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SCENARIOS AND MODELS FOR EXPLORING FUTURE TRENDS
OF BIODIVERSITY AND ECOSYSTEM SERVICES CHANGES

EXECUTIVE SUMMARY

This report provides the full results of the EurapeCommission (DG Environment)
contracted study onStenarios and models for exploring future trendbiodiversity and
ecosystem services chanygebhe overall purpose of the study is to clarifhish models
and scenarios are being used and can be used ltree¥ipe developments of biodiversity
and ecosystems in light of different assumptionslrdfers and policies. This will be of
general use for policy analysis and reflection, @ndill also be of specific use to the
second phase of the initiative dime Economics of Ecosystems and Biodive(SIBEB).
TEEB aims to build future visions and projectioagihg into account alternative policies
and assess their potential impacts on ecosystantegrand the cost of their loss, both in
biophysical and in monetary terms.

This study has built on previous supporting stufiesTEEB, in particular th&he Cost of
Policy Inaction (COPI): the Case of Not Meeting @@10 Biodiversity TargeiBraat and
ten Brink, 2008), and recent key global and redi@mvironmental assessments, which
have included model and scenario based projectadinshanges in biodiversity and
ecosystems and their impacts on ecosystems semaceluman well being. In particular,
this study has:

* Reviewed the different scenarios and models usedexplore future trends in
biodiversity loss and ecosystem change and theioczted impacts on ecosystem
services (see Section 2.6 for detailed conclusions)

« Summarised the key findings from recent global segional assessments (see Section
3.11 for detailed conclusions).

* Assessed the limitations of existing models witlspect to their suitability for
producing robust projections of changes in biodiitgrand ecosystem services (see
Section 4.4 for detailed conclusions).

* Instigated a peer-review of the study’s’ initialnotusions during a expert workshop
workshop (see meeting report in Chapter 5).

* Proposed a set of options for suitable models aadagios to be used in future studies
for TEEB and beyond (see Chapter 6).

The key overall conclusions and recommendations ttas study are:

* There are a large number of modelling tools avildabday (which differ in focus,
timeline, assumptions, spatial resolution, sensigiy and in choice of indicators of
biodiversity and ecosystem services), and mostaate to capture various forms of
ecosystem service provisioning to a reasonableededfiowever, ecosystem service
coverage tends to focus on provisioning servicesl aarbon sequestration.
Furthermore, the linkage between ecosystem senaces biodiversity is not well
understood and models currently use indicatorsar@abased on limited knowledge of
service supply in different natural, semi-naturaidd ahuman-managed systems.
Furthermore, many biodiversity processes requiratiapy explicit modelling and
operate at smaller scales than can be practicadllysed in global studies.

* The key finding from the use of such models andhades in recent global and
regional environmental assessments is that subtémbdiversity loss will continue
under all the considered policy scenarios. It s® @lear that ultimately the drivers such
as increasing population growth and per capitauresouse have an overwhelming
influence on biodiversity outcomes. Their impactsrently vastly outweigh specific
measures that attempt to protect biodiversity. Ahter problem is that the full socio-
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economic values of biodiversity are underestimated not captured in market
systems. Furthermore, the full impacts of bioditgrioss tend to be overlooked by
politicians and other decision makers, especialienvdecisions are overly reliant on
narrowly focused and incomplete cost-benefit assests. As a result many of the
biodiversity conservation measures are not impleéeterfully. Thus, given the
projected expansion of the global economy to 2088eems inevitable that further
impacts on biodiversity and ecosystem servicesauiiur in the future, unless stronger
measures are taken to conserve biodiversity andrernbat economic growth is truly
sustainable in environmental terms.

Most assessments make optimistic assumptions aheuincreased productivity of
agriculture, which could significantly reduce theed for expansion of agricultural land
into natural areas. The assessments therefore Sufgée productivity increases are key
to ensuring that biodiversity losses are not evesatgr than those forecast in the
models. They also suggested that the designatiaddifional protected areas will have
little impact on biodiversity (largely due to extal pressures on them). However, these
conclusions may be too simplistic and a resulth& limitations of the models and
biodiversity indicators that have been used.

Although it is reasonably certain that future biaasity losses will be substantial the
consequences for ecosystem services is uncleare Tieeevidence to suggest that
ecosystems may require a minimum quality (e.g. danoe and diversity of species) to
maintain the ecosystem functioning that underpiasiyrimportant ecosystem services.
Below such critical thresholds, ecosystems readip@ng point, and may suddenly
switch their character, no longer providing the eakind, or level, of ecosystem
service. Furthermore, the restoration of such estesys, if possible at all, is likely to
be very difficult and costly.

In practice the current choice of models for furti&EEB work on biodiversity and
ecosystem services is much more limited than ithinsgem. There is no single model
that covers the whole range from socio-economiceli@ments, policy inputs,
environmental and land use change, and biodivemsity ecosystem services for
terrestrial and aquatic systems together. Therefatdti-model combinations are
needed to generate comprehensive and internalBistent results. However, new tools
such as Meta-models like MIMES or INVEST and théngtability tool of ATEAM
provide some promise for future use.

At the moment, few models include adequate feedb&in changes in biodiversity
and ecosystem services to socio-economic develapraed therefore do not show the
negative effects of reductions of ecosystem sesvian human well-being.

Furthermore, model results can estimate only pastiats but not the full benefits of
management/policy options.

This study was not designed to empirically test éfffect of changes in key study
assumptions. Nevertheless, findings from the revielicate that the numerical values
of drivers applied as different scenarios in theeasments have a crucial influence on
projected changes in land use and their impactdiodiversity and indicators of
ecosystem services, such as agricultural productiarbon sequestration and water
availability. In addition, the framing and desighassessments as a whole are at least
as important factors in terms of their influencetba uncertainty and potential bias of
results.

None of the individual tools is sufficient to m@&EEB's entire needs in the short term,
but many offer useful elements. Nevertheless thegmted assessment models
8



reviewed and selected as most promising for TEEBi@ons (IMAGE for Terrestrial
and EwE for Marine) are developed in such a way thay can be relatively easily
adapted to accommodate questions regarding ecosgstecosystem services and
economic indicators. A number of theme-, sectoregion-specific models exist which
can be used to achieve this.

An assessment of the Mean Species Abundance (M&#gator was included in the
study because the Globio model that incorporatesused in most global assessments
to assess likely impacts of land use and climassgé on biodiversity. It was also used
to adjust per hectare values of ecosystems serincdse COPI supporting study for
TEEB Phase 1. It appears that despite variousdtiaits it is currently the best means
of modelling global biodiversity impacts and is @itable metric for use in TEEB.
Nevertheless, the way it was used in the COPI sisidycritical issue and needs to be
re-examined. The approach needs to be validated ifagpropriate the MSA /
ecosystem functional relationships adjusted acoghgi The use of other indicators
should also be considered where more appropriaieineluding Human Appropriation
of Net Primary Production (HANPP). It is also imgmott to point out that some
ecosystem services may be better modelled direxdlyhey are not necessarily affected
by biodiversity or ecosystem intactness as chaiaetéby the MSA.

Another ongoing limitation of most models and mdstznario combinations is that the
impacts of changes in biodiversity and several ystesn services, cannot easily be
expressed in meaningful terms for economic sectoosntries or target groups of
policy. The current models are physically based @gmaot integrate economic factors,
such as the values of biodiversity and costs abacind inaction. This is likely to
remain problematical because of the typical comiplexf interactions amongst
physical, biodiversity and economic impacts.

Overall it is clear that in the short-term furtiveork should be based on upgraded and
integrated versions of currently available modilxtend the assessment work carried
out so far. In particular a future assessments rteedover all ecosystems and
ecosystem services, be global and build in a divees of indicators for biodiversity. A
fully functional link to economic values and sodialpacts also needs to be developed.
This is will entail:
0 Using existing models and exploring ways to enhamaald new indicators:
= |IMAGE-GLOBIO and COPI upgrade and scenarios; and
= Marine (EwWE set and MSA indicator to match GLOBHDd assessment).
o Promoting efforts to validate GLOBIO (and other ral®) through observation and
experiment.
0 Incorporating a wider range of drivers into exigtmodels (e.g. urbanization).

As a result of the current model limitations, iaiso concluded that the ideal approach
for future modelling, for TEEB and similar studiedjould be to combine different
models and compare several approaches. Comparegesults of these different
approaches would give an indication of the gaps wamtkrtainties in the underlying
mechanisms and consistent results between therahffanodels would provide a
greater confidence in the results. It would alsaubeful to compare several different
model-combinations such as one ‘traditional’ ingggd assessment model linked with
several sectoral models currently under developifserth as MIMES and/or INVEST).

The most useful scenario-approach (trends withicpobptions, explorative or

normative) will depend on the specific questionsipeaddressed by TEEB as well as

the time and resources available. These factort alslo determine whether the

inclusion of more detailed sectoral or region-sfi@enodels is needed. Exploratory
9



scenarios (e.g. GEO4) are able to “create andriitesthe virtual future space in which
conflicts between population and economic growttswe ecosystems and sustainable
use will take place”. However baseline scenarioragghes (e.g. OECD EO-2030) are
more useful for examining the economic consequeotakernative policy options.

Very few scenarios are available that deal withdlversity and ecosystems explicitly.
More biodiversity-relevant scenarios are needed réféect “real” policy options (e.g.
with respect to issues such as REDD and the prmdtuet biofuels). It is therefore also
recommended that a policy dialogue be set up teeldpvPolicy Action Scenarios
which have a broad support across stakeholdersregidns. The scenarios need to
build in the key drivers behind ecosystem and ety loss, and there still may also
be a need for policy measures, both in businessaal scenarios and to develop
different policy action scenarios.

Further recommendations are provided in Chaptesr Guture TEEB work, including
work for the Science and Economics report (to hedpced in September 2009) and
work up to the 2010 CBD CoP 10 in Nagoya. This woiky also inform a broad range
of biodiversity policy issues, including discussononcerning the development of
global and EU post 2010 biodiversity targets. Soes@mmendations are also made for
longer-term work beyond TEEB, for example relat@thie 2015 MDG agenda.

10



1 INTRODUCTION

1.1 Background and aims of the study

Computer based models have become important tookexamining the way that systems
are likely to react to changes, including deliberatanipulation. They are therefore
increasingly being used to study the possible &ffe€Ehuman actions on the Earth and its
biodiversity and associated ecosystem servicesh Sunodels are typically based on
scenarios, which provide an approach for examihioyg plausible alternative futures may
unfold and comparing the potential consequencadiffgirent decisions in different future
contexts. These modelling and scenario tools haxeadd the basis of a number of recent
global and regional assessments that project felveonments on the basis of changes in
drivers of ecosystem change and biodiversity lossom@ing to various development
scenarios, including théillennium Ecosystem AssessmdMA, 2005), The Global
Biodiversity Outlook(2006), thelntergovernmental Panel on Climate Change Fourth
Assessment(IPCC 2007), theGlobal Environment Outlook 4UNEP 2007), the
International Assessment of Agricultural Knowledg&cience and Technology for
Developmen{lAASTD 2008), and th©ECD Environmental OutloofOECD, 2008).

The Economics of Ecosystems and Biodiver§ligEB) initiative is also highly dependent
on the use of models and scenarios to asseskée ienefits of biodiversity with respect
to its ecosystem services and the potential cddtssses in services. However, supporting
studies for Phase 1 of the initiative were onlieab provide preliminary and incomplete
estimates of the possible impacts of ecosystemcasniosses. The TEEB interim report
(TEEB 2008) therefore recognised the need to addieshe second phase of TEEB
aspects regarding different uses and utilisatieelteof biodiversity that affect the future
state of biodiversity and the levels of ecosysteselvices provisions. The need for further
development and use of scenarios and models waseasgnised and discussed during an
expert workshop hosted in Brussels in March 2008

The second phase of TEEB is currently underway,thaisdwill include the development of
scenarios and models that will build future visiarsd projections taking into account
alternative policies that may create these enviemts This is a crucial step in assessing
ecosystem benefits and the cost of their loss, ibdbiophysical and in monetary terms. To
support this work the European Commission (DG Emnment) commissioned this study
on “Scenarios and models for exploring future trendsbafdiversity and ecosystem
services changésAs noted in the Terms of Reference (ToR), thiglg had the following
three aims:

* “to review the different scenarios and models usedexplore future trends of
biodiversity loss and ecosystem change and thedteman the ecosystem services they
provide;

« to review how these models have factored in palation, notably environmental and
conservation policies;

e to propose a set of options for suitable models seeharios to be used in a global
assessment and discuss them in a workshop

1 http://ec.europa.eu/environment/nature/biodivgfsttonomics/pdf/workshop_proceedings.pdf
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The Terms of Reference for each specific task withis study are documented at the
beginning of each chapter in this report.

This study builds on the work carried out withir tvider context of the Phase 1 of TEEB
and is focused on providing outputs of value todehd. Within TEEB Phase 1, the
following three projects were of particular releganto the development of models and
scenarios for Phase 2:

* The Cost of Policy Inaction (COPI): The Case of Nudeting the 2010 Biodiversity
Target (Braat and ten Brink, 2008). This project assestwd cost of not halting
biodiversity loss — by looking at the range of g@bsm service losses that will result
from the loss of biodiversity and hence the logsethe economy and society. This
built on the GLOBIO model that focused on landusel ased an OECD baseline
scenario for projecting into the future. The warkderlined the benefit of large scale
modelling work for TEEB, and identified needs foodel/scenario work to update the
landuse based work and, at least as importantligak at models/scenarios for other
biomes, notably marine and wetlands. It also umtdedl the need for
sensitivity/scenario runs using different assumsio

* Review on The Economics of Biodiversity Loss — &mon Analysis and Syntheses
synthesis report of the call for evidence and waoks(Markandyeaet al, 2008). This
work underlined, inter alia, the need for scenagnéitivity analysis that allows a range
of assumptions (and their effects) to be approgligiatharacterised and analysed, and
the need for this for all biomes and regions. $oatmphasised the importance of both
global and national level studies, requiring gléhatfional model/scenario applications.

* Review on the Economics of Biodiversity Loss: {fiug the SciencéBalmfordet al.,
2008). This work provided both a framework for as& - how scenarios can be used,
what issues need addressing etc — and also progigecific insights into models /
scenarios and teams working on the different benafising from ecosystem services.

Each of these projects, and the others within tBEB Phase 1, therefore provided a useful
basis and background for work within this new studyaddition, the TEEB study has built
on a wide range of recently published large-scatessments which have used scenarios
and models to develop projections of human impactsbiodiversity and ecosystem
services. In particular the following assessmergsr@viewed in detail with respect to their
use of models and scenarios and their projectionkibdiversity and ecosystem services:

e Millennium Ecosystem Assessment (Ma#ssesses the consequences of ecosystem
change for human well-being and sets out to estalthe scientific basis for actions
needed to enhance the conservation and sustaumsblef ecosysten{dA, 2005)

* Global Biodiversity Outlook 2 (GBO-Zyom the CBDIlooks at progress to date in
achieving progress towards the 2010 Biodiversityg€aand investigates the policy
options that could have major positive or negaitmpacts on biodiversity in the future
up to 2050 (sCBD, 2006).

* UNEP Global Environmental Outlook 4 (GEO-Woks at how deterioration of the
environment can limit human development and redpgdity of life. It examines the
opportunities that the environment provides for iaying human well-being (UNEP,
2007).

» Ecosystem-based Global Fishing Policy Scenaialyses marine policy options under
the GEO-4 scenarios (Aldet al, 2007).
12



OECD Environmental Outlook to 2030 (OECRhalyses the costs of inaction in
addressing environmental issues to emphasise theoeuc rationale of ambitious
environmental policy and examines the potential daotpof policy interventions
(OECD, 2008.

International Assessment of Agricultural Sciencal arechnology for Development

(IAASTD)examines how agricultural knowledge and technologry be used to meet

the challenges of development and sustainabildigressing issues such as poverty,
malnutrition, rural livelihoods and environmentaktainability. It focuses on the multi-

functional use of agriculture to deliver socialyveonmental and development goals
(IAASTD, 2008)

1.2 Structure of this report

This report builds on a previous Interim Report @ffst May 2009) and provides a
complete account of the work carried out as parthef study. The subsequent chapters
report on the results of specific tasks (describetie study terms of reference) as outlined
below:

Chapter 2 (Task 1) provides an overview of the “state of #n€ of forward-looking
large-scale models and scenarios that may be ys&&BB and similar studies. It also
identifies and explains the significance of strategaps between the “state of the art”
and priority needs for TEEB and further assessmdé@dsic descriptive information is
also provided to underpin the analysis in this atiter chapters, most of which is
tabulated in a separate Technical Appendix (App=ewdl.1 — 1.5).

Chapter 3 (Task 2) reviews the key results and overall casiols of the recent global
environmental assessments (as listed above), esthect to their impacts on terrestrial,
freshwater and marine biodiversity and ecosystamicss.

Chapter 4 (Task 3) provides a qualitative assessment ofithigaltions of the current

models’ capabilities and the relevance of existswenarios with respect to the
requirements of TEEB. The selected models weresdcim relation to their potential

use for TEEB and these scores are provided in $ablAppendix 3.

Chapter 5 (Task 4) provides an account of the study workstigt was held with
invited experts in Brussels in May. The aim of wi@kshop was to obtain feedback on
the results of Tasks 1 and 3 and to develop preényi recommendations for the
development of models and scenarios for future work

Chapter 6 (Task 5) builds on the analysis carried out inka&4 and the results of the
workshop to provide general recommendations togethdh more specific
recommendations relating to work for the followitiiyee key timescales: for the
Science and Economics report to be produced ineSdqmr 2009, work up to the 2010
CBD CoP 10 in Nagoya and longer-term work beyon&BEe.g contributing towards
the 2015 MDG agenda).
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2 IDENTIFICATION AND OVERVIEW OF AVAILABLE MODELS

2.1 Description of Task 1 from the ToR

“The contractor should provide an overview of thedals that have been built to identify the
main drivers of the loss of biodiversity and natwweosystems and forecast their impact on:

» the level of biodiversity (in biophysical or otlterms); or

» the level of ecosystem services provided

The term 'model' should be interpreted widely, ahduld cover also the scenarios which the
models are deploying, where these are consideraxdfén some robust assessment of future
trends.

In identifying models, the following points areenehnt

a. The overview should mainly focus on models used ldoge-scale or global
assessments. However, it should also cover, in 1@ s&lective way, models used at
different spatial levels (local, biome, etc.). Sdjere there are a number of local
models then the identification should limit itstdfproviding a few examples and a
generic description. It should be explained howbglomodels take account of and
relate to models that address specific biomes (oeests, fisheries) or that are
exploring a more detailed spatial level (i.e. ifeyh are bottom-up, aggregated
versions, etc). Of course, within global modelsr¢hwill usually be some regional
breakdown that needs to be reflected.

b. The overview should include the attempts made gesasthe wider economic impacts
of the loss of biodiversity and ecosystems (eit). @GE models).

c. The overview should aim at covering all main tymésbiomes and ecosystems
(terrestrial, freshwater and marine).

d. The overview should take on board the work producedthe preparation of the
Interim report of TEEB and in particular the CORié Scoping the Science studies.

e. Of particular interest is the provision of ecosystservices. Modelling the provision
of services is generally less advanced than madglhe status of biodiversity and
ecosystems, so that available models are expectee fewer, but the overview should
cover recent and on-going developments.

f. The overview should also examine whether thereradels that assess the economic
costs of policies, including the opportunity cosfsconservation. This can cover
models that look at the economic value of ecosygstema static sense (so, for
example, there are analyses setting out the neteptevalue of alternative land
management systems for tropical forest biomes).

g. Attention should be paid to analysing the condgioequired for designing scenarios

and models that are relevant for each ecosystemicgere.g. what is the spatial
resolution needed, what major factors need to kertanto account, etc).
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h. As far as is possible, the inventory should incladerward look i.e. address on-going
model developments (models that could be expeotdzk toperational in one-two
years time).

I. It should be examined to what extent the costshemefits of policies can be jointly
assessed.

The contractor should develop a number of critdaamaking a structured inventory of the
main models. This should include an overview of dttengths and weaknesses of these
models (and the data available for such modellitigdhould also include an overview of the
key drivers and assumptions involved in such maedstheir respective scenarios.”

2.2 Introduction

2.2.1 Definitions/logical background

Decision makers need to understand what impactgrtheementation of policies has on the
Earth. Policy interventions at local to global ssatherefore require knowledge of how the
Earth works. Scientists usually gain understandmfiga system and its components by
experimentation and observation. The Earth canibe&ed as a system consisting of the
unified set of physical, chemical, biological amtial components, processes and interactions
that together determine the state and dynamicslasfeP Earth, including its biota and its
human occupants (ESSP, 200Bgcause manipulative experiments on a global soaelot
feasible, we rely on models to test sensitivitieshe Earth system to modified components,
processes and interactions. Models based on dmdntindations can help to understand and
forecast environmental changes and become usefupdbicy analysis at local to global
scales. However, the use of models is just oné@foptions to make predictions about the
future, and models are limited to information tbah be quantified, expressed in numbers.

A modelis a simplified abstract representation of the jglemx reality. Models mathematically
and logically represent a system of entities, phema and processes using statistical and
computational methods. Models allow simulation,ugigzation, and manipulation of the
entities, phenomena or processes represented byntltel. Earth system models often
incorporate several models of sub-systems or coemgen(e.g. socio-economic and earth
systems make up integrated assessment models).eiMatical (statistical/quantitative)
models usually represent a system by a set oftMadgand a set of equations that describe the
relationships between the variables. Variablesunhelat least input variables (e.g. observed
land use/cover, species abundance), “variablesatiegpart of the equations” (e.g. parameters
relating land use intensity to species abundarama], output variables (e.g. modelled land
use/cover, predicted species abundance). Modets)gh the type of equations used, can be
linear, non-linear, deterministic, probabilistitatec or dynamic or a combination of these.
The functions/equations relating variables can bavdd from empirical observations or
heuristically derived. Models can be built for difént purposes, as scoping models, often
built with a high degree of stakeholder participafiresearch models that incorporate more
detail and are focussed on calibration and tesiingarameters and assumptions; and finally
management tools that aim to compare the outcofmgifferent management options.

Scenario building and analysis is a way to inveséigthe unpredictability of future
developments, and can be used to formulate robofitypptions. A senario is a
systematically crafted story about the future. &ces are not necessarily the most likely, or
plausible possible futures. Scenarios do not fateca predict the future, as the future
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development of systems that scenarios address gblyhicomplex and inherently
unpredictable. Scenarios, or some aspects therenf,be described by variables for use in
quantitative analysis and models. A scenario camipiemented in multiple models resulting
in scenario- and model-specific output variableg.(the GEO Sustainability First scenario
implemented in the IMAGE model).

Assessments@re wide ranging consultations and overviews orpagticular topic that
incorporate models and scenarios. While scenamse jgjuestions for future developments,
models are the tools by which these questionsg®ed and the answers are compiled in
assessments (Figure 2.1).

what will happen?

/\ r’*
how can we reach that ; //-~ ’/——~
goal? — __~ /__\/—‘ A/'\
what if?

scenarios models assessments

Figure 2.1 The link between assessments, models aools: Assessments summarize the answers provided
by modelling exercises on questions posed by sceiaar But not all questions can be answered by model

This review focuses on models and scenarios foloexg future trends of biodiversity and
ecosystem serviceBiodiversity or biological diversity, is defined as the varigyp among
living organisms from all sources includingter alia, terrestrial, marine and other aquatic
ecosystems and the ecological complexes of whiey déine part; this includes diversity within
species, between species and of ecosystems (CBR).Exosystem servicese the benefits
people obtain from ecosystems (MA, 2005a). An est@sy is a dynamic complex of plant,
animal, and microorganism communities and the momgi environment interacting as a
functional unit (MA, 2005a)including systems that are impacted or managed.ubyahs like
agro-ecosystems. Ecosystem services include poowgj services such as food, water,
timber, and fibre; regulating services that affelatnate, floods, disease, wastes, and water
quality; cultural services that provide recreatipraesthetic, and spiritual benefits; and
supporting services such as soil formation, phattt®sis, and nutrient cycling (MA, 2005a).

2.2.2 Structure of this review

This review is structured along the lines of thevelrpressure-state-impact-(response)
framework (Figure 2.2). In this DPSI(R) scheme, tiévers represent socio-economic
activities (e.g. energy consumption) which execegain pressure (e.g. emission greenhouse
gases). This then leads to an altered state ofconmore environmental domains (e.g.
temperature and precipitation change). This chamglee state can have multiple impacts on
ecosystems and/or human systems (e.g. loss ofvieisity; spread of vector-borne diseases.
On the basis of observed and/or projected impactsians may choose to respond by taking
deliberate corrective action to redress negativgats. The Millennium Ecosystem
Assessment (MA, 2005a) identified as the main pmesson biodiversity and ecosystem
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services habitat change, climate change, invagigeiss, over-exploitation and pollution (see
Chapter 3).

response
natural \
drivers ™ - . h g
land cover o biodiversity uman well-being
land T~\ecosystem
HILITHE e ¢ % ‘?‘ services economic value
; ] climate change ic valu
drivers sallufion \ecosyste_;m ) /
lici ) functioning
policies
driver pressure state impact

Figure 2.2: Driver-pressure-state-impact-responserédmework for ecosystem services and biodiversity
change

For this review, models were selected and analgsethe basis of the drivers and pressures
they incorporate and the output-variables (ecosyservices and biodiversity) which relate
to state/impact estimates. Summaries of the arsabfsihe selected models and scenarios are
tabulated in Appendices 1.1 to 1.5 (and provideskiparate Excel tables).

The central questions that were considered inréview of models and scenarios were:
* What types of models are needed?

« Which models and scenarios are useful for predjdiiiure developments of biodiversity
and ecosystem service provisioning?

« What kind of questions can be answered by diffeneodelling approaches?

2.2.3 Ecosystem services

The Millennium Ecosystem Assessment (MA, 2005a3e@iconcern about the current and
future state of ecosystem services due to humaadtepn ecosystem and the severe effects
of declining ecosystem services on human well-beifigey provide qualitative trends in
anthropogenic pressures (habitat change, climaageh invasive species, over-exploitation,
pollution) that are assumed to affect ecosystenvices. Detailed information on the
provision of ecosystem services by different ectesys remains, however, scarce (but see
COPI-scoping study: Balmfordt al, 2008). Costanzat al (1997) provided the first rough
global estimates for the value of ecosystem sesyiaggregated by biome and land cover
type. Despite increasing interest in ecosystemis®svin recent years, knowledge about
ecosystem services remains limited, as pointethpdtaidooet al (2008):

“In contrast (to global estimates of biodiversityhe spatial estimation of global
ecosystem service values remains quite crude. @imalinitial estimates of species
richness, an early and controversial study on globeosystem service values used
localized, context-specific valuation studies tarapolate economic values for the
whole world (Costanza et al., 1997). Ten yearsrdftes study was published, global
and regional efforts to map ecosystem servicesrummnto use these estimates (Sutton
& Costanza, 2002, Li et al.,, 2007, Turner et alQ02), despite the well known
limitations (Bockstael et al., 2000). In additidew studies have taken advantage of
recent technical advances in the selection of figjoareas for biodiversity and
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adapted these advances to cover ecosystem se(ligesee Naidoo & Ricketts, 2006,
van Jaarsveld et al., 2005, Chan et al., 2006)”.

