
the initial work to explore the potential and pb#silimitations of using these tools in the content
climate change. One of the tools is the Forest @r&imulator SILVA (Pretzscht al. 2002),
developed at the Chair of Forest Yield Scienceeathfiische Universitat Minchen for predicting
forest growth under different management and enwirental conditions. The other tools are the
evaluation frameworks for forest wood productiod &r habitat protection developed by the Impact
Planning department of Rhineland Palatinate Lamdst&n (RLP). The forest functions that have
been evaluated include wood production, forestthprotection and recreation. The evaluation has
been done in the state and community owned foneRhineland Palatinate to assess the current state
of the forest with respect to the functions. Thistled of evaluation is so far unique to RLP.

1.3. Research Objective and Questions

Main objective
The main objective was to evaluate forest habitatigetion and wood production functions under
climate change

Research Questions
To achieve the main objective, the research questioat were asked are

1. Will forest tree growth under future climate befelfent from forest tree growth under the current
climate?

Ho: There is no difference in forest tree growth,cipeally increase in diameter at breast height
(DBH), under climate change and under the currkmiate

Ha: Forest tree growth under climate change will ifieent from forest growth under the current
climate

2. To what extent will the evaluation score (basedhencurrent practice) of habitat protection
function change under future climate?

3. To what extent will the evaluation score of wooddarction function change under future
climate?

The first research question was addressed uslig/Sforest growth model. For the second and

third research questions, the existing evaluatiaméworks (for wood production and habitat

! Climate change refers to the temperature rise, changecipitation pattern and length of vegetation period
under the IPCC A1B Scenario.
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protection) that are used to assess forest furectioRLP will be used. This will help to exploreeth
appropriateness of using these tools in the comtfestimate change.

1.4 Organisation of the Thesis

Chapter 1
The general background of the study, the conceftaimework, research problem as well as the
research objectives and questions are coveredsiichapter.

Chapter 2
Literature review on climate change, the effecatlohate change on forests, forest functions and
forest growth modelling is covered in this chapter.

Chapter 3
The description of the study area and methods asediven in this chapter.

Chapter 4
Results from the model and the evaluation are dsgbm this chapter.

Chapter 5
The chapter focuses the limitations of the studyrttasons behind results obtained

Chapter 6
This chapter contains the conclusions drawn froenvibrk of this project
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2. Literature Review

Climate change and forests are essentially linkettiat through photosynthesis forests mostly aet as
sink and storage for carbon dioxide, helping tdgaie climate change. At the same time, temperature
and rainfall play a major role in vegetation growtid hence change in climate has an effect on tree
growth and forest development in terms of strucame composition. With such changes taking

place, it becomes important to ask the followingsiion: Will the functions that a forest has remain
the same or will they change?

This chapter gives background on climate changeatandlationship with forests. Understanding the
possible nature and magnitude of climate chandpe texpected is necessary to in order to estimate
the gravity of the possible effects on forests. félationship between forests and climate change
showing why change in climate is an issue in fodestelopment is also reviewed. Forest growth
modelling is then looked at to show how future jridns on forest growth under certain conditions
can be made. Finally, this chapter looks at theaéw&orks to be used in evaluating the wood
production and habitat protection.

2.1. Climate Change

Climate change is the variation in the mean sthtdimate or in its variability which continues for
extended periods which are typically decades agdoiilPCC 2007; CBD 2009). The earth’s climate
has changed throughout history due to natural gg&Essuch as plate tectonics, volcanism and solar
variations. In recent years, increase in tempegdtas accelerated and this has been attributed to
human activities (Reid 2006). The average warmatg over the last 50 years (0.13°C + 0.03°C) is
almost double that for the past 100 years (IPC&R0mhe frequency of extreme weather events (heat
spells and floods), melting of ice caps and glagisea level rise and global warming are some
observed consequences of climate change whichkpee®d to accelerate, while there is greater
uncertainty in the nature of change in rainfaliG®2001).

North Europe is likely to experience higher meangeratures increases than the global mean (IPCC
2007). While the global increase in temperature &88C for the period 1901-2000 (IPCC 2001) and
0.74°C for the period 1905-2005 (IPCC 2007) thaBefmany was 0.8°C for the period 1906-2005.
The average temperature increase of Rhinelandifztkafor 1901-2004 is 0.8°C (LUWG 2007). In
2003 was the warmest summer, in 2006 the warméstrewand in 2007 the warmest and driest April
since the beginning of the systematic meteorolégeords (LUWG 2007). These new records in a
short space of time are an indication that Gerniaiaready experiencing climate change.

2.1.1. Scenarios in Climate Change

Because it is not possible to predict the futurhi@pogenic green house gas (GHG) emissions,
therefore scenarios have been developed as aotaablyse potential developments in the long range
(IPCC 2000). These scenarios are just alternatiffbsw the future may unfold as opposed to
forecasts or predictions. They allow for the consage of alternative future GHG emissions on the




climate and environment to be evaluated. The datsmni of scenarios given in this section is based o
the IPCC Special Report on Emissions Scenarios 8RECC 2000) and illustrated in Figure 2.

The Al is a family of scenarios representing a niot@grated world, characterised by rapid economic
growth with a global population that reaches 9duillin 2050 and then gradually declines. There is
also a quick spread of new and efficient techn@egind extensive social and cultural interactions
worldwide. There Al family has subsets based oim teehnological emphasis. The A1B has a
balanced emphasis on all energy sources with egtthiamperature rise of 2.8 °C. The AlFI
emphasises on fossil fuels and estimate temperaseref 4.0 °C. A1T emphasises on non-fossil
energy sources with a best estimate temperatwe®fig.4 °C.

The A2 scenarios are of a more divided world. Taeycharacterized by a world of independently
operating, self-reliant nations. There is contirglpuncreasing population and regionally oriented
economic development. Technological changes antbivements to per capita income are slower
and more fragmented, estimated temperature ri3€ i3C.

The B1 scenarios are of a world more integrated,maore ecologically friendly. The B1 scenarios are
characterized by rapid economic growth as in A1 viath rapid changes towards a service and
information economy. Population rises to 9 billior2050 and then declines as in Al. There are
reductions in material intensity and the introdoctof clean and resource efficient technologies.
Global solutions to economic, social and environtalestability are emphasised. An estimated
temperature rise of 1.8 °C is expected.

The B2 scenarios are of a world more divided, botenecologically friendly. There is continuously
increasing population, but at a slower rate thafZnEmphasis is on local rather than global
solutions to economic, social and environmentdikta. It is also characterised by intermediate
levels of economic development, there is less rapid more fragmented technological change than
in B1 and Al.

In the ForeStClim project, three scenarios A1B,ahd B1 were chosen (ForeStClim 2008). In this
project, the A1B climate projections from a regibclamate model called WETTREG (UBA 2007)
will be used.

Economic T — 4
ot B 4
Ay Alt AP ‘ f——b8 E '
7= 5.0 & —— Year 2000 constant = | A2
_A'l Az E = concantratons = |
. =] [ e 207 conitury 2 |
Global < . > Regional £ 40p i |
BA B2 5 sl
g F
2 8 20F
Social and = C
" w L
/enwronmental T 10F
poputsiion ( \‘-‘\ ) =] b
£00N0MY : armironment 3 0
eNery U8 land use L
technology -1.0 fo e L
L i | i I i i 1 L 40 L@ <L L
Main driving forces 1900 2000 2100

Year

Figure 2. An illustration of the four storylinesca@lobal average surface temperature from the IPCC
Special Report on Emission Scenarios (SRES) — 8dilP€C 2000, 2007)
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2.1.2. Models for Climate Change

Various climate models are employed in order tostand understand climate change. They are also
used to evaluate possible future climate developsnditnese models refer to different emission
scenarios Alfamily, A2, B1 and B2.

Global climate models (GCM) make simulations fa thhole earth. However, they have a coarse
resolution that does not represent regional effeels In order to assess regional climate change
aspects, downscaling from the global to regionaleshas been done to produce several regional
climate models (RCM). Regional climate models sateildefined regions and there are two different
methods for downsizing from GCM to RCM, dynamic atatistical. Examples of RCMs used to
make regional climate projections in Germany ar®&REwhich is a dynamic model and

WETTREG, a statistical model (UBA 200WNETTREG is downscaled from ECHAMS5/MPI-OM,
a global model developed by the Max Planck Ingifot Meteorology in Hamburg, for the
emission scenarios A1B, A2 and B1. It uses data fnoeteorological stations with time series of
measurements and these are distributed all oven&ey.

2.2. Forest Growth Models

Forests take long time to develop and our undedstgrof forest development under different
conditions cannot rely just on forest experimentals. It would take too long to get all the recpa
results. Moreover, setting up such experiments wlitthe scenarios at play is expensive. Yet this
information is needed to help develop managememsplModelling is an alternative with lower costs
and time.

Growth models comprise a system of equations wdiichv growth and yield predictions for forest
stands under different conditions (Vanclay 1994rivus forest growth model types with different
objectives and concepts have been developed simewitsly over time, and not as continuously
improvement on former models (Porté & Bartelink 20Bretzsctet al. 2008). There are therefore
many growth models that exist in forestry and thaye been classified in different ways.

There are models that use an empirical approaclhemned are eco-physiological models. Traditionally
forest growth models used the more empirical apgro@hey estimate tree or stand growth using
descriptive relationships between environmentatidmns and growth. Because of this, their
application is limited to places where the empiriedationship is valid (Porté & Bartelink 2002).
Eco-physiological models give insight into causdhtionships between tree growth and
environmental conditions (Pretzsetal. 2008). These models are often demanding in the tev
details needed to run them. Examples of eco-plogicdl models are BALANCE (Grote & Pretzsch
2002), an individual tree based model and 3PGN lwisistand level based..

There is also a distinction between deterministid stochastic growth models. In deterministic
growth model, a given set of inputs will alwayseihe same predicted result. Realistically, forests
do not grow in exactly the same way but within apexted range due to natural variation in the
environment. Stochastimodel try to cater for the natural variation byigg different predictions,

each having a specific probability of occurrenceertwith the same set of inputs, stochastic models
may give different predictions. With stochastic ralsd a number of estimates are required to give
useful information considering variability of pretions (Vanclay 1994).




Models are also classified according to their gppaéisolution. There are whole stand, size clads an
individual tree models. In a whole stand model,kisic units of modeling are stand parameters such
as basal area, stocking, stand volume and diamisteibution. They require relatively little

information but also yield general information. &idass models have classes of trees as the basic
unit for modeling and are a compromise between g/Btdnd and individual tree models (Vanclay
1994). Individual tree models simulate growth facle individual tree in a plot. Gap-models are a
special type of individual tree models which defarel keep track of individual trees competing and
growing in a restricted area, the gap (Porté & &ark 2002). Their strength in predicting the
dynamics of forest structure (competition and sgson) makes them attractive to study the response
of forests to climatic change (Norleyal. 2001). FORSKA- 2V and BOREALIS are examples of gap
models which have been used to simulate forestramne general species composition under climate
change in Canadian forests (Bugmahal. 2001).

Tree growth models consist of diameter and heigtreiment functions that predict the probability of
growth. They, also have mortality equations tadpmemotility of each tree over a given time intalrv
(Hasenauer 2006). Sub models are included to assagzetition within a stand.

The following sections give a review on SILVA andIBANCE tree growth models. The effect of
climate change on forest development will be ingaséd using semi-empirical individual tree -based
forest model SILVA and a physiological -single-traedel BALANCE.