To be able to quantify ecosystem service provisguitable indicators for the different
services have to be defined that can be mappedhadélled. Table 2.1 gives an overview of
the most common indicators used for different estesy services. For some ecosystem
services finding the appropriate measure is qaigeghtforward (e.g. food production, timber
production, primary productivity), as these aredheady marketed services while for others,
especially regulating and supporting services imisre difficult to find suitable indicators
(e.g. disease regulation, natural hazard regulation

There are different approaches to studying ecosyservices ranging from aggregated
estimates like those of Costangiaal. (1997), spatial explicit mapping of current ecasys
services and studies that try to forecast effettdifferent policy/management options on
future ecosystem service. Some approaches aimaatitying ecosystem service provision in
biophysical terms, others provide monetary valbasst studies focus on a region and on a
few ecosystem services only (Table 2.2, Figure. Z8) some ecosystem services like carbon
sequestration or storage as well as food produdgliobal maps are available, but for most
ecosystem services global studies commonly proaggregate number instead of maps
(Costanzeet al, 1997). However diverse the approaches, thers@re general similarities.
Some services like carbon sequestration, food mtamu and water supply are covered by
most studies while others are rarely considerede &pproaches for estimating food
production, carbon sequestration and water supmysanilar between studies: food and
timber production estimates are mostly taken fraoal or global databases (e.g. FAO
statistics) while estimates for carbon sequestnatarbon storage and (surface) water supply
are derived from biophysical models (mostly WateFGAWAT or WBM for water supply
and CENTURY or TEM for carbon sequestration) based climate and land cover
information. Land cover/land use maps and chang&sd use are the basis for all studies on
ecosystem services and biodiversity loss (Tscharetkal, 2005, Pereira & Cooper, 2005,
Foleyet al, 2005, Metzgeet al, 2006, Nelsomt al, 2008, Egotet al, 2008).
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Table 2.1: Categorisation of ecosystem services aimdlicators commonly used. For each ecosystem sergi
an indication is given how often it is included irecosystem service studies (based on those regiostaidies
listed in Table 2.2)

Ecosystem service Number of studies out gf Indicator
24 (from Table 2.2) that
include this ES

Provisioning

Food 10 Agricultural production (crop yield)
Grassland livestock production
Forage production

Timber 3 Timber harvest

Fuel 0 Fuel wood energy

Fresh water 8 Surface runoff
Stream discharge
Water surplus (rainfall-evapotranspiration)

Biochemicals, natural medicines, 1 Bioprospecting

pharmaceuticals

Regulating

Climate regulation 12 Carbon sequestration
Carbon storage

Water flow/flood regulation 5 Contribution of grodwwater to baseflow
Vegetation cover in watershed, water storage
in wetlands

Natural hazard regulation 1 Avalanche protection

Disease regulation 0 (no indicator yet)

Water purification/quality 2 water N or P content
water sediment loading

Air quality regulation 2 N emissions

Erosion control 3 Soil erosion potential and vetietecover
Soil erosion

Waste treatment 1 Removal of nutrients, pathogeetals and
sediments

Supporting

Nutrient cycling 3 Soil fertility

Soil formation 2 Soil organic matter accumulation
Sedimentation

Primary production 1 NPP

Pollination 3 Distance to natural habitat/propartaf
natural habitat

Pest control 2 Distance to natural habitat/propartf
natural habitat

Cultural

Aesthetic 5 House prices

Recreational 5 Site visitation rate

Spiritual 1 (not specified, value transfer fromiindual
studies)

Educational 0 (No indicator yet)

Pollination and pest control were classified asul&ing services by the MA while others
consider those to be supporting services (supmpftind and timber production). Both pest
control and pollination are known to be dependenanimal (mainly insect) abundance and
distribution, and can be modelled in relation tstaice to natural habitat or landscape
composition on the scale of about 1 km (Kleihal, 2003, Kremeret al, 2007). These
structures and distances are too small to be cerezidoy global models due to their coarse
resolution. Furthermore, pollination is only imgant for certain crop species and does not
apply to cereals and tubers, which constitute &éingelst amount of food production (Kles
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al., 2007). Most models focus on these staple croplsdm not consider other, pollinator-
dependent crops. Because of the small scale athwthiey operate, pollination and pest
control are rarely considered in ecosystem selveentories and modelling approaches. The
same holds for disease regulation which is hargpiaed as an ecosystem service (but see
Xu et al, 2008). However, all three ecosystem serviceglasely linked to species diversity
(Klein et al, 2003, Brownsteiet al, 2005, Bianchet al, 2006, Jactel & Brockerhoff, 2007)
and biodiversity may therefore be a suitable inicéor pest control, disease control and
pollination. As an independent analysis the glotziiation study of pollination by Gallait

al. (2009) can be used to complement a modellingsassent of other ecosystem services.
The small scale of these particular services isondt an obstacle to incorporating them into
global models/assessments as there are also gdmwiedge of processes involved (e.g.
disease control, air quality regulation by trees).

8 provisioning  regulating supporting cultural  Piodiversity
70 1 [
60
50 -
40 - __
30 1
20

10 +

% of models that cover this service

]
1]

l : |
= = > c c = = > c c o w®
S 9O g S 882 .8 = >9 S 8 = =
= = = = =

38 X© 5 cs 89t 2w T i3] © o c 2
= =} » Q = S Q © o = ) @ [}
o E o > uw— =
S T £ T by Q » o © 2 o = = © e o )]
o = O ) T @ K = s © Q n
& & ® ©3 e % =& 2
o
2 @
I7)

service

Figure 2.3: Coverage of the different (groups) of@system services and biodiversity measures by
the models reviewedWhile food production is covered by most modelsadlier services are only
included in a small number of models.
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Table 2.2: Some examples of regional models/mappirapproaches with information about the services

covered by the different studies.

Region Ecosystem services/indicators| Do the models Reference
covered (either modelled or consider future
mapped) scenarios and if
so, which ones?
Willamette Basin, Carbon sequestration, Stakeholder- INVEST

Oregon

biodiversity conservation, soil
conservation, food and timber
production

defined scenarios

Nelsonet al., 2009a,
Nelsonet al., 2008

Central Coast Carbon storage, flood control, | No Charet al, 2006
ecoregion of forage production,
California, United outdoor recreation, crop
States pollination, and water provision
biodiversity
European Alps Avalanche protection, timber | Human Gret-Regamewgt al,

production, scenic beauty and
habitat function

development and
climate

2008

Patuxent River
Watershed, Marylang

Water supply, soil nitrogen
I emission, NPP

18 scenarios

Costaneaal., 2002

New Jersey Climate regulation, disturbanceNo Costanzat al, 2002
regulation, water regulation, http://www.nj.gov/dep/
water supply, soil formation, dsr/naturalcap/
nutrient cycling, waste
treatment, pollination, biologica
control, aesthetic and recreation,
cultural and spiritual, habitat
function with average annual
monetary values

Southeastern Biodiversity, soil erosion, carbopNo Crossman & Bryan

Australia sequestration, water supply, 2009
economics

Uganda Soil fertility-poverty link (crop | No Schreinemacheet al,
yields, labour costs) 2007

Eastern USA Carbon sequestration, water | No Jacksoret al, 2005

supply, soil salinisation

D

2 Minnesota Water quality, fish populations, | 4 scenarios + Boodyet al, 2005
watersheds greenhouse gases, carbon baseline
sequestration, sedimentation,
flooding, farm income
Mbaracayu Wildlife yield, timber, bio- No Naidoo & Ricketts,
Biosphere Reserve, | prospecting, existence value, 2006
Eastern carbon storage
Paraguay
Murray-Darling Climate, runoff, water supply No CSIRO
watershed (http://www.csiro.au/
resources/WaterAvaila
ilityln
Murray-
DarlingBasinMDBSY.h
tml)
Goulburn Broken Ecosystem service models for | Different CSIRO
Catchment different land use types and sub-management (http://lwww.ecosystem
catchments scenarios servicesproject.org/htm

/case_
studies/goulburn.html)

Piedmont headwater

Fish populations (environmer|

tdD scenarios

Nelscat al, 2009b
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Region

Ecosystem services/indicators
covered (either modelled or
mapped)

Do the models
consider future
scenarios and if
so, which ones?

Reference

streams in the
Chesapeake Bay

quality, recreational fishing)

watershed
Organic and Pest control, pollination, soil No Sandhtet al, 2008
conventional farms | fertility, food production,
in Canterbury, New | hydrological flow, aesthetic
Zealand values, carbon sequestration, N-
fixation
South Africa Surface water supply, water | No Egohet al,, 2008
regulation, soil retention, soil
accumulation (fertility), carbon
storage
Massachusetts, Valuation based on land cover | No Troy & Wilson, 2006
Maury Island and 3 | mapping
Californian counties
Yangtze River Water flow regulation and No Guoet al, 2000

hydroelectric power production,
including valuation

USA Carbon sequestration, land usg Effect of different | Luboskiet al, 2006
change carbon
sequestration
policies
Lake Greifensee, Landscape aesthetics Effects of Schupbactet al, 2008

Switzerland

payments for
farmers on land
use

Marine ecosystem,
Alaska

Fish yield, wildlife watching,
naturalness

Economic
scenarios (laissez
faire, regulating

Eichner & Tschirhart,
2007 GEEM: general
equilibrium ecosystem

taxes) model
Spain Water use No Pulido-Velazquezl.,
2008
Eastern Amazon, Carbon storage, plant diversity,| Baseline, Borneret al, 2007
Brazil farm income alternative

technologies, PES
taxes

Wells Creek, Water quality, fish populations, | 4 land use Boodyet al, 2005
Minnesota, USA greenhouse gas emissions, scenarios

carbon sequestration, farm

income
Southeast Alaska Fish and wildlife provision and No Beieret al, 2008

harvest, recreation

Geospatial decision
support tool

2.2.4 Factors affecting the amount of ecosystem servicevision

To assess future conditions of ecosystem services important to capture all important

processes that affect ecosystem service provisiomich ecosystem services and to what
degree are provided by a system depends on thie hind abiotic factors of the ecosystem,
especially on climate, vegetation type and comnyucimposition. Human modifications of

natural systems typically results in changes ireta&tpn which are therefore expected also to
affect the provisioning of ecosystem servid@ge to the lack of better approximations, and in
accordance with the Millennium Ecosystem AssessrdAt 2005), ecosystem services are
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often implicitly assumed to decrease when bioditers reduced due to human impact
(Chapinet al, 2000). However, the relationship between biodig and different ecosystem
services is not straightforward (Kremen, 2005, Bakraet al, 2006, Charet al, 2006,
Naidoo et al, 2008). Even though primary production has beeand to increase in
experimental studies with increasing biodivershis teffect levels out at about ten different
species (Hoopest al, 2005). Different services relate to differentrgmnents of biodiversity
(e.g. functional groups) and some of these relaligpgs might be correlational rather than
causal. For example, with increasing human manageiméensity both biodiversity and
supporting and provisioning services, like climaegulation, decline (Tscharntket al,
2005), while other services like food and timbesdurction increase. The loss of biodiversity
in agricultural systems is a direct consequencetha& human enhancement of food
provisioning services (Hoopet al, 2005). The COPI report therefore developed gudied
differentiated relationships between biodiversithd acosystem service provision (Braat &
ten Brink, 2008).

Next to land use change, climate change will afsecathe local provisioning of ecosystem
services by changes in abiotic conditions resultimgshifts of species, ecosystems and
biomes. Further pressures on ecosystem servicegodtgion, the introduction of invasive
species (van Wilgeat al.,2008) and ecosystem fragmentation. The main drigehind these
changes are human population growth and economielament, which stimulate the need
for increases in agricultural land (i.e. expansi@nd productivity (normally through
intensification). Policies that aim to reduce thssl of ecosystem services and biodiversity
currently tend to focus on alleviating pressureg.(By protected area designation) and on the
remediation or restoration of sites as it is oftess difficult to shield from the influence of
global drivers than to reduce their pressure. $tidnave shown, however, that the
enforcement of protected areas is often insuffic{@oares-Filhaet al, 2006, Westeret al.,
2009) and may increase the pressure on biodivarsitye surrounding area (ten Briekal,
2007). Removing the pressures is not always safficfor restoration success and active
management is often needed to facilitate restoratind especially the establishment of
specific species (Ormerod, 2003, Snathal, 2003, Pywelkt al, 2003, Sayeet al, 2004)..

2.3 Review of models
2.3.1 Model selection and typology

General

An inventory of existing models was made on theisha$ expert judgements, recent large
assessments (Koét al, 2008) and additional literature and interneteaesh. The models
found were grouped and a selection of 41 modelsmade, including 5 regional studies for
the comparison of global and regional approachesail@d information on these models is
tabulated in Appendices 1.1 - 1.5. The informatmntained in these tables is further
described in Section 2.3.2 together with exampldébetables.

The grouping of models is based on different caisgtions:
» the spatial coverage and resolution they operate on
o spatially explicit versus non-explicit;
o global coverage versus local models;
e computational complexity, detail of processes sated: complex (mechanistic
models) versus more simple (empirical-statisticabdels;
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* analytical technique (empirical-statistical modelguilibrium models); and
e thematic focus (socio-economic models, biophysimadels and integrated models,
Table 2.3, Figure 2.4)

integrated assessment models

AIM, MIMES/GUMBO, IMAGE, IGSM, IFs, IIASA models

IMPACT-Water
biophysical models
economic models Jand use models Agro-IBIS, LPJmL, CENTURY
GTAP, EnvLinkages ASSETS, GEEM, ICTHYOP, ERSEM II
CLUE AusConnie, EWE/EcoOcean,

PICUS, Savanna
WaterGAP, WBM, SWAT

scenario-building tools

PoleStar, Threshold-21 biodiversity modelling
GLOBIO, Bll, SAR, MIRABEL
regional assessments Cummulative Thread model, RamCO
ATEAM, InVEST, Naidoo et al, Reefs at Risk,
Swallow et al., Costanza et al. GARP models, EUROMOVE,
Impacts of climate change

Figure 2.4: Grouping of models covered by this reew.

As all of these categories provide important infation they are all incorporated in the
descriptive tables. A first classification of moslelas based on their thematic focus (see
Table 2.3) as this is most closely related to ttived-pressure-state-impact approach.

Table 2.3: Different types of models based on theithematic focus and the system they depict with
examples (bold = models covered in this review). Gwe: Advanced tools for sustainability assessment,
http://ivm5.ivm.vu.nl/sat/

Model type | Description

Socioeconomic models

General economic General economy models (GEM) are aggregated rempsggms of an

models economic system, usually a nation state (or a groumations). They are
“closed” in a sense that they are based on a densiaccounting framework
that covers the whole economy.
ExamplesGTAP, Env-Linkages, SNI-AGE, GEM-CCGT

Demographic models Demography models provide lengt projections of future populatign

changes, based on external scenarios on naturarahbpogenic influences.
Examples: PHOENIX, IIASA population project (notpdigitly included in the
review although most integrated assessment modweitio a demographic

submodel)
Partial economic Partial economic sector models (PEM) have a focus certain sector of the
models economy, for which they provide much more strudtwdatail than multi-

sectoral general economy models can do. Sector Imoderk on the
simplifying assumption that major feedbacks betwten specific sector and
the economy as a whole, e.g. effects on employmaedt growth, can be
neglected. Taking macroeconomic conditions andagerprices as given, the
allocation and distribution effects within the sectan therefore be looked at
more realistically. Moreover, specific environmdrganditions and constraints
can be taken into account.

ExamplesiMPACT , WATSIM, Poles, CAPRI

Biophysical models

Climate models Climate models simulate changes tmospheric and ocean temperature,
precipitation and atmospheric gas compositiondi@fast and in the future.
Examples: HadCM, ECHAM, CLIMBER(these models were not included
the review)

n
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Model type

Description

Hydrological models

Hydrological models contain heahatical descriptions of the major eleme
of the water system, i.e. rivers, lakes, groundwadeil, snow. Oceans an
atmosphere are usually not considered. They areat@lcapture the impact g
natural (e.g. climate change) and/or anthropogémig. water withdrawals

disturbances on the fluxes and states of elemaritgiwater cycle, e.g. runoff,

evapotranspiration, groundwater recharge and sagtore.
ExamplesWaterGAP, Water Balance Model (WBM), SWAT

Biogeochemistry
models

Biogeochemistry (BGC) models (also called (globaggetation models
explain vegetation processes (growth, mortalitynpetition between differen
vegetation types, disturbances) and related nadémexigy and matter exchang
(most important elements are;® C, N) between vegetation, soil and t
atmosphere, based on climate conditions, soil twahutrient and wate
supply. Some models focus on natural vegetationjewbthers deal with
agricultural crops or forestry only. They can besdido simulate externd
effects, e.g. climate change, on vegetation grcamith related material fluxe
e.g. change in soil carbon, water balances. Thayatso be used to simula
potential natural vegetation, e.g. for reconstngpast vegetation cover or f
excluding current anthropogenic disturbance.

ExamplesLPJ, IBIS, CENTURY, ASSETS, GEEM, ICTYOP, ERSEM I,
AusConnie, EwE/EcoOcean, PICUS, SAVANNABIOME-BGC, FORESEE
TEM
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Integrated models

Land use models

Spatially-explicit models of land-use and land-aogkange (LUCC) typically
begin with a digital map of an initial time and theimulate transitions in ordg
to produce a prediction map for a subsequent tPuatfuset al, 2007).Land
use activities are closely related to societal,irenvnental, institutional, an

economic processes alike. The majority of the Lasel change models (LUC
are therefore integrated and attempt to model thupled human-environment

system by including sectors such as agricultunestoy, transport, or energ

Some LUC focus more on biophysical determinantshofman land use

activities, while others are more closely linkedetmonomic decision mode
that treat biophysical conditions as decision aamsts. LUC have been applie
on very different spatial coverage, ranging fronmg& farms to globa
coverage.

ExamplesCLUE, AgLU, MAgPIE/LPJ, SFARMOD, FARM, CORMAS
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Integrated assessment
models

Integrated assessment models try to link, withgingle modelling framework

main features of society and economy with the biesp and the atmosphere.

Starting with a focus on the connection betweehrapbgenic greenhouse g
emissions and climate change, the agenda of InesfjrAssessment Mode
(IAM) now includes aspects of land use, biogeoclsényi hydrology,
demography and health.
Examples: AIM, IFs, IGSM,
MIMES/GUMBO, IMPACT-WATER

IASA model family, IMAGE,

Qualitative system
analysis models

QSA approaches structure and analyses socio-econpracesses and theli

environmental implications based on qualitativduefce (system) diagram
and additional information linked to these. Theuieed information (only the
gualitative character of the interactions, like Aforces the change of B")
less demanding for data providers and can be usededrcircumstances whe
guantitative assessments are not available, orempeantitative information i
not strictly comparable.

Examples: SYNDROMES, QSA-SCENE, QSSI (not includrethis review)

Scenario building and
planning tools

Scenario Building and Planning (SBP) models arenligigntegrative tools
which are capable of representing a wide varietyseéial, economic, an
environmental aspects of the Earth system. Theybeansed to develop an
structure complex scenarios.

ExamplesThreshold-21, PoleStar
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As ecosystem services are produced by the interaatf living organisms with their
environment, biophysical ecosystem models arequéatily appropriate for the modelling of
ecosystem serviceBiophysical modelsestimate processes like plant growth, water use,
nutrient use, cycling of water nutrients and carloat are the basis for most ecosystem
services. These models include biophysical proseisd are responsible for differences in
ecosystem services between different natural etarsgs(e.g. forest versus grasslands) and
model the effects of climate change on vegetatype.tAs we have pointed out, ecosystem
services are assumed to be affected by human-iddeitenges in vegetation composition.
However, many models of natural ecosystems donuwtide human-managed lands (arable
crops, pasture, tree plantations) amzk versaBiophysical models can forecast the effect of
different pressures on ecosystem processes bthdodetermination of pressures they need
input from other models that model pressures reguftom changes in drivers.

To assess the current provision of ecosystem saad to make estimations about future
changes in the provisioning of ecosystem serviceselation to different policies, the
integration of many different models will therefdoe necessary. There are few attempts to
model ecosystem services spatially over large aledsa range of sectoral models that could
be used for the estimation of separate servicesuigfoning services like food and timber
production are covered by agricultural models amédtry modelsBiogeochemical models
not only cover plant production but also elemertliog (supporting services) and partially
water cycling.Hydrological modelgrovide information on water supply and regulatsrd
some also on water quality. However, to be ableadoount for multiple services it is
necessary to integrate these sectoral models ilsg@er framework. Biophysical models have
to be connected teocio-economic modethat predict the drivers in land use change based
different scenario input and provide input for Heetoral models.

Integrated assessment modalseady provide this integration including feedimdetween
different components. For example, the IIASA madegll family includes, next to the
emission model group around MESSAGE and MAGICC (ASA-ECS modelling), a
modelling suite around EUFASOM and EPIC (the IIABBR modelling clustgrthat have
been used to predict deforestation trends undéerdift carbon prices (Kindermaren al,
2006). Land use models can probably be linked vetosystem services in a more
straightforward way because the provisioning ofsgstem services is linked to land use and
future changes in land use/land management widcafecosystem service provision and
biodiversity (Lambinet al, 2001, Foleyet al, 2005). Land use models therefore do not only
form an important bridge between socio-economicetijpments and ecosystem service
provision but also provide key input-variables (kig2.5).
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Figure 2.5: (a) Socio-economic and biophysical moldecan be linked via land use. (b) coverage of the
different areas (socio-economics, land use, bioptigal cycles) by different models (example).

There are three different approaches to modelliloypay ecosystem services with specific
guestions connected to each of them:

1. large, integrated models that have been used far adternational assessments: (how
can they be used for ecosystem service estimatiGas?hey be applied for regional
assessments as well?);

2. a combination of small, "sectoral" models that niodigle or few ecosystem
services: (how can they be combined to give a stersi picture?); and

3. local modelling approaches: (how can results becalpd to provide a global
picture?).

These three groups of models are, however, notatiytexclusive and do sometimes use the
same basic tools.
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Biodiversity models

Next to the socio-economic, biophysical and integtamodels there is the group of
biodiversity models. Biodiversity models may playot distinct roles within the TEEB
framework. First they provide estimates/indicatoo$ biodiversity itself. However,
biodiversity models have also been used to estimedsystem service provision, by either
using biodiversity as a direct indicator of ecoewstservices or by using functional
relationships to translate biodiversity into ecasgs services as in the COPI study (Braat and
ten Brink, 2008). Biodiversity models can be sefmtanto indicator-based models (e.g.
GLOBIO, BIl, SAR, MIRABEL, Cumulative Thread modeRamCO, Reefs at Risk) and
species-distribution/climate envelope models (1. GARP model type, EUROMOV&nd
Impacts of Climate Change). While the first estienah indicator of biodiversity relative to
environmental pressures without considering indigld species, the latter predict the
distribution of a defined group of species basedheir specific climatic niches in relation to
changes in the environment. These models requaeya detail of information and are mainly
used for regional studies; EUROMOVE covering theol#hEuropean continent being an
exeption.

Selection of models to be described in detail

There are very few global models that have beeaifsgedly constructed to predict ecosystem
services, except for GUMBO and MIMES. Thereforer@al range of models was reviewed
with respect to their suitability for estimatingosgstem services provision. An extensive
search of models was performed to gain on overaemodels available, based on published
scientific articles, handbooks and information frerabsites. The models were characterised
by thematic coverage, input and output variablessefection was made on the basis of
thematic relevance to ecosystem services and lamsily, frequency of use in global
assessments, possibility of calculating differesliqy scenarios and upscaling (local models)
and downscaling (global models) of results. Cares waken to include models from all
relevant categories in Table 2.3 and all curreafiplied integrated assessment models were
included that were relevant to ecosystem servidedblé 2.1). Furthermore one land-use
model, two scenario-building tools and two genexabnomic models were included. For
biodiversity models three indicator-based modeld amo models that estimate species
distributions were selected. Biogeochemical modetse chosen that incorporate human-
modified land as well. Five regional studies of ®&iem services were selected in order to
compare their potential with the results from lamgjebal modelling approaches. One of those
regional modelling tools, INVEST, is currently uséa provide a global assessment of
ecosystem services, which has not been publishedyewill be very relevant for TEEB as
soon as it becomes available.

Table 2.4 gives an overview of models used in tiffié assessments, providing information

on which models have been combined before andddeasios that they were used together
with.
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Table 2.4: Overview of combinations of models andccenarios used in (large) assessments

Assessment

Model used

Spatial
coverage

Scenarios used

Description

OECD
environmental
outlook

ENV-Linkages,
LEITAP, IMAGE,
GUAM, FAIR,
WaterGAP, N-
balance, GLOBIO,

Global

Single baseline
scenario with
policy variants on
climate policies and
different types of
carbon taxes

The OECDEnvironmental
Outlook to 203@xplores
possible ways in which the
global environment may
develop, emphasising the
economic rationality of
ambitious environmental policy
and showing why it is desirable
for the OECD to work with large
developing countries such as
Brazil, Russia, India and China
(see also the MNP/OECD
background report,
MNP/OECD, 2008. Kolet al,
2008)

GBO-2
Global
biodiversity
outlook

GTAP, IMAGE,
GLOBIO

Global

Preliminary version
of OECD baseline

At the request of the Conventio,
on Biological Diversity (CBD)
MNP carried out an
investigation on possibilities for
limiting the loss of global
biodiversity. This was done in
preparation for COP8, the 8th
Conference of the Parties to th¢
Convention held in Brazil in
2006. (sCBD, 2006; sCBD and
MNP, 2007) (Koket al, 2008)

GEO 4

PoleStar, AlIM,
IMAGE,
WaterGAP,
EcoOcean,
GLOBIO,

Global

Four contrasting
scenarios:
Markets First;
Policy First;
Security First;
Sustainability First

UNEP GEQG4: Environment for
Developmenshows how both
current and possible future
deterioration of the environmen
can limit people’s development
options and reduce their
quality of life. This assessment
emphasises the importance of
healthy environment, both for
development and for combating
poverty. (Koket al,, 2008)

Ag IAASTD

GTEM, G-CGE,
CAPSIM-C,
IMAGE, SLAM,
IMPACT WATER,
WATERSIM,
GLOBIO, Eco-
Ocean

Global

Single baseline
scenario with
policy variants

Thelnternational Assessment g
Agricultural Science and
Technology Developme(ghort
title: the Agriculture
Assessmephssesses
developments in agriculture in
relation to policy goals, such ag
reducing hunger and poverty,
improving living conditions in
rural areas and preserving the
quality of the environment and
biodiversity. This assessment
focuses strongly on the role of
technology and agricultural
expertise (Kolet al, 2008).

57

MA

IMPACT, IMAGE,
WaterGAP,
Ecopath, Ecosim,
Species area

Global

4 scenariosslobal
Orchestration,
Order from

Strength, Adapting

The Millennium Ecosystem
Assessment set out to assess t
consequences of ecosystem

he

change for human well-being
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Assessment

Model used

Spatial
coverage

Scenarios used

Description

relationship (SAR)

Mosaic,
TechnoGarden

and to establish the scientific
basis for actions needed to
enhance the conservation and
sustainable use of ecosystems
and their contributions to huma
well-being. Biological diversity
plays a critical role in
underpinning ecosystem servic
(MA, 2005).

WWDR-1,2 and
3

No model
projections used

Global

The World Water Developmen
Report of the United Nations
looks at water demand and
changing water supply due to
different socio-economic driver
and climate change (World
Water Assessment Programme
2009).

World Water
Vision

Global

3 scenarios that
focus on issues of
water supply and
demand, conflict
over water
resources, and
water requirements
for nature.

The World Water Vision was
conducted by the World Water
Council to increase awareness
a rising global water crisis
(Cosgrove and Rijsberman
2000). While only a subset of
water-related issues and
variables were quantified, the
scenario narratives extend

beyond issues specific to water,

including lifestyle choice,
technology, demographics, and
economics. Some of these

additional themes were explored

quantitatively in background
studies (Kolket al, 2008).

European
Environment
Outlook

PRIMES, POLES,
Prometheus,
TIMER, CAPSIM,
IMAGE, FAIR,
RAINS, EMEP,
WaterGAP, UWWT

Europe

Baseline with
policy variants

The European environment
outlook reportassesses the
environmental consequences o
key socio-economic
developments in Europe,
particularly with regard to
climate change, air quality,
water stress and water quality
(EEA, 2005).