2.2.1. SILVA Forest Growth Model

SILVA is a semi-empirical individual tree -baseddst model. It has been successfully used to show
the effect of climate change in forest developnaett in the growth of particular species in the
context of the project “German Forest under Clin@itange” (Pretzsch & Dursky 2002). The model
was developed by the Technische Universitat Miincagrartner in the ForeSTClim project.

SILVA estimates 5-year diameter and height incrersing potential dependent predictions
(Pretzschet al. 2002; Chair of Forest Yield Science - Technisclnéversitat Minchen 2008). Forest
stands are represented as a mosaic of single Teesnaximum possible diameter and height
increment within the model are calculated basetherspecies and site environmental conditions.
SILVA considers the following environmental factors

« annual temperature amplitud€y,

» length of vegetation period (days with temperahigher than 1%C),

» mean temperature in vegetation perit@)( soil water availability (as coded by Germae sit

classification),

» precipitation in vegetation period (mm).

» soil nutrient supply (as coded by German site diaation),

» nitrous oxides (NOx) concentration (ppb) and

» atmospheric carbon dioxide (g&oncentration (ppm)
Species-specific uni-modal dose-response funcfimnall environmental factors are aggregated into
ecologically significant site variables which detéme potential growth curves for each tree species
(Pretzschet al. 2002). The potential height and diameter increragdtvaried with a random error,
which has two components. The first one is becthese are unpredictable influences on growth at
the individual level. The second component accofartslimatic variations between the simulation
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periods (Chair of Forest Yield Science - Technisdhesersitat Minchen 2008). For each tree, the
potential growth is then reduced based on competgituation of that tree (Hasenauer 2006).

The growth and yield data given on stand and &eel$ can be used to evaluate the wood production.
The information on species abundance, stand steuatud ecological indices (species mingling index,
diameter differentiation indices and aggregatiatek) can be used for evaluating the habitat
protection. For the purposes of this project SILMAIsed, it gives the above outputs, which are used
in evaluating the forest functions.

2.2.2. BALANCE

BALANCE is an eco-physiological tree growth modéiage primary task is to calculate three-
dimensional development of individual trees or britands under variable environmental conditions
including climate and CQconcentration (Rotzest al. 2005). Tree development is described as a
response to individual environmental conditionse Tiodel also has a feedback loop whereby
environmental conditions are changed with tree ldgveent as well. BALANCE calculates
dimensional changes annually.

The physiological nature of BALANCE allows it toviestigate the effects of complex environmental
changes like C@concentration, precipitation, temperature andgin deposition on tree growth
(Grote & Pretzsch 2002). This makes it suitablegtimate forest responses to given environmental
scenarios. It has mainly been used for scientifippses by the Chair of Forest Yield at the
Technische Universitat Minchen. It has been shawedlistically simulate the growth and vitality of
forest stands for central European regions (Rdézalr 2005).

A summary of the main characteristics of the SIL&#d BALANCE model are given in Table 1.
Table 1. The main characteristics of SILVA and BAIANCE models

SILVA BALANCE
Input Tree dimensions Tree dimensions, site conditions, soil nutrients,
Site conditions incl temperature , | daily meteorological data, atmospheric £O
rainfall, soil nutrients and concentration
atmospheric C@concentration
Simulations | Growth Resource availability
Competition Physiological responses
Mortality Biomass change
5 year time step Annual 3D development
Physiological processes (nutrient uptake,
assimilation and respiration)- ten day time step
Resource availability (microclimate, water
balance, phenology)- daily
Space Max number of trees = 5000 Stand level (dsines not given)
Output Tree and stand information Tree and stand information
Timber grading / monetary yield
Structural analysis
Indices for biodiversity
Model type | Empirical - single-tree growth Physiological -single-tree model
simulator




2.3. Forests Functions and Climate Change

Forests and climate change are closely linked.sTtbeough photosynthesis sequester atmospheric
CO,, one of the main green house gases that causal glabming. On the other hand, temperature
and precipitation are among the most importantrenmental variables that affect tree growth, and
therefore changes in climate will influence fordsvelopment.

Climate change will generally have a positive intpatforest productivity in northern Europe, when
water is not limiting (Boisvenue & Running 2006;,cAmoet al. 2007). This is largely attributed to

the increases in the rate of photosynthesis dueehigmperature and other metabolic processes (up
to an optimum), longer vegetation periods and higi® concentration which increase
photosynthetic productivity (Lindner & Cramer 2002)

The changes in forest development because of diot@inge may influence quality of goods and
services provided by the forest ecosystem. Forelsish are regenerated today will grow under
changing climate conditions, this may change thriuvth patterns and the composition of the forests
(Laschet al. 2002). When this happens, the nature and qudligpods and services they provide are
likely to be different as well. In Europe, foresamagement objectives have generally shifted towards
achieving multiple objectives (FAO 2006). The sirshility of goods and service provision by a
forest also depend on the management of the eensy(ftarrellet al. 2000). The management of
forest ecosystems must therefore consider thedinfle of climate changes to avoid management
practices that are incompatible with the futuresystem characteristics. The suitability of fordets
wood production and habitat protection (for biodsigy conservation) are the main focus of this
research and will be considered more closely atiges 2.2.1 and 2.2.2 respectively.

2.3.1. Wood Production under Climate Change

Although there has been a decrease in area thamarily for wood production, it is still an
important aspect of forest management.

A study using climate projections for 2003-2053dicted increased growth of trees under climate
change in Finland (Kéarkkéainesh al. 2008), meaning faster accumulation of biomass thiine

current climate if predicted to enhance wood prdidac Forests will likely have significantly

different yield potential under climate change Hsg in the need to change management in terms of
rotation periods and species selection (Lindnerr&nir 2002). Timber production is also affected
by other factors like markets, which are changigCarl et al. 2000).

The following can be used as indicators when evialgdahe wood production suitability of a forest
site:

Economic indicators — Timber quality

Tree species and their suitability for timber protilon

Dimension data — volume, height, diameter at brieaigtht
The Landesforsten Rheinland-Pfalz (RLP) has evatutite wood production, habitat suitability and
recreation functions for the current state of tre$t. The list of indicators and the method for
evaluating the wood production function is showTable 2 (Section 2.4.1). The same criteria and
indicators they used will be adopted for this study

10
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2.3.2. Biodiversity and Forest Habitat Function

Biodiversity is the variety of living organisms Wih species, among species and among the
ecological processes that connect them (Vermeul&oZ&ell 2003) . The variety encompasses
numbers and variety of entities (composition),dlienness and physical organisation of their
distribution (structure) and the variety in the legical processes in the system (functional) (Hoope
et al. 2005).

Forests provide habitat for a wide variety of lfeems, most of which depend on each other for some
or part of their life cycles. A forest is said te sustainably used, when it maintains its envirartale
services provision and biological quality (Lars2291).

Forest biodiversity has already been affected bgate change as seen in shifts in species’ ranges
and ecosystem boundaries, changes in phenolognapecies interactions (predation, pollination,
competition and disease) (Reid 2006). In Germagpmggies are shifting increasingly to the north or
higher altitudes with heat loving species migrdtmg the Rhine valley from the south (LUWG
2007). The phenology of migration and breedindss ahanging (LUWG 2007). These changes may
result in loss of synchronisation thereby threatgrihe wellbeing of interdependent species. There
will often be winners and losers in the processingk difficult to objectively evaluate the impact

of climate change in forest landscapes on biodityeirs general.

As climate change continues, species may respdfetatitly depending on their ecological
requirements and attributes because there is rdptimum climate for all” species (Wadisal.
2005). This may change the composition and straaéiforests under climate change. Could it be
that the value of a particular forest stand as itaaprotection” is enhanced or reduced when these
changes take place?

With climate change, the frequency of extreme evenéexpected to increase (IPCC 2007). Climate
change will also cause secondary effects like amrd risk of pests and diseases, wildfires in fores
These are expected to have more direct but lochéiffects on biodiversity than the changes that
result as a gradual increase in temperature antgelsan precipitation patterns (Lindner & Cramer
2002; Reid 2006). What is known about these al#uents is that they will increase in frequency,
there is not much detail yet, and so they will betconsidered as part of the evaluation.

2.4. Evaluating the Forest Functions

Forests protect habitats and biomes and this helpgintain biodiversity. The most accurate way to
evaluate biodiversity would be quantify the whaege of the biodiversity in forests. This is not
possible because it is overly demanding. Variableish act as surrogates of biodiversity, such as
species richness, composition and structural diyesise often used to evaluate forest biodiversity
(Larsson 2001).

Indicator species are focal species selectedptr@sent the wider elements of the woodland
community and key ecological processes (Wetttd. 2005). They are one of the ways used to assess
biodiversity. Another way to evaluate forest biaatisity is by using structural indices. These coarsid
differences in vertical and horizontal spatial agament, size and age of different species in ea. ar
Previous studies (McElhinrgt al. 2005; Pommerening 2006) have shown spatial fetestture can

be used as indicators of biological diversity. Hegeneous and complex forest structure is assdciate
with habitat for a larger variety of species aneager ecological stability (Pommerening 2002).
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Evaluation tools exist at a range of scales, thta#forest stand scale to guide management at a
operational level and at larger landscape scaldgéot strategic planning and policy making. Pplic
makers and land managers are increasingly reqtortake decisions regarding biodiversity at the
larger forest and landscape scale although thelandeto predict (Wattet al. 2005).

The evaluation is based on a set of criteria adita@tors, developed by the Impact Planning
department RLP.

2.4.1. Multi Criteria Evaluation

The following section on Multi Criteria EvaluatigMCE) is based mainly on the review of Voogd
(1983), and on the discussion held in a meetind Wéth the Impact Planning department (RLP)
team in Koblenz, Germany on 13 January 2009.

MCE compares alternatives based on a number ofcitpformulated criteria. These criteria are
measured through indicators that reflect the natfithe criteria. The units of the indicators may
vary, and they are made comparable through metbfostandardization. MCE methods offer the
allocation of weights to assessment criteria ireotd prioritize criteria. Different aggregation
methods aggregate partial performance of altereatio give an overall ranking.

Multi-criteria decision methods have a wide ranfjepplications. These include analysis of the
spatial system, to select options from a predefsetf alternatives, account for proposed line of
action and to test the likely appropriateness cdrgain policy.

In this project, MCE will be used for analyticalrpose. The Impact Planning department Rhineland
Palatinate Landesforsten developed criteria anidamalrs for evaluating wood production, habitat
protection in forests and recreation in Rhinelaathfhate. These are currently being used to etalua
the status of state and community owned forestpshdae produced based on the assessment score
for each of the functions in each forest standdbeaek is then given that can be used for plannyng b
forest owners and managers. Table 2 a and b bélow the criteria and objectives used in the
evaluation.