CA -
Comprehensive
assessmentof
water use in
agriculture

Watersim, APSIM

Global

One scenario

The Comprelvendssessment
addresses multiple use,
feedbacks, and dynamic
interactions between water for
production systems, livelihood

support, and the environment. It

analyzes past and current wate
development efforts from the
perspective of costs, benefits,
and impacts, considering socie
(economic and rural
development, increased food
security, agricultural
development, health, and
poverty) and the environment
(conservation and degradation
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Assessment Model used Spatial | Scenarios used Description
coverage
ecosystems and agriculture,
Comprehensive Assessment of]
Water Management in
Agriculture, 2007)
COPI bio | GLOBIO Global OECD baseline The COPI study estimated the
scenario costs of policy inaction in
respect to ecosystem service Id
by linking biodiversity loss to
changes in ecosystem service
provision (Braat and ten Brink
2008).
EURURALIS LEITAP (modified | Europe 4 scenarios with 12 EURURALIS is a scenario study
version of GTAP), different on the future of rural areas in th
IMAGE, CLUE combinations of EU, assessing the impact of
policy variants policy measures like the
Common Agricultural Policy
and biofuel policies (Rienks,
2008).
INSEA AROPAj, EFEM- The INSEA focuses on the
Integrated sink | DNDC, EURO- enhancement of carbon
enhancement FOR, PICUS, sequestration within Europe an
assessment FASOM, its effects on land use (especia
AGRIPOL, EPIC agriculture and forestry).
ATEAM MAGEC, Europe 4 scenarios with | The ATEAM developed a
SUNDIAL, different policy methodology to assess the
ROTHC, options vulnerability of ecosystem
GOTILWA+, services to climate and land us
EFISCEN, FORGO- change, biodiversity loss and
HYDRALL, LPJ, pollution (Metzgeret al, 2006).
STOMATE, Mac-
pdm,RHESSys,
FORCLIM
Naidooet al. TEM, WaterGAP global Ecosystem services modelling:
2008 (PNAS Carbon sequestration (TEM
105, 9495-9500) model), carbon storage (Global
Land Cover 2000 map),
grassland production of
livestock (FAO and other
databases), water provision
(WaterGAP)
Swallow et al | SWAT Lake Ecosystem services: erosion
2009, (Environ. Victoria regulation (SWAT), water yield
Scie. & Policy, in basin, (SWAT), agricultural productior
press) East
Africa

2.3.2 Analysis of selected models

Information presented on the models in the Appesdic
The sections below describe information presentethe models in Appendices 1.1 — 1.5 and
summarises some of the findings from the analygipendices 1.1 and 1.3 follow the format
of a review of ecological models carried out by EEA (EEA, 2008), and information on
four of the models (IFs, EUROMOVE, IMPACT-WATER a®l.UE) has been taken from
that report. It was not possible to complete adl ¢ells within the tables for all models, e.g.
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because no information on that topic was foundicaied in the tables asifiknown” - or an
empty cell. Other topics were not done or covengthe model (indicated antt availablé)

or refer to variables that are outside the scopehef model, e.g. cultural services for
biodiversity models (indicated aadt applicablé).

Technical description of models

Appendix 1.1 summarises technical information anrtodels, including their developmental

history, accessibility, calibration, validation,asial coverage and resolution. Most important
is the information on data input (i.e. key drivexfsthe model), model output and level of

integration within the model (i.e. the degree toickhdifferent modules/submodels are
interlinked and feedbacks between components incated). An example of the information

provided is given in Table 2.5 for IMPACT-WATER, amegrated assessment model that
consists of a hydrological and a partial economizdeh related to agriculture. The row

“model type” gives the categorization of the moaetording to Table 2.3.

The row “input (key drivers)” gives information altowvhich main drivers and input variables
are needed. IMPACT-WATERbcuses on agriculture and like many other modetglires
information about future population trends to deii@e food demand, while climate and
water availability limit plant (crop) production. Mfe socio-economic models and integrated
models generally all start from population develepm(from scenario-inputs) biophysical
models start from climate and land use change.nBExé row “output” presents the variables
that are generated by the model, including biodigrand ecosystem services related
variables if available. IMPACT-WATER covers foodoguction from crops and livestock
and also gives information about per capita foqupbu

Key input and key output variables give information how different models might be
linked, for example biodiversity or biochemical netglfor which land use change is the key
driver might be linked via land use models (keypout land use change) to socio-economic
models that predict the effects of policy scenadnshe socio-economic drivers of land use
change. Different types of biodiversity models fe@n different key pressures; while land
use change is used as the main input for most mdtiel calculate biodiversity indices,
climate change is the key driver of the speciesilligion models (GARP and
EUROMOVE).

It is important to consider the spatial and tempsctale a model works at (for input and
output variables) relative to the scale relevanteftosystem services, and to consider issues
involved in upscaling and downscaling of resultse ™ifferent models have to be compared
in terms of detail they can provide relative to wie& required for different purposes.
Geographical and temporal resolution is coveredha next two rows. Most models are
spatially explicit with grid sizes of 0.5 to 5°.1@ts like IMPACT-WATER aggregate data on
a national (especially economic models, GTAP, Enkhpes, IFs) regional or
ecosystem/biome scale (CENTURY, GUMBO) or use mmaiural units like catchments
(especially for hydrological models: SWAT, WaterGABome models like SAVANNA are
more flexible in their spatial resolution but caner a large area leads inevitably to a coarser
resolution. Temporal resolution varies betweenydailonthly or annual time steps. While the
model might use daily time steps for calculation{poit might be aggregated on an annual
level. Biophysical models generally use smalleretisteps related to the processes modelled
while crop or economic models work with annual tisteps. This does not necessary cause
any problems when linking models as socio-economaclels would predict annual land-
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cover while biophysical models use this as an irfputmodelling daily or weekly nutrient
and water balances.

“Analytical technique” refers to the type of matbeshind the model. Economic models are
mostly equilibrium models. Empirical-statistical dets are based on statistical relations from
a dataset. Dynamic system models are complex maadelsd on causal processes and also
include internal feedbacks. Interactive models mequarticipation of users or expert
judgment (EEA, 2008).

Table 2.5 Example table from Appendix 1.1 (for albther models see Appendix)

Model name IMPACT —-WATER

Full model nhame International Model for Policy Analysis of Agricultal Commodities and Trade
Model type Integrated model (partical equilibrium + hydrolagjicnodel)

Subtype Agriculture

Thematic coverage

Agriculture, fishery, water (related to agriculture

Input (key drivers)

Income, and population growth (to determine food aon-agricultural watef
demand), Crop productivity (depends on various egy incl. agricultura
research), Change in available agricultural areer dvne, climate parameter|
plus irrigation and water supply information, trautdicies

v

Output (key
variables)

Crop area, yield, production, demand for food, femdl other uses, prices
Livestock numbers, yield, production, demand, mjddet trade in 32 agricultural
commodities (virtually all global food trade), Pentage and number of
malnourished preschool children, Per-capita calaviailability from foods

Geographical
coverage and
resolution

Global: 115 regions and countries, intersected W6 river basins (281 spatia
units), including EU-15 and eastern Europe

Temporal coverage
and resolution

Base: 2000 until 2020/2025/2050, with annual titeps

Analytical technique

Partial equilibrium model (sectoral agricultural aced)

Model developers
and/or owners

International Food Policy Research Institute (IFPd&tlthe CGIAR Network

Model development
history

1st version of IMPACT was developed 1990-2000 staversion: 2005
The partial equilibrium model IMPACT was coupledtte hydrological mode|
WSM to create IMPACT-WATER to be able to includéntte change effect
(water availability) on agriculture production.

2]

Target Group/users

%]

Aim was to help achieve long-term vision and cosssnamong policy make
and researchers about the actions that are negdéssaed the world in the future,
reduce poverty, and protect the natural resourse.lMPACT has been used |in
numerous international environmental assessmeunt$ @s World Water Vision,
Millennium Ecosystem Assessment). Currently beirsgduin UNEP's Global
Environmental Outlook (GEO-4) and the InternatioAatessment of Agriculturg
Science and Technology for Development (IAASTD).

9}

Calibration Model uses the UN Medium Variant Population groytbjections, and follows
the global hydrology patterns embodied from thenatie data provided by th
Climate Research Unit of the University of East BmgThe streamflow and
runoff data have been calibrated to WaterGAP otthiversity of Kassel.

Validation IMPACT has been used in a historical counterfactudlysis that accurate

S <

produced the historical record of agricultural proiion and consumption fror
1970 to 2000.

Uncertainty analysis

Climate uncertainty is explored with the use oéalative GCM scenarios, whigh
are downscaled to the spatial units of IMPACT.

Key reference

Rosegrantt al (2005) International Model for Policy Analysis éfyricultural
Commodities and Trade (IMPACT-WATER): Model Destiop (available at
www.ifpri.org/themes/impact/impactwater.pdf)

Level of integration

Water is the key environmental component whichiisadly integrated into the
model structure. Response to water availabilitpnéasured in terms of yield loss
(relative to full potential). IMPACT-WATER is thenty model that takes into
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account water availability for food production (ethmodels assume that water for
irrigation is available).

Links to other models | The IMPACT model has been linked to a range of riwde international
assessments, such as GTEM (AustraliaBARE), IMAGEL(R\etherlands), AIM
(Nat'l Inst for Env Studies, Japan) and WaterGARiyUof Kassel).

Ease of| Ease-of-use is very limited (i.e. referring to finé version of IMPACT). IFPRI
use/accessibility has developed a distributional version (IMPACT-Battcan be downloaded free
of charge (www.IFPRI.org/themes/impact/impactd.asp)

Website http://www.ifpri.org/themes/impact.htm

Comments/remarks | Description has been taken from EEA, 2008

Model structure Climate scenarios:
- Rainfall - Potential
- Runoff evapotranspiration
v
Water Demand 7 Water ™ Water Supply
+ Irrigation l«—» Simulation «—e ° Renewable water
+ Domestic “_ Model + Effective water
+ Livestock [ supply for
+ Industry irrigated and
+ Environment IMPACT- rainfed crops
1 WATER
/IMPACT- ™,
"\\FOOD P
$

Food Supply and Demand
Crop area, yield, production, demand, trade and prices
and livestock production, demand, trade and prices

The rows “calibration”, “validation” and “uncertdy analysis” provide information about
whether or not such analyses have been done ardeferences if applicable. The “level of
integration” refers to the interlinkages betweea different components and submodels and
the internal feedbacks. IMPACT-WATER for exampldéhs only model that considers water
availability for irrigation purposes when estimaticrop yields while the other models assume
that sufficient water is available for agricultuighe “link to other models” gives studies in
which the model has been linked (or used togetthir) wther models, providing information
about which models can be used in combination. IBPAVATER for example has already
been combined with two of the large assessment Islddl@AGE and AIM. The row “ease of
use/accessibility” mainly indicates whether the elad freely available (either on a website
or on request from the authors). However, trainsigequired for all models to be able to
operate them and interpret their results. Hencease one wishes to use a certain model for
an assessment contact and cooperation with théagers/owners is essential.

Key references and the link to the model websiéegiven for a more detailed description of
the model and its outputs. The publication recdaffibrd for the various models. Some like
AIM and PoleStar have little or no publicationspeer-reviewed journals but they have been
used in global assessments. Others, such as mapyysical models have many peer-
reviewed publications but they have not been instuich global assessments yet. For MIMES
no outputs have been published although global neapsavailable in a PowerPoint-
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presentation on the web, which indicates that &ajl@nalysis has been done with this
mode?.

The diagram within the row “model structure” givas overview over the different model
components and the links between them. For the IRTPAVATER model it can be seen that
water supply is calculated based on a hydrologiwadiel with climate as main driver while
water demand is estimated from food demand anduptmsh via a socio-economic module.
Ecosystem services can be approached from twaeliffelirections. One can estimate service
demand (e.gfood or water demand based on human populaticn &l water needed for
agriculture and industry) or service supply (eegrbon sequestration, erosion control). The
relationship between supply and demand is neededcfinomic valuation of services and it
is also necessary to differentiate between potesgiavices and services that actually benefit
humans. While mangrove forest have been showndoceeflood risk at coasts this only
benefits humans if the area they protect is agtuahabited. Pollination and pest control
services also only apply to land used for agriceltor forestry. The models differ in whether
they approach a certain service from the supplgesnand side or both. While WaterGAP,
IMPACT-WATER and the IIASA models estimates bothtevasupply and water demand
separately, IMAGE estimates global food demand aftidcates land accordingly to
agriculture to match this demand.

Coverage of ecosystem services

Appendix 1.2 provides details on the ecosystemisesvcovered by the models either
explicitly or implicitly. Ecosystem services (anatlicators of ecosystem services) listed here
can either be input or output variables, as wellirdsrmediate variables. Some of these
ecosystem service indicators might be estimateth&ynodel while not commonly extracted
as key output variables. For example biogeochenmeadels usually contain a water cycle
module and enable the calculation of water supphgdipitation minus evapotranspiration),
and hydrological models contain a vegetation-sulehadtiat estimates primary production.
As an example the table is shown for three of tbgdnchemical models (Table 2.6). While
PICUS focuses on forests and therefore only previdermation about timber production,
Agro-IBIS is a general vegetation model that inelsidnext to plant production also a
hydrological module estimating water supply. SAVARANM a whole biome model including
crop, timber and livestock production as well astewasupply. The supporting services
covered within the biogeochemical models are gsiailar; most include a nitrogen cycle
module and estimate primary productivity. An exgaptis LPImL which currently does not
include nitrogen although this is an important daclimiting plant growth (LeBauer &
Treseder, 2008). Currently, joint research betwely WUR and PBL is started to redress
this missing factor in conjunction with other yididhiting and reducing factors such as water
(like already covered in IMPACT-WATER), pests amnghd management (included in
CENTURY) in a combination of IMAGE and LPJmL.

Next to the biogeophysical models (marine and $tnied), supporting services are only
covered by a few of the integrated assessment s\calell mostly those also estimate nitrogen
cycling, net primary production or soil formatioks regulating services, carbon sequestration
and water regulation are mostly covered. Carbomesication and carbon storage has been
the focus of climate change scenarios starting MRREC and mitigation strategies and

2 http://www.gulfofmaine.org/EBMWorkGroups/docs/RoeBoumans-presentation-at-Oct2007-WorkGroup1-
2-meeting.pdf
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different policy options have been examined by niagigrated assessment models as well as
global vegetation models. Cultural services arg oolered by MIMES/GUMBO and several
of the marine models, and mainly refers to recoeatiThe marine models selected are
generally biophysical models with complex bioti¢eiractions and focus on the effects of
fisheries on the trophic system.

Table 2.6. Example of Appendix 1.2 tables for sont@ogeochemical models

Model name | PICUS Agro-IBIS SAVANNA
Provisioning | timber production water supply, crapivestock production
services production, grass and timber
production, water
supply (runoff, deeg

® drainage)

§ Supporting nitrogen cycling in| NPP, SOC, N NPP, nutrient cycling

@ services forests balance

= Regulating carbon sequestration,carbon  flux, N| water balance

% services soil moisture (water leaching, water

x> cycling) regulation

8 Cultural Not available Not available Not available

L services
Species forest species Vegetation Species distribution
diversity composition (diversity| composition and abundance

> naturalness indicators)| (functional types) | (plants + animals)

o Genetic Not available Not available Not available

2 diversity

_8 Ecosystem forest species Vegetation community

< diversity composition composition composition

Appendix 1.2 also contains information on measuséshiodiversity, split into species
diversity, genetic diversity and ecosystem divgrsiost biodiversity models focus on
indicators of species diversity, while genetic dsity is hardly incorporated into biodiversity
modelling. For studies on genetic diversity on $ipecies level look at Watson-Joredsal,
(2006), Silvertowret al, (2009, experimental) and Avise (2008).

Ecosystem/landscape diversity modelling is seldotpli@tly included as well (Roy &
Tomar, 2000); however, it should be possible taveean index of landscape diversity from
spatially explicit land cover models. Global vegeta models (biogeochemistry models)
provide an indication of natural vegetation composj although commonly limited to some
different functional groups of plants that are idgtished. On the species level there are two
different approaches for deriving indicators of @ps diversity, while climate envelope
models actually model the distribution of speciBpecies. The later require detailed
information on species presence for model calibnatiAs biodiversity is generally not
covered by any of the other models, one of theiberdity models has to be linked to one of
the other general models to provide an indicatioiiadiversity if required.

Usability of selected models for TEEB

Appendix 1.3 summarises the most important inforomafrom the first tables on drivers,
pressures and ecosystems services, and the dedaibage of those covered by the different
models. For an example see Table 2.7. “Internatiacienowledgement” includes information
on the use of the models in assessments and thendwfgoublications available. MIMES is a
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relatively new model which has not been publishediged in any assessments yet, which
makes it difficult to evaluate its strengths andhltreesses. Other models like AIM have been
used successfully in global assessments, but halveesulted in many publications in peer-
reviewed journals. Biogeophysical models have daresive publication record, but they have
not been included in global assessments yet (prasiynbecause crop production is covered
by all integrated models as well, although mostigsl detailed and mainly from the demand
side), while hydrological models are often includedylobal assessments. Biogeochemistry
models have been used mainly for carbon sequestraind climate change effects on
vegetation distribution and crop production.

The “width of spectrum of drivers” summarizes thérmation on input/drivers from tables
in Appendix 1.1 and gives an indication whether thedel is mainly driven by socio-
economic (directly, integrated assessment modetso-®conomic models), land use change
(biodiversity models and biophysical models) ormatic and environmental variables
(rainfall, soil fertility, biophysical models) arvdhether there are several independent drivers.

Table 2.7: Example of Appendix 1.3 tables for somef the integrated assessment models

Model name MIMES AlM IGSM IIASA Integrated
Assessment
Modeling
Framework
International Not published yet, Has been used in | Widely accepted,| Widely accepted,
acknowledgement large number of many assessments many many publications,
collaborators, high | (IPCC, GEO), publications used in IIASA

level of publicity,
including politics
(see website)

widely accepted
(esp. in Asia), little
scientific
literature.

assessments (e.g
Global Energy
Assessment)

Width of spectrum
of drivers

Key drivers are
human population
development and
investment

Broad range of
socio-economic
drivers

Broad range of
socio-economic
drivers

Broad range of
socio-economic
drivers

Width of spectrum
of goods and
services covered

Very large, all areas
covered

Provisioning
(water, timber,
food), and
regulating (climate
regulation, air
quality, human
health, flood
damage)

Agriculture,
climate
regulation , air
quality, human
health, sea level

Provisioning,
climate regualatior

Richness of detail
including sectoral
detail

Very high: large
number of variables
and parameters

High

High amount of
sectoral detail,
especially in the
energy sector
(different energy
sources),
agriculture,
transport, plus
biogeochemical

High

modelling
Possibility of The MIMES at this | 5° by 5° resolution| 0.5° by 0.5° 5’ by 5’ resolution,
upscaling/ stage represented a | application on resolution, application on
downscaling general model scale close to this | application on scale close to this

scalable in time and
space to be applied i
global, regional and

or lower does not
N provide useful

results

scale close to thig
or lower does not

provide useful

or lower does not
provide useful
results
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Model name MIMES AIM IGSM IIASA Integrated
Assessment
Modeling
Framework
local models results
Effects of European | Unknown Yes Yes Yes
policies on global
level?
Operational access | Model is available forf Model not Model not Models not
for TEEB download: available online available online | available online
http://www.uvm.
edu/giee/mimes2/do
wnloads.html
Known plans for The different Improvement of Improvements on| Various activities
maintenance and submodels for the carbon cycle the resolution of | are ongoing related
development ecosystem services | module; estimate | the climate to modelling of
are constantly the impacts of submodel bio-energy
improved by the climate change on production,
users water resources, REDD-related
flood risks, forests carbon trade
agriculture, coasta options, analysis
zones, human of organic and
health (vector-borr precision farming
diseases) and natural hazard
(especially in mitigation
Asia); further strategies.
developments
concern water
demand and trade
modelling and a
detailed crop
production model
with fertilizer and
pesticide loads and
N,O emissions;
fruit production.

“Width of spectrum of goods and services coveregHia gives the services that are explicitly
or implicitly covered by the model. AIM and IGSMrfexample include indicators of flood
damage and respectively sea level rise and theyiatdude air quality and human health
effects. Like MIMES, the regional approaches cozewider range of ecosystem services,
including tourism and pollination services. Naideial (2008) present a mapping rather than
modelling of ecosystem services that is partly Bage biophysical models but does not
contain any predictions for future changes. Howgtrezir approach is based on land use and
could therefore be linked to a land-use model ®at a predictive model. The InVEST
model has also been applied at a regional as webnaa global scale and demonstrates the
possibility of using basic regional level models §dobal assessments.

“Richness of detail” refers to the amount of detadorporated in the different submodules,
e.g the number of different economic sectors consitlere well as the detail within the
biogeochemical processes.

“Known plans for development” were inferred fromatsiments placed on the model‘s

websites as far as available, expanded with persoftamation. The time and resources for
this study did not allow for a more systematic adtagion of all models. Some models, such
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as EUROMOVE or MIRABEL, are not developed any ferthbut most others are constantly
updated with enhanced and additional modules ang mhetailed information. For MIMES,
users are constantly adding their own submodeleefihie there are for instance several
different modules for cultural services (R. Bouwmagpers. com.) and a marine application is
also forthcoming.

Important developments within the described modelserms of economics of ecosystem
services are the development of a water quality uleodfor WaterGAP and AIM, further
additions to the human health/disease module acldsion of water demand in AIM; the
integration of a general equilibrium interface iINMdPACT-WATER and natural hazard
mitigation modelling at the IIASA. At the [IASA whéris focussing on carbon-related policy
options like REDD, but also on organic agricultared precision farming. Various institutes
are working on the link between biophysical mod@specially LPJ) and land use and
economic models (IMAGE, MAgPIE). Within EcoOceanfEvan MSA-like indicator for
marine biodiversity is being developed. Earlier kvon coupling EcoOcean with IMPACT is
scheduled to be revisited, allowing for incorparatof feedbacks between ecosystem services
and economics. Coupling of IMAGE with agro-econmmmdels, e.g. LEI-GTAP and
IMPACT, has proved instrumental in exploring traufés between expanding some
ecosystem services (e.g. bio-energy productiororastorage and biodiversity) and others
such as food provisioning. Ongoing and plannedegtsjaim to extend and improve these
analyses.

New models specifically focussed on ecosystem sesvare currently being developed at the
PIK Potsdam in collaboration with other institut@sd organisations. Their approach is to
combine LPJ with forest models (4C), hydrologicaldals (SWIM) and further new models
to assess the effects of changes in land use andtelon biodiversity and the provisioning of
ecosystem services on a regional to continentéd 8t Lund University the focus is also on
climate change and land use change effects on Meimily and ecosystem services, for
example carbon stocks, water availability and agliqy. One of the models used in Lund is
LPJ-GUESS which will be improved in terms of carbomogen coupling and plant
dispersdl.

It seems that the current development is genefatlyssed towards the inclusion of (more)
detailed biophysical models for an estimation afsgstem services. Addressing effects of
changes in ecosystem services (other than fooduptioth) on socio-economic developments
will probably only be the next logical step after mcreased understanding of the supply,
demand and changes in ecosystem services as we#iasubstitutability has been reached.

Summary of models with respect to drivers, pressangl impacts

Appendix 1.4 summarizes the models with respetheéodriver-pressure-impact framework:
including which drivers and pressures are takem aticount, which ecosystem processes are
modelled and which indicators provided, and whethere a link to human well-being or
monetarisation. Information is also included ordlarse and whether models focus on natural
land and/or managed land. Land-use is a key varidibking scenarios/policies/socio-
economic developments with effects on biodiversatyd ecosystem services provision.

3 http://www.pik-potsdam.de/research/research-dosfedmth-system-analysis/projects/biodiversity/goal-
statement

4 research program of Lund University, see: htigctl.lu.se/wp5.html
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Ecosystem services and biodiversity are also dyredtected by changes in land-use (Foley
et al, 2005, Metzgeet al, 2006). An example of Appendix 1.4 is shown befowsome of
the (terrestrial) biodiversity models (Table 2.8)he main drivers included in most
biodiversity models are climate change and land amnge (habitat loss). Other pressures
such as pollution are only covered by GLOBIO, MIRABand the SAR approach of the MA
(MA, 2005d). None of the models deals with the @Beof invasive species, despite their well
documented impacts on global biodiversity. Biodsitsr models do not directly include
explicit policy options; instead these are fed itlte models via their impacts on climate or
land use. Next to biodiversity no ecosystem sesvmeecosystem functions are covered by
the current terrestrial biodiversity models andin& with human well-being is provided. On
the other hand, all other terrestrial models do prowide indications of biodiversity. There
are, however, several marine models, that covér biodiversity and ecosystem services.

Table 2.8. Examples of Appendix 1.4 tables for biagersity models

Model name GLOBIO Biodiversity | Species area | GARP- EUROMOVE
intactness relationship based
index (SAR) species
distribution
models
Natural drivers Climate None Climate change Climate Climate
and change change change
environmental
pressures
Human drivers Land-use Land-use Habitat loss anjdNone (via Land-use
change, N fragmentation | greenhouse
deposition, (land use gas
infrastructure, change), N emissions)
fragmentation deposition
Policies Via IMAGE Via land use | Vialand use Via climate Via climate
change change and
land use
Land-use Spacially Spatially Not spatially Spatially Spatially
explicit (input | explicit, explicit explicit explicit
variable) classification:| (aggregated
from biogeographica
protected to | units)
moderate use,
degraded,
cultivated,
urban and
plantation
Biodiversity MSA (mean | Biodiversity | Number of Number of | Number of
species intactness species species, species,
abundance of| index species species
original distribution | distribution
species)
Ecosystem Not Not Not applicable | Not Not applicable
function applicable applicable applicable
Ecosystem Not Not Not applicable | Not Not applicable
services applicable applicable applicable
Economic Not Not Not applicable | Not Not applicable
value/human applicable applicable applicable
well-being
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Land-use has been pointed out as the crucial timkadelling before, not only between socio-
economic factors and ecosystem services but alagasgential handle for policy options (e.g.
limiting land-use change by prohibiting deforesiati or creating protected areas). Most
policy options (e.g. carbon taxes, subsidies, tarfg use of biofuel) directly result in land

use change by changes in the trade-off betweeardift land uses. To effectively influence
global habitat conversion these trade-offs betwdifarent land uses (e.g. agriculture versus
forests) need to be explored more thoroughly.

2.4 Review of scenarios

2.4.1 Selection of scenarios
There are three different types of scenarios (Bonet al., 2006):

» Baseline trend scenariogpredictive scenarios) assume that current trevitiontinue
in the future, and may include policy variants different likely developments of sectors
based on near-future decision alternatives. Thelyesd the question ‘what will happen?’

* Normative scenarios(or pathway or vision scenarios) describe a delrfuture or set a
specific goal for the future (e.ghalting biodiversity loss by 2010 or stabilizing
greenhouse gas emissions at 450 ppnm €quivalents) and explore possible ways to
reach that goal. They address the question ‘howelget there?’

» Explorative scenarios (forecasting, descriptive scenarios) work the otlway around,
they are created to forecast the effect of spetifieeasures (policies) on future
development and conditions. They address the auesivhere do we end up?’
Explorative scenarios either address the effectdiftérent policies or other measures
(strategic) or alternative developments of othetdis (external).

There is a gradual difference between predictigaftr scenarios that incorporate possible
future decisions and explorative scenarios, therdaonsidering longer time scales and more
profound changes. They are usually more “visiondhgn trend scenarios and divert from
current developments, by not aiming at what is niikety to happen but to look at other, less
likely options (plausible alternative futures).

The focus of this scenario review was on scendhat were used in combination with the
selected models to ensure that a discussion oltsesud assumptions of model and scenario
outputs is possible. Further criteria for scenaselection were the international
acknowledgement (frequency of use/reference) aadsdtlenarios had to be relevant in terms
of a focus on policy options instead of a focusabanges in lifestyle (e.gliet change
scenarios, Stehfest al, 2009).

2.4.2 Review of scenarios

Description on scenarios

Following a similar format to the model descripspippendix 1.5 (for example see Table
2.9) presents general information on the diffesa@narios, while Table 2.10 summarises the
information relevant for the TEEB. The tables stwith a general description of the narrative
behind the selected scenario and the ‘correspoedentt other scenarios’. Most scenarios
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used are based on the four normative scenariokeofGlobal Scenario Group (GSG) with
some variation in the implementation.

There are three ‘types of scenarios’: normativeglaative and trend scenarios. The GSG
scenarios are the only normative scenarios coresigldrowever, some of the climate policy
variants of the OECD baseline (which is a trendhagde) also use a normative approach.
Global assessments mostly use explorative scendnrasare formulated in a narrative way
(e.g. Millennium Ecosystem Assessment, Global Emritental Outlook). Another common

approach is to compare a baseline that assumeselsasas usual with a number of specified
policy variants (e.gOECD Environmental Outlook, IAAST Ag Assessment).

The next row gives the ‘type of policies’ that haween specified within the scenario. The
descriptions of most scenarios are rather vagui, Mile detail specified on which policies
or developments are considered for specific seckansthe implementation of these scenarios
a large amount of work is necessary to translatsethgeneral, qualitative trends with
quantitative model inputs. The focus of most scesdres on trade restrictions (none in GSG
‘open market’ and related scenarios versus natiade restriction in GSG ‘fortress world’
and related scenarios) and policies related tony@gse gas emissions.