Table 2. The objectives, criteria and indicatorsdu evaluate (a) wood production and (b) habitat
protection by the Impact Planning department (RLP)

Objective Criteria Indicators Unit
High Revenue Profit Margin> €12 (now €50) based | Net profit €
production | (100) on tree species, DBH and if or not
level (20) passable with machines
High Potential value (50) Wood product ion target 0(no use) togh (value)
developmen Level of Stand Intensity of peeling damage Intensity pfpercentage of damaged trees
t potential | damage/health (25) splitter damage
(50) Site productivity Water supply- coded from 1=extremelyCoded 1=extremely dry, to 12 3
(25) dry, to 12 =wet wet (water balance prediction-
WETTREG model used)
Nutrient Supply — soil nutrient supply coded from 1=rich (@pitic) to
6= very poor and 9(calcareous)
Low risk Stability (50) Proportion of trees suitable for the site % of trees suitable to the area
factor (30) | Stratification (50) | Number of layers Number of layer
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(2b) Criteria and indicators for habitat protection

Objective

Criteria

Indicators

Unit

Closeness to
nature (40)

Naturalness of the
forest plot (100)

Proportion of natural trees — natural
that particular soil type and condition
of the area

&% of natural trees
S

Structural
diversity
(30)

Spatial structure
(50)

stratification - number of layers

Index 1(even) to 5(multi-
layered)

step range - Number of steps with
height difference more than 8 m

Index 0 (<20% of the area in
the stand with 8m difference i
height) to 3 (>60%)

tree species diversity - proportion of
main tree species

Percentage of area covered |
dominant tree.

mixed tree species number - number
tree species coverirrg5% of the total
area

dumber of tree species

number of tree species - Total numb
of tree species

eNumber of tree species

Age diversity -number of age groups
covering> 5% of total area

-Number of age groups

Mosaics diversity -Distribution of tree
species measured using

index from 1.0 (homogeneous
to 3.0 (clustered)

)

Habitat features —
(50)

Stocking - measure of stock density
depends on intervention and tree
species

Heavy wooden share

water supply — coded from
1=extremely dry, to 12 = wet
nutrient supply — coded from 1to9

stock density

Special structures
(40)

Dead wood - volume of dead wood

0 (no dead wood) to 3 (>
3cnt/ha lying and standing)

Location diversity —area covered by
substrate series of rare occurrence

% area covered

Special local structures - Occurrence
of special structures in the stand like|
spring, ditch, brook, lake, tarn, rocks
cave, and grassland.

yes or no

Protection of
rare biotopes
and species-

(30)

Biotopes of the
LUWG* (50)
Protected areas

(50)

Biotope — Number of biotopes /
habitat types
protected (NSG, NWR, Nuclear

Number of biotopes / habitat

types
% area classified

Biosphere reserve zones)

1

3



2.5.  Adaption of forest management to climate chang e

Since climate change may have great impacts ostiréhere is a strong demand for reliable
recommendations, such as how to adapt forest mareadedo mitigate adverse effects of the
projected climate changes (Lindretial. 2000). Management decisions in forestry are aatstiwith
long time frames, therefore, decisions need to Adeearly to achieve sustainability in the future.

Adaptive forest management will provide a meticglamd structured approach as a basis of learning
from the outcome of evaluation of the forest haljitaction in the face of change (D’Eon 2008). It
involves the continual learning process “that careoconveniently separated into functions like
‘research’ and ‘ongoing regulatory activities’, gmbbably never converge to a state of blissful
equilibrium involving full knowledge and optimumqaiuctivity” (Walters 1986). Learning is linked
with policy and implementation and it is a goocgttgy where uncertainty is high (Stanletl.
2005). As an example, if evaluation reveals thaitahof an important species is threatened by
climate change, adaptive management could invaleetifying biological corridors for dispersal,
sites to introduce the species and areas thatpresettion (Thuiller 2007). This highlights the
importance of exploring the possible future for@sditions and finding strategies to adapt
management for future needs.

The thinking is that the measures that would benahk response to climate change would be “no
regret” measures that bring benefits even if thpeeted changes were not to come (Smith et al 1996).
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3. Materials and Methods

This chapter outlines the methods used in thisgshésdescription of the study area is followeddry
overview of the steps taken in this research. Tilvd sub section shows the SILVA growth model
was used to simulate forest growth to determirierést growth under climate change would be
different from under the current climate. Finatlye forth subsection outlines an evaluation which
was done to determine whether climate change infleg the value of forests for habitat protection
and wood production.

3.1. Study area

Location map of the Study Area - Palatinate Forest, Germany

|-ioon

B Testplots

T, |
- Palatinate Forest 2 A 2hm oo

T T T
T20TE TWITE ST0E

Figure 3. Location map of the study area, Palatinate forest , SW Germany

15



The ForeStClim project involves countries in NW &g, and the Palatinate forest was chosen due to
its value as a nature conservation forest as watsamportance for sustainable wood production.
The location of the study area is shown in Figure 3

3.1.1. Description of study area - The Rhineland Pa latinate forest

The Palatinate Forest (German: Pfalzerwald) istetan the south of Rhineland Palatinate which is
one of the 16 German federal states located isthegh-west of the country. It is in a low-mountain
region located from 49°02' to 49°37' N; 7°30' tO8°E and extending southwards to Northern France.
The Palatinate Forest is one of the largest coatiadorests in NW Europe covering 1,798 kmz2, 75%
of which is forest (Umweltbundesamt 2009). It hasgide variety of habitats and is important for
biodiversity conservation. Because of its ecoldgitgortance, the Palatinate forest was declared a
biosphere reser%éy United Nations Educational, Scientific and Qtéi Organization (UNESCO) in
1992 (UNESCO 2007) and chosen by the Environmé&gatimen Bank in Germany as an example
of a forestry ecosystem in a low mountain regioB001 (Umweltbundesamt 2009).

Germany falls under warm temperate climate wittdmilnters and summers (LUWG 2007). The
climatic conditions across the Rhineland-Palativaig considerably. The original tree species
composition of the Palatinate forest is predomilyamaik and beech but pine and spruce have
increased in the last 150 years due to economgonsaUmweltbundesamt 2009). Soils are generally
nutrient poor sands derived from red bed sandstanddimestones (Behrepsal. 2006).

Existing level If test plots located in Merzalben and Johanniskeeeas in the Palatinate forest were
used in this study. Test plots BE3, a miXgukr cus petraea (Sessile oak) anBlagus sylvatica
(Common beech) and BE4 mix@thus sylvestris (Scots pine) withragus sylvatica (Common beech)
were used to demonstrate how the effect of climhage on forests can be evaluated.

3.2. Research Approach

The research involved in two main stages. Firétigest growth under current and future climate was
simulated over 30 years, to find out if tree growtbuld be significantly different between the two
scenarios. This was followed by an assessment oflypooduction and biotope / habitat protection
functions of the forest using an existing framewdrke results from the simulation provided some of
the input for the evaluation. The results were carag to the assessment score for current evaluation
for the wood production and biotope / habitat prtitan functions.

Field work was carried out in forest stands thatraanaged by the Research Institute for Forest
Ecology and Forestry Germany (FAWF). It involvetaddishing test plot boundaries, taking tree
locations and DBH measurements. In one of thepless, crown radii and height measurements were
taken. The plots in which the measurements wemntdkring fieldwork were eventually not used in
the simulations. This is because heights and cro@asurements could not be completed since the

2 Biosphere reserves are international conservasignation established to promote and
demonstrate a balanced relationship between huarahthe biosphere (UNESCO 1995).

% Level Il test plots are plots that were establisfu intensive monitoring of forests under the
European Union initiative for monitoring the effext pollution on forests.
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trees still had leaves during the time of fieldwdfkth leaves on trees, it is difficult to see thp of
the tree and the boundary of each tree crown, wétichuld be visible when taking height and crown
measurements respectively. The height and crowisunement could not be completed in time for
the data to be used in this project. Data fromtiggest plots were used and the data collection
procedures are similar. It is therefore still relein that it shows describes how the data used we
collected.

An overview of the methods used in this researdfivien in Figure 4.

WETTREGCIim Soil
) Tree Input
ate Parameters Moisture / .
R - variables
Current Climate Nutrient
. BE3 / BE4
Future Climate parameters

v v

BALANCE model — to predict the potential growth curve for tree
species under future climate

v

Modeling forest growth using SILVA forest growth model
under current and future climate

! ‘

Yield table with Individual tree

>

data on DBH, dimensions
height, ecological e  Current climate
indices . Fufure climate

v

'

Evaluation of forest wood
production and habitat
protection functions, using
framework from RLP

Two sample T-Test
Ho: ADBHclimate change =
ADBHfuture climate

v

v

Answer to
Assessment

score Research
Question 1

Compare

assessment scores
Answer to
Research

Questions 2 and 3

Figure 4. An overview of the methods used to in this thesis. DBH = Diameter at breast height,

A= increase / change in 30 years.

3.2.1. Field data collection — Obtaining data needed in th SILVA model

This section describes how tree measurements rihaiegded to initialise the SILVA model, were
taken.

Tree diameters were measured at 130 cm above dbedjto give the diameter at breast height
(DBH). A tree diameter tape, which measures leirgthetric units (metres, cm and mm) on one side
and the diameter corresponding to the circumferencde other, was used. To take the
measurement, the tape is wrapped around the stgramqicular to the stem axis. The metric side of
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the DBH tape displays the circumference, whiledizeneter side displays the DBH value which
obtained by dividing that particular circumferermepi (3.14).

Height measurements were taken using a Vertex Hgetr shown in Figure 5a, which comprises a
transponder and the hand unit that uses sonicptdsdetermine range from the tree. The hand unit
contains an angle-reading device and a computprtohdalculate height above the transponder. The
transponder is attached to a tree at breast hiigdr above the ground) then measurements are taken
from a spot where the transponder and the topeofréfe are visible. The measurement is taken by
looking through the hypsometer and aiming the g at the transponder then holding a red button
until the cross disappears. The distance, angldaridontal distance to the transponder are recbrde
Next is to point at the treetop and press the tatbbs, the tree height will instantly show.

Due to the presence of leaves on trees, crownmaghsurements were taken also only for the test
plots without broadleaves (Douglas fir test pldf)e leaves on the trees to see where the crown end
since there was overlap of the crown area. Crowlii weere measured in eight directions, every 45
starting with 8 using a crown mirror, which is shown in Figure 5b.
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Figure 5. The Vertex hypsometer used to measure tree height, and a crown mirror that was used to measure
crown diameter

3.3. Data Processing and Analysis

SILVA growth model was used to simulate the growofttrees in the mixed oak and beech (BE3) as
well as mixed pine and beech (BE4) test plots. ddwuracy of the SILVA predicted tree growth was
first validated using past measurement data fos#ime plots as shown in 3.3.1.

However, for simulating growth under future climaBALANCE model was to be used to derive the
potential growth curves for the species in the pists (Section 3.3.3). This was necessary because
for SILVA, being an empirical model, the procesgpafameterising the model for site-specific growth
and DBH increment under future climate has notgstn completed. BALANCE was used because
as an eco-physiological model, it is able to sitaufrowth based species requirements and the
growing conditions (e.g. soil, climate and terrgigprté & Bartelink 2002).

Below is an explanation of how the some terms weesl in the context of this thesis, they were
adopted from Vanclay (1994)
DBH- is diameter at breast height (1.3 m) over bark.

DBH increment — increase in the diameter at breast height.
Growth - the change in tree dimensions
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Stand - SILVA refers to the area of forest that is besmgulated as a stand. A stand is also defined as
a group of trees having sufficient uniformity inngposition and spatial arrangement to constitute a
silvicultural entity or sampling unit

Test plot— The actual sample plots where the measuremsatkin this project were taken (BE3 —
mixed oak and beech) and BE4 (mixed pine and beech)

3.3.1. Validation of SILVA model

A validation exercise was done to establish theiamy of SILVA in predicting diameter and height
increment in the two test plots BE3 and BE4. SILWASs initialised using tree measurement data
from 1988 for the BE3 and 1985 for BE4which aree¢hdiest measurement data available for the test
plots. Tree measurement variables and soil paraswetre taken and provided by FAWF RLP.