The following rows give information about the dey@ihent of the scenarios, on aims, the
developers and whether or not stakeholders wervesd. ‘Domains considered’ refer to the

areas that were considered during scenario deveopand incorporated in the models used.
The row ‘main actors’ indicates which are considarebe the socio-economic drivers behind
future changes. For most assessments narrativarseerwere formulated that had to be
translated into drivers of change. Key drivers added in the scenarios were:

population development;
* economic development, including changes in pertadpDP and economic structure;

» technology development, i.e. increased nutrient\aatér use efficiently, increased area-
based crop yields;

e human behaviour (lifestyle); and
» institutional factors (trade barriers, taxes, sdiesi).

For example GSG ‘open market’ and related scenaoasider economic issues and trade as
the main determinants of future development, cesielit relations will determine land use

allocations in these types of scenarios. The GSghcy reform’ scenario assumes global

policies to be most important, which can include testriction of land use (e.g. ban on

deforestation, creation of conservation areas/pat@serves). The GSG scenario ‘new
sustainability’ or the related GEO-4 ‘sustainalilfirst combine effects of governmental

policies with individual life style changes (e.ghamges in diet) as main drivers for

development.
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Table 2.9: Examples of scenario characterisation tdes from Appendix 1.5

Scenario name

GEO-4Sustainability First

Description

Sustainability Firstgives equal weight to environmental and sog
economic policies, accountability, and it stressassparency an
legitimacy across all actors. It emphasizes theeld@ment of
effective public-private sector partnerships ndiyan the context of

projects but in the area of governance, ensurirg stakeholders

across the environment-development discourse specprovide
strategic input to policy making and implementation

O_
)

D

Correspondence with other
scenarios

GSG new sustainability, SRES B1, MAdapting Mosaic WWV
Values and Lifestyle®WBCSDJazz.

Type of scenario

Explorative

Policies specified

Strong global management, climate mitigation, aitygion, protect
species diversity and ecosystem services.

Purpose

UNEP GEO-4: Environment for Development shows hoethh
current and possible future deterioration of theiremment can limit
people’s development options and reduce their tyuafi life. This
assessment emphasises the importance of a healthisorement,
both for development and for combating poverty.

Authorizing environment

UNEP: The scenarios were developed through a Ign
collaborative process that began with four of th8§GGscenarios
which were then refined through a series of rediaral global
meetings (Raskin and Kemp-Benedict, 2002), withuinfpom the
IPCC's Special Report on Emissions Scenarios. Tinghasis of the
process was on refining the narratives and givimgnt regional
texture. A consortium of modeling teams elaborated different
aspects of the scenarios (Potting and Bakkes, 2004)

gth

Stakeholders involved in the
development

Expert Group Meeting

Time horizon and resolution | 2050
Spatial coverage and Global
resolution

Domains mainly considered

Population, economic activity, government (energicgs, taxes
environmental policies), lifestyle, technology, damse limitations.

Main actors

Economy, government and individual behaviour

Comments

Scenario name

OECD-ccglobal2008

Description

This policy variant implies an immediate implemeiata of carbon
taxes worldwide.

Correspondence with other
scenarios

GSG policy reform, MATechnoGardenGEO Policy First WWV
TechnologyWBSCDGEOpolity,

Type of scenario

Trend (explorative)

Policies specified

Uniform global carbon tax, starting in 2008

Purpose

The focus of the Outlook is the critical environrtanconcerns
facing OECD countries, but the study is globaldope. The aim ig
the exploration of options to reduce climate chaagd greenhous
gas emissions.

Authorizing environment

OECD

Stakeholders involved in the
development

Unknown

Time horizon and resolution

2005 to 2030 (policies) respectively 2050 (impacts)

Spatial coverage and
resolution

Global, for policies: OECD, BRIC and the rest oé tworld, spatial
resolution of effects: 0.5° grid.

Domains mainly considered

Agricultural production and trade, energy sectoritifation of
climate change, control of urban air pollution)vage treatment.

Main actors

Global policies

Comments

The Outlook examined drivers of environmental clengpecific
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sectors that put the greatest pressure on the cemment, and
resulting environmental impacts. The focus of thetlak is the
critical environmental concerns facing OECD couwdyi but the
study is global in scope. Global economic pattemgse modeled
using the OECD’s JOBS model. These drivers wera tiiged as
inputs to the PoleStar System to assess potemiroamental
impacts in the scenarios.

The different baseline with policy options scensgritor example the OECD-ccglobal2008

shown in Table 2.7, focus on the impact of poligtians, therefore global or national

governmental policies are the main actors in thé&bse. focus of the OECD environmental

outlook was climate change mitigation, therefore plolicy options consider different targets
for CO, emissions either globally or for the OECD courstri€he consequences of land use
changes resulting from the policies were examined.

Table 2.10 summarises the information for all g®apscenarios. Part of this table was taken
from Westhoelet al. (2006). An estimation is given for the internaib acknowledgement
and the richness of detail included, and also taoismodels that have been used with the
specific scenario, indicating for which models sm&minputs have been specified already. As
the IMAGE model has been included in many assessrtars model has also been used
together with most of the scenarios.
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Table 2.10 Scenario summary with information relevat for TEEB

Scenario name Type International Width of Richness of| Models that
acknowledgement| spectrum of | detail have been
drivers including used with
sectoral scenario
detail
IPCC-SRES Explorative |  Very high Wide set of Limited AlM,
quantitative IMAGE
indicators
MA Explorative | High Wide set of | High IMPACT,
quantitative IMAGE,
indicators WaterGAP,
EwE, SAR
GEO-4 Explorative | High Wide set of | High AlM,
quantitative IMAGE,
indicators PoleStar,
WaterGAP,
EwWE &
EcoOcean
GSG Normative High, sres, ma anpdNarrative Limited PoleStar
geo-scenarios arg
based on gsg
scenarios,
however, gsd
scenarios are
normative insteag
of explorative
OECD baseline Trend with | High Wide set of | High WaterGAP,
policy quantitative IMAGE,
options indicators GLOBIO
IAASTD baseline | Trend with | Moderate Wide set of | High IMAGE,
policy quantitative IMPACT-
options indicators WATER,
GLOBIO,
EcoOcean
(EwE)
EURuralis Explorative | Moderate  (high| Moderate Moderate GTAP,
with policy | within europe) IMAGE,
options CLUE
wWwv Explorative | Limited to water | Moderate Moderate
management
community
WBCSD Explorative | Limited Moderate Moderate
ATEAM Explorative | Moderate Moderate Moderate
with policy
options
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2.5 Insights, gaps, strengths and weaknesses of the Mars approaches

2.5.1 Models

There are several approaches towards global magpdgnodelling of ecosystem services.
For example, Naidoet al (2008) combine databases on livestock produdtitin GIS data
on carbon storage and modelling of carbon sequestrand water supply for mapping
purposes with no integration of the different comguts. The global ecosystem models
GUMBO and MIMES are meta-models that make use ofl-eatablished correlative
relationships between different variables that iaerporated in mechanistic models like
AIM, IMAGE, CLUE, WaterGAP, CENTURY and BIOME. Theadvantage is that by using
this short-cut they require less computational réffand the higher degree of inter-linkages
between the different components as well as thHesran of feedbacks between the different
modules. INVEST and ATEAM take a similar approachlbcal/regional ecosystem service
modelling. Common to all these modelling approadkethat they build on existing models
by either incorporating them or equivalent moduiesreasing mainly the inter-linkages and
feedbacks between components.

MIMES is very flexible in the respect that diffetesubmodules exist for certain services so
that the user can (and must) chose the most apat®mne. Furthermore, own modules can
be constructed and included although this requiresviedge of the model construction and
the relationships that are to be modelled. INVEddwas different levels of detail to be
included depending on data availability for thecferegion.

The incorporation and integration of the differenmponents (modules) and the interactions
and feedbacks between these is one of the cruailaispin modelling. Some important points
that need to be covered/addressed by the modgls ar

* Does irrigated agriculture take into account waeailability? This is only done within
IMPACT-WATER while many other models assume thdficent water is available for
irrigation (i.e. no link between water supply areththnd)

* Are there feedbacks between changes in land useteiecosystem services to socio-
economic development? Most models do not includedtucial link, except for food and
water provisioning. However, MIMES and GUMBO dclude more feedbacks. These
feedbacks are essential if one wants to examinedsis and benefits of measure that aim
to maintain biodiversity and ecosystem servicesth# feedbacks from services to
economies are not included then only the costhedd measures can be estimated, and
not the benefits.

* Are the drivers modelled explicitly or are theywsed to follow a long-term trend?

» Are differences in technology incorporated (i.shfng-techniques, grazing versus stable-
fed livestock, irrigation and fertilization)? Diffent agricultural management systems are
explicitly included in the CENTURY model.

* Are dynamic processes and time lags incorporatei@ feedbacks, these are little
considered, also due to the fact that little iswnabout exact thresholds in ecosystem
service provision and minimum requirements before@system service is lost.

Process-based integrated assessment models (whech usually developed for other

purposes than ecosystem service modelling) inckudariety of modules that are potentially
relevant to ecosystem service estimation. Althoogimy commonly used ecosystem service
indicators are calculated, most are not key outputsare included in some intermediate step.
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Such general integrated models also contain samaamic modules that cover the whole
breadth of driver-pressure-state-impact relatigpshialthough they often lack response
feedbacks. The climate policy response model FAH#R heen developed as part of the
IMAGE framework and is used extensively to expl@akernative international climate
regimes with consideration of effectiveness, edficly, equity and cost/benefit estimates. A
somewhat similar response model is under developmenaddress broader human
development and sustainability policies such addNeMDGs. MIMES and GUMBO are the
only models that incorporate feedback from ecosyservices to economic development.

As integrated assessment models mainly consishteflinked sectoral models, the use of
separate sectoral models in general has no adwniager integrated models which are
usually better linked than a collection of sectoraldels. However, for specific questions the
use of sectoral models that provide a higher lebaletail (e.g. forestry models that include
different management options) or incorporate releyaocesses can be necessary. Figure 2.6
presents different ways of combining models foraasessment all with different advantages
and disadvantages. Using a single model/model awatibn as in Figure 2.6 (A) has the
advantage of ensuring the highest possible dedreensistency while depending heavily on
the underlying assumptions. The other extreme wbaltb use a large number of specialized
sectoral models (one per service) under the saemaso inputs and assemble the output of
all models. This can be quite risky, however, as dssumptions (and therefore also the
output) of the different model might be conflictinbhe most advisable combination for the
modelling of ecosystem services at the currentestaguld be to use a combination of
different models unified by one central integrate$essment model to provide consistency
between the models. The optimal approach wouldbhgseé two different integrated models
(for examples MIMES and IMAGE with several othernmdetailed sectoral models linked to
IMAGE) and compare the outputs of the two.

A B C
scenario scenario
scenario ‘ ‘ l \\

integrated \Tg ]

assessment model
specific (sectoral)
economic or
biophysical model

/ l \\A l l v

ecosystem services & biodiversity ecosystem services & biodiversity ecosyslem servces & blodiversity

Figure 2.6: Different modelling options: (a) repregnts the COPI-approach of linking all ecosystem
services to biodiversity derived from a combinationof two models. (b) represents a combination of
different sectoral models linked via an integratedassessment model to ensure the consistency of the
scenario-input. (c) represents the modelling of esgstem services by a series of sectoral models, ttha
derive the scenario-input independently.

For different ecosystem services different spatral temporal scales are relevant for supply
and demand (Heiat al, 2006). Carbon sequestration is acting on a ¢ledale, while water
supply is a regional (watershed) phenomenon andl fedility maintenance or food
production occur at much smaller scales. One migkpect that regional modelling
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approaches would be more suitable to capture ssnalé processes/ecosystem services. For
example, Graymoret al. (2008) found that indicators of sustainable depeient developed
for national and global assessments were unabtapture processes on the regional level
correctly. However, the different modelling apprioes (regional versus global) do not differ
in the components they use for different ecosyssenvices; both approaches mainly use
similar/identical small-scale biophysical modelsad&fGAP, CENTURY, LPJ) to estimate
water use and carbon sequestration while derivirgp g/ields and economic data from
national databases. Therefore only the spatialutsn (the level of landscape detail that can
be incorporated) differs between regional and dlabadels. Furthermore, although the
different ecosystem services like climate regutgtiwater regulation and soil fertility act on
different spatial scales (climate regulation viabca fluxes is a global process, while water
supply acts at a basin scale) but all three of theenbased on processes on a much smaller
scale, namely plant uptake of water and carboninvith patch. Biogeochemical models
generally base their estimations on such smalkgualcesses.

Biogeochemical models like SAVANNA that have beeeveloped for specific biomes
mostly focus on specific processes considered aalefor that particular system (eigee-
grass competition in savannas, population dynaroickrge vertebrates), while for other
processes the level of detail might be equivalentegen lower compared to general
vegetation models. It is therefore unclear whetiheyy provide any advantages except in
relation to very specific questions. However, ataialy relevant distinction between
biomes/ecosystems would be the one between teatesid aquatic/marine systems.

The main difference between global and regional eteolies in the development of scenarios
and policy options and their effects on future lacwler distributions. Local modelling
approaches generally include more detailed infaonaton current land cover. They
frequently incorporate participatory modelling (exfpjudgements) for predictions of future
land cover maps and determine which effects cedeiions would have (e.g. Videis al.,
2009). Regional models also focus more on loweellesmaller-scale management options.
Expert opinions and estimates are sometimes also kthsis of ecosystem service
quantification, instead of model estimates. Thege@aches are only feasible for rather small
areas and it would be difficult to extrapolate suekults to a global level, but on the local
level they probably provide better estimates anthbluding stakeholders in the development
of the assessment they also create a large baaett@ measures.

The main constraint on ecosystem service modeiBnipat the data available for different
ecosystem services are scarce and on a very cxaiee(Charet al, 2008); the same applies
for information on human management practiceslelList known about critical thresholds and
time lags between biophysical effects and ecosystenvice impacts, and the possibility for
and time-scale of the recovery of ecosystems. Questly these issues/processes are not
addressed in models.

One of the challenges in modelling ecosystem sesvis the incorporation of human
managed lands, including various management opticmspared to natural systems
(Kucharik and Twine, 2007). For the estimationwlife ecosystem services and biodiversity
land-use change is an important pressure, whicht ineisspatially modelled. Agricultural
models like the CENTURY model include this kinddstail for agricultural practices. Land
cover models or modules within larger models aneartant intermediate steps/links between
socio-economic and biophysical models/modules.
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Another important point is that feedback links bet¢w environmental conditions and socio-
economic development are usually missing (excepghéncases of GUMBO and MIMES).
While socio-economic developments affect ecosyssemvices, a reduction in ecosystem
service provision does not result in any consegeefar economic development. This lack of
consequences (within the models) makes it impassdokestimate the benefits of measures to
maintain ecosystem services and only the costhasfet measures are included. The loss of
ecosystem services might actually have no effe@aamomic development, but only as long
as technological substitutions are available (sajl nutrient loss can be compensated by
fertiliser input as long as enough money is avéalab purchase fertilizers; Swit al, 2004).

One of the ideas behind the concept of ecosystevices was to provide an argument for the
conservation of biodiversity based on the assuneskdink between the two. Recent studies
have examined whether areas selected for biodiyenservation are actually also
beneficial for ecosystem service provision; whiath miot seem to be the case for the services
considered by Naidoet al (2008). Both biodiversity and ecosystem serviaes tightly
linked to land cover/land use issues although naali cases in the same way. There are,
however, ecosystem services that are very closeked to biodiversity, for example
bioprospecting, pollination and pest control. Théselude services that are difficult to
quantify and biodiversity might be an appropriatéicator.

Assessment of costs and benefits of policies tmystem services and biodiversity

It has become clear from Task 1 that there islgtited knowledge on the consequences for
human societies of changes in ecosystem servieeslblack of changes in ecosystem services
and biodiversity on socio-economic developmentdacking within most of the current
models. Quantitative information on this feedbdubyever, is crucial in estimating costs and
benefits of different policies aiming at the comnsgion of biodiversity and ecosystem
services. Up to now mainly the effectiveneiss. (he consequences for biodiversity and some
ecosystem services) and in some cases also the (testandrowsket al, 1999, Sathayet

al., 2006, Naidoo & Adamowicz, 2006, sCBD, 2006, OE@DQ8, Kindermanret al., 2008,
Butleret al, 2009, Venteet al, 2009) of these policies have been assessed.

Within the Global Biodiversity Outlook (sCBD, 2008CBD & MNP, 2007) the effects of six
different scenarios on global biodiversity, nitragdeposition and GDP (the later as an
indicator of costs) were evaluated. The OECD Emritental Outlook (OECD, 2008) looked
at the effects of policy options on biodiversityin@ate change, water and air pollution,
fisheries and also made an effort to estimate ¢isésaf policy inaction. However, the authors
state that the estimated costs serve rather totifiglgoroblems than to provide policy
guidelines. Costs of policy inactions were alsanested by Braaet al, (2008). The cost
estimates these assessments came up with aresdidcunsChapter 3. Lewandrowsi al
(1999) estimated the costs of increasing the amoftiptotected areas in terms of GDP and
food production, focussing on the loss of certaiovisioning services as a consequence of
protection. The studies of Sathageal. (2006), Kindermaret al, (2006) and Venteet al.
(2009) estimate the costs in terms of carbon pyitineffectively reduce deforestation. Other
studies compare the economic effects of severahgemnent options for small areas (Naidoo
& Adamowicz, 2005, Naidoo & Adamowicz, 2006). Gaksa al., (2009) estimated the global
value of pollination to agricultural production e value of global production depending on
pollination.

Valuation of ecosystem services is not so much potting a number on global biodiversity
or natural ecosystems (as done by Costahzdh,1997), but to compare the effects (in terms
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of costs and benefits) of different managementdiféerent policies. Valuation of ecosystem
services requires a detailed knowledge of the suppband demand for ecosystem services
and the substitutability of different services (Bstaelet al, 2000). Most current models
focus on estimating ecosystem services in physindas which is sufficient to compare the
positive and negative effects of different scerspolicy options for separate ecosystem
services. Trade-offs between different ecosystemicgs can be made explicit with these
tools (Nelsoret al, 2009a). These physical measures of ecosystanteemay afterwards
be converted to monetary values to facilitate camspas of trade-offs between different
options which result in changes in several serviddsnetarisation is also important for
comparing the costs and benefits of conserving/riegt certain ecosystem services with the
use of substitutes (e.g. placement of bee hivesuseuse of natural pollinators, use of
pesticides or biological control versus naturaltpamtrol, dams and dykes versus natural
water storage and flood protection).

Issues of upscaling for economic values based sa studies are much more complicated
than for biophysical units although biological peeses are characterised by complex
dynamics, interactions and non-linear effects oanges, which makes their modelling
challenging, too (Chee, 2004). However, supply dedhand functions necessary for the
valuation of ecosystem services are often siteipemnd context-dependent (Bockstast!

al., 2000, Woodward & Wui, 2001). Therefore cost-bengnalyses are always context-
dependent, as they depend on the location andutiheusidings, the specific conditions and
alternatives (Bockstaadt al, 2000) and results from case studies are diffitulapply for
global modelling approaches. Butletr al (2009) highlight that the effectiveness of carbon
prices for reducing deforestations critically degieion the economics of alternative land uses.
For global cost-benefit analysis therefore a mughédr level of detail is required than for the
estimation of the biophysical supply of most estesgn services. More or less consistent data
to support such detailed estimates, accountingtHer highly inhomogeneous nature, are
typically lacking.

Furthermore, for the estimation of costs of certpolicies the issues and level of detail
included varies greatly. For example, should thst @ increasing the extent of protected
areas be measured mainly as direct costs of anehgse, establishment and maintenance
(Balmford et al., 2003, Naidoo & Adamowicz, 2005), are effects odutions on other
services (food production, timber production) thamcosts (sCBD, 2006) and are secondary
effects on food prices and global as well as lemnomies (social welfare costs, OECD,
2008) included?

Consequently models that address these issuesdbaneapplied at small scales. Balmfetd

al. (2002) reviewed five studies on the total econowailtie of different management/policy
options, all of those came to the conclusion thatlbss of ecosystem services was higher
than the benefits of land conversion from low isignuse to high intensity use. Also general
equilibrium ecological-economic models for the #rauff between different options have been
used for smaller-system estimations. For exampiehrier & Tschirhart (2007) present a
model of a marine ecosystem consisting of nineispdo estimate optimal management for
fish harvest and tourism. Another example is giuerthe study of Norgaard & Jin (2008)
where they examine the effect of trade on the ptmte of domestic ecosystem servicegy(
food production) that can also be imported fronewlsere.

There is clearly an important role of cost-benafialysis within the analysis of different
policy options, however this may lie much morehe first phase of modelling the effects of
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policies on the decisions of individuals and comgarto determine the effects of these
policies on land use changes. Furthermore, valuaigonecessary to effectively design

measure like payments for ecosystem services toldite costs and benefits evenly between
the different stakeholders (users and provider$les€ valuation studies/models can and
should be conducted on a local level to take imwoant local circumstances. However, in
terms of effectiveness of measures and trade-effisden different services at a global scale
other measures than monetary values may play a(eode biophysical units of demand,

sufficiency).

2.5.2 Scenarios

While for most models the pressures (in scenarmgedirect drivers) climate change and
land use change were found to be the key inputlblas, the description of scenarios focuses
on (indirect) drivers like technological developrhemuman population development,
economics including trade and policies. Socio-ectico models are necessary to
translate/link the scenario drivers to the pressutg¢owever, deriving quantitative input
variables from primarily narrative scenarios israc@l task and the process is often not well
documented (but see MA, 2005d: scenarios in ch&péed chapter 9).

Scenario-building tools like PoleStar and ThresHildare used to derive policy options for
normative scenarios and are crucial for backwarddetiing approaches (starting from a
desired/specified end-stage).

Several large assessments have used scenarioseiteabroadly similar (SRES, GSG, MA,
GEO, MIMES; MA, 2005a). These scenarios build oe tBSG scenarios and focus on
economic development and economic policies (fassugeslow growth, trade liberalisation
versus trade barriers). Another focus is the ensegyor and climate mitigation (e.g. in terms
of policies aimed at biofuels or carbon taxes).lBetonomic and energy developments can
have large effects on land use and thereby affautystem services in the future. However,
there are also some examples where environmertialgsoare explicitly stated in scenarios
(e.g. the sustainability first and policies firgtesario of GEO 4, SRES Bl and EURuralis
scenarios). Within each scenario it is importantealize which processes depend on policy
options and for which factors it is assumed thay ttollow long-term trends.

Which kind of scenario approach is most useful ddpeon the questions that should be
addressed. Tests of the effects of specific pdidiequire scenarios that are based on
historical trends with different variants (e.g. (E(baseline + policy options), while
exploratory scenarios examine different possiblerks (more and less desirable ones and
their consequences). They need more elaborate aleag changes in various sectors to be
able to explore possible future directions. If #@ is to find a means to reach specified goals
normative scenarios are necessary. None of themtexs scenarios is more suitable for future
assessments than others. However, the effectsfferatit specified policies can best be
compared by a single baseline scenario with diffepmlicy options specifically developed
for that purpose and the models that are goingetased. The formulation of such policy
options and their incorporation into existing madslthe crucial step in such assessments.

Scenarios like those built for global assessmerdsige opportunities to assess the possible
effects of different policies on land use and clenehange, which have been identified as the
main pressures on ecosystem services and biodive@sirrent approaches, however, do not
adequately distinguish between different typesantlimanagement (tillage versus non-tillage,
organic farming, or environmentally sensitive versintensive production). These
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management types are expected to have importaseéqgaences for the delivery of ecosystem
services within human-managed land. The global ates described (and the models they
are used in combination with) do not incorporatffigent detail to, for example, determine
whether or not such measures are likely to be talendividual farmers.

To develop meaningful scenarios to compare thecesffef different policies on ecosystem
services and biodiversity several factors haveetdalien into consideration. The goal should
be to assess the effects of different policy omion ecosystem services like water supply,
agriculture, recreation, biodiversity and foresveo(i.e. carbon sequestration); therefore the
scenarios should focus on the relevant driversiadibersity and ecosystem service change.
The most relevant pressures differ between bionmes iaclude habitat change, climate
change, invasive species, overexploitation andupoti (MA, 2005). To be able to draw
conclusions from the different options, the driversed to be explicitly and separately
included. The policy options should focus on theirmpressures which have to be
reduced/minimized. Possible policy options that ldobe compared are: payments for
environmental services (PES), mitigation, off-swjti subsidies, caps and reduction of
deforestation and degradation (REDD) options. Tifects of most of these policies on and
land and sea use changes and associated ecosysteoes can be assessed by the models
currently available.

2.6 General Conclusions and Recommendations

Available models: what they can do

Modelling tools available today are able to captuegious forms of ecosystem service
provisioning to a reasonable degree. Some senliicesvater supply, carbon sequestration,
food and timber production and erosion control @eered by most integrated approaches.
However, other services like pest control and petion as well as cultural services other
than recreation are rarely included. These arenaasduo be correlated to biodiversity, and
could be addressed in models through a biodiveirsitizator.

Meta-models like MIMES or InVEST and the vulnerdliltool of ATEAM are promising
approaches. They are accessible and user-friendlg that provide estimates for a wide
range of ecosystem services. They incorporate nie@gbacks between sectors, including
feedback from ecosystem services to socio-econdevelopments, but like all other models
they rely on the same limited knowledge about estesy service supply in different natural,
semi-natural and human-managed systems, and oagssb@ased models to provide the basic
physical relationships.

Alternative biodiversity indicators

An important point is the choice of appropriateigadors, which must be scientifically sound
and also easy to understand in terms of relevasraenpacts and responsive actions. Creating
alternative biodiversity indicators based on ergtmodel chains would enhance flexibility.
There is a perceived limitation that a choice fgiveen model chain automatically means that
one and only one (biodiversity) indicator can bedido express the modelling results.
Providing a choice of indicators based on the sawisting model chains may remove this
misconception.

It is important to keep in mind that even thouglodoiersity might be a suitable

approximation for some supporting and regulatingyises like pollination and pest control
there is no simple, linear relationship betweensgstem services and biodiversity, let alone
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the complex interplay of different services. Theref biodiversity impacts cannot generally
be reliably used to estimate economic losses afaed capacity to provide ecosystems goods
and services. Although this area is full of conoaptand empirical difficulties as well as
differences in viewpoint, there may be virtue inpestimenting with a larger variety of
indicators than just cost or GDP effect— for exampl incorporating risk assessment.

Marine models

Available ocean models show a good record in teaingcosystem goods and services
provisioning in close relation with biodiversity pacts, however, they are typically not well
connected to broader, interlinked socio-economit piysical assessments and models for
terrestrial systems. So improved links with mortegnated approaches would offer important
additional value. Especially important is the tradiebetween food production from different
marine and terrestrial sources (fish from catchmesbs aquaculture versus arable crops versus
livestock products) and the direct link to riverdancean nutrient loads. Some work is
underway on this.

Other pressures on ecosystem services: Invasive@espe

None of the models cover biodiversity risks, ankklly associated losses of ecosystem
services, from invasive species with the exceptibalimate change induced biome changes.
The main reason being that most observed invagigeiss related incidents are very specific
for sectors, regions, species, invasion pathwaglssapporting vectors. This makes them hard
to trace in more generic process-based modelsym@suited for forward looking assessments.
Probabilistic methods, instead of firm causal reteghips, might provide some guidance.
This approach may, for example, capture the higjkelihood of transferring species to new
environments from enhanced levels of trade anelr@nother starting point for modelling is
the higher probability of establishment of introddc species in areas with reduced
biodiversity.

Assessments require combinations of multiple tools

Although we reviewed a large number of differentdels, for a global assessment of
biodiversity and ecosystem services the choice @defs is much more limited than it might
seem. There is no single model that covers the evlrainge from socio-economic
developments, policy inputs, environmental and larsg# change, and biodiversity and
ecosystem services for terrestrial and aquaticesysttogether. Therefore multi-model
combinations are needed to generate comprehenside irgernally consistent results.
Preferably, the combination will include economscveell as biophysical modelling of water
and plant growth and natural as well as agricultsgstems. Obviously, these separate
models have to be properly linked, and land-ugledsmost obvious linkage.

For assessments aiming at a global coverage dngenient to use an integrated assessment
model (IAM) framework, because these already contall calibrated, hard-linked variables
across a substantial range of relevant sectorsd@&ethey have a good track record in making
valuable contributions in the vast majority of edlcent comprehensive global assessments.
However, even such large IAM models are curremtbufficient to cover it all, and will need

to be complemented further by additional componesush as linked marine models.