The tree measurements were initially only takertliermain tree species, oak for BE3 and pine for
BE4. In 2005, measurements were not taken fohaltriee species in the test plots. It was important
to run the validation with all species presentrider to show realistic interactions among the trees
The beech trees had to be included as part ofittial itree inputs data in the validation. Thegeuin
values for the beech trees were estimated bas#ted005 measurements. This was done using trial
and error simulations in SILVA.

The climate input data were also provided by FAWE are the mean for the period 1971 to 2000 as
calculated by the Potsdam Institute for ClimatedoigResearch in the framework of another project
(IFOM) and they are shown in Table 3 below.

Table 3. Site conditions for test plots BE3 and BE4. These are the soil and climate conditions during the time

of forest development. They are the same values in the SILVA simulation for the validation

Soil Soil nutrient | Vegetation | Annual temp| Temp in Precipitation
Moistness | supply period amplitude | veg. period | veg. period
(1-9) (1-5) (Days) (°C) (°C) (mm)

BE3 5 2 148 19.1 14.3 423

BE4 4 1 148 19.1 15.1 389

The model was run for a total of 20 years (5 pesjadth 10 runs for each stand to account for the
stochastic nature of the SILVA DBH and height imest as well as the mortality equations. In BE3,
the initial measurements were taken in 1988, whidelast measurements for the test plot were taken
in 2005. However SILVA simulations have a time stéffive years and so the simulations for BE3
was run from 1988 to 2008. For the validation,gheulation results had to be compared with the
2005 measured results. A new set of values weradit by calculating an average of the 2003 and
2008 results. This set was used to represent iindatied 2005 results. A two-sample t-test in SPSS
software was used to compare the measured witk tR€65” simulated DBH and heights.

For BE4 ten simulation runs were done for a peabtiventy years, from 1985 to 2005. The results
from the ten simulation runs were averaged thernpawed with the measured values. A Two-sample
T-Test in SPSS software was used to compare thdatied DBH and height with the measured
values from 2005.
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3.3.1.1. Two-sample t significance test

The Two sample t significance test is usually usecbmpare responses from two independent groups
(Mooreet al. 2007). To validate SILVA simulations for the tgstts BE3 and BE4, tree

measurements from 1988 and 1985 respectively, wsée as input variable in a 20 year simulation
forest growth. The results from the simulation wesenpared to those from the actual measurements
taken in 2005. In this case, only the mean DBHaight for the test plots and not the individual

trees could be compared. The following hypothesis tested

Ho: mean DBH of trees from actual 2005 measurememegan DBH of trees as simulated by SILVA
and

Ha: mean DBH of trees from actual 2005 measurenyemtean DBH of trees as simulated by SILVA
The Two-sample t-test was compute

X1 — X3
t =——
51,52
n; Ny
Where
Fy_

mean measured DBH for the trees in each test plo
*2 = mean simulated DBH for the trees in each tesit pl

s, = standard deviation measured DBH for the treesagh test plot
s, = standard deviation simulated DBH for the treesanh test plot
n; = sample size measured trees

n,= sample size simulated trees

3.3.2. SILVA Simulation for Future Forest Developme ntin Test Plots

SILVA was initialised using mensuration data frof08 for the BE3 and BE4 test plots. These 2005
data provided by FAWF RLP are the latest availalalia for the stands. The SILVA simulation forest
stands were generated using average measuremeaes & shown in Table 4, individual tree
coordinates were not availabl@he stands were generated using the STRUGEN suleiniThe
STRUGEN sub-model generates tree positions usarglstructure descriptions (such random,
regular or clustered) and the tree density (N/ha@mcoordinates are not available. Figure 5 shows
the initial structure of the test plots in the slation.

Growth of trees in the test plots was simulatedentdo climate scenarios:

1. Current climate scenario - Climate data from WET TRtegional climate model for the A1B
emission scenario (Section 2.1.1) for the perio@122030 were used in the simulations for
the current climate scenario. This will be referte@s the “current climate scenario”

2. Future climate — The climate of 2071 — 2100 asegutejd for the A1B emission scenario by
the WETTREG climate change scenario were usecdifsistenario. This will be referred to
as the “future climate scenario”

* Silva can be initialised by individual tree data whendherdinates of the trees are known. Alternatively
SILVA can be initialised using average values for tree hedtjaineter at breast height, age and tree density.
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No thinning regime was applied in all the simulagoNatural mortality was active and the
identification of removal trees was uniformly setzero. Therefore, all tree removals were due to
natural mortality. Only the remaining trees anddead trees were considered for growth calculations.

Table 4. Initial values of tree variables (the same values used for Current Climate and Future Climate
Simulations)

Test Plot Tree Species| DBHcm| Max DBH cm Heightm | Age N/ha
BE3 Oak 44.8 61.2 30.7 201 148
Beech 12.9 25.9 14.9 96 692
BE4 Pine 42.5 59.2 25.5 129 200
Beech 24.7 40.2 16.1 56 212
Larch 38.4 42.2 27.8 60 4
Douglas Fir 7.1 7.9 3.8 12 4
Test Plot Test plot overview Initial Crown Plot | Potential height growth
Current Future
BE3 — .
Oak :Z :2
Beech TZ fﬁ
"0 3 ks e wom | o 7 % 5 e
Aol i
BEZ e oo
Pine :Z | 5
Douglas fir 12‘ E—
Larch o e P Agel)

Figure 6. The initial structure generated by the Structure Generator sub-model “STRUGEN” in SILVA.

3.3.3. Parameters for SILVA Simulation

SILVA was parameterised using empirical data fromad plots from different areas including the
Rhineland-Palatinate (Chair of Forest Yield Scien€echnische Universitat Miinchen 2008) . These
data were used to define the SILVA model functilikes the site-specific growth potential and
diameter increment. However, the trial plots depetbunder past climate. Trees are expected to grow
differently under future climate because of thdeddnt temperatures and precipitation patterns as
well as increased Gzoncentration.

SILVA uses a single average values for the clinpatemeters for a whole 5-year simulation period.
The parameters considered are CO2 concentratiogthef vegetation period, annual temperature
amplitude, mean temperature in vegetation periattaral precipitation during vegetation period.
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The problem is that climate conditions from thetzasl those from the future may have the same
average temperature and precipitation values, iffereint distribution patterns, which result in
changed tree growth responses. These growth respbiase not yet been parameterised for in
SILVA.

To deal with this problem BALANCE, a physiologidede growth model, was used to predict the
growth responses of tree species under the twatdiscenarios. Tree measurement s from test plots
BE3 and BE4 were used as input variables in BALANCHEmate projections for A1B scenario from
WETTREG for the years 2001- 2030 were used as ructenate parameters and those of 2071-2100
as the future climate parameters. Table 5 showsnanary of the climate parameters that were used
and Table 6 shows the soil conditions. The resak wset growth potential curves for the tree sgeci
in each plot. Rather than re-calculating the grosuttves and programming them in SILVA, existing
SILVA growth curves were matched with those derifredn BALANCE. This created an ill posed
inverse problem. Well posed problems are those eldyea solution exists, the solution is unique and
the solution depends continuously on the datapinesreasonable topology (Tikhonov 2001). If any
of these conditions are violated, a problem becdihpssed. The potential growth curves derived
from BALANCE do not have a unique combination ofgraeters in SILVA that match each of them,
this means it is ill posed. The Technische Univatdinchen (developers of the SILVA and
BALANCE models) identified and provided one a sieparameters for each test plot. The set of new
parameters values was used in simulation growtheek in the test plots for this project.

Table 5. WETTREG projections for climate conditions under A1B scenario for 2001-2030, 2031-2060 and
2071-2100 for the Weinbiet Meteorological Station (The data was provided by Technische Universitét
Miinchen - Jan 2009)

2001-2030 | 2031-2060 | 2071-2100
Precipitation mm 621 631 601
TemperaturéC 8.3 9.5 10.7
Temperature (vegetation peridi) 15.2 16.0 16.8
Vegetation period (days) 156.8 1733 188.8
Precipitation (vegetation perio} 270 266 219
Temperature amplitude (monttQ 19.2 18.4 16.7
CO, concentration ppm 380 600

Table 6. Soil conditions in BE3 and BE4, they are the same in both test plots (Source: Technische Universitat
Miinchen, December 2008)

Depth in cm Field Capacity in vol % Wilting poimt vol%
6 39.5 15.5

25 335 11.5

55 245 7

100 235 7
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3.3.3.1. Influence of Climate Change Parameters on  Forest Growth

Forest development in each test plot was simuliaied total of 30 years (6 periods of 5 years).réhe
were 10 replicates to account for the stochastierean the SILVA equations for DBH and height
increment. The stochasticity represents the ungtaalie biological influences at individual tree
growth level (Section 2.2.1)

For each of the simulation runs, results for theaiming individual trees in the final period, th@"3
year, were extracted and pooled into one spreatifidreeach test plot. The two sample t-test was
used to compare the DBH and height increments frenturrent and future climate scenarios. DBH
and height values from 10 runs of each scenaritefirplots BE3 and BE4 were averaged at each of
the 5-year intervals. The averaged values were tagsathke graphs that show the trend in DBH and
height for each scenario.

Individual parameters were examined to see how rthehinfluence and which parameter has the
greatest effect on the predicted tree growth in3té/A simulation. This was done through a series
of SILVA simulations which were run using the adtclémate parameters (and not re-parameterised)
for the current climate scenario. In each simutation, only one of the five parameters (at a time)
was replaced by that of the future climate. Thepeters that were considered are, CO
concentration, number of vegetation days, annupégature amplitude, and mean temperature and
precipitation in the vegetation period.

3.4. Evaluation of Forest Functions

The evaluation of future wood production and hdlgptatection suitability for the forest under
current and future climate was based on criteréhiadicators used in Rhineland Palatinate. Some of
the indicators were taken from the SILVA simulatr@sults. For those indicators that could not be
obtained from SILVA, literature was used to estientdite future value under current and future
climate scenarios.

3.4.1. Linking SILVA output with Evaluation

In order to allocate values to indicators in thaleation framework the relevant SILVA outputs for
the indicators were identified. Where possiblewvthleies from the SILVA simulation output were
used to represent the future value of the indicafter 30 years of forest development under the
current and future climate as predicted by SILVAeTteps taken to match SILVA results with the
evaluation framework are shown in Table 7 below.

23



Table 7. The steps followed in linking the evaluation framework indicators with the output from SILVA and in
allocating a score for the indicators in the wood production and habitat protection functions

Can SILVA provide input(s) to YES Which variables from SILVA can be used in
the value for the indicator? " calculating the value for this indicator?

l NO Calculating th¢e value for the indicator
Is there a variable from SILVA YES Standardise it with / to the current framework
that is closely related to and car l
be used in place of an indicator

l NO Use it to calculate the value for the indicator
Is there information that indicates  YES Consider this information to determine whether
that the value is enhanced or the value for the indicator declines or goes up.

reduced under climate change?

Calculating the valle for the indicator

J'NO

The value for the indicator
remains the same as the existing
current value.

The process of linking the indicators in RLP evéhuaframework with predicted future values was
concluded by allocating a score of 1 (bad), 2 (mexlior 3 to each indicators. The details of theeco
allocation are shown in the table given in Appeedi2 and 3. The scores that were allocated were
used in multi criteria evaluation of the wood protion and habitat protection functions in the two
plots.