Teams rather than models

The appropriate unit to evaluate the sort of tasussed in this study is a team, e.g. a group
of model developers, — not a model. After all, thedels reviewed here are most effective
when used as combinations - combinations of mod#lsnodels with scenarios, and of
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models, scenarios and other tools in the specifadyéical setting of a specific assessment.
Moreover, making forward looking assessments isargtience but a craft, with an important
role for creative interpretation. All this pointe the fact that the analytical team - or
consortium of teams - is the locus of reproducdsialysis. In other words, presenting models,
scenarios and such as independently transferalikeafrknowledge is not realistic. However,

these attempts at more objective evaluation ointbéeels can only go so far. In the end, the
track-record of the teams involved and their abslily to contribute to new assessments on
relative short notice are just as decisive, ifmotre, than the model features.

Scenarios: Construct new ones or use of existirga®os?

Which scenario-approach (trends with policy optjagplorative or normative) is most useful
will depend on the specific questions and time r@surces available. These factors will also
determine whether the inclusion of more detailedaal or region-specific models is needed.
Therefore, it is not useful to pre-empt a prefeeefwr certain scenario types without specific
knowledge of its intended purpose and which optiarsto be compared. However, for the
analysis of likely effects of specific policies thee of a baseline scenario with different well-
specified policy options is generally the most alié approach. Biodiversity and ecosystem
assessments typically require the inclusion of stmmulative changes and system inertia.
Thus, biodiversity and ecosystem service assessnmaal well need to have an impact
window that stretches further out in time than gwdicy window, in order to give a fair
comparison of the impact of policy options. Therefa ‘good’ scenario for biodiversity and
ecosystem service assessments includes projedaifaine basic drivers in the system some
decades beyond the formal end date of the exercise.

Scale matters

While the key mechanisms and processes behind geos\service provision (water, carbon
and nutrient balances, plant growth) and modellingreof are the same at each scale,
differences in the spatial resolution of the modietermine the amount of detail that can be
captured. Global models cannot practically inclutie small-scale heterogeneity of a
landscape (e.g. presence of buffer strips and medgg that is needed to be able to draw
conclusions on pollination and pest-control effe@scio-economic processes take place at a
much larger spatial and temporal scale than thdl stale of fields and watersheds that are
relevant for ecosystem services, and the linkageiaghysical models with socio-economic
models needs to consider feedbacks between boténsysThe incorporation of feedbacks
between biophysical processes/ecosystem servicevisimo and socio-economic
developments is an important step towards bettecésts of future developments not only
related to effect of ecosystem service loss. Langtcand land use - in both quantitative and
qualitative terms - form important intermediategraeters that do not only provide a linkage
between socio-economic and biophysical processdsalso direct links to ecosystem
services. The detailed modelling of land use incdgdgro-ecosystems, agroforestry and tree
plantations with different management practicea e¢hallenge for modellers but is necessary
to improve the precision of estimates of ecosyssemnvices as well as biodiversity. Making
modern classifications (that build on the notioatthuman and natural systems are part of a
fine-mesh mosaic of mostly cultural landscape)adé for prospective modelling would help
to make modelling results meaningful, especiallg lBuropean context.

Global or region-specific modelling?
Results from global models cannot be downscalegegons or ecosystems that are in the
same order of magnitude than the models’ resolutiorrecent assessments, the land-use
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components of IAMs are typically addressed at 0.5xfegrees grid-cells, approximately
50x50 km around the equator.

Advantages of regional models

Next to covering a finer resolution of the landssaggional models have the advantage that
they can account for relevant aspects of globah@eucs and policies, and developments like
climate change while they also relate to local psses and conditions (e.g. example different
drivers that may be important for some regionsrmitfor others). For example, agriculture
expansion is the main cause of biodiversity losBrazil while in many parts of Europe it is
urban sprawl. In addition, in some cases, regi@ti$ip models are more trusted by parties in
the region. Nested models can be useful; and stdrrégional classifications would make
nesting easier.

There is little difference between global and regianodels in the approaches used but in the
level of detail provided. Local (place-based) assests have the advantage of incorporating
small-scale heterogeneity that cannot be propehyure by coarse-resolution global models,
however they require more detailed input data.llgélaerefore both approaches should to be
combined when looking at large-scale and smallesczffects of policy decisions. An
important factor determining their potential fosaggregating results from global to national
or regional level, however, is that models shouéd dpatially explicit, or should at least
incorporate a link to land use. The most imporg@ifference is that models with a smaller
geographic coverage offer the possibility to ineuduch more meaningful management and
policy options. Sufficient detail is not availaldethe global scale and effects of options and
policies can only be estimated by crude proxiesgerteral parameter estimates.

Ideal approach: combine different model and comsaeeral approaches

Comparing the results of these different approagimsdd give an indication about the gaps
and uncertainties in the underlying mechanisms aistent results between the different
models would provide a greater confidence in tlseilts. The choice of which models to use
and to link does not only depend on the qualityeath separate model but also on the
interactions between the different model componeft®ther important factor are the teams
of people behind the different models and the comn between the different teams to
combine the different model to create a meaningihgruent assessment.

But it is not only the combination of different appches that might help to overcome
limitations of individual models. It would be veugeful as well to compare several different
model-combinations such as one ‘traditional’ integd assessment model linked with several
sectoral models, currently developing tools likeMMES and/or INVEST.

Impact of actions in the EU and elsewhere

One immediate advantage of tools with worldwideerage is that they support discussion of
EU actions (or non-action) in a worldwide framewoflkis is not to say that these models
and scenarios automatically show causality betwEé&hbased actions and biodiversity
changes outside the EU.

Linkage to economic sectors and countries

Although most models and model/scenario combinatimelude causal linkages between

activities in society and impacts on biodiversitydaseveral ecosystem services, the effects
cannot easily be expressed in meaningful termset@mmomic sectors, countries or target

groups of policy. It is our impression that suctoapling — in a way that is flexible enough to
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support analysis of alternative policies - will r@m problematic for biodiversity issues,
because they typically are downstream in a comyigx of relations.

Including feedbacks will remain difficult and comtersial, but some experimentation can be
useful

To make clear what ecosystems and biodiversityelelio society and to provide incentives
for policy interventions, it is crucial to includeedbacks from changes in biodiversity and
ecosystem services to socio-economic developmeantngegative effects of reductions of

ecosystem services on human well-being, if and sv/li@ose can be identified). Today these
feedbacks are rarely considered at all, which ldadsiodel results that can estimate only
partial costs but not the full benefits of managetfpmlicy options.
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3 OVERVIEW OF RESULTS FROM MODELS FOR THE LOSS OF
BIODIVERSITY AND ECOSYSTEMS AND THEIR SERVICES

3.1 Description of Task 2 from the ToR

The contractor should provide an assessment ofmi@ findings from the models identified
as part of Task 1. This should include:
(1) an analysis of the impacts of current and futuressures on biodiversity and
ecosystems and their services at the global lewel,
(2) the impact of policies to reduce such losses.

3.2 Introduction

3.2.1 Purpose of this chapter

As stated in the study’s terms of reference, thipter aims to provide an assessment of the
main findings of the models described in Chapteas2used in the recent key global
assessments listed in Section 1.1. In additiorergihe international interest in the potential
of Reducing Emissions from Deforestation and Degtiad (REDD) financial incentive
mechanisms, this report considers a number of papat model the potential impact that
these policies could have.

This review focuses on the biodiversity and ecasystelated messages of the assessments.
In particular it looks at what the assessmentsadmut the future trends and pressures on
biodiversity and ecosystem services, and the inspaicpursuing different policy options on
these. It also summarises some of the assessnmmtslusions with respect to progress
towards global policy goals, in particular the Centton on Biological Diversity (CBD)
target and Millennium Development Goals. It is mded that these results will provide TEEB
with a clear description of what the assessmentsabaut policy options to reduce pressures
on biodiversity and ecosystem services.

Brief assessments are given here of some of thgations of the assessments and their
underlying models, but these issues and the sehgitif the models to key assumptions are
described in detail in the Chapter 4.

3.2.2 Description of the assessments used in the report

The assessments reviewed here use a range of isseiadicated in this report in italics)
with different underlying policy approaches anduasptions. These can be loosely grouped
together given the similar characteristics of soofethe scenarios used in different
assessments (see Table 3.1). The GBO-2, IAASTDOH@D Outlook all use a ‘business as
usual’ baseline scenario with variations to exantireeimpact of specific policies. These are
not included in this table but are referred tohie body of the report where appropriate. The
scenarios in the International Panel on Climaten@baIPCC) Special Report on Emission
Scenarios (SRES) (IPCC 2000) are a well-known gstenarios and although they are not
referred to in this report they are included inthigle as a reference.
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Table 3.1. The most important parameters of the soarios and examples of different
categories of scenarios used in the assessmentsapteéd from Kok et al. (2008)

For more details on the scenarios see Appendix 2.3.

Parameters Categories of scenarios
of scenarios
Conventional | Reformed Global Competition Regional ‘Business as
markets markets sustainable between sustainable usual’
development regions development
Examplesin | IPCCAL, GEO-4Policy | IPCC B1, IPCCA2, IPCC B2, OECD
the GEO-4 First, MA GEO-4 GEO-4 MA baseline
assessments | Markets First | Global Sustainability| Security Adapting scenario,
Orchestration | First, First, Mosaic IAASTD
Policy cases | MA Techno | MA Order reference
in the OECD | Garden from scenario and
and IAASTD Strength GBO-2
baseline
scenario.
Economic Very rapid Rapid Slow to rapid Slow From Average
development (depending average to (globalisation)
on the rapid
region)
Population Low Low Low High Average Average
growth
Technological | Rapid Rapid From Slow From slow to| Average
development average to rapid
rapid
Primary goals | Economic Different Global Security Local Not defined
growth goals sustainability sustainability
Environmental| Reactive Both reactive| Proactive Reactive Proactive Both reactiy
protection and proactive and proactive
Trade Globalisation| Globalisationn  Globalisation dea Trade Weak
barriers barriers globalisation
Policy and Policy creates| Policy limits | Strong global| Strong Local Mixed
institutions open markets| market management| national management
failures policy local actors

3.3 Methodology and structure of this chapter

This chapter builds on the results from ChapteE&ch document listed in Table 2.4 of
Chapter 2 was examined to identify the models wlideBlcribe trends in biodiversity and
ecosystem services. These models are listed inrpp.1. Models were examined in more
detail (Appendix 2.2) for which specific details thie impact on biodiversity and ecosystem
services in relation to policy scenarios were adéd. The table provides projections under
each scenario examined in the assessment and éksupes and drivers influencing those

projections.

e

All of the reviewed assessments consider the likelgds in key drivers of biodiversity and
ecosystem change, and therefore these are breafigwed first. The main part of this report
then considers the results of the assessments resgect to terrestrial, marine and then
freshwater biodiversity. These are reviewed in sgpasections as they tend to be examined
in different models. In each of these sectionsvaeie assessments’ results are discussed in
relation to progress with the achievement of glgbalicy goals (i.e. the CBD target and
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MDGs), the main pressures on biodiversity, the ictpaf policy interventions and finally the
limitations of the assessments.

3.4 Drivers of changes in biodiversity and ecosystems

According to the Millennium Ecosystem Assessmeri08 a driver is: ‘any natural or
human induced factor that directly or indirectlyusas a change in an ecosystem’. In this
review we follow the well known Driver-Pressure{8témpact-Response, and refer to direct
drivers as pressures. Such pressures are most adynbiological or physical in nature and
include land use change, climate change and nitraggosition. The effects that pressures
have on ecosystems can be more easily identifiedna@asured (with differing degrees of
accuracy) than drivers (indirect drivers in the M#&minology), which are most often the
underlying cause of changes to ecosystems, actintpeo direct drivers such as those stated
above.

There are many important drivers of ecosystems lwimnclude population rise, economic
growth, energy use, agricultural production andscomption as well as socio-economic
change in marine and coastal ecosystems. The byeogdcted trends of a number of the
important drivers according to some of the assessyae shown in Figure 3.1. Drivers can
usefully be grouped into broader headings includdemographic drivers, economic drivers
(such as consumption, production and globalisatisogio-political drivers and cultural and
religious drivers (Nelsoert al. 2006). In terms of demographic drivers, populaponiections
for the year 2050 vary amongst the assessmentedtirdm just under eight billion (GEO-4
Sustainability First to nine and a half billion people (MArder from Strengtlscenario).

Economic drivers are projected to play an incraasiole in terms of their effect on
ecosystems. Global economic activity increasediynsarenfold between 1950 and 2000 and
Is expected to grow again by a further three-xtokl as measured by gross domestic product
(GDP) by 2050 (MA, 2005b). Global economic growdhprojected under all scenarios up to
the year 2050. The largest overall rise in GDPrgggeted under scenarios where maximising
economic growth comprises a large part, or alhefprimary goals (e.g. GEQdarkets First
and Policy First scenarios). Across all of the assessments, indudiaseline projections,
energy use is expected to increase. Highest enesgge is projected under scenarios
following a conventional markets approach (GB®@drkets First MA Global Orchestratioh
which see significant increases in global tradeergy usage under these scenarios is
projected to increase to over 1000 EJ (Exajoul&@? Joules) in 2050 (from a baseline of
400 EJ in the year 2000). In comparison, other ates project that energy use will increase
to approximately 500 EJ (in sustainability focus$atires) to 800 EJ (e.g. GECGBecurity
First, MA Order from Strength by 2050. In terms of agricultural production and
consumption, the baseline scenario projected unlder OECD assessment sees global
consumption increase 50 per cent by 2030 with eesponding increase in production. The
IAASTD projects that by 2050, agricultural land \awide will have increased by ten per
cent.

In terms of policy actions affecting indirect dnigeon ecosystems, national and regional
decision makers have more control than local decisnakers through their influence over
macroeconomic policy, technology development, prigpaghts, trade barriers, prices and
markets (MA, 2003). The indirect impacts that drsveexert on terrestrial, marine and
freshwater ecosystems are explored further in &ext8.5-7 below, in terms of the progress
in achieving policy goals, pressures and policgmngntions.
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Trends in global scenarios
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Figure 3.1 Projected trends in some key drivers dbiodiversity and ecosystem change
according to four recent global assessmentSource: Koket al. (2008).
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3.5 Terrestrial biodiversity
3.5.1 Progress on achieving goals

Goals and indicators

The assessment of biodiversity trends on a glotalespresents significant challenges as it
needs to cover a wide variety of features. Biodiigras defined by the CBD encompasses
the overall diversity found in the natural worlddamcludes the variation in genes, species,
populations and ecosystems. A range of indicatave lbeen developed to attempt to describe
biodiversity (see Table 3.2). Given the complexityiodiversity, it is best described by a set

of indicators rather than any one individual indoca

In 1992, the CBD adopted the target achieve by 2010 a significant reduction of tbherent
rate of biodiversity loss at the global, regionaldanational level as a contribution to poverty
alleviation and to the benefit of all life on Eartlsubsequently, the Millennium Development
Goals adopted the target to reduce biodiversitg,lashieving a significant reduction in the
rate of loss by 2010. In 2001 the European Uniaeed)a more ambitious target of halting
biodiversity loss by 20F0

With respect to protected areas, a target was dgieeng the third World Parks Congress
(1982), to protect 10 per cent of the land arealldipes of ecosystems.

The CBD has therefore established a work programaneentify a suitable set of indicators
that can be used to assess progress towards teereation of biodiversity and the attainment
of the CBD biodiversity target. In 2004, the Coeface of the Parties (COP) agreed on a
provisional list of global headline indicators,assess progress at the global level towards the
2010 target (decision VI11/30), and to effectivelynemunicate trends in biodiversity related to
the three objectives of the Convention (Table 332ibsequently decision VIII/15 of the 2006
COP distinguished between indicators consideredyréar immediate testing and use and
indicators confirmed as requiring more work.

Most of the indicators identified in the CBD prosa®late to pressures on biodiversity or
responses to these and biodiversity loss rather tiva actual status of biodiversity. Of the
status indicators listed in Table 3.2, only tremd®cosystems and biomes are provided as
outputs from the projections in the assessmentsredvin this review. None of the
assessments are able to provide projections featéned species etc.

Instead, all of the assessments, with the excepbiothe MA, use the Mean Species
Abundance (MSA) metric as an indicator of the fkehpacts of land use change and other
pressures on biodiversity. The MSA metric was dmadly developed as part of the
GLOBIO3 model (by the Netherlands Environment Assent Agency) to estimate future
changes in terrestrial biodiversity, and is theyardntext in which the indicator is used (see
Alkemadeet al, 2009). With reference to Table 3.2, the first tistatus and trends” indicators
(“trends in extent of selected biomes, ecosystemishabitats” and “trends in abundance and
distribution of selected species”) are approximatéth the MSA. Chapter 4 contains a more
extended discussion of the MSA.

S hitp://eur-lex.europa.eu/LexUriServ/LexUriServ.do2GELEX:52006 DC0216:EN:NOT
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Table 3.2. Provisional indicators for assessing pgress towards the 2010 biodiversity

target
Source: CBD websitédttp://www.cbd.int/2010-target/framework/indicatmistml

Indicators considered ready for immediate testing) ase (green), indicators confirmed as requiriregenwork
are in red text and placed in parentheses.

Focal area Indicator

Status and trends of the compon Trends in extent of selected biomes, ecosystenashabitats
of biological diversity Trends in abundance and distribution of selectedisp
Coverage of protected areas

Change in status of threatened species

Trends in genetic diversity of domestied animals, cultivated plan
and fish species of major socioeconomic importance

Sustainable use Area of forest, agricultal and aquaculture ecosystems under susta
management

(Proportion of products derived from sustainablerces)
(Ecological footprint and related concépts

Threats to biodiversity Nitrogen deposition

Trends in invasive alien species

Ecosystem ritegrity and ecosystd Marine Trophic Index
goods and services Water quality of freshwater ecosystems
(Trophic integrity of other ecosystems)
Connectivity / fragmentation of ecosystems
(Incidence of human-induced ecosystem fajlure

(Health and well-bieg of communities who depend directly on I¢
ecosystem goods and services

(Biodiversity for food and medicine)

Status of traditional knowledg Status and trends of linguistic diversity and nurabef speakers
innovations and Practices indigenous languages

(Other indicator of the status of indigenous aadlittonal knowledgle

Status of access and benefit-sharing (Indicator of access and benefit-sharing)

Status of resource transfers Official development assistance provided in suppbthe Convention

(Indicator of technology transfer

There are significant limitations of the MSA witespect to its appropriate use and what can
be deduced from changes in its value. For exanvfi&) represents the average response of a
selection of species belonging to an ecosystem do&$ not look at individual species
responses. Therefore, an MSA of 50 per cent coddmthat half the original species have
gone extinct, or that all species are at half thgimal abundance, a major difference requiring
different policy responses; therefore MSA doesaagiture extinctions. Nor is the MSA able
to give weightings in terms of the importance okaps (for example, giving higher
importance to globally threatened species). Furtter MSA does not take into account the
different levels of diversity in the intact habggsuch as intact habitats in Greenland and the
Amazon have the same MSA value). The aggregati@vefage responses across species and
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ecosystems may also mask differences among regoniiomes. Projections of MSA
changes therefore need to be carefully interpreteigrms of their biodiversity impacts. A
more detailed discussion of the use of the MSA b®diversity indicator and its limitations
is provided in Chapter 4.

Progress to date

According to the GEO-4 and OECD assessments appadely 73 per cent of the original
global terrestrial biodiversity (as measured by M$&mained in the year 2000. The largest
declines have occurred in temperate and tropieasimnds and forests with the global annual
rate of loss dramatically higher than previous gges, particularly in Europe (see Figures
3.2 and 3.3 on the distribution of the world’s besnand the estimated global losses in
biodiversity per biome). A very similar result walstained in the GBO-2 (2006) assessment,
using the same technique but with a less compkizsdt (M. van Oorschot, pers. comm.). It
estimated that 70 per cent of biodiversity remaiime@000. However, for the purpose of
modelling policy scenarios, it is the relative diffnces between the scenarios that are more
important than the absolute final figure for bicslisity.

All assessments are unanimous that the CBD tamedignificantly reduce the rate of

biodiversity loss by 2010 will not be met by 2010imthe long-term. In Europe, biodiversity

will likely decline at a slower rate between nowd&050 but will not be halted. Under the

baseline scenarios in the OECD and IAASTD, MSAoietast to fall another 11 per cent to
62 per cent and by 7.5 per cent in the GBO-2 t6 62r cent by 2050. The GBO-2 projects a
decrease of MSA to about 62.5 per cent under abssias-usual scenario.

The MA estimates that 13.5 to 18 per cent of glofaaicular plant species will potentially be
lost at ecological equilibrium as a result of aterhabitat, climate change and nitrogen
deposition between 1970 and 2050 (MA 2005d). Tkeds are least under thechnoGarden
scenarioalthough the differences between the scenariosedatively small as the 50 year
modelling window may be too short for the variolimmate change scenarios to reveal their
expected differences in long-term impacts.

The assessments differ to the extent to which bedity is expected to decline depending on
different assumptions about agricultural methodslices regarding biofuels and
conservation efforts (see below). Some of thesk &iahe potential biodiversity benefits of
protected area designations. Projections from tB®-@ assessment, suggest that even the
most stringent conservation policy of protectingd2® cent of every biome, results in only a
marginal improvement in the MSA indicator to 63&r gent (a 1 per cent improvement on
the baseline). However, it should be noted thatedvstudies have suggested that a large
proportion of the world’s taxa could be securedttoy protection of relatively small areas if
directed to the most biodiversity rich areas, sashthe biodiversity hotspét&dentified by
Conservation International (e.g. Myessal 2000, 2003). Therefore the results of the model
assessments should be treated with caution astibgyreflect weaknesses in the models or,
more likely, the MSA metric as an indicator of bixetsity change.

A further concern is that the policy assumptioncofserving 20 per cent of every biome
within protected areas may be unrealistic. By 200@ World Parks Congress goal of

6
http://www.conservation.org/explore/priority ardesbspots/hotspots_revisited/key findings/Pages/iedi

ngs.aspx
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achieving 10 per cent protection of the land arad been attained in nine of fourteen
ecosystems. Overall a recent assessment (@bal 2009) found that global terrestrial

protected area coverage reaches 12.2 per cent. vdowensufficient areas of lakes,

coniferous forests and grasslands have been pedteneaning that the 10 per cent goal
cannot be considered to be fully achieved (koblal. 2008) and it has not been achieved for
all ecosystems in all regions.

3.5.2 Pressures

The global loss of terrestrial biodiversity thus lf@s predominately resulted from habitat loss
through conversion to agricultural land, which ramahe case today (Braat and ten Brink
2008, p54). However, assuming significant advamtegricultural productivity continue into
the future, the majority of the assessments exppetithe major influences on biodiversity in
the next century are likely to be infrastructurel afimate change given current policies and
trends (see Figure 3.4). Infrastructure is expetiesccount for approximately five per cent,
followed by climate change at three per cent amoh ttrop area at two per cent. However,
agriculture is likely to be much more importantdeveloping nations, where larger increases
in population are expected, than in developed c@mmtThis conclusion, however, differs
from the MA, which predicts agriculture will remathe predominant pressure to 2050 (see
Figure 3.5).
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Figure 3.2. Geography of the world’s major biomes,as used in the IMAGE and
GLOBIO framework
Source: Bakkes & Bosch (2008)
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Historic and future development of global biodiversity
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Figure 3.3. Global biodiversity from 1700 to 2050QECD baseline.
OECD Environmental Outlook modelling suite, finaitput from IMAGE cluster
Source: Bakkes & Bosch (2008)
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Figure 3.5. Comparison of effects of agriculture ggansion, climate change and nitrogen
deposition between 1970 and 2050 under four scenasifor different biomes and the
World . Source: MA (2005d)

Agricultural expansion and intensification

All assessments predict an expansion of croplamdpasture land in response to increasing
demand as a result of growing populations and éurétonomic growth. The OECD predicts

that by 2030 agriculture will have to produce 50 pent more food to feed a population that
Is 27 per cent larger and 83 per cent wealthieaddition there is agreement that developing
countries will see far greater expansion than age countries. The OECD expects land use
to grow four times faster in developing countriegedo faster population growth and the
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availability of land. The IAASTD projects a glohatrease of 10 per cent in agricultural land,
provided significant improvements in food produitivare achieved. Sub-Saharan Africa is
likely to have the largest increases with yearlpansion of 0.6 per cent, or 30 per cent by
2050. Latin America sees similar increases (Fi@ué¢. The GEO-4 and MA similarly predict
the biggest expansions in Africa highlighting thgbrtance of ensuring yield improvements
to reduce agricultural land expansion.

Expansion of agricultural land has significant irogtions for biodiversity as native habitat is
converted to agriculture with consequent local rettons of populations and species. The
assessments all predict the largest biodiversitysds in Sub-Saharan Africa, where
agricultural expansion is the predominant presdeopulation increase and economic growth
remain important drivers in all scenarios.

Change in agricultural production 2000 - 2050, Agriculture Assessment baseline
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Figure 3.6 Causes of changes in agricultural proddion between 2000 and 2050

according to the IAASTD.
Calculations by IFPRI with the IMPACT model follomg the baseline scenario of the Agriculture

Assessment. Source: Kek al. (2008). Data from IAASTD (2008)

There are some significant differences betweenas@ssments, regions and scenarios. The
MA projects that, despite initial slow yield imprewents, the lower population increases and
locally successful developments in crop improvemamder theAdapting Mosaicscenario
would have benefits in Sub-Saharan Africa. Thisltesin the lowest deforestation rates in
the region under the MA scenarios. However a simpalicy in South Asia, with
corresponding low yields would lead to a virtuapkgtion of forests by 2100.

The most damaging outcome for forest cover occandeutheOrder from Strengtlscenario,

where large increases in population, coupled witlorptechnological innovation and the
inability to import food (particularly in Sub-Salaar Africa) lead to rapid expansion of
agriculture at the expense of forest. Asia and nLalimerica also experience high
deforestation rates of 40 per cent and 25 per w=pectively. This is different to a similar
scenario in the GEO-4 assessm@&wucurity First in which agricultural expansion is lowest
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and forest cover remains high due to lower econamevth maintaining a low demand for
food and resources.

The assessments differ in their projections ofdkeansion of agricultural land. The GEO-4
projects the greatest expansion of land inRloécy First and Sustainability Firstscenarios
due to concerns about food availability and stréengets for combating climate changes
resulting in a rapid expansion of biofuels. Thisudbresult in a substantial loss of forest in
Africa, Latin America and the Caribbean with alma#itof Africa’s forests lost under the
Policy First scenario. The MA scenaribechnoGardendespite describing a similar set of
policy options asSustainability Firstprojects the least amount of additional land cosioe

to agriculture, despite the increase in land fofu®sls. The MA projects reduced demand for
meat and improved yields due to technological impneents. This option projects by far the
lowest forest loss overall amongst the MA scenabot still significant losses of forest in
Africa and Southeast Asia.

Climate change impacts

Climate change will have an increasingly significeampact on biodiversity over the coming

century, with IPCC scenarios projecting temperainceeases from 2000 to 2050 of between
1.7°C to 2.2°C (IPCC, 2007). In the GEO-4, biodsitgrloss from climate change is the most
consistent impact across all the scenarios anthalregions, accounting for approximately
four per cent loss of MSA in every case. This ipragimately twice as much as estimates of
biodiversity loss that had already occurred dueclimate change by 2000. The OECD

baseline projects a slightly lower predicted lokthoee per cent.

The MA is more detailed in its approach descrilting impacts of climate change on each
biome. The most impacted biomes, in terms of végetdoss, include cool conifer forests,
tundra, shrubland, savannah and boreal forest. Eweder the best case scenario,
TechnoGarden climate change will have a significant impactotected areas do not
necessarily provide species with respite; in thestvoase scenario, a continued liberalised
market scenarioGlobal Orchestrationwill lead to the greatest losses of approximady
per cent in protected areas by 2050 (see Figuje 3.5

While the impacts of climate change are modellebeisg similar in each GEO-4 scenatrio, in
reality the impact will depend on the ability oktepecies and ecosystems to adapt and move
in response to changes in climatic conditions (IJ@Q04; IPCC, 2007). Resilient, well
connected ecosystems are more likely to suffer feM«effects than fragmented, over-
exploited ecosystems such as those undeB¢ioarity FirstandMarkets Firstscenarios.