3.4.2. Multi-criteria Evaluation

Evaluation is the process of giving value judgentera situation (Voogd 1983). Multi-criteria
evaluation methods investigate a number of choissipilities. These choice possibilities are
alternatives that should to be compared, in the oéshis project are the stand development
simulated under two climate scenarios, currentfande. In MCE, alternatives are compared based
on many criteria. This evaluation can be represkatea matrix with alternatives in one of the
dimensions and criteria on the other. A criterioars, which reflects the degree to which an
alternative meets a particular criterion, is altecain the matrix.

It is necessary to transform the scores into ore@somement unit through a process called
standardisation. In the RLP framework, the critesgores are entered in a “standardised” format of
an ordinal scale whereby 1 is a bad score, 2 isumednd 3 is a good score. Once the criterionescor
are standardised, the priorities attached to thiews criteria have to be defined. These prioritias

be expressed guantitatively as weights, or theybeaexpressed by ordinal expressions that rethect t
priorities given to the criteria. Appendix 1 shotlis weights allocated to the wood production and
habitat protection evaluation criteria.
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Once the criterion scores and weights have beenai#d the final assessment score can be
calculated. Definite (decisions on a finite sealtérnatives) decision support software developed b
the Institute of Environmental studies in the Viijaiversity of Amsterdam was used for this
procedure. The following section describes howatveduation was done

3.4.2.1. The Evaluation Procedure in Definite

In the problem definition, the current and futulienate scenarios that were used in the SILVA
simulation defined the alternatives. For the halgtatection, the three main criteria, referreéso
“effects groups” were Closeness to nature, strattliversity and rareness. For wood production,
they were grouped into production level, developnpertential and risk factor.

All the effects were considered as benefits becthesevalues had been classified as already dgfine
in the evaluation framework Table 14 (Section 4.2

Bad=1

Medium = 2 and

Good =3

In order to rank the alternatives, current andriuttiimate, the Multi-criteria analysis module of
Definite was used. The software uses standardiskegs between zero and one, so the criterion
scores were standardised to values between zerorendror most of the effects, the goal
standardisation with a minimum of “0” and a maximaht3” was used. For those that were
measured using ecological indices, the goal funatias used with the minimum and maximum
values represented by the index minimum and maxinWieights were allocated according to
percentages given in the existing framework (Appeddl The alternatives were ranked to show
assessment scores for each of them, from 0 (bddjgood). The scores were multiplied by 3 to
match the existing scale (of 1 to 3) used in th® Rlamework. Finally, the assessment score was
allocated to one of five classes defined as

< 1.40 = 1 (not suitable)

141-180=2
1.81-220=3
221-260=4

2.61 - 3.00 = 5 (very suitable)

The two alternatives (current climate and futuimate) were compared based on the class allocated
to their assessment score. The habitat protectidmaod production functions under climate change
under climate change were evaluated based ondhiparison.
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4. Results

This chapter shows the results of simulating fogestvth model, and those from the evaluation of the
forest wood production and habitat protection fions.

4.1. Validation of the SILVA Model

4.1.1.

A summary of the validation results is shown in [Eabbelow. On average, the DBH from the
simulation was 1.5 cm bigger than the measured EBlthe Oak trees in the test plot BE3. The
average height from the simulation is 0.4 m shdftan the measured height. The humber of
remaining trees is understated in the simulatiorbéidh the oak by 8% and the beech by 19 % in BE3.
For BE4 the simulated pine trees DHB is on avefag#& cm less than the measured. The simulated
height is 6.11 m higher than the measured heidgig.rumber of remaining pine trees is overstated by
28 % in the simulation while that of the beech $ree49.5 % less than the observed value.

Table 8 Averages of measured and simulated tree DBH and heights

DBH cm Height m Number
BE3 | Oak 1988 — Measured 40.06 27.24 51
Oak 2005 - Measured 44.8 30.69 37
Oak 2005 Simulated 46.27 30.29 34
Measured Growth 1988-2005 474 3.45 -14
Predicted Growth 1988-2005 6.21 3.05 -17
Difference (S mulated-measured) 147 -0.4 -3
BE4 | Pine 1985 — Measured 37.5 26.39 71
Pine 2005 — Measured 42.51 25.51 50
Pine 2005 Simulated 42.20 31.62 64
Measured Growth 1985-2005 5.01 -0.89 -21
Predicted Growth 1988-2005 4.70 5.23 -7
Difference (Smulated-measured) -0.31 6.11 14
4.1.2. Validation Results for BE3 Stand

The Levene's test for equality of variances shdwasthe simulated and measured DBH values have
the have equal variances. The t-test shows thatitmélated DBH is not different from the measured
DBH as shown in Table 9.
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The significance value of the T-test is 0.005. $imulated height is statistically different froneth
measured height. The standard deviation for thghttés however very low (1.16 m simulated and 1.4
m measured)

Table 9 Results from the two sample t-test for DBH and height increment in BE3

Levene's Test fd 95% Confidence
Equality of Significance|Interval of the
Variances. value. (2- |Difference
F Sig T tailed) Lower |Upper
DBH cm|Equal variances assume0.636 (0.428 (-0.0010.999 -3.368 |3.364
2005 :
Equal variances not
quatvariances -0.001 [0.999 -3.369 |3.365
assumed
Height mEqual variances assume{4.506 |0.038 |-2.894 [0.005 -1.585 (-0.291
2005 Equal variances not
-2.95310.004 -1.573 |-0.304
assumed
4.1.3. Validation Results for BE4 Stand

The two sample t-test showed a t value of -8.14sigmificance value 0.417 at p<0.05 for the DBH,
therefore there is no significant difference betw#e simulated and measured DBH. The Levene’s
Test for equality of variance also shows an eqadbhnce.

The two sample t-test for the height showed a tivalf 11.94 with a significance value of <0.001.
The simulated height is significantly higher thae thneasured height. Table 10 shows a summary of
the Two sample t-test.

Table 10 Results from the two sample t-test for DBH and height increment in BE4.

95% Confidence

Levene's Test for Interval of the

Equality of Variances Sig. (2{Difference

F Sig. t tailed) |Lower  |Upper
DBH cm|Equal variances assumed.775 .380 -.814 (0.417 |-3.10 1.30

Equal variances not
assumed

Height mEqual variances assumeq61.502 .000 11.44 (<0.001]4.88 6.92

-794 10.429 (-3.16 1.36

Equal variances not
assumed

9.46 ([<0.001j4.64 7.16
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4.2, Simulation Results for Future Tree Growth in T  est Plots

Tables 11 and 12 below show the averaged DBH aigththi@crement results of individual trees.
These were obtained from 10 simulation runs of eaeimario for test plots BE3 and BE4. Two
sample t-test for the SILVA predictions show thatler the future climate scenario, DBH increment
is significantly lower foroak treesin BE3 at p < 0.05The beech treesn the same plot show no
significant difference in predicted DBH under thetscenarios at p < 0.05.

The two sample t-test also shows that the predicim@ment in DBH is significantly lower under the
future climate scenario fgine treesand for thebeech treesn BE4 at p < 0.05.

Table 11. DBH Increment for individual remaining trees after 30 year of simulations. These were derived from
10 runs of each simulation (The initial tree measurement variables for each test plot are the same for both

climate scenarios.)

Test Plot Climate Scenario DBH increment - gnt-test | Significance
(Mean + SE) value | value. (2-tailed)
BE3 Sessile Oak Current Climate 10.90 £0.36 3.120.002
Future Climate 9.37 +0.33
Common Current Climate 7.02+0.13 1.12 0.156
Beech Future Climate 6.77 £0.12
BE4 Scots Pine Current Climate 6.20 +0.30 3.23 00D.
Future Climate 470 £0.33
Common Current Climate 1356+ 0.44 4.57 <0.001
Beech Future Climate 10.70 + 0.41

Table 12. Average Height Increment in the remaining trees — Using results from individual tree output

Test Plot Climate Scenario Hincrement - m | t-test Significance
(Mean + SE) value | value. (2-tailed)
BE3 Sessile Oak Current Climate 3.43 +0.36 27.%8&0.001
Future Climate 2.23 +0.33
Common Current Climate 6.48 + 0.06 5.10 <0.001
Beech Future Climate 6.05 + 0.06
BE4 Scottish Pine| Current Climate 8.00 +0.03 Q76| <0.001
Future Climate 1.10 +0.03
Common Current Climate 8.98 +0.06 -0.28 0.780
Beech Future Climate 9.00 + 0.05
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BE3 - Oak and Beech Test Plot
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Figure 7. Graphs showing the increase in average DBH and Height for the tree species in BE3 (Oak and Beech)
and BE4 (Pine and Beech). These are mean DBH values for the trees in each test plot averaged from 10

simulation runs.

The graphs show the simulated growth in DBH andtitedver 30 years (Figure 7). For the oak trees
in BE3, DBH increment is lower under the futurex@ie than the current climate while that of beech




trees is almost the same under the two climateasmeEn The height increment is lower under future
climate for both tree species in BE3.

In BE4, both the pine and beech trees show lowdd D&rement under the future climate scenario.
The pine trees show very little height incremerdemthe future climate scenario and they are on
average 7 m shorter compared to those from thewructimate simulation after a 30-year simulation
period. However, for the beech trees, the futuemaro gives a slightly higher average height
increment.

4.2.1. Influence of Climate Parameters on DBH incre  ment

The following Table 13 shows the average of tre¢HDBsults after running the SILVA simulation
using the actual climate parameters (and not rameterised) for the current climate scenario. In
each simulation run, one of the five parametersnepkaced by that of the future climate.

A change in precipitation caused the highest rednéh DBH increment while the increase in £0
concentration slightly increases the simulated DBtdement for the oak trees and the pine trees in
BE3 and BE4 respectively. Temperature amplitudethadncreased mean temperature during the
vegetation period caused a slight decrease initlidated DBH increment for oak and pine trees. The
increased mean temperature during the vegetatioodoseemed to affect the beech trees more
negatively than the oak and pine trees. The longgetation period did not cause much change in the
simulated DBH increment for all the tree species.

The SILVA simulation was also run using actual fetalimate parameters. The results show lower
DBH increment than that that simulated using theeni climate parameters for oak trees and pine
trees. The simulated DBH increment under the futlireate for the beech trees in both test plots was
slightly higher than that simulated using the cari@dimate parameters. This is not consistent with
results obtained using the re-parameterised cliveltees that showed a reduction in the DBH
increment under future climate.
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Table 13. The effect of changing the different parameters to future climate values, while other remain at the
current climate level in the SILVA simulations

. . Decrease in precipitation to the future
BE3 Simulated Sessile Oak DBH ) precip i
63 climate value caused the highest
62 reduction in the simulated DBH
61 increment. The increase in ¢Gaused
E 6o a slight increase in the simulated DBH
== .
B 59 | increment. The mean temperature
58 increase in the vegetation period ang
a7 the reduced temperature amplitude
26 caused a slight decrease in DBH
Precipitation Temp veg Temp Veg period 02 .
period  amplitude Increment
Parameters
DBH Sessile nak = [BH Current climate
= DBH Future climate
) . For the pine trees, the simulated DBH
BE4 Simulated Scots Pine DBH .
increment was reduced the mostly by
136 . .. . .
44 . L 3 _the drop in preC|p.|tat|on. The |.ncrease
12 |’ PY in CO, concentration resulted in a
E u higher the DBH increment in the
=
g 18 * simulation. Temperature changes
e slightly lowered the DBH increment.
42.4
422
Precipitation  Temp veg Temp Veg period 02
period amplitude
Parameters
+ ScotsPine DBH =——DBH Currentclimate = DBH Future climate

This section has shown results of the main simuatif tree growth in the test plots BE3 and BE4. It
went on to show the results of an exercise thatdeag to validate the SILVA simulation of growth
of trees in these test plots and to show that Sligit&s reasonable estimates of the growth
parameters, DBH and height in particular. Lastig, tesults showing the sensitivity of the simulated
DBH for the species in the test plots, to chandakedifferent climate parameters were shown.