Air pollution and nitrogen deposition

Atmospheric deposition of sulphur and nitrogen leaal to substantial changes of ecosystems
through the acidification and the accumulation xé¢essive nitrogen. Nitrogen is a limiting
nutrient of the growth of many plants and its additto an ecosystem often leads to
eutrophication, which results in changes in spectsposition, structure and processes. The
MA (2005d), using a species-area relationship (SARQdel, identifies atmospheric
deposition of nitrogen as a significant driver pésies loss in temperate forests, warm mixed
forests (particularly Asia) and to a lesser extergavannah (see Figure 3.5). This is based on
a combination of the habitat’'s sensitivity to ngem and its exposure to high nitrogen loads.
In contrast the assessments using MSA show nitrogeposition to be a relatively
unimportant pressure on biodiversity (Figure 3.4) @ global scale. Indeed particular
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scenarios Qustainability Firstand policy scenarios in the OECD) project reduitedacts
from nitrogen deposition in the future, particwan developed countries.

Part of the large difference between the model¢dcbe due to the fact that SAR considers
only natural areas, giving more weight to specigsrde ecosystems, while MSA gives equal
value to all ecosystems and includes areas of igersity such as agricultural land. Nitrogen
deposition is likely to have less impact on themssas that are already low in diversity and
often already artificially enriched. Thus on a glbbcale, the impact in MSA appears small,
but it is likely to still be an important factor matural areas.

Infrastructure

Infrastructure (plus related settlement) is congidehe most important driver of biodiversity
loss under the MSA based analysis but is not speliif referred to in the MA. Its impact,
however, varies considerably across the scena@txbally in the GEO-4, it accounts for
seven per cent and five per cent MSA loss inNfaekets Firstand Security Firstscenarios
but contributes only one per cent loss in the ositenarios. This trend is repeated throughout
the regions. While population growth is lower Markets Firstand road construction and
urban development are more regulated tha®daurity First international markets for goods
are strengthened and infrastructure is developgdamote access to natural resources.

3.5.3 Impact of policy interventions

Creation of an extensive network of protected areas

The GEO-4 and GBO-2 assessments investigate thentmdt impacts of effective
conservation of 20 per cent each of the world’setdrial ecosystems as a conservation
intervention. In their projections the creation af ecologically representative system of
protected areas does not limit the overall amofimatural habitat converted to agricultural
use, but might protect some of the most endanggpedies. But the use of protected areas
results in so much demand for agricultural farml#émat remaining habitats outside protected
areas are crowded out, and the areas themselvembdsolated in an agricultural matrix.
This is particularly evident in the projections fgleso-America and Southern Africa. This
suggests that sustainable agricultural practicest thay explicit attention to wildlife
conservation would be particularly important untterse circumstances (UNEP, 2007, p425).

Intensification and improvement of agriculture

The extent to which agricultural land expands dedpemn the degree of improved
productivity, i.e. food output per hectare. The gjimn as to whether agriculture will continue
to intensify or will continue to require substahiiacreases in land is crucial to the issue of
biodiversity. The GEO-4, IAASTD and OECD Outlookl &ok into the boosting of
agriculture as a means to increase food produactithout increasing the area of land
required. There are substantial differences betwbenassessments with respect to the
projected growth in agricultural production per taee. The IAASTD predicts that high
investment in agricultural development will leadstdbstantial increases in yield of up to 300
per cent in Sub-Saharan Africa and 200 per centatin America. Crucially while the
IAASTD recognises the importance of technologicahavation, it maintains that good
governance and effective technology transfer vélvital to ensure yields improve.

The IAASTD suggests that poor agricultural pradicassociated with unfavourable
socioeconomic conditions can create a vicious cychhich poor smallholder farmers are
forced to use marginal lands, thus increasing éstation and overall degradation. Loss of
soil fertility, soil erosion and breakdown in aggoelogical functions can result in poor crop
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yields, land abandonment, deforestation and ew@easing movements into marginal land,
including steep hillsides. Existing multifunctiorglstems that minimise these problems have
not been sufficiently prioritised for research. Tiéhas little recognition of the ecosystem
functions that mitigate the environmental impacts.

There are different views about how to best in@gasductivity and thus reduce the amount
of land required. The OECD is confident of the b#sef the liberalisation of agricultural
trade while the IAASTD contends that increasingléravill likely benefit the larger-scale
farmers at the expense of smaller-scale farmessiggiests that stagnating public finances are
an issue and money would be well spent in investsnantechnology and knowledge to
improve agricultural activity.

Liberalisation of trade

The OECD is relatively positive about the impacfs liberalised trade on sustainable
development as it will stimulate the more efficieise of resources and connect more regions
to world markets. However, its impact on globaldwersity is likely to be unfavourable. The
results of the GBO-2 assessment suggest that likentamarkets would shift agricultural
production to Southern Africa and Latin Americaven by low labour costs and land costs at
the expense of grasslands and forests (SCBD and, 07, p29). This shift could remove
production from inherently more productive areasNafrth America, OECD countries in
Europe, Canada and Japan and thus require moreolaerdll. This shift could potentially
increase biodiversity in these countries as basegricultural land is no longer required for
agricultural production, with possible benefits tteese developed nations. However, the
authors of this report would question whether taisd would necessarily be managed for
biodiversity given other competing demands for larkurthermore, abandonment of
agricultural land would be detrimental in some pat the world. For example, in parts of
Europe many extensively managed semi-natural halata of high natural value (Baldoek

al. 1993) and such marginally profitable farming sgstecould be at particular risk (Anon,
2005).

Under theMarkets Firstscenario, which liberalises markets more thanbéeeline, GEO-4
similarly predicts greater losses in biodiversiwart other options. Strengthened markets for
goods drive infrastructure development to increaseess to natural resources as wealth
creation is valued more than conservation (UNER;/20423).

Under the GBO-2 scenarios, poverty alleviation rmess in Sub-Saharan Africa through
increased investment in combination with trade rBbeation of agriculture, similar to
proposals in the Millennium Program, presents diqdar dilemma for the Millennium
Development Goals. On the one hand, assuming tfextigE implementation of these
investments, this option leads to a 25 per cent GRRease in Sub-Saharan Africa on top of
the baseline scenario for 2030. However, this ésnttost damaging option for biodiversity of
all assessed by the GBO-2, leading to 5.7 perlosstin MSA in addition to the baseline in
Sub-Saharan Africa as increased demand for foats$ learapid expansion of agricultural land
at the expense of savannah, tropical forests amdsignds. This is likely to be an
underestimate as the study did not assess thequmrsees of additional infrastructure, which
will be required for an effective hunger alleviatiand poverty program (ten Brirdt al.
2007, p 8).
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Impacts of climate change policies

According to all the assessments projections, gfiely mitigating climate change does

reduce climate change impacts on biodiversity, thist positive effect is offset by increased
land-use for bio-energy production. The balancena expected to be beneficial for

biodiversity. It follows that only by combining otiate change mitigation with increased land-
use efficiency (i.e. compact agriculture) can thegative effects on biodiversity be

counterbalanced. This was found to be the casssthe assessments.

Under theSustainability Firstscenario demand for cropland and pasture wouletase from
around 50 million krfito over 60 million krf (a 20 per cent increase) by 2050; second only in
demand for land to th8ecurity Firstscenario Increases in technological developments are
counterbalanced by greater concerns for food avfiffaand the need to produce biofuels to
counter climate change. This demand is also refteat the changes in forest cover. Latin
America and Africa would be expected to see sigaift declines in forest land in all
scenarios as demand increases for food and biofdelsever, Europe and North America
would see small increases (GEO-4).

An ambitious climate change mitigation packagesiseased in the OECD Outlook analysis
that is specifically designed to stabilise the apieric concentration of carbon dioxide
equivalents at 450 ppm by 2100. This target cay bel attained if deforestation is slowed
down, as deforestation results in large carbon ®oms. Therefore, land-use changes for bio-
energy production and other increases of agriailtproduction have to be accommodated
within the present total agricultural area (‘comipagriculture’). This requires a strong

increase in agricultural productivity (Bakkes anasBhe, 2008, p112).

Reducing deforestation and forest degradation thlocarbon pricing mechanisms

Several models of deforestation exists, most afd@heave so far investigated the drivers of
deforestation (e.g. Laurancst al 2001; Soares-Filh@t al, 2006), but have so far not
addressed the responses to deforestation. The [iASdels presented below are an example
of a spatially explicit model attempting to addreesponses to deforestation. Other recent
studies that have investigated responses includierBa al (2009) and Venteet al (2009).
These studies explore the opportunity costs of dawgi deforestation, but these are not
equivalent to the real costs which need to invagtighe effectiveness of the suggested
interventions and the opportunity costs.

Since it was proposed by the delegations from Palawya Guinea and Costa Rica in 2005, the
payment for the reduction of emissions from defatésn and forest degradation (REDD) has

been much discussed as a potentially cost-effectiag to achieve global carbon savings.

While much of the debate currently is focussed magiothhe carbon sequestration and storage
potential of tropical forests, the by-product ofedse measures might be protection of
biodiversity and ecosystem services that the fenesivide (see Miles & Kapos, 2008).

None of the global assessments model the impactarbbn pricing on deforestation rates.
However, the literature on the topic is becomingerextensive. This section looks at specific
model results from the IIASA family of models argl presented as an example of policy
options available rather than a comprehensive wewiethe literature on REDD. The studies
presented both look at the payments required teeptedeforestation, although focussing on
different scales. Kindermanet al. (2006) used a spatially explicit biophysical andigeo
economic land use model to investigate the impéataobon price incentive schemes and
payments on global deforestation. The model siraal&ind-use changes as a decision based
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on the difference between net present value ofnrecérom production on agricultural land

versus net present value of income from forest yotsd Using a baseline scenario, i.e.
assuming a price on carbon of 0 US$/tC, close @ radlion hectares (or 5 per cent of the

forests in 2006) were projected to be lost betwa@d6 and 2025, resulting in the emission of
17.5GtC. The model distinguishes between a taxadymiem on the removal of biomass
(which is paid once the harvested biomass has beercted) and an incentive payment
contract to preserve standings of forest (whichieisewed every five years based on the
remaining standing biomass). To reduce deforestdiyo50 per cent a taxation system would
require 12 US$/MC (assuming a mix of slash-and-bamd selling the biomass as wood
products) costing 6 billion US$ per year in 20G5jucing to 4.3 billion US$ by 2025 and 0.7
billion US$ by 2100 due to decreasing deforestatipeed. Incentives of 6 US$/tC of

vulnerable stands of biomass would also reduceréstation by half, costing 34 billion US$

per year.

A more recent study by Kindermamhal. (2008) examined three economic models of global
land use (GCOMAP, DIMA and GTM) to examine the pi contribution of mechanisms
for avoiding deforestation of tropical forests &mluce greenhouse gas emissions. The models
use different assumptions on the extent of cartbared in the world’s tropical forests and the
area that they cover, accounting for some of tlfferénces between them. According to this
analysis, a 50 per cent reduction in deforestatvonld cost between 9 and 21 US$/tC and
require 17 and 28 billion US$ per year.

According to two of the three models, the cost ait@cting forest in Africa appears to be
significantly lower than the global average (seblé&.3).

Table 3.3 Carbon price necessary in US$ per tonnd €O, necessary to generate a 10
per cent and 50 per cent reduction in deforestatiom 2030.

10% reduction, US$ 50% reduction, US$
Area GCOMAP DIMA GTM GCOMAP DIMA GTM
Central and South America 3.98 8.03 1.48 19.86 484. 9.7
Africa 1.04 3.5 1.63 5.2 12.3 9.6
Southeast Asia 8.42 8.73 1.24 38.15 19.56 8.31
Globe 3.5 4.62 1.41 16.9 20.57 9.27

It is important to note that the IIASA models omgnsider the cost of REDD based on the
price of carbon on the global markets. They do ocomsider the additional costs of

monitoring, reporting and implementation, includedgditional security and protection. These
costs are likely to be very significant, and maguinsimilar costs to those required for the
expansion of protected areas (for example, seesleina, 2001). Therefore, any calculation

of the costs of REDD schemes must consider thes ajsimplementation alongside the cost
of carbon.

3.5.4 Gaps and limitations of the assessments

Invasive alien species

Invasive alien species were not considered in tbdats, and the assessments point out that
its inclusion would likely increase biodiversitysla As global trade increases, the number of
intentional and unintentional introductions wilcnease in terrestrial, freshwater, and marine
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biomes. Unless greater management steps are takprevent harmful introductions that

accompany increased trade, invasive species wilsecancreased ecological changes and
losses of ecosystem services in all scenarios. UBecaf differences among scenarios in
economic growth and openness to foreign trade, simga species increase most in

Conventional and Reformed Marketsenarios, followed in order by Global Sustainable
Development, Regional Sustainable Development aachpgetition Between Regions (see

Table 2.4 and Appendices 1.5 and 2.3 for a desznipf the scenarios).

Infrastructure and related settlement

Increased infrastructure pressures are modell#aeiiGLOBIO model by MSA by expanding

the influence zone around current infrastructutbeathan predicting future growth. Thus it
does not take into consideration the possibilitynefv infrastructure developments. The
impacts of infrastructure are not realistically negented within GLOBIO as expanding
influence zones are not region specific and imgaces are different in different regions. In
addition, the urban area in GLOBIO does not charyee to the lack of an adequate
urbanisation model, thus potentially underestingaame additional negative impacts of land
conversion.

3.6 Marine biodiversity

3.6.1 Progress in achieving policy goals

The 2002 World Summit on Sustainable Developmeméex to maintain or restore fish

stocks to maximum sustainable yields by 2015 wiparssible, with the aim of achieving

these goals for depleted stocks on an urgent bake.Summit, along with the CBD, also

called for a representative network of marine prate areas (MPAS) of 10 per cent of marine
habitats to be established by 2012. A year later fiih IUCN World Parks Congress

reiterated the goal with a further commitment tac8y protect at least 20-30 per cent of each
marine habitat type closed to all forms of extraetise.

It is too early for the assessments reviewed is ghudy to meaningfully assess progress
towards these goals, especially given the lag iailalvie data. However, key trends are

highlighted in a number of the assessments. The-Gp&sents data on marine fish stocks
that have been exploited for at least the pastezlsy which shows the dramatic increase in
stocks that are fully exploited, over exploited lmve crashed (Figure 3.7). Of the 1,400

stocks that were fished in 2000, almost 20 per ¢2A0) had crashed. Furthermore, the
trophic level of fish captured for human consumptioas been decreasing, indicating a
decline in top predator fish catches (such as matlina) which are being replaced by fish

such as mackerel and hake, high value invertebsaigs as shrimp and squid and aquaculture
products such as salmon and tuna.
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Figure 3.7 Changes in degree of exploitation of stocks of maré fish species (source: Alder,
Trondheim/UN conference on Ecosystems and peoplect®ber 29-November 2, 20070riginal
source: Sea Around Us project, 2007: Cited in B&atn Brink, 2008)

Although the GEO4 accepts that the number and sizBHAs have been increasing, targets
for MPAs will not be met within the targets underrent trends (GEO4, 2007, p149). Marine
ecosystems therefore remain greatly under-repredeby protected areas. The OECD
concurs that too few MPAs exist and points to evadethat suggests they do deliver benefits
in terms of density, biomass, size of organisms dimdrsity (see Halpern, 2003). The MA
suggests that MPAs provide striking examples ofesyies between consumption and
sustainable use as appropriately placed MPAs aamfisantly increase fishery harvests in
adjoining areas (MA, 2005b, p11).

3.6.2 Pressures

Marine fish stocks show evidence of declines fromoebination of unsustainable fishing
pressures, habitat degradation, eutrophication teynestrial activities, coastal conversion for
aquaculture, invasive species and global climasmgb (UNEP, 2007, p145).

Wild capture fisheries

Overfishing emerges from the assessments as thendoirdriver of change of the marine
environment. Over much of the world the biomas&abf targeted in fisheries (including that
of both the target fish and those caught incidé)talas been reduced by 90 per cent relative
to levels prior to the onset of industrial fishifMA, 2005b). Amongst others, the assessments
point to advanced fishing technology which has dbuated significantly to the depletion of
marine fish stocks (UNEP, 2007, p28).

The MA, GEO-4, IAASTD and theEcosystem-based global fishing policy scenarios
assessments all include projections on commerishefies given their direct relevance to
humans and the availability of data. The IAASTD dhd Ecosystem-based global fishing
policy scenariosused the EcoOcean model (see Box 3.1), whereaGH@-4 and the MA
used its predecessor EcoPath with EcoSim (Adtlat.,2007). The MA selected three regions
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- the Gulf of Thailand (shallow coastal shelf systeBenguela Current (coastal upwelling
system), and the Central North Pacific (pelagicdesyy - for which good modelling tools
existed to investigate how the diversity of fiskerand the biomass of species might change
under the four MA scenarios. The other assessntakés global approaches based on data
from the Sea Around Us Project.

Box 3.1 The EcoOcean MODEL (Taken from Braat & terBrink, 2008: adapted from Alder et
al, 2007)

The EcoOcean model was developed to quantitatagdgss the future of fisheries under different
scenarios. It is based on a series of 19 maringyst&m models representing the 19 Food and
Agriculture Organization of the United Nations (FA&eas of the world’s oceans and seas. The
models account for the biomass of each functior@alp their diet composition, consumption pe
unit of biomass, natural and fishing mortality, @meilation of biomass, net migration, and other
causes of mortality. The model is based on thecjplie that future biomass can be estimated from
the current biomass plus change in biomass dusotetiy, recruitment, predation, fisheries and s
on.

|=)

The model identifies 43 functional ecological gredpat are common to the world’s oceans which
include all major groups in the oceans, but pagzig attention on exploited fish species. The
most important driver for the model simulationdiséing effort. Five major fleet categories
(demersal, distant water fleet, baitfish tuna (pugsine), tuna long-line and small pelagic) are use
to distinguish different fishing effort based owstorical information. For current purposes, the
oceans should be considered as spatially-sepgvedddction systems with distinct fishing fleet
activity.

The aggregated global model produces results witiper cent of the reported total for any given
year. This gave confidence that the models areigirgy plausible results for different scenarios.
The development of EcoOcean also provided the oppity to look at the future of marine
biodiversity using aepletion index(Box 5.3 as a proxy for changes in species composition and
abundance under the different scenarios. EcoOsdamwever not a full representation of the
world’s oceans as it contains several sources ofrtainties (see section 5.4).

The projections from the analyses are unanimousptessures on marine fish stocks will
increase over the next 40 years. In the GEO-4pal scenarios project an increase in fishing
effort, and as a consequence landings increasdicagly (see Appendix 2.2). The catch
projections are lowest under tlgustainability Firstscenario due to a smaller population
increase and changing diets leading to lower demarabdition, under this scenario an effort
is made to fish lower in the food chain resultingailower marine trophic index (MTI) of the
catches (see Box 3.2 for information on the MTI affter marine biodiversity indicators). In
combination these two factors result in a largegase in total biomass of large demersal fish
and the smallest decrease of large pelagics dhallscenarios. Th®larkets Firstscenario
projects the biggest increases in landings andldahgest decreases in biomass of large
pelagics and demersals, due to an increase indtadyn population and a wealthier society.

Under theEcosystem-based global fishing policy scenanslelled landings were increased
by augmenting the proportion of secondary demefisal groups and the proportion of
invertebrates. As a consequence, the MTI genedatyeased in all oceans. The decline in
MTI confirms that as demersal effort increaseddiags increased, but usually at lower
trophic levels. With the exception of the Mediteigan Sea and the Caribbean region, the
biomass diversity index also decreased for theetimain oceans. In the Mediterranean Sea
and Caribbean region, the increase appears tadmul of the predation impact of a few top
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predators being lowered as their biomasses degralé®eing for an increase in dominance of
species of lower trophic levels (Aldet al.2007, p25-27).

The MA shows quite different responses from thded#int case studies. Diversity of

commercial fisheries showed large differences ansmamarios until 2030, but all scenarios
converge into a common value by 2050. Policy changfer 2030 generally included

increasing the value of the fisheries by lowerimggsts, focusing on high-value species,
substituting technology for ecosystem servicesa aombination of the three approaches.
However, no approach was optimal, since the appesaaised in the scenarios reduced
biomass diversity to a common level in each ecesysMA 2005d, p377).

In the Gulf of Thailand, both global strategi@®chno Garderand Global Orchestration
fared well up to 2030 when policy shifted to relinph the ecosystem. Regional strategies
fared worse, witlAdapting Mosaidailing to respond to efforts to rebuild the stafker 2010
and Order from Strengttshowing steady declines of the biomass diversitiex. However,

all scenarios showed dramatic declines in biomagsgity index after 2030 when technology
had improved and the policy shifted to providinghfimeal for aguaculture which had taken
over primary production of food (MA 2005d, p377h the Central North Pacific and
Benguella areas regional policies fare slightlytdrethrough well informed local strategies
but are hampered by lack of co-ordination at thabagl level and all scenarios converge by
2050. All fisheries are projected to respond wekktosystem approaches.

Box 3.2 Indicators of Marine Biodiversity (adaptedfrom Alder et al. 2007)

* A biomass diversity indexcan be used to provide a synthesis on the numisgpeafies or
functional groups that compose the biomass of theystem. The biomass diversity index assumes
that more stable ecosystems will tend to have @rmaeen distribution of biomass across the
functional groups and can therefore be used taiat@imodel behaviour.

» Themarine trophic index (MTI) is calculated as the average trophic level of #telcand is used
to describe how the fishery and the ecosystem mtayact as a result of modelled policy measures.
The index is often used to evaluate the degreégifitig down the food web” (Pault al, 1998).
The MTI is one of the core indicators being usedh®yConvention on Biological Diversity.

« Thedepletion index(DI) has been developed to provide a marine edgmtao the MSA, that is
calculated as part of the overall assessment wiEboOcean. It attempts to evaluate the degree of
depletion of fish species by accounting for diffeses in their intrinsic vulnerability to fishing. |
was calculated from prior knowledge of the intringillnerability and the estimated changes in
functional group biomasses. Intrinsic vulnerabitiyfishing of the 733 species of marine fishedwijt
catch data available from the Sea Around Us Prajatetbase (www.seaaroundus.org) was included

in the analysis.

Growth of aquaculture

The GEO4 assessment states that growth in aqueewilh help compensate for some of the
shortfall in wild-caught fish but points out thauah of the increase in aquaculture has been
in high-value species that meet the needs of afflsecieties and does little to meet the needs
of developing countries (GEO4, 2007, p147).

The OECD baseline scenario projects that increasadth and population will require much
stronger increases in prices to limit fisheriesigtoto the FAO’s projected 1.6 per cent given
that global GDP in the Baseline is 2.8 per cent@DE2008, p332). Given that the majority
of capture fisheries are at or near maximum susdenyields, it assumes no growth in
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capture fisheries and an average growth of aquaeultf 3.9 per cent annually to 2030. This
may have implications for fishmeal as between 22dg of fishmeal is required to produce 1
kg of farmed fish (depending on the species). H@neas the price increases it is assumed
that alternative feeds, such as soya-based prqduitive developed for those fish that can
be fed on vegetarian diets (OECD, 2008, p333).

The trophic level of species used for fish meahguaculture is increasing, suggesting some
fish species previously destined for human consiongre being diverted to fish meal, with
potential negative implications for food securityather countries. Modelling from the MA
(Gulf of Thailand area) suggests that gains frokinth a global ecosystem management
approach could be lost if improved technology amgibcreases in demand for aquaculture
lead to increases in catches for fishmeal.

Modelling from the IAASTD suggests that althougtpplations of small pelagic species are
robust, the behaviour of the small pelagic fishdo¥g the end of the modelled period (2048)
indicate that policies of exploiting small peladisheries to support a growing aquaculture
industry may not be sustainable in the long-termegk in a limited part of the world’s
oceans. Caution needs to be taken even with ttespiretation since small pelagic fish are
extremely sensitive to oceanographic changes artheif predictions for changes in sea
temperature come about, the species dynamics wikingroup will change significantly.
This could potentially have knock-on impacts upotlgh higher trophic levels since most
animals, especially marine mammals and seabirtysprethis group of fish for much of their
food. Therefore, a policy of increasing landingsuldoneed to be carefully considered in the
light of climate change (IAASTD, 2008, p355).

3.6.3 Impact of policy interventions

To date, there have been some initiatives to rdkiepleted stocks, but recovery efforts are
quite variable. A common and appropriate policypese is to take an ecosystem approach
to fisheries management but many governments #retaiggling to translate guidelines and
policies into effective intervention actions. Othmslicy options have included eliminating
perverse subsidies, establishing certification,romimg monitoring, control and surveillance,
reducing destructive fishing practices such asopottrawling bans, expanding marine
protected areas and changing fishing access agneenidnere are also policy responses to
reduce effort in industrial scale fishing in mameas, while also supporting small-scale
fisheries through improved access to prices andebhamformation and increasing awareness
on appropriate fishing practices and post-hanesstriologies.

Ecosystem-based management

All assessments show relative improvements in s@sawhere ecosystem-based
conservation policies have been employed althohghrmpact depends on the fishery. In the
MA, diversity of marine biomass was quite sensitvehanges in regional policy. Scenarios
with policies that focused on maintaining or ingieg the value of fisheries resulted in
declining biomass diversity, while the scenariothwiolicy that focused on maintaining the
ecosystem responded with increasing biomass diyetsowever, rebuilding selected stocks
did not necessarily increase biomass diversityfiextesely as an ecosystem-focused policy
(MA 2005d, p377). The MA concluded that policiesttfocus on maximising profits do not
necessarily maintain diversity or support employmesimilarly, policies that focus on
employment do not necessarily maximise profits aimain ecosystem structures. The
diversity of the stocks exploited can be enhan€galicy favours maximising the ecosystem
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or rebuilding stocks. Diversity, however, is lostthe sole objective of management is to
maintain or increase profits (MA 2005d, p342).

3.6.4 Gaps and limitations of the assessments

It is widely recognised that marine biodiversitypsorly understood. The MA points to a
particular lack of knowledge of the deep sea, seants, the mid-water column, and thermal
vents (MA 2005d, p378).

The EcoOcean model does not consider climate oammggaphic conditions and as such
cannot accurately model small pelagic fish groupst tare heavily influenced by
oceanographic conditions (IAASTD, 2008, p312). Twwe@a groups do not differentiate
between long-lived slow-growing species such agfiiutuna and short-lived ones such as
yellow-fin. This can result in overestimation ohtulandings and optimistic assertions about
the species’ resilience. The lack of information artisanal fishing, especially in Asia and
several regions in Africa, results in some undaregton of landings and effort. Antarctic
and Arctic models are incomplete, as catch, efiod biomass data availability is poor for
these areas. Consequently they were not includéteilPAASTD assessment (IAASTD, 2008
p313).

3.7 Freshwater biodiversity

Freshwater biodiversity is largely overlooked by thissessments except the MA. The MA
considers freshwater ecosystems amongst the mosaténed on Earth but notes that
quantitative information on species richness asgoases to anthropogenic pressures is still
largely unknown (MA, 2005d, p379). The models cdasithe impacts of changing river
discharge, eutrophication and acidification onllogliversity of freshwater ecosystems.

Under all four scenarios, 70 per cent of the warlivers, especially those at higher latitudes,
are expected to experience increases in wateradidy due to increased precipitation
caused by climate change. This may increase trenpal for production of fishes adapted to
higher flow habitats, which would most likely inwel non indigenous species (low certainty).
Under all scenarios, 30 per cent of the modelledrrbasins will be subject to decreases in
water availability from the combined effects ofnetite change and water withdrawal. Based
on established but incomplete scientific understamadhis is projected to result in eventual
losses (at equilibrium) of 1-55 per cent (by 206635 per cent by 2100) of fish species from
these basins. According to the projections, clintcinge rather than water withdrawal is the
major driver of species losses from most basingp@Gent), with losses from climate change
alone of about 1-30 per cent by 2050 (1-65 per bgnR100). The differences among
scenarios were minor relative to the average madeitof projected losses of freshwater
biodiversity.

Acidification and eutrophication are likely to hatlee most detrimental impacts under the
Global Orchestrationand Order from Strengttscenarios. Of the three scenarios modelled
(Adapting Mosaicwas not modelled for freshwater impac®chnoGardenis the only
scenario which projects regions of steady or dexwimitrogen deposition and a less severe
degree of acidification (MA, 2005d, p397).

It is important to note that projected losses si fibiodiversity on the basis of declining water
availability alone will be underestimated. Manytbé rivers and lakes in drying regions will
also be vulnerable to increased temperatures, mhut@tion, acidification and increased
invasions by non indigenous species. These faatbnscrease losses of native biodiversity in
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rivers and lakes that are drying and cause losséshes and other freshwater taxa in other
rivers and lakes. The MA concludes that much gredgelines in freshwater biodiversity are
likely to come from drivers that are more diffictdt directly model such as local overfishing,
construction of dams and impacts of alien invaspecies (MA, 2005d, p398).

The MA also highlights that rivers that are for@¢daslose fish species are concentrated in
developing tropical and sub-tropical countries, reht@e needs for human adaptation are most
likely to exceed governmental and societal capexcito cope. The current average GDP in
countries with declining water availability is alhd20 per cent lower than that in countries

whose rivers are not drying.

3.8 Ecosystem Services

The results of the assessments are described é@tbwespect to their implications for the

provisions of ecosystem services, as set out iMAdramework (Figure 3.8). This has since
become the basis from which the value of ecosystemices are commonly evaluated and
assessed.

Provisioning Services Regulating Services Cultural Services
Products obtained Benefits obtained Nonmaterial
from ecosystems from regulation of benefits obtained
m Food ecosystem processes from ecosystems
M Fresh water H Climate regulation B Spiritual and religious
B Fuelwood H Disease regulation B Recreation and ecotourism
B Fiber B Water regulation B Aesthetic
W Biochemicals B Water purification B Inspirational
B Genetic resources H Pollination W Educational

m Sense of place

B Cultural heritage

Supporting Services
Services necessary for the production of all other ecosystem services

B Soil formation B Nutrient cycling B Primary production

Figure 3.8 Ecosystem service framework.
Source MA (2003).

However, other than the MA, the assessments camrsida this review do not specifically
devote attention to the impact of future pressoregcosystem services. Indeed, the extent to
which biodiversity loss will impact on ecosystenmsl dheir services is highly uncertain. For
example, ecosystems may often cease to provide ssendces long before species
extinctions are observed (see Boxes 3.3 and 3.4).

The MA distinguishes between two types of ecosystemices which it highlights as having
broad policy implications. Type-l refers to the abance of individuals and includes
provisioning services such as food and fibre amuileting services such as soil erosion and
cultural services such as aesthetic value. The igioowng of the service depends on
individuals present (e.g. a 50 per cent decliniwf tree abundance provides 50 per cent less
fruit) and it refers to the health of populatiortsaalocal scale. Loss of Type-l ecosystem
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services can be reversed through conservationtgffibis estimated by habitat loss and local
extinctions. Type-Il ecosystem services relaten® unique genetic combinations resident in
the population rather than the number of copiesth® combination. It includes the
provisioning of genetic resources, which are thei#or plant breeding, biotechnology and
the development of pharmaceuticals. The loss ofelypecosystem services is thus
irreversible and is best estimated by measuringajlextinctions (MA, 2005d, p403).

Box 3.3. Biodiversity and ecosystem services (takérom Braat and ten Brink, 2008.
Adapted from MA, 2005c)

» Species composition is often more important than #&number of species in affecting
ecosystem processe€onserving or restoring the composition of comines, rather than
simply maximising species numbers, is critical taimaining ecosystem services.

» The properties of species are more important thanpecies number in influencing
climate regulation. Climate regulation is influenced by species prapsrvia ecosystem
level effects on sequestration of carbon, fire megiand water and energy exchange. The
traits of dominant plant species, such as sizel@aidarea, and the spatial arrangement of
landscape units are a key element in determiniagticcess of mitigation practices such as
afforestation, reforestation, slowed-down deforemta and biofuels plantations.

* The nominal or functional extinction of local popubtions can have dramatic
consequences in terms of regulating and supportinggcosystem servicesBefore
becoming extinct, species become rare and thegresanontract. Therefore their influenge
on ecosystem processes decreases, even if localapiops persist for a long time, well
before the species becomes globally extinct.

* Preserving interactions among species is criticalof maintaining long term
production of food and fibre on land and in the seaThe production of food and fibre
depends on the ability of the organisms involveduocessfully complete their life cyclegs.
For most plant species, this requires interactiaitr pollinators, seed disseminators,
herbivores, or symbionts. Therefore, land use mestthat disrupt these interactions will
have a negative impact on these ecosystem services.

» The diversity of landscape units also influences esystem servicesThe spatial
arrangement of habitat loss, in addition to its antpdetermines the effects of habitat lgss
on ecosystem services. Fragmentation of habitatdigwoportionately large effects gn
ecosystem service

3.8.1 Provisioning services

Food production and reducing hunger

In 2000 the world committed itself through the Mithium Development Goals to reducing
the number of structurally malnourished people &aly by 2015. Key to achieving this goal is

ensuring a secure, sufficient and affordable foodpsy. Food price increases lead to the
number of people suffering from hunger. Due toithportance of maintaining a secure food
supply many countries employ trade barriers andrmesupport for farmers.

Global food production has increased by 168 pet ceer the past 42 years. The production
of cereals increased by about 130 per cent, bubus growing more slowly. Despite this, an
estimated 852 million people were undernourishe20@0—-02, up 37 million from the period
1997-99. Of this total, nearly 96 per cent livedaveloping countries. Sub-Saharan Africa is
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the region with the largest share of undernourighesaple (MA, 2005c; cited in Braat and ten
Brink, 2008).

Neither the GEO-4 nor the IAASTD, which examine gmess towards the Millennium
Development Goal with respect to extreme hungepeeixit to be met. Both interpret the goal
in terms of malnourished children aged between aawb five years. The IAASTD projects
that in the absence of new policies the numberalhourished children will reduce from 150
million in 2000 to 130 million in 2025 and to 100lkon by 2050. Malnutrition in children in
Sub-Saharan Africa in particular will remain a desh, while in some other areas the goals
will be met, The number of malnourished children igegted to roughly halve by 2050
under scenarios that implemented targeted polisigsh as the GEO-4 scenarbslicy First
andSustainability FirsfUNEP, 2007, p429) and policy scenarios undelA#STD (Kok et

al., 2008).
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Figure 3.9 Increase in crop yields between 2000-20%according to the FAO and three of
the assessments discussed in this repof&ource: Bruinsma (ed), 2003; UNEP, 2007;
IAASTD, 2008; OECD, 2008. Taken from Kek al.2008).

All scenarios expect food productivity to rise (Ssetion 3.2.1 above; Figure 3.9; Appendix
2.2). The market scenarios see the highest ovecalases in food production. Under the MA
scenarioGlobal Orchestrationthe global food output increases by 72 per ceith & four-
fold increase in Sub-Saharan Africa. This is attidélol to large increases in agricultural
research and supporting infrastructure as well @p@ increase in land under irrigation. The
IAASTD projects increases lower than the histoaterif no new policies are implemented.
However, the high investment scenario producesifgignt increases, including a three-fold
increase in Sub-Saharan Africa.
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Despite food production rising in all scenariosydcavailability does not always increase at
the same rate. Regional policies appear to haegative effect. Under the GEO-4 scenarios,
modest increases due to low technology investmedtkaaowledge transfer und&ecurity
First are cancelled out in Africa and West Asia by gsipopulation growth, ultimately
leading to a dip in calorie intake after 2040.He MA, theAdapting Mosaicscenario results
in food produced on expanded crop areas beingfiomuit for demand causing food price
increases and an increased demand for imports.

Total fish consumption has declined somewhat iustigal countries, while it has increased
by 200 per cent in the developing world since 19#8.the world as a whole, increases in the
volume of fish consumed are made possible by aduaeuwhich in 2002 is estimated to
have contributed 27 per cent of all fish harvesied 40 per cent of the total amount of fish
products consumed as food (MA, 2005c: cited in Baaa ten Brink, 2008).

Fuel

Provision of fuel can be separated into natural Wwmod and biofuels. Whilst fuel wood still
comprises a large part of the total energy usemnesareas, it is fuel in the context of biofuels
that is more often assessed, as in the MA. Althatinghcurrent usage of biofuels is fairly
modest, it is projected to greatly expand in tharet Under theGlobal Orchestration
scenario, expansion of biofuel production is thghbst out of all four MA scenarios at 384
mega tonnes per year, a six fold increase on tgdargduction levels. The high production is
attributed to the fact that competition with foaaguction is projected to be low since there
is a high level of investment in more efficient grgrowth under this scenario and also that
electricity demand is high owing to strong econogniewth. However, as a consequence of
high biofuel production, deforestation rates ammahcreased. Global production of biofuels
under theTechnoGarderscenario is projected to increase four fold fromrent levels, the
main influence behind this being a focus on climabécy. Under theOrder from Strength
scenario, energy crops have to compete with foogscfor land. This scenario projects the
largest population increase of all four scenaridsctv coupled with low productivity of
croplands (from little investment in agriculturachnology) means that land and biofuels are
more expensive. Despite this, biofuel productioasdmcrease from current levels by a factor
of approximately two.

Water availability

The MA examined water availability, which they defd as the sum of average annual run off
and groundwater recharge. This gives a figure efttial volume of water that is annually
renewed by precipitation and which, in theory, \@ikable for the requirements of both
society and freshwater ecosystems. Current glolzéemwavailability was estimated to be
between 42,600 and 55,300 kmper year (MA, 2005d, p345). Global water availapili
projected from the four MA scenarios did not shanage differences between scenarios as
there were between regions. By 2050 global wateailaility is projected to increase by
between five and seven per cent, depending oncireasio being considered. Latin America
sees the smallest increase in water availabilippr@ximately two per cent depending on
scenario). The small changes in water availabpitgjected up to 2050 owe themselves to
increasing precipitation leading to increased rtinafthe one hand and warmer temperatures
intensifying evaporation and transpiration leadioglecreased run off on the other. By 2100
the differences in global water availability betwegcenarios are still not as great as the
differences between regions. It should be notetiwiidst an increase in water availability in
this context can increase water supply for socety freshwater ecosystems, it can also lead
to more instances of flooding.
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Overall, the Global Orchestrationscenario projects the largest global increase atemw
availability of all four scenarios by 2100 (17 p=ent increase). Under this scenario, the
fastest rate of climate change is projected. Inrash the scenario where the lowest rate of
climate change is projectedechnoGardenprojects the smallest change in global water
availability (seven per cent)..

Furthermore, although availability is projectediriorease in most areas, there are important
arid areas where availability is projected to daseeincluding the Middle East, Southern
Africa and Southern Europe. These areas are peojeéotsee a decrease in water availability
of approximately 50 per cent from current leveldemall four MA scenarios.

Water stress denotes reaching the limits of watetity as well as water quantity (Cosgrave
and Rijsberman, 2000) and is a situation whereu@ater supplies limit food production and
economic development and affect human health. Albegrto the OECD, 44 per cent of the
world population in 2005 lived in areas of sevewdar stress and the situation is projected to
worsen, with an additional 1 billion people (or #ér cent of the world’s population)
projected to be living in areas of severe watersstiby 2030 (OECD, 2008, p222). The main
increase in population affected is likely to beitndollowed by China, Africa and the Middle
East.

Other provisioning ecosystem services

Other provisioning ecosystem services include gemesources and biochemical discoveries.
These services were not directly evaluated by tidebMt preliminary judgements were made
in terms of the four scenarios in the assessmamietJtheGlobal OrchestratiorandOrder
from Strength scenarios, genetic resources may severely dechhdst under the
TechnoGarderand Adapting Mosaicscenarios, they are projected to be roughly theesas
current levels. All of the projections regardingsle provisional services have a low certainty.

3.8.2 Regulating ecosystem services

Soil erosion control

Soil degradation can occur through chemical dedi@uaphysical deterioration and water
erosion. For the purposes of the MA, water erosias used as the indicator of soil
degradation. The MA water erosion index was catedldy combining trends in climate and
land use change with the erosibility index. Whilgiter erosion of soils is influenced by
natural conditions, the way that soil is utiliseahdhave significant effects. The rate of soil
erosion can be driven by a number of factors inalgiégricultural practices, land use change
(especially vegetative cover) as well as preciitathanges resulting from climate change.
The damaging effects of soil erosion in terms obsystem services is seen plainly in
productivity loss of soils that are vital to wofftsbd production. Soil erosion also plays a role
in climate change since it contributes to GHG erorss

A number of the assessments model future soil waxtesion risk in the context of land-use
change and climate change (MA and GEO-4). All siesaunder the GEO-4 assessment
predict a 50 per cent increase in the global exténsoils with high water erosion risk
compared to the current situation. The risk incesaafter 2025 foSustainability Firstas
more biofuel crops are introduced. The increasedaagest undePolicy First due to larger
food demand and increased demand for biofuels.
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The scenarios in the MA project very similar levelgisk in terms of the global area of soils
at risk of water erosion up to 2050. T@eder from Strengttscenario is projected to result in
the highest risk of water erosion with 32 Mkof the global area of soil considered to be at
high risk. The MA scenarios show greater divergdmec2100 where the global area of soil at
risk from water erosion is projected to have doddtem year 2000 levels to approximately
40 Mknt under theOrder from Strengtiscenario. Under this scenario, the largest iner@as
agricultural land is projected to occur. The riskvater erosion is largest in agricultural areas,
so it follows that under this scenario, soil erosisk is projected to be highest among all four
scenarios. Th@echnoGarderscenario projects the smallest global area atfrimk water
erosion by 2100, with 31Mkfrprojected to be at high risk. Under this scenaniere are
relatively low population levels and more ecolodlicgroactive agricultural practices are
projected to be in place.

There are regions of the world where the risk ofewarosion of soils is expected to decline
(OECD regions Central Europe, Australia and Newlated), mainly as a result of a decrease
in area being used for grazing.

Climate regulation

Ecosystems have an important role in climate reéguiaThe MA considers that under the
Global Orchestrationscenario, this role would become more importantatiocountries.
However, the future capacity that ecosystems vaditenfor carbon sequestration in wealthy
countries is uncertain. Under th@rder from Strengthscenario, it is projected that the
capacity of ecosystems to regulate climate willlide¢ primarily due to a lack of international
coordination present under this scenario. Despit@fmces in engineering ecosystems present
in the TechnoGarderscenario, it is unclear as to whether this wouldrkedly improve
ecosystem capacity to sequester carbon beyondete dchieved irGlobal Orchestration
Overall, none of the MA scenarios project cleaeetizeness of land ecosystems in climate
regulation on their own, without additional managetn(MEA, 2005d, p355).

Water purification

Water purification is defined in the MA as the pges whereby freshwater ecosystems, such
as wetlands, helping to deteriorate or remove anioss that are hazardous to the health of
humans and the ecosystems themselves. Undésltdimal Orchestrationscenario, there is a
divide between wealthy and poor nations in the ciépaf ecosystems to purify water. In
wealthy nations, break downs in water purificatime fixed when they occur whereas in
poorer nations a net loss in water purificationdepsystems is projected. The main drivers
fuelling the break down in water purification areojected to be the speed at which
ecosystems are degrading, high waste loads ovéampastosystems and the reduction in
wetland area due to increases in population andtudyral land. Under thérder from
Strengthscenario, water purification declines in all caiggt and in the case of some poorer
nations, the water purification capacity of somesystems decreases to lower levels than
projected under th&lobal Orchestrationscenario. Under thé&dapting Mosaicscenario,
localised protection of wetlands means that anes®e in the water purification capacity of
ecosystems is projected. Even though frechnoGardenscenario projects the smallest
environmental pressures out of the four scenatios, time taken for reengineering of
ecosystems is slow resulting in little net changerojected water regulation by 2050. There
are, however, improvements made in poorer countigsg to the time lag present in
ecosystem engineering and in some countries, ax@idiistakes made in wealthier countries
(MEA, 2005, pp358-359).
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Coastal protection

The level of coastal protection provided by ecomyst was considered by the MA with
respect to the adaptive capacity of nature (e.wptence of coral reefs and mangroves) and
society as well as the extent of sea level risee WA projects with medium certainty that
there will be a higher storm risk to all coastapplations under all scenarios due to sea level
rise, the risk being relatively higher in pooremntries. Among the scenarios of the MA,
coastal protection is projected to remain arouredslime as current levels under Glebal
Orchestrationscenario owing largely to the reactive approaclerngironmental protection
taken. A similar picture emerges from the projetdidor coastal protection under tBeder
from Strengthscenario, but degradation of coastal ecosysteragrre poorer nations leads to
a large loss of coastal protection. Owing to thgiamal approach taken under tAdapting
Mosaic scenario, it is likely that storm protection wod&hture as a priority and hence it is
projected that improvements to coastal protectiohbe made under this scenario.

3.8.3 Supporting services

Supporting ecosystem services are those that aressary for the production of all other
ecosystem services. Their impacts on people areettdr occur over a long time frame and
include nutrient cycling, soil formation, primaryaggluction and provisioning of habitat. In
general, the scenarios in which people handle enmental problems in a reactive manner
more often than not-&Global Orchestrationand Order from Strength-do not focus on
maintaining supporting services. The short-termraggh to fixing the most immediate
problems does not allow for full consideration ofd-term services such as the ones in this
category. Thus supporting services are projectachttergo a slight, gradual decline in these
two scenarios. This decline is likely to go unnetiantil it causes significant changes. On the
other hand, the two scenarios in which some enmental actions are proactivAdapting
Mosaic and TechnoGardenmay give some consideration to the managementedfin
supporting services, causing them to remain stdadyghout these scenarios.

3.8.4 Gaps or limitations in the models

Certain ecosystem services, such as cultural amposting services, pose particular
challenges in relation to modelling and have noerbenodelled in the assessments.
Assessments under the MA made for these servieegualitative based on expert opinion
(2005d, p360). In addition, other services arerreteto but not modelled directly, such as
pollination and biological pest control.

Non-linearity in the flow of services could be ajaraissue because there are likely to be
thresholds of biodiversity required beyond which #tosystem services decline rapidly (see
Box 3.4). As a result significant loss of ecosystarvices may occur long before key species
become globally extinct (MA, 2005d p377). Howevauch thresholds are not addressed in
any of the models.

Box 3.4. Critical thresholds/tipping points

A ‘critical threshold’ can be defined as a pointvibeen alternate regimes in natural systems. Whareahold
in a certain variable in a system is passed, thesyshifts in character and the provision of éegaosystem
services may be lost. Once crossed, it may becdiff{or impossible) and costly to return an ectaysto its
original state. Thresholds may include a minimurbitad size to support viable populations of speciea
minimum number or density of a species to remaiblst(ten Brinket al. 2008).
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3.9 Costs of biodiversity and ecosystem service loss

Access to knowledge about the economic impact asdscof the various policy options
regarding biodiversity is essential to making infied policy decisions. This area is not
extensively covered in the global assessments, hwdie not systematically attempt to
estimate the cost of losing ecosystem servicebercosts of preventing such loss. As such,
no new modelling exercises were carried out inglbbal assessments. This following section
contains a summary of the references made to $he is the global assessments and includes
a summary of th&he Cost of Policy Inactio(COPI) study carried out as a support document
for TEEB (Braat and ten Brink, 2008).

3.9.1 Cost of policy inaction

The debate around the cost of ecosystem loss ltasnieeincreasingly topical since Costanza
et al. (1997) attempted to provide an estimate of thaltetonomic value of Nature’s
services. Their result — USD $33 trillion per ydar the value of ecosystem services
compared to $18 trillion of the global economy -s leeen criticised on the one hand for
extrapolating marginal valuations to entire globabsystems and on the other for being a
“significant under-estimate of infinity” (Toman, 29; cited in Braat and ten Brink, 2008).

The OECD (2008, Chapter 13) reviews literaturetmndost of policy inaction in three areas
of environmental policy: i) health impacts from aand water pollution; ii) fisheries
management; and iii) climate change. With regamdigheries, it quotes evidence from
Bjorndal and Brasao (2005) that the net presenievalf retaining the existing ineffective
fishery management regime for East Atlantic bluéfina is only one third of what would be
achieved from an optimal regime of restrictionsgear selection. A separate study found that
the lost net present value of continuing the exgstexcessive fishing regime of 13
“overfished” fish stocks in US waters was USD $3#8lion compared to implementing
stock “rebuilding” plans developed by Regional leishManagement Councils (Sumaila and
Suatoni, 2006; cited in OECD, 2008). This made ¢herent excessive fishing practices
almost 3 times as expensive as the recovery plEms.OECD points out that although the
cost of ecosystem service loss is often borne bgelwho exploit the resource, others may
bear some of the costs. For example, after theags#l of the Canadian cod stock, an
estimated CAD$3.5 billion was spent on income suppand government assisted
programmes for fishers, placing the burden on tayeps (OECD, 2006; cited in OECD,
2008).

In 2008, Braat and ten Brink carried out an assessmf the cost of current and projected
losses of ecosystem services in the study of CORILh considered a mixture of cost types:
actual costs, income foregone (e.g. lost food pebdn) and stated welfare costs (e.g.
building on willingness to pay estimation approah&ome costs can be directly translated
into monetary terms that would feed directly intBR5 some would have an effect indirectly,
and others would not be picked up by GDP statisfitss study used the GLOBIO model to
estimate changes in natural areas and biomes, tiauhed monetary values associated with
the ecosystem services of the biomes, using afisigni literature review at each stage to
determine these values. To compensate for gapbkeiditerature, assumptions were made
about the relationship between ecosystem servioégion and landuse type within a biome
(also see Figure 4.1 below). The study found thatloss of welfare from the reduction in
land based ecosystem services amounted to aroubdlib@ EUR per year starting in 2000,
increasing every year that biodiversity loss cams By 2050, under a business as usual
scenario, expected cumulative losses between 200@@60 would amount to $14 trillion per
year from the loss of land based ecosystems atmmestituting 7 per cent of GDP by 2050.
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These figures are estimated to be conservativa) dabey do not consider all ecosystem
services (losses from coral reefs, fisheries, iiveaalien species and wetlands are omitted);
i) the projected rate of loss is calculated from‘naiddle of the road” economic and
demographic scenario; and iii) values do not carsin-linearities and threshold effects.

3.9.2 Cost of policy action

Costing policy actions provides an opportunity éeanpare policy options against the cost of a
business as usual scenario. The GBO-2 considerpdigy options and estimates if the
impacts of policy scenarios on the economy wilpbsitive or negative. The policies are:

)] liberalisation of the agricultural market;

i) alleviation of extreme poverty and hunger in Sub&Ban Africa,
i) limiting climate change;

V) sustainable meat production and consumption;

V) increasing the area of plantation forestry; and

Vi) extending the protected areas to 20 per cent df e@cne.

It concludes that policy options for sustainableatrioduction, increased plantation forestry
and protected area® not have a major impact on the broader econargnghat meat and
forestry sectors only form a small part of natioeabnomies (in the order of 1 per cent; FAO,
2004; cited in sCBD and MNP, 2007). Both sustaieableat consumption and production
policies and extending effectively protected arbad an immediate effect on reducing the
rate of biodiversity loss, suggesting these weredgealue-for-money policies. Trade
liberalisation and poverty reduction results inoasl of biodiversity in the short to medium-
term while having a positive impact on GDP. Climett@nge mitigation is considered to have
negative impacts on both biodiversity and GDP ie #short- to medium-term due to
expansion of land required for biofuels, althougts iexpected this is partially because 2050
Is too short a time period to experience the pasitinpacts of climate change mitigation. The
distribution of benefits varies from region to regi with Sub-Saharan Africa expected to
benefit economically from liberalisation, povertjegiation and climate change mitigation,
but suffering significant losses to biodiversit® 8D and MNP, 2007; p37). The report does
not provide a cost-benefit analysis assessing vieeall welfare impact of losing biodiversity
but gaining increased economic growth.

The GBO-2 quoted evidence that establishing andingna global reserve system (15 per
cent land, 30 per cent sea coverage) would costoaippately $30 billion per year (see

Balmford et al, 2003; Balmford. and Whitten, 2003; Jane¢sl, 1999a; cited in sCBD and

MNP, 2007). Increasing forestry plantations woutvalve government subsidies or tax
exemptions of approximately $10 billion (Ernst a@bdrst, 2004; cited in sCBD and MNP,

2007, p28). Other models have looked at the cosedficing deforestation rates through
REDD programmes (see Section 3.5.3).

The other assessments do not attempt to reflectasteof policy actions in monetary or GDP
terms.

3.10 Policy options

Ecosystem degradation can rarely be reversed witaiions that address the negative effects
or enhance the positive effects of one or mordefitve drivers of change: population change
(including growth and migration), change in economctivity (including economic growth,
disparities in wealth, and trade patterns), sodibpal factors (including factors ranging from
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the presence of conflict to public participation decision-making), cultural factors, and
technological change (MA 2005a, p19).

3.10.1 Improving governance for agricultural technology @nsfer

The IAASTD highlights the need for innovative gavance and finance models to ensure the
adoption of ecologically and socially sustainalgeuiltural systems. It states that sustainable
agricultural practices are more likely when thetitnfonal arrangements provide secure
access to credit, markets, land and water for iddals and communities with limited
resources. The assessment acknowledges the posipeets of international trade but warns
that without the appropriate national instituticgsd infrastructure in place it can impact
negatively on poverty alleviation, food securitydahe environment. The future direction of
agricultural knowledge science and technology (AK8duld be improved by internalising
the environmental externalities and rewarding #etw for environmental services. It
suggests that this could help tackle problems sscbxportation of soil nutrients and water,
and unsustainable soil or water management. Lilewiargeted AKST investment that
recognises the multifunctionality of agriculture,f a@wommodity output and non-
commodity/public good outputs could assist progtessrds development and sustainability
goals (IAASTD Summary for policy makers, p6).

3.10.2 Biotechnology and biodiversity

In spite of the limited growth in the developmeritt@nsgenics, it is possible that these
technologies will re-emerge as a major contribtmaagricultural growth and productivity.

This may be particularly required in response imate change related challenges such as
prolonged drought and warmer temperatures. The [HAStates that genetic engineering
could have a key role in meeting these challengekjcing vulnerability of crops to climatic
and other shocks and reducing natural resourceigcaFransgenic crops could increase crop
yields and thus reduce expansion into natural awedltivated areas.

One of the main risks to biodiversity is the outsging of genes to wild relatives, although
the risk of crops persisting in the wild is consetk relatively low. Out-crossing could be
prevented by the use of genetic restriction of riéproductive capacities, but this is
controversial as it prevents farmers from savingdsieom one season to the next (IAASTD
2008).

3.10.3 Ecosystem-based approach to fisheries management

The assessments concur that strong internatiowatlit@tion and an ecosystem approach will
be required to manage the multiple pressures otuigfisheries. The OECD contends that
the negative trends in capture fisheries can bersed by further measures to limit total catch
levels, designate fishing seasons and zones, tedighing methods and eliminate subsidies
for fishing capacity (OECD, 2008, p32).

3.11 Conclusions

All the assessments agree that substantial biagdiyeltoss will continue under all the

considered policy scenarios. These scenarios iaghudtecting 20 per cent of ecosystems in
all regions of the world (which is an ambitiousget) and reducing meat consumption; but
both measures only result in minor biodiversity senvation benefits according to the
projections and the MSA indicator. As noted abdkies conclusion is surprising and may be
due to the sensitivity properties of the MSA indica and/or models. Furthermore, the
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majority of the assessments used the MSA as thecipal indicator of all projected
biodiversity impacts. Thus most of the conclusionsthis report are based on this one
indicator, which highlights the need to ensure thas as robust and sensitive as possible.
This issue is addressed further in Task 3.

Although the minimal projected impact of protecieas is questionable, it is clear that,
ultimately it is the drivers such as increasing ydapon growth and prosperity,that have an
overwhelming influence on biodiversity outcomes.eifimpacts vastly outweigh specific
measures that attempt to protect biodiversity. é&@mple, our increasing demand for energy
continues to exacerbate climate change which bes@sggnificant pressure on biodiversity.
Scenarios which attempt to deal effectively witimelte change assume a greater use of
biofuels which increases demand for land and watsvurces and has adverse effects on soil
erosion.

In addition, most assessments make optimistic gssons about the increased productivity
of agriculture, which could significantly reduceetheed for expansion of agricultural land
into natural areas. Therefore, according to thesessments, the productivity increases are
key to ensuring that biodiversity losses are nanegreater than those forecast in the models.
Investment in agricultural knowledge and researithb& vital to ensuring this happens.