4.3. Evaluation of Wood production and Habitat prot  ection functions

The results of evaluating the wood production aalditat protection functions under climate change
are presented here. The evaluation involved thig@a processes, linking the output from SILVA to
the appropriate indicators in the evaluation framduallocating a score for each indicator andyast
calculating the assessment score for the functions.
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4.3.1. Linking SILVA Output with the Evaluation Fra  mework

The input data needed to calculate the valuesdch endicator in the evaluation framework were
identified as shown in Table 14. For some of thiidators, the information to estimate their values
could not be obtained from the SILVA simulation puit For these indicators, alternative source of
information from literature were identified. Watrpply is one example were the value for the
indicator could not be taken from the SILVA outpuid so predictions from the WETTREG climate
model were used. The precipitation during the \egg@t period is predicted to decrease whilst
potential evapo-transpiration increases, this hasgative effect on the water balance and therefore
the value for the water supply indicator is redusader the future climate.

The information on soil nutrient supply could netdbtained and it so the value remained the same as
it is now for both climate scenarios. Still somdigators are not expected to change in the future.

This applies for the stand damage, because botbetleng and splitter damage are took place in the
past. The splitter damage because of metals frdletband explosives form the Second World War,
the peeling damage caused by deer usually takes plaen the trees are young. In this case, trees in
both test plots are old and have developed halksltihat prevent this damage. A summary of the link
between SILVA and the evaluation framework is giireitable 14 below.

Table 14. This table shows the variables used to link outputs from the SILVA simulation to the evaluation
framework for the wood production (a) and the habitat protection (b).

Objective Criteria Indicator Explanation Variables used SILVA Link/
Comments
High Net Profit | Net 1 =bad <0 BA_1 = tree species Tree species —from
production | — 100 margin/MBT BHD_1 = DBH size the Yield table
levels — 20 2 = mediun> 0< 12€ | BEF = accessibility
3=Good >12 € ANSATZ_BAZ =
readiness for felling.
Develop- Potential Wood product | 1=bad 0.0 - 2.4 FLA= area covered by Krprz g(v) -the%
ment value — 50 | ion target 2 = medium 2.5 - 3.4 | each species Crown cover area
potential — 3=Good 3,5-4,0 PRODUKTZIEL_1=purp | from the Yield table
50 ose for wood production
WO_FLAE - total area
Stand Peeling damage 1 = badly> 66% Take existing values Remains the same
damage / | (deer), Splitter [ 2 = mediunm< 11% to | |f SCHAEL_1 and /or
health — 25| damage 66% SPLITTER_1#0 then
3 = Good< 10% (FLA/ WO_FLAE)*100
Site Water supply, | 1 =badly 1-3, 11-12 | information used is from | Decreases with time
productivit 2 = medium 4-S6, 10 | the climate model — Lower
y-25 3=Good 79 predl.ctlon. precipitation, .hlg.her
— soil moisture content | evapo-transpiration
(WHST_1)
Nutrient supply | 1 = bad entry =5 or 6| TROPHIE_1 = soil No information so
2 = medium entry = 3 | nutrient level it remains the same
or 4 (7 and 8 are not
used)
3 =Good entry =1 or
2o0r9
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Low risk Stability — | Fraction of tree| 1 = share of bad area | BA_1, Yield table — gives
factor — 30 | 50 species suitablg <33% BA_SUBSTRAT_1= species composition
to the site . Substrate table matching | -% of suitable
2 = medium surface . Lo
share 33% - 66% trees with substrate . species in test plot
FLA = area per species | BE 3 -6/229- both
3 = Good surface WO_SUBSTRA 1 species suitable
proportion> 66% (substrate series), BE4 -3/231 only
WHST_1 =soil moisture | pine is suitable
content beech is not
Stratificati | Stratification/ | 1=bad =1 SCHICHT_1 Visualisation -
on —50 Layering overview and
perspective view
(A value of 2 for
both plots (two
layers in over 50%
of stand)
14 b
Objective Criteria Indicators Explanation Variables used SILVA Link
Closeness Naturalness | Proportion of | Percentage of tree species | BA_1 = tree Yield table — gives
tonature | of forest stand| natural trees | natural in that particular soil | SPecies species composition
40 100 100 type and moisture content of ?f‘—SL;BtSTtRAT— -% of suitable species
the area V\?OiléUSBrg'l?R A 1| in test plot
Bad 1 =<40% = substrate BE 3 -6/229- both
Medium 2 = 40% - 80% FLA , WHST_1 species suitable
Good 3 > 80% Auxiliary Table BE4 -3/231 only pine
"natural Trees” is suitable beech is not
Structural Spatial Vertical 1 bad =1 (single) Stratification/ Species profile index
diversity structure structure 2 medium = 2 (partially number of vertical | (by Pretzsch)
30 50 40 schichtig) or = 3 (double) layers/ stratum
3 Good =4 (multi) or=5 Visualisation -
(plenterartig) overview and
-horizontal perspective view
and vertical (A value of 2 for both
diversity of plots (two layers in
forest over 50% of stand)
1 bad =0 (not stage) or = 1 | Stufung vertical species
(flat stage) (step range) mingling within the
2 medium = 2 (horst stage ap stand.
in some areas)
3 Good = 3 (horst as stage)
Stock 1 share of bad area80% Baumartenvielfalt | Segregation index -
structure 25 2 medium surface proportion} (tree species horizontal mingling of
50% and <80% diversity) 34 tree species/ degree of
3 Good surface portion 50% [ HAUPT_BA 1=M | mixing of tree of
ain tree species different species
WO_FLAE- area
BA_1_Tree
FLA —Crown area
BG= stocking
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Number of different tree
species with area coverage
5% of the total stand area

Mischbaumartenary
zahl
(mixed tree specie

Mingling index
(proportion of the
nearest neighbour treq

1 bad< 2 different tree number)

species WO_FLAE to the reference tree
2 medium 3-4 different tree | BA 1 with different species)
species FLA

3 Good> 5 different tree BG=stocking

species

1 badly <4 Trees

Number of tree

Total number of tree

2 medium> 4 trees and <6 species BA_1 species
Trees SO BA 1
3 Good> 6 Trees
Mosaic 1 bad 2,5-3,0 MISCHUNG Aggregation index
diversity 2 medium 1,7-2,4 FLA values from 1.0
25 3 Good 1,0-1,6 (homogeneous) — 3.0
(clustered)
Agediversity | number of different age ALT=age Can be obtained from
10 groups in the stand — coveringWO_FLAE yield table
> 5% of total area FLA
1 badly <3 ages
2 medium ages 3-4
3 Good> 4 ages
Habitat Stocking 1bad>1.00£0,3 BG (stocking) Yield Table - Stock
features 40 33 2 medium Score 1.0 and> FLA density
0.7 WO_FLAE (area
3 Good Score 0.4 and< 0,6 | waldort)
Heavy Based on DBH. The higher | BHD — diameter Yield table — DBH
wooden share | the value the more the share] FLA — crown area
33 1 badly< 10%
2 medium 11% - 30%
3 Good> 30%
Location 1 badly 4-6 WHST_1=water Decreases with time —
potential 2 medium 7-9 supply Lower precipitation,
34 3 Good 1-3 or 10-12 1 (extremely dry) | higher evapo-
to 12 (wet) transpiration
lbad4or5 TROPHIE_1=nutri] Na
2 medium 2 or 3 (7 and 8 arg ent supply
not used)
3 Good1or6or9
(special Dead wood 1 bad enter 0 TOTHOLZ_1= Na
structure) 33 2 medium Entry 1 (Deadwood
3 Good Entry 2 or Entry 3 expression)
Location Rare soil type -if it occurs BA_SUBSTRAT_ | Does not change
diversity <5% then it is not good. But if 1 FLA
33 >10% then it is good WO_SUBSTRA-1
Diversity of the soil
-if more than 2 soil types in
the stand, then it is very good
(special local | 1 bad no note SONDERSTRUK | Does not change
stuctures) 34 | 3 Good entry (special structures
Seltenheit | Biotope des | Biotope 1 = share of bad area <33% Does not change
(Rareness) | LUWG 50 2 = medium surface share
30 33% - 66%
3 = Good surface proportion
66%
Schutzgebiete| NSG, 1 share of bad area25% Does not change
(protected Nuclear 2 medium surface proportionp
area) 50 Biosphere 25% and <50%

reserve zones
NWR

3 Good surface share50%
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4.3.2. Evaluation Results for Wood Production and H abitat Protection

The evaluation results of wood production and lzlptotection are presented here. Only the scores
for indicators and the final assessment are shas. A table with more detailed stages of
assessment is in Appendix 2.

Wood production

The values for most indicators did not changetierwood production as shown in Figure 8. In BE3,
the only value that changed was that for water lsuwshich goes down under the future climate
scenario. This gave the “development potentialightly lower value for the future climate, 0.88
compared to 0.92 for the current climate .In B4, profit margin under the current climate
increased while that under future climate remaitedsame. The production level therefore had a
higher value for the future under the current ctigrdan under future climate.

BE3 BE4
1 Production Lewvel 078 075 082 75
. Result
I Development Patertial ol o=
[ Rizk Factar
1.00
Production Level Production Lewvel BEy
033 033
08 083 083
Development Potential Development potenntial
083 083
Risk Factor EE 067 0E7
z 2 s &
E E : =
=) [ = 5

Figure 8. Final assessment score given by Definite for the wood production function in BE3 and BE4

Final evaluation
The final evaluation of wood production for the rant and future climate scenarios after a thirigrye
simulation of forest growth is the same as theenirevaluation as shown in Table 15 below.

Table 15. The table shows the current evaluation scores and the future evaluation scores for wood
production

Climate Final assessment | Evaluation for Evaluation for the
Test Plot Scenario score current scenario future scenarios
BE3 Current 2.34 4 4

Future 2.25 4
BE4 Current 2.46 4 4
Future 2.25 4
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Habitat protection

There was no change in the indicator values foithprotection after 30-year simulation as shown
in Figure 9 below. The habitat protection valuasnfmst indicators did not change. In both testglot
the structural indices were slightly different betm the two climate scenarios. These differences
only produced small differences in the final asses¥ score.

BE3 BE4

[ Closeness to nature
B Structural diversity
[ ] Rareness

Result

Result 054 053

Closeness to nature Closeness to nature

Structural diversity Structural diversity

Rareness Rareness

033 033 033 033

B
|
B
|

Current Climate
Future Clirmate
Current Clirmate
Future Clirmate

Figure 9. Final assessment score given by Definite for the habitat protection function in BE3 and BE4

Final evaluation
The final evaluation of habitat protection for tharent and future climate scenarios after a thirty
year simulation of forest growth is the same asctiveent evaluation as shown in Table 16 below.

Table 16. The table shows the current evaluation scores and the future evaluation scores for habitat
protection

Climate Final evaluation | Evaluation for Evaluation for the
Test Plot Scenario score current scenario future scenarios
BE3 Current 1.92 3 3

Future 1.92 3
BE4 Current 1.62 2 2

Future 1.59 2
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5. Discussion

In this chapter, the results of the simulated gesvth as shown by DBH increment, the validation of
the SILVA simulation as well as the evaluationloé forest functions are discussed. The methods and
sampling data used are also part of the discussion.

5.1. Simulations from the SILVA Model

The simulation results showed a reduction in DBétément under future climate. Reduced water
availability due to lower precipitation accounted the largest part of the reduction in the simadat
growth. This was confirmed a simple sensitivityt ascribed in Section 4.1.2. Increased atmospheric
CGO, concentration resulted in higher DBH incrementtf@se species in both stands. The overall
results show a reduced DBH increment under thedutlimate scenario.

Although atmospheric Cxoncentration almost doubles, there is a temperatgrease of 1°€ and
vegetation period increases by 32 days in the éugaenario growth is still reduced under future
climate. This combination would be expected toease the growth rate since £énhances
photosynthesis and water use efficiency, higheptature increases the rate of photosynthesis and
other metabolic processes (up to an optimum), badanger vegetation period leads to a longer
growth phase (Lindner & Cramer 2002). This is winas been demonstrated in other studies on the
effects of climate change on forest developmethénmmediate future(Boisvenue & Running 2006;
Alcamoet al. 2007). However, the predicted 51mm drop in preatmin during vegetation period
becomes the limiting factor. The reduced growth uewer precipitation is expected because it
causes decreased water supply resulting in draigigs, impaired growth and drought damages
(Zebischet al. 2005). In the study area, the soils are sandy Mithwater holding capacity and this
further reduces water availability.

Previous studies indicate that net primary proditgtivill likely increase where there is no limited
water availability (Smittet al. 1996). The heat wave in Germany, the summer o8 2@dnonstrated
the effect of combined summer droughts and higtpegature. The vitality of forests generally
decreased and there was premature shedding okleadeneedles (Zebisehal. 2005).

5.2. Validation of SILVA Model Predictions

Past measurement data from test plots BE3 and Bffd wsed to simulate growth over twenty years.
Only measurement data for the main species (oBEBand pine in BE4) were available. Beech
trees were considered to have more of an ecologaaé in both stands and there was no interest in
taking their measurements until recently. The bdeates provide nutrients to the soil in the pine
stands. In the oak stands, they provide competitiofight in the lower canopy of the oak standsth
helps to prevent having branches in the lower pertke oak trees that would otherwise affect the
oak wood quality. In order to run the simulatiothg input variable for beech trees were generated
from a “guestimate” through trial and error runshathe measurements taken in 2005 as target
results.
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Results from both test plots showed that the DBtdement simulated by SILVA was not
significantly from the measured DBH values andhegimulation gave a reliable estimate for the
DBH increment of the oak and pine trees in thisdtddowever, this could not be established for the
beech trees because no beech measurements hadkerem the test plots before 2005.

The height increment from the simulation was sigaiftly different from the measured heights in

both test plots BE3 and BE4. According to pers@eahmunication with (Schréck 2008), this could

be explained by snow damage which occurred in 2@&3ilting tree heights that are even shorter than
they were 20 years earlier. Using these height areagents would not be suitable for validation
because of snow damage

The simulation by SILVA also had a 28 % over-estioraof remaining trees in BE4. This could also
be explained by the snow damage of 2003, whichrasudt in 20 damaged trees having to be cut
down. The number of remaining trees was only 8 86 than the actual for BE3, which is a fair
estimate. In both test plots the simulated numbeemaining beech trees was lower (19 % for BE3
and 49.5 % for BE4) than the actual numbers. Isdlstands, the beech trees are younger and smaller
than the oak and the pine trees. The beech treegated in SILVA seem to have high mortality due

to light completion. Beech trees are shade toleaadtSILVA tends to underestimate this shade
tolerance, giving problems in simulating beechdreethe under canopy.

5.3. The Influence of the Sample Plots

The test plots used in this project, BE3 (mixed aa#t beech) and BE4 (pine and beech) are level Il
plots, were measurements of tree variables of #ia Bpecies are taken and updated every 5 years.
The advantage of using such plots that are contislyanonitored is that the past and present data is
available and complete. It also allowed for validatof the model that was used in the simulation to
be done. However, in both test plots the treeb@ihtain species were rather old. The oak trees in
BE3 were 201 years old and the pine in BE4 129syekt.

The problem with simulation their development Ia\RA is that growth potential curves tend to

flatten after the age of 120 years on average (lsimsher 2008) . The oak trees are almost at the end
of the SILVA simulation period and pine trees axpexted to be harvested by the time they reach 160
years. This limited the simulation period for bkt plots, the simulation could not go beyond 30
years for the pine, it goes beyond the harvest, tand for the oak trees, going beyond 30 yearsavoul
exceed the age limits they can be simulated fd8lhy)/A. Nevertheless, the effect of climate change
on the development of these old trees was stithdicio be statistically significant. If younger sian

had been used, the simulated climate induced diffags might have been even more substantial.

5.4. The Modelling Process

Like any other model, SILVA gives a simplified repentation of individual tree growth in a forest
stand. SILVA is an empirical model that is paramistal using en extensive database from plots in
different parts of Germany. However, the paramségion is based on empirical data from the past
and has not yet been parameterised for the futimate scenarios. Simulations for the future clienat
scenarios using the current parameters may notalgiae the reasonable growth predictions.
Because of this, parameters that correctly reptabergrowth of the mixed oak and beech and in
mixed pine and beech under the site conditionskEs Bnd BE4 had to be identified. BALANCE, an
eco-physiological model was used to simulate tlogvgr of trees in BE3 and BE4 test plots under
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current and future climate scenarios as predicyethd WETTREG regional climate model for the
AIB climate change scenario. The result was a Bty potential curves for the tree species in each
plot. This growth potential curve needed to be fpooated into SILVA to allow the simulations to be
done.

Incorporating the potential growth curve from BAL&E created an ill posed inverse problem. This
is because the potential growth curves derived BB&xhANCE do not have a unique combination of
parameters (CQOconcentration, length of vegetation period, antemlperature amplitude, mean
temperature in vegetation period and total preafigit during vegetation period) in SILVA that
match each of them. The Technische Universitat Ménddentified and provided one a set of
parameters for each test plot. The set of new patersivalues was use in simulation growth of trees
in the test plots for this project. Table 17 shaxsomparison of the actual climate parameters as
predicted by the WETTREG climate model with thepegameterised values that were used.

Table 17. A comparison of the actual climate parameters as predicted by the WETTREG climate model with
the re-parameterised values and their predicted DBH increments after a 30-year simulation period.

BE3
Current climate Future Climate
Climate Parameter WETTREG BE3 Re- WETTREG BE3 Re-
2001-2030 Parameterised | 2071-2100 Parameterised
Temperature (vegetation peridtd) 15.2 15.0 16.8 15.0
Vegetation period (days) 156.8 142.0 188.8 145.0
Precipitation (vegetation period) mm 270 387 219 300
Temperature amplitude (monttg 19.2 16.6 16.7 16.6
CO, concentration ppm 380 353 600 300

Predicted DBH increment Oak trees 11.70 £1J15 10.903& 9.32 +1.11 9.37 +0.33
Predicted DBH increment Beech trees  7.01 + 0.4D 7.02% 0. 7.38+0.41 6.77 £0.12
BE4

Current climate Future Climate

WETTREG BE4 Re- WETTREG BE4 Re-

2001-2030 Parameterised | 2071-2100 Parameterised
Temperature (vegetation peridtf) 15.2 15.0 16.8 19.0
Vegetation period (days) 156.8 130.0 188.8 150.0
precipitation (vegetation period) mm 270 400 219 383
Temperature amplitude (monttQ 19.2 16.6 16.7 17.6
CO, concentration ppm 380 353 600 347
Predicted DBH increment Pine trees 0.86 +1.08 6.2036 0.19 +1.15 4.70 +0.33

Predicted DBH increment Beech trees 12.63 +0.p7 13.9644 12.99 +1.23 10.70 £ 0.41

There is not much difference in the predicted ayefaBH increment for both oak and beech trees in
BE3 when simulated using the two different setparimeters. According to expert advice from the
model developers of both SILVA and BALANCE, the siations from the re-calculated parameters

give more accurate results because the recalcypareaneters represent more accurately the growth
in the future.

While climate factors are expected to change gibdaeer time, they are represented is such that
there is one average value for the whole thirty-gi@mulation period. An alternative would have been
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to use five-year averages. However, because afdhld to recalculate the parameters using
BALANCE, the time available was not enough to allimwthis.

5.5. Evaluation of Forest Functions: The method

The framework that was used for the evaluation de®loped for assessing the current state of
forests and inform the communities that manage theeordingly. The criteria were developed to suit
this purpose of assessing the condition, rather thanonitor the trends in the condition over time.
This framework was adopted, as it is in, orderllmaafor comparison of the different sets of
assessments with the current assessment. Howeseeadrom the results, there was not much
change over time.

5.5.1. Evaluation of Wood production and Habitat Pr  otection

In both test plots, the assessment score for woodlgtion under future climate is slightly loweath
that for than that under climate change, 3% loweBE3 and 10% lower in BE4. However, these
differences between scenarios did not show initie évaluation because the small defences
between them placed them in the same suitabildg<l

As shown in Table 18 in, a large proportion ofemiet and indicators, which are useful in showing
spatial variation, do not change much in the 30-fie@e frame. These indicators such as wood
production purpose, peeling and splitter damagg cimhnge spatially but not over time even if the
climate changes. Some of the criteria used foetla@uating habitat protection function were
closeness to nature, structural diversity and esgf the biotope type. As in the wood producéion
large percentage of the indicators used do notgshawer time. Table 18 shows that indicators
contributing a total weight of 73.5 % will remaimetsame.

Table 18a . The table shows evaluation criteria with values that remain constant over time.

Criteria Indicator Remarks % contribution
to evaluation

Development| Wood production target The purpose for the wood productitotin 25

potential plots is for high quality wood.
Stand damage -(peeling | The stand damage happened in the past and h@2.5
and splitter) further damage is expected for the future

Risk factor Stability — proportion of | 100% in BE3, and will not change. BE4 — the | 15
suitable trees current value is 2(medium) and it has a wide

range (40% - 80%)

Total (Wood production) 52.5
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Table 18b
Criteria Indicator Remarks % contribution
to evaluation
Closeness to| Proportion of natural 100% in BE3, and even ratio of species it will | 40
nature trees remain 100%
BE4 — the current value is 2(medium) and it has
a wide range (40% - 80%) so the 14% difference
in the two scenarios lands then in the same class
(2)
Rareness forest nature reserves anthese are designated already and if they changg
nature protection areas, | the information cannot be obtained from SILVA.
Structural Local diversity These are structures in the stand like spring, | 2
diversity Special local structures | ditch, brook, lake, tarn, rocks, cave, grasslang
Age diversity The age differences are constant 15
Total (Habitat protection) 73.5

Indicators for habitat protection contributing bkeetremaining 26.5% include vertical structuresglsto
structure, and mosaic diversity, and stocking, sledheavy wood, water supply and nutrient supply.
The SILVA simulation gave information on most oé#le indicators, the exceptions being water and
nutrient supply. However, although there were défeces in the values between the scenarios, the
differences were too small to push the overall gatabns to different classes.

SILVA only simulates growth of trees with DBH largthan 5cm and in practice, only those with
DBH greater than 7cm are considered when takirgD®H measurements. This means that if there
are any small trees, they are not considered isithelation even though they contribute to real
structural diversity in the forests.

The resolution used for the criterion scores, dr 2 corresponding to bad, medium and good, may
have made it difficult for small changes to be ditd. In some cases, the ranges represented in one
class were so wide that some differences whereezied.

Lastly, this evaluation was based on the changagéngrowth that are represented as gradual by the
simulation. This may not be true in the realitycbimate change. Extreme weather events that are
likely to result from climate change as well asigsie of pests and diseases that are likely radre
prevalent under climate change could not be siradlahd are outside the scope of this study.

The simulation results as well as the assessmergsare only representative of similar forestasre
in Merzalben and Johanniskreuz for mixed oak argtihatands, and mixed pine and beech stands
respectively. The parameters derived from BALANC&evwvery specific to the study area and tree
species involved. The results also only represesitgne many possible climate scenarios.

The evaluation framework was used with as littledifications as possible. It was done to allow for
comparison of the evaluation of forest functiondemclimate change with the current state of the
forests, based on the current practice in evalnatfdhe same functions.
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5.6. Uncertainties in Climate and Forest Growth Mod  elling

The evaluation of wood production and habitat prisbe functions was partly based on the weights
allocated to different criteria and outputs frora threst growth mode SILVA. The allocation of
scores depends on who allocates, and from whapgetse they are looking at the evaluation
(economic, ecological or social). The simulatiorfarest growth by SILVA model was based on
climate parameters from WETTREG regional climatelaidor the SRES A1B climate scenario and
tree measurement variables from the test plots. WRHG regional climate model walownscaled
from ECHAMS5/MPI-OM, a global climate model. The Ai8one of the climate scenarios based
on green house gas emission scenarios as explaiSsittion 2.1.1These scenarios are just
alternatives of how the future may unfold as opddseforecasts or predictions.

With such multiple model integration, it is impantdo identify and assess the uncertainties the
propagation of such uncertainties at the differeatlelling stage. A concurrent MSc thesis looks at
these uncertainties. In that thesis, a conceptaaidwork for uncertainties and sensitivity analysis
application in forest management was developed.
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6. Conclusions and Recommendations

6.1. Answers to Research Questions

Research Question 1Will forest tree growth under future climate be different from forest tree

growth under the current climate?

This study revealed a statistically significant @vgimulated tree growth (at 95% confidence int@rva
under future climate (WETTREG A1B SRES climate scenof 2071-2100) than under current
climate (2001-2030). This was indicated by the $atmd DBH increment in the mixed oak and beech
forest in Merzalben area. The reduction in grow#tswot attributable to the beech trees, which grow
in the under-storey

Oak with initial age of 201years: The simulated@ase in average tree DBH over 30 years is
1.53 cm less for oak treeander climate change and this is significant & ®nfidence
interval.

This study has also revealed a statistically sicaift lower simulated DBH increment (at 95%
confidence interval) in mixed pine and beech stand®hanniskreuz area under future climate
(WETTREG A1B SRES climate scenario of 2071-210@ntthat of the current climate (2001 —
2030).

Pine with the initial age of 129years : The simedhincrease in the average tree DBH over 30
years isl.50 cm less for pine treesinder the A1B climate change scenario and this is
significant at 95% confidence interval

- Beech with the initial age of 56years : The simedaincrease in the average tree DBH over
30 years i2.86cm less for beech treeander the A1B climate change scenario and this is
significant at 95% confidence interval

Research Question 2To what extent will the evaluation score (according to the current practice) of
habitat protection function change under future climate?

The multi criteria evaluation showed that the fatwood production evaluation score in both test
plots BE3 and BE4 after 30 years would be that sasrie current, under both the current and future
climate scenarios. This reflected the following:

The trees in the test plots are almost mature; BH is classified as large on a scale of 1-
small to 4- large. The initial DBH is in th& 4lass for the oak and“3or the pine. Even if
they continue to grow, the criterion score doesgedtimuch better because oak is already in
the maximum class and pine one class below thermamri

Some of the criteria used will, by nature not cleaager the 30-year period. These contribute
to a total weight of 52.5% in the evaluation. Thél a dilution effect to the small changes in
the rest of the criteria.
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Research Question 3To what extent will the evaluation score of wood production function change
under future climate?

The multi criteria evaluation showed that the eatitin score for futurbabitat protection function

in both test plots BE3 and BE after 30 years wdnddhat same as the current evaluation, under both
the current and future climate scenarios. Thisbmattributed to the fact that

e The scores for most indicators are not expectethémge over time. These constitute 73.5% of
the total assessment score. If any change hasdedse the changes in the remaining 26.5% of
the weights have to be very strong.

¢ SILVA model only includes trees with diameter gegghan 5cm in the initial input. It is
possible that there may be other species that mialyave been initially considered , but would
be big trees after the 30 years.

6.2. Overall Conclusion

-The study showed that tree growth in the mixddarad beech (201 years old oak and 96 years old
beech) as well as the mixed pine and beech staitks-129 years old and beech - 56 years old)
would be reduced under the future climate. Theréutlimate is here representing the AlBclimate
scenario of 2070-2100 as predicted by the WETRE®nal climate model. The reduction in the
simulated growth is statistically significant att®@onfidence interval. However, this claim is valid
only for the areas in the Palatinate Forest neazMieen and Johanneskruz, were the site conditions
(soil type, nutrient supply and climate) are thmeaas those in the test plots. This is because SILV
is an empirical model, and the parameters usetlgsdiclimate conditions) in this study were
specifically for the conditions in these test pldtee results can only apply to places with theesam
soil and climate conditions, as well as tree sperighe same age range as those in the two st pl
(BE3 and BE4).

- SILVA model simulates growth development in faretands. The output from the SILVA model
provided the right information for the criteria ds® evaluate the wood production function. The
model output also provided information just ove#&0f the criteria used in evaluating the habitat
protection function. SILVA therefore did not giveroplete information data to be used for evaluating
the habitat protection function.

- Although the criteria used in the Rhineland Rakte evaluation framework reflect changes that
occur spatially, changes in the temporal dimenaianot reflected sufficiently. This makes it
difficult to use for in the context of climate clggnwhere changes take place over time.

6.3. Recommendations

This study is considered as preliminary researavaluating forest functions in the context of the
ForeStClim project. The fieldwork started barelynanth after the project “kick-off”, there were some
limits concerning the sampling data that could $edy and the modelling approach that could be
taken. Regarding these points, the following cardresidered if similar studies are to be carried ou
in the future research
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6.3.1. Recommendations for Future Research

« The number of sample plots used for each typeresfestand could be increased to allow for
comparison between stands with similar tree species

* Young forest stands need to be evaluated, theygwallv and mature under changing climate,
the effects of climate change could be more visibliéese trees than the older trees whose
peak growing period has already passed.

e The use of gap and / or ecological models coulddmsidered especially if the model output
is meant for evaluating ecological functions likebhat protection

6.3.2. Recommendations for Future Forest Management

« If forest management has to consider climate chahgeresolution of the standardization of
indicators has to be improved. For example, instéadiassifying the values for indicators
with continuous values, such as DBH into threesgasf small, medium and large, can be
considered just as continuous variables.

< In using the framework in the context of climatebe, the overall weight percentage could
be reconsidered in favour of those criteria affédtg climate change.

« An alternative would also be to develop a sepdrataework that is relevant in the context of
climate change, which could be an adjusted cueealuation framework with criteria that
are sensitive to changes that take place over time.
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8. Appendices

Appendix 1 Criteria and Indicators used to evalweded production (a) and habitat protection (b) in
Rhineland Palatinate.

Wood Production

Assessment
results

Criteria Partial Indicator Indicator
Current "
roduction MNet rguenue[ MBT, ?, net

':EVEIE- 20 Margin -100 revenue/MBT
Potentialvalue - Wood product
50 ion target

Development
potential- 50

Risk factor - 30

Stand damage /
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- 25
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Peelingdamage
(deer), Splitter
damage

Watersupply,
Nutrient supply

Fraction of tree
speciessuitable
to the site

Stratification/
Layering

(b)

Methodical basic concept fo assess the habitat suitability funciion

Biotope and species protection
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[:!‘IG‘SE‘ o Rakdre
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step range 30
Stock struchne (25):
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Aeresoment Shuctwral diversity mrced bree s perias r1_1.1rr|ba*33,
5 kL = wmhey of taee specis 53
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T ——
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Appendix 2 The values criterion score allocation
BE3 Wood production

1« MCA 1: Weighted summation {goal; Direct (Development Potential: 0.5)}

&0 L - %WE M o @=.
_ Minimum  |Maximum  |[Weight [Weight |Weight |VWeight |Current Future
- Range Range level 1 |lewel 2 |level 3 Climate Climate
= |Production Level C 0200
b b b b P |
Met Revenue o 3 ©1.000; o 0.200: 1 1
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Potential alue o 3 ¢+ 0.500; o 0.250: 3 3
~ | Stand damage / health o 0.2s0)
Peeling damage 0 3 0.500:  0.063: 3 3
Splitter Damage 0 3 0.500:  0.063: 3 3
----------- R R R R R R R R EEERREEER ———————————— o]
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----------- R Rt R R R R R Rl ———————————— o]
Water supply o 3 0.500:  0.063: 2 1
----------- R Rt R R R R R Rl ———————————— oo}
Mutrient supply 0: 3 0.5000  0.063: 2 2
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- |Risk Factor ; | 0300 E Z Z :
----------- e R R R e Rl R R R R R ———————————— oo}
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----------- e e R R R Ry o o]
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BE4 Wood Production
1« MCA 1: Weighted summation {goal; Direct {(Development potenntial: 0.5)% o |EI|£|
R &- YEIM ». @.
_ Minirmum  (Maximum  [Weight  [Weight [Weight |Weight |Current Future
= Range Range level 1 |level 2 |lewel 3 climate Clirnate
Production Le 0 30 0200 C0.200: 3 2
R EEEEEEE Fommeeees b Homeeees Homeeeees o Fommemooes |
= |Development | 0500
----------- R e el R R Rt R LR LR D EE LR R — -]
Paotential value 0 3 ¢ 0500 ¢ 0.250: 3 3
----------- I R et R LR EEERE EERERRRRR oo eoocoocococo)
- |Stand Damage o 0280
----------- R e LR LR e R R R EE L EERERRRERR o oo oo
Peeling darr 0 3 ¢ 0500 0.063: 3 3
----------- I b LR LR R R R R e R R L EERERRRRR oo oo oo
Splitter dam 0 3 o 05000 0.063: 3 3
----------- I e e R R et R LR EEERE EERRERRRRR oo eoocoocococo)
- | Site Productivits L 02600
"""""" [l e et aiei et S £ |
Wiater Supp o0 3 ¢ 05000 0.063: 1! 1
““““““ (ol e e e R
Mutrient Su 0 3 ¢ 05000 0.063: 1! 1
““““““ (ol e e e R
= | Risk factor . +0.300: : ;
““““““ (ol e e e R
Stability o0 3 o 0500 0.150: 2 2
----------- R et e et R LR LR L EE LR R — -]
Stratification 0.00: 2.00: o 0500 o 0.150: 0.75: 0.56:
o 0K X Cancel ? Help |




EVALUATING FOREST WOOD PRODUCTION AND HABITAT PROTE CTION FUNCTIONS UNDER CLIMATE CHANGE AN EXAMPLE OF
TWO STANDS IN THE PALATINATE FOREST, GERMANY

BE3 Habitat protection

1 « MCA 2: Weighted summation {goal; Direct {Closeness to nature: 0.4)}

WE M @
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BE4 Habitat Suitability

1 +MCA 1: Weighted summation {goal; Direct {Closeness to nature: 0.4)}
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