The consequences of biodiversity loss on ecosystamices is unclear. There is evidence to
suggest that ecosystems may require a minimum tguaig. abundance and diversity of

species) to maintain many important ecosystem &esviBelow such critical thresholds,

ecosystems reach a tipping point, and may suddswiych their character, no longer

providing the ecosystem service. Furthermore, éséoration of such ecosystems, if possible
at all, is likely to be very difficult and costly.

The GEO-4 assessment contends that biodiversisydostinues because current policies and
economic systems do not incorporate the valuesiadilersity effectively in either the
political or the market systems and many policies are in place are not implemented fully
(UNEP, 2007, p159).

Given the projected expansion of the global econtmB030, failure to act on environmental
challenges will undoubtedly result in greater intpamn biodiversity and ecosystem services
in the future. Natural resource sectors will finehthnd increasing for their output as large
economies (e.g. Brazil, the Russian Federationaladd China) continue to experience rapid
growth. Sectors such as agriculture, energy, fisegforestry and minerals will need to have
strong policies in place to reduce the environnleimgacts of this rapid growth (OECD,
2008, p75).
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4 ASSESSMENT OF IMPACT OF KEY ASSUMPTIONS

4.1 Description of Task 3 from the ToR
With respect to the aim of Task 3 the ToR stateth(aur emphasis added of key points):

A) “The assessment should examimmv changes in key assumptions affect the results o
different modelswith a focus on either the impact on ecosystem servicesoonrthe
economy more generally

B) “The assessment should have a consideration of
1. the extent to which the scenario-model studies abbk used for making large-scale
assessmentf the impacts of the loss of biodiversity and sgstem services
worldwide, and
2. also ofhow such models could be adapted to better assedigs (including
coupling of biophysical models with economic modelassess the wider effects on
the economy).”

With respect to the methods to be employed, the Staks:
A) “This should be done through
1. theidentification of a number of key assumptions (drivers) with the Commission
and then
2. an examination of how these influence the model&enerally involving
identification of a baseline and then of an altdima scenario)”.

B) “Amongst the assumptions to be examined shaeild b
1. a selection of exogenous factor@ike population growth, demand for natural
resources and energy, etc) and
2. a selection of policiesffecting biodiversity and ecosystems, such agualtural or
fisheries management decisions, timber loggingfdstation, or strict conservation”.
C) " The choice of the key assumptions and modelg texamined should be
1. determined during the carrying out of the previotessks and
2. agreed with the Commissioh

4.2 Methods

4.2.1 Assessment of key assumptions

It was recognised from the very beginning in thigjgct (Inception meeting, January 2009)
that it will not be possible to carry out an anaysf the sensitivity of models to policy
impacts and other parameters by running modelscangparing results. This recognition was
based on the realisation that to run models thdysteaam would need full access to the
models, meaning (1) having operational, runningsieeis of the models on computers
capable to do so, (2) manuals to operate the madedsd from the original model builders
and computer-code programmers, (3) the source oadh explanations, (4) full
documentation of the technical format of the mqd®hthematical equations, input data files,
parameter settings, initial condition settings) dBYl access to a help-desk. To be able to
compare results (of model runs), the study teamldvoeed full access to the output of model
runs, with full documentation of the runs, inclugliscenario-input files. The time and
financial budget available for the assessment, rif@de@approach impossible.
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However, it was expected to be possible to idemidiential weaknesses and key assumptions
by an examination of the descriptions of model citrre and applications of models in
scenario-driven assessments. To test this expattiatiormation was gathered and examined
with respect to descriptions of the models and mgliaations of the models. The major
sources have been the descriptions as produceagtiniask 1 of this project, summarised in
tables (see Appendix 1), and the literature obthiftem a literature search also provided
through Task 1 (see list of references). Adequateichentation for Task 3 was only available
in “bits and pieces”. The description of models applications does not provide enough
detail for a reliable comparative assessment at¢hessollected set of models. The published
descriptions of models and results of applicatipresent the output in relation to the general
structure of the models and to the general featirédse scenarios used to produce the model
output, but only a few incomplete cases is detailledumentation available that the desired
assessment could be made.

The study team therefore decided to (1) work whih material available, and (2) go through a

phase of selection of models which would refleet thlevance and quality of the models at a

general level, to be able to spend the availabldgbuon an assessment of those models
which were deemed most promising. The results igf ltmited assessment are presented in

section 4.3.

4.2.2 Selection of models

In the ToR it is mentioned that the “task will cates in detail a subset of the models
included in Tasks 1 and 2”. It was clearly neces$am the results of Task 1, the inventory
of models, scenarios and assessments, to redtectcdverage of models to enable an
examination of their structure and assumptionauiificsent detail to draw useful results. The
first analytical steps in Task 3 were thereforeysteamatic screening and evaluation of the
collected models, based on an explicit set of iataeflecting the ToR. The criteria were
discussed within the project team and agreed ugdhéeoproject leader.

As it was required that the work under Task 3 sthidmbk into to the usability of the scenarios
and models in a TEEB context, this was part of skeeening and evaluation criteria.

Furthermore, in the selection process, the poteotiandividual models with respect to their

degree of adaptability to key factors and to helfhwselection of appropriate policies was
addressed. The issue of how to introduce "additigpalicies to the models should also be
examined, and following the Workshop (see Task dptdr) some views are presented in
section 4.4.

The starting point of the selection process, ang tf the definition of the selection criteria is
that the selected models will be those that inclpdécy assumptions that are of most
importance and relevance to TEEB and will be abladdress a number of points:

* Address a variety of themes and policies

* Allow for new types of approaches and thus be areitive

» Be able to be adaptable, thus in the future allepaasion/adds-on or modifications.

The following selection criteria were applied te tbet of models provided through Task 1.
1. Suitability for TEEB scenario-studies
a) Quantity and quality of ecosystems services (iatr@h to land and marine
ecosystem useg.g. give output in terms of provisioning servif@sps, meat,
fish, timber, water etc.), regulating services {@am sequestration, water
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b)

c)

purification, flood mitigation, local pest contrahatural pollination), cultural
services (biodiversity measures appreciated byistajrinformation content),
supporting services.

Economic value as output parameters or the powgiltd link ecosystem
(goods and) services directly to economic parammdsarvices specified in
terms of physical units per unit area per unit tjnhecalised and linked to
specific economies)

Global — regionalised outp@preferred above specific case regions which may
contribute adaptive modelling efforts)

2. Earlier application within assessments: The assestsrmay be global , sectoral or
regional

3. Availability to assessments within TEEB

This criterion is secondary, as it indicates rathepractical aspect of TEEB

process than a quality of the model or assessntedy.s(The team realises that

some models have been developed with great effdrgeeat cost, sometimes by
public funds and sometimes by private enterprisgo,Anodels as simplifications
of reality tend to be most effective in policy as& when the original modellers
who implemented the simplifications are involvedhia analysis. The availability

in the “public domain”, published or on internet.¢e software products available

and free to use) may however be of interest to TiBEBe long rui.

The scoring method used to rank the models ofriientory (see Task 1) is very basic. The
number of criteria for which the model deliveredm&kind of relevant contribution was
counted. Several models did not incorporate featumbich made output in terms of
ecosystems services, biodiversity indicators, amemic values possible. In these cases a
blank was left in the spreadsheets (8aaex to Chapter)4 Spatial resolution was also scored
and global models without any spatial specificatimnregion or grid-cell produced a zero
score on this criterion. If some kind of regionatien was available, a grey spreadsheet-cell
was indicated.

4.2.3 Technical evaluation of the selected models

The selected models have subsequently been evdiligatine following five aspects:
1. General quality; this includes aspects on the éxibparameterisation, calibration and
validation of the model, and whether the modelsehbeen peer reviewed and if
available the results of such reviews.

a)
b)

c)
d)
e)

Parameterisation - to what extent has the model paeameterised using data?
Calibration - to what extent has the model beeibikd to generate sensible
output?

Validation - to what extent have the model resbésn validated?

Peer-review of model — is the model peer revieweaod?

Peer review results — what is the result of that peview?

2. Assumptions; what are the main assumptions abonardics (rivers, feedbacks,
distributional; trade flows, spatial physical prases; human behaviour, behaviour of
economic agents, governande the models and scenarios affecting the outcofoe
ecosystem services and economic aspects. How r@abasthe results? Drivers &
assumptions — description of the main drivers asdigptions in the model.

a)

Feedbacks - Description of feedbacks in the model
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b) Sensitivity — sensitivity of the model output fothanges in input or
assumptions.
c) Robustness of results.
3. Uncertainty; How certain are we about the input antphut of the models.
a) Main uncertainties — description of the main uraettes in the models.
b) Uncertainty analysis — (how) has an uncertaintylyasig been carried out for
the model?
4. Transparency; refers to how well documented theetsoahd assumptions are.
a) Manual/model description availability - is a man@ad model description
available covering al main relationships and inteoas?
b) Documentation of assumptions and uncertainties -naain assumptions and
sensitivity explicitly reported?

In addition, the ToR requirements include an assess of the adaptability of the models to
accommodate other types of (policy) analysis tmaprevious applications. A special section
in this chapter reviews the adaptability and po#mif extension of the selected models with
“special features” models (see Section 4.3.4).

4.2.4 Types of assumptions

With respect to scenarios, seven types of assungtoee distinguished, six of which are in

the so-called “human” domain, and the last onepate, in the natural environment domain.

. The human domain includes demographic aspects, péitameters such as total
population growth rates, or various breakdowns sxje classes (cohorts), regions, or
Sex.

. The second type, economic aspects, is often rapexbdy a Gross Domestic Product
indicator, but may also include consumption paramseior income distribution aspects.

. The third type is sometimes incorporated as ani@k@ssumption of technological
development, but is also in some cases built ih® model-dynamics as an ever
increasing efficiency parameter in energy use odpction functions.

. The fourth type is split for this analysis in (1¢rgral policy measures (part of the
Response loop in the DPSIR diagram) or sectoralsorea, basically enhancing the
production processes, and (2) environmental, regoor biodiversity policies, basically
modifying the economic production and consumptiomocpsses to achieve
environmental goals.

. The fifth type is less specific, but is very muchesent in the story-lines of the
exploratory scenario studies. It refers to différarrangements of political influence,
e.g. top-down versus network versus bottom up.

. The sixth type is governance, e.g. relating to gowent performance and legal
implementation.

. Finally, climate change, in various forms is beaognan exogenous driver in many
models, following the climate change pathways tesyfrom e.g. the IPCC studies.

With respect to models, the different types of agstions embedded in the model equations
are assumptions for the land-use changes, for iamge in other environmental factors
(pressures), for the biodiversity dynamics anddheations describing the various ecosystem
service processes, related to land use and otessymes, biodiversity and the drivers.

Thirdly we have addressed the assumptions behmadlculation of biodiversity indicators
and ecosystem service indicators, as represergabbrine relevant output of the studies

93



discussed in this Task 3. Of course, these mgyabeof the modelled dynamics and as such
the relevant assumption may be discussed undeh¢aating as well.

4.2.5 Indicators

Although not explicitly part of the ToR, a shorsdussion of the indicators for biodiversity
and ecosystem services changes is included, basadeview of the most recent literature,
and focusing on the indicators used most promigantthe models and assessments in the
Task 1 inventory.

4.3 Results

4.3.1 Introduction

The results of the screening and selection of thdeis are presented in 4.3.2. The results of
the evaluation on the technical criteria are presknn section 4.3.3. The adaptability is
discussed in section 4.3.4. From the ambitionsEBEEB project it was derived that the first
filter would be the extent to which models are oflabal scale, have been used in global
Assessment studies and present results that wanddtlg or indirectly be useful to TEEB
objectives (see TEEB 2008). As to the types of ages distinguished in the Task 1 report,
all types were considered useful at this stagenafyais. Terrestrial and Marine models were
considered separately because the Task 1 invemtdigated that currently no models exist
that combine the two, using similar approachesichtdrs for assessment of changes in
biodiversity and in ecosystem services are disclgssection 4.3.5.

4.3.2 Integrated assessment models: the selection

First a preliminary selection of models that woh#st fit within the ambitions of TEEB was
made using the criteria related to the extent tloelets consider the four different types of
ecosystem goods and services (provisioning, supgontegulating or cultural services) and
biodiversity, if economic value is included in tloaitput, the spatial scale of the output
(whether global, regional or both, spatially explar not), and earlier application in global,
sectoral or regional assessments.

Terrestrial models
Table 4.1 presents the top 4 terrestrial models filois evaluation step and Table 4.2 the top
3 marine models (see for full tables with featualed score Annex 4.1 and Annex.4.2

In the category of terrestrial integrated assessmmrdels the IMAGE model, the AIM
model, MIMES and the related GUMBO models receitreslbest scores. The GUMBO and
MIMES model are from the same modeling group, MIMEt8| under development to
provide a spatially explicit version of GUMBO. TRdM model has a track record in the
IPCC assessments, but it has proven to be verytbaadsess the actual capabilities of the
model, as there are many different “sub-models’hvdifferent degrees of documentation.
The analysis in Task 1 indicates already the difficto pinpoint the qualities of this model.
The IMAGE model has the most extensive track reagordlobal assessments and has also
been used as a basis for GUMBO/ MIMES. It is alsomplex set of “sub-models” but there
was documentation available for evaluation.
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Table 4.1 Best scoring terrestrial integrated assesent models

Ecosystem Service Provision E . Applicati
Model o ) ) Bio- Vclonon;lc Scale of pplicatio
name Provisioning | Supporting Cultural Regulating diversity alue o Output nin
services services services services Output assessment
IMAGE Agricultural Soil fertility Carbon flux, | MSA Global SRES, MA,
production, carbon through link (details for | GEO,
including plantations, | with 24 world OECD,
grass/ fodder ocean GLOBIO regions or | IAASTD,
production & carbon, 0.5°x0.5° | EURURALI
livestock/ water-erosion grid (land S
milk sensitivity, cover, land
production, air pollution, use)
demand for soil moisture
wood
products,
timber,
fuelwood
GUMBO | Harvested Soil recreation, gas valuation: global, 11
organic formation cultural regualtion (C marginal biomes
matter, water | (decompositi | (pos.related | flux), climate product of globally
supply, on), nutrient | to total regulation ecosystem aggregate
mined ores, | (N) cycling biomass & (temp.), services in d, not
and 'extracted den'sny of was'te' ' both the spatially
fossil fuel social assimilation, model’s explicit
network, disturbance production
neg.related to| regulation and welfare
human (variation in functions
population total
size) biomass)
MIMES Food Soil recreation, climate valuation: global, 1°
production, formation, cultural regulation, marginal by 1°
production of | nutrient waste product of resolution
raw materials| cycling assimilation , ecosystem
disturbance services in
regulation both the
model’s
production
and welfare
functions
AIM Water greenhouse | Vegetation Focused on| SRES
supply, food gas distribution Asian-
and timber emissions, air Pacific
production pollution, region, but
carbon linked to a
sequestration global
,human model
health representin
(malaria g 9 regions;
distribution), 5°x 5°
flood damage

In the category of terrestrial integrated assessmerdels the IMAGE
model, MIMES and the related GUMBO models receithesl best scores.

model, the AIM
The GUMBO and
MIMES model are from the same modeling group, MIMEt8| under development to
provide a spatially explicit version of GUMBO. TRdM model has a track record in the
IPCC assessments, but it has proven to be verytbaadsess the actual capabilities of the
model, as there are many different “sub-models’hvdifferent degrees of documentation.
The analysis in Task 1 indicates already the difficto pinpoint the qualities of this model.
The IMAGE model has the most extensive track redgordlobal assessments and has also
been used as a basis for GUMBO/ MIMES. It is alsomplex set of “sub-models” but there
was documentation available for evaluation.

The models that did not get included in Table 4eteanot selected for a variety of reasons as
can be seen in the Appendix 3.1. Currently theneoicomprehensive terrestrial model that
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fullfills all TEEB ambitions of a full-scale (sodiand economic) assessment of the costs and
benefits of biodiversity policy action scenariosyass all biomes, ecosystem services and
economic values. For example, cultural servicescokystems are only included in a limited
number of models. In the MIMES and GUMBO modelsr@ation is included as a cultural
service. To be able to cover most ecosystem senand to allow analysis through all spatial
scales that are relevant for impact assessmentlmigs, it seems necessary to combine an
integrated assessment model with one or more séctoodels. Therefore a review is
presented in 4.3.4. of models which are promismgproviding” additional capability to
produce the desired TEEB assessments

a. IMAGE (Integrated Model to Assess the Global Envirmment)

The model covers a wide range of themes: demograpbiyd economy, agriculture, energy
supply and demand, emissions, land allocation, azgrinitrogen and water cycle, climate
change, land degradation. IMAGE uses input fromdaho (demography) and has been
linked to several other socio-economic models iobgl assessments, e.g. GTAP, Env-
Linkages, WaterGAP, IMPACT. GLOBIO uses IMAGE outpfor the calculation of a
biodiversity index. IMAGE is a global model withtdds for 24 world regions (energy, trade
emissions) and/or 0.5° x 0.5° grid (land coverdlase). Drivers are population projections
(from UN, IIASA, or from the PHOENIX model), econandrivers (from POLE Star),
technological development, policy options and ctenghange.

b. AIM ( Asian Pacific Integrated Model)

AIM covers energy consumption, land use changectufig water supply, vegetation changes
(agriculture, forestry production), human healtraf@nia spread). It was selected as reference
model in the Special Report on Emission Scena®®ES) and in Third Assessment Report
(TAR) both of Intergovernmental Panel on Climatea@de (IPCC) and also in the Global
Environment Outlook (GEO) of United Nations Envinoental Program (UNEP). AIM
simulation results were used by many other intéwnat organizations including OECD,
ESCAP, ADB, UNU, and WWF. The AIM can also be apglio other issues, such as local
air pollution issues, acid rain problems, forestnagement policies and other energy,
agricultural and water resource management problekid was also used in the GEO
assessments. AIM is a global model with 9 regiondSA, Western Europe OECD and
Canada, Pacific OECD, Eastern Europe and FormeaeSdnion, China and Central Planned
Asia, South and East Asia, Middle East, Africa, Medand South America (focussed on
Asian-Pacific region, but linked to a global modspatial resolution: 5° by 5°.

c. GUMBO (global unified metamodel of the biosphere)

GUMBO is a complex simulation model, with dynamicterlinkages between social,
economic and biophysical systems on a global sdal®ysing on ecosystem goods and
services and their contribution to sustaining humesifare. The main objective in creating
the GUMBO model was not to accurately predict theure, but to provide simulation
capabilities and a knowledge base to facilitategrated participation in modeling. There are
many (>100) international collaborators. Drivers time model are human population,
knowledge and social institutions (rules and norriigey drive the rate of the material and
energy flux. Both ecological and socioeconomic gjfegnare endogenous to the model, with a
pronounced emphasis on interactions and feedbaatksebn the two. Dynamic feedbacks are
included between human technology, economic prasluctvelfare and ecosystem services.
There are modules to simulate carbon, water, arident: fluxes through the Atmosphere,
Lithosphere, Hydrosphere, and Biosphere of the ajlakystem. Social and economic
dynamics are simulated within the AnthropospherdMBO links these five spheres across
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eleven biomes, which together encompass the exiface of the planet. Limited degree of
substitutability between natural and social, hunaaxd built capital. The 11 biomes are
globally aggregated (open ocean, coastal oceamst&rgrasslands, wetlands, lakes/rivers,
deserts, tundra, ice/rock, croplands, urban): desal use, but is not spatially explicit. It is
constructed in STELLA (a graphically supported dettion language) as a dynamic systems
model, but in fact uses as a meta-model relatipssbased on outputs of more complex and
computational intense models, a.o. IMAGE.

d. MIMES (Multiscale integrated model of ecosystem seices)

MIMES builds on the GUMBO model to allow for spétexplicit modelling at various scales,
MIMES is a metamodel that used output from sevglatbal models (IFs, IMAGE, CLUE, Phoenix,
AIM, CLIMBER, EcoSim, IMPACT, WaterGAP, CENTURY, BIME) to derive relationships
between variables.

Marine models

Currently there is no comprehensive marine modai fulfills TEEB’s ambition of a full-
scale (social and economic) assessment of the andtbenefits of biodiversity policy action
scenarios, across all biomes, ecosystem servicgseaonomic values. From a review of
currently available marine models it was conclutteat the marine model that best fulfils the
needs of TEEB is the Ecopath with Ecosim (EwE) nhddgeloped by the Fisheries Centre at
the University of British Columbia. Two other moslevhich should also be considered by
TEEB are the Cumulative Threat Model, developedBey Halpern and colleagues at the
University of California, Santa Barbara (Halpetnal 2008), and the Reefs at Risk approach,
developed by the World Resources Institute (WRig tnternational Center for Aquatic
Living Resources Management (ICLARM), the UNEP W orConservation Monitoring
Centre (WCMC), and the United Nations EnvironmerdgPamme (UNEP). These last two
models provide a contrast to EWE in their approashhey are based on combining spatial
data layers as opposed to the mathematical appafaéWwE where the outputs are derived
from differential equations to quantify the ecosyst

97



Table 4.2 Best scoring Marine Integrated Assessmentodels

Model Ecosystem Service Bio- Economic Scale of | Applicatio
name Provision diversity Value of Output nin
Output assessment
Provisioning Regulating Cultural Supporting
services services services services
EwE, Fisheries (inc. | Biomass and| Economic Population X EV under Multi-scale, | Millennium
EcoSpace | their ecosystem| fluxes valuation of | dynamics different ecosystem Ecosystem
& EcoVval | effects). resources (Top-down vs. management| models. Assessment
(Ecoval). Bottom-up scenarios; Ecospace: scenarios
controls) spatial and the
representatio| GEO-3 and -
n & user- 4
defined grid | projections.
cells.
Cumulativ | Impacts on Impact Impacts on Reduction in X benefits of Global but X
e Threat fisheries/aquacy ability of recreation, nutrient highly can be
Model for | lture; abiility of | ecosystem to| aesthetic cycling ability impacted applied at the
the global | ecosystemsto | provide values and (e.g. through areas vs less| local- and
ocean provide non- regulating experience, | dead impacted regional-
living services spiritual zones/pollutio areas. scale; 1krh
resources. generally. enrichment | n); Impacts on resolution
etc. habitats and grid.
their services.
Reefs at fisheries; Nitrogen Recreational | Mantainence | x benefits of Global coral | x
Risk medicines; fixation; Value; of habitats, coral reefs; reefs; 4km
seaweed and CO2/Ca ecotourism; | biodiversity vulnerability | resolution
algae for agar; | budget sustaining and genetic of coastal
Curio and control; livelihoods library; habitats to
jewellry; Live Waste of local resilience; natural
fish and coral assimilation. | communities | exchange hazards;
for aquarium ; aesthetic between human
trade. value; ecosystems; health;
support of protection of livelihood
cultural, shorelines;
religious and | generation of
spiritual coral sand;
values. build up of
land.
(1) Ecopath with Ecosim (EWE)

The EwE model was deemed most suitable for inatusio TEEB process. Although
primarily applied to the fisheries sector, it ise@sosystem model and assesses the ecosystem
status through the quantification of biomass ahdamphic level. EWE covers a broad range
of ecosystem services including provisioning, suppg and cultural services, and as such is
relevant to the economic valuation of ecosystemdgoand services under different

management scenarios,

linking to food security asstand economic

impacts of

bioaccumulation, among others. EwE is a multi-scatedel which can be applied to any
ecosystem scale as defined by the user, and ha®ysly been applied as a component of
integrated assessments, namely the Millennium Etesy Assessment and the GEO-3 and
GEO-4. As part of the integrated assessments, Eadlwked with other models proving it
can be adapted to a range of assessment applgailibe model, including its sensitivities
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and uncertainties, is well documented in the ltteea Model outputs are based on actual data
from stock assessments, ecological studies, ankitéh&ture, and model outputs are validated
by time series fitting and uncertainties assessaaguhe ‘Ecoranger’ application. Although
this leads to the assumption that the resultsaarky fobust, outputs from EwWE are senstive to
the input data used meaning the user is requirezhtefully select input data depending on
the outcome required.

(2) Cumulative Threat Model

Halpernet al’s (2008) Cumulative Threat Model assesses thaaingf anthropogenic threats
on the global ocean through an additive analysispaitial data layers. As a global model
which examines a wide variety of marine ecosystehes,outputs can be related to a broad
range of ecosystem goods and services provideddmynenhabitats. As such, it is relevant to
economic models via the implication that areashef @acean that are more highly impacted
will not be able to provide the quality and rangeecosystem goods and services when
compared to less impacted areas, and subsequesslyt ecosystem goods and services will
negatively impact the economic value of these h&éb#&ind may have implications for human
health. The Cumulative Threat Model is a global eiadhich can also be applied at local and
regional scales. However, it has not yet been deduas a component in broader integrated
assessments or been soft-linked to other modeticating that its adaptability is still
unknown. The model, including its sensitivities, cartainties and validation, is well
documented in the online Supplementary Materialsckvlaccompany the peer-reviewed
paper. Model outputs are based on statistics froovemments and international
organisations, observational data, remote sensatg@, @nd secondary model outputs which
are manipulated statistically and normalised ptoibeing combined to produce the final
output. Although there are discrepancies in tha daterms of temporal variation and gaps,
the extent of statistical treatment and documetadi this process is indicative of the ouputs
being fairly robust.

(3) Reefs at Risk

The Reefs at Risk model illustrates a similar apphoas the Cumulative Threat Model,
through the addition of spatial data layers, ansldme instances model outputs, to produce an
output describing the degree of anthropogenic thi@aoral reefs. In terms of ecosystem
goods and services, the model applies to a broageraf ecosystem goods and services
provided by coral reefs, including provisioningguéating, supporting, and cultural services.
Economic valuation of negative impacts on theseices relate directly to food security and
livelihood viability issues, the increased vulneligpbof coastal communities and habitats to
natural hazards, and the tourist trade. The orighReefs at Risk provides a global analysis,
however later applications have been carried otlteategional scale demonstrating the multi-
scale nature of the model. Reefs at Risk has rtdbgen included as a component in broader
integrated assessments or been linked to other Imyaddicating that its adaptability is still
unknown. The model is documented briefly in the maublication’s technical notes.
Datasets used and their spatial and temporal \ktiyadre described, however, there is no in-
depth description of data manipulation undertakkeany) in order to process the data layers
for the final output. There is also no discussibsensitivity or uncertainty analysis. It may
be that the lead authors need to be contactethi®mformation, however, it is recommended
that the robustness of the final outputs be appre@devith some caution

General Conclusions on Integrated Assessment Models

The best model for TEEB assessment of terrestoasystems at this point in time is the
IMAGE model. It has the most extensive track recordglobal assessments (especially
compared to GUMBO/MIMES), it covers a wide rangeT&EB relevant themes (but not as
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wide as GUMBO/MIMES), and is spatially explicitadily available (compared to e.g. AIM)
and has already been used as the basis for theo€&stlicy Inaction analysis included in
TEEB phase |. It is, however not complete, perteatl easy to use. It does require actual
involvement of the IMAGE team at the NetherlandyviEonmental Assessment Agency, and
needs various extensions to allow for a full cogeraf the MA range of ecosystem services.
GUMBO/MIMES do have a wider set of services but cainplete yet either, and MIMES is
still under development as the spatially explieihd improved in other respects) version of
GUMBO. The dynamic feedback of changes in ecosysermices to economic indicators is
very interesting to TEEB and a definite improvemem the IMAGE-GLOBIO-COPI-
toolbox used in TEEB phase |, but it has not beeviewved (as we have been able to
establish) by economists for its “meaning” in ecomopolicy.

Overall, the marine model that meets TEEB seleatiiteria best is the Ecopath with Ecosim
(EwE), mainly due to its high level of documentat@&nd its inclusion in previous integrated
assessments. This model does, however, provide onk approach based upon the
quantification of biomass within an ecosystem. kynbe that the additive methodology
undertaken by the other two models described, teulative Threat Model and Reefs at
Risk, provide a more suitable approach in somescdspending upon the required outputs
and the types of data available. The adaptabifithese latter two models have not yet been
tested (the Cumulative Threat Model was only piigitsin 2008) and so an approach may be
developed in order to integrate this type of motlelpugh soft-linking or other means, with
others in order to comprehensively inform TEEB psx

So far models of the marine and terrestrial “dorsiainave been developed in isolation.
However, marine and terrestrial models need tonbegrated to explore and highlight the
important interlinkages, interdependencies and et@fts among marine and terrestrial
ecosystems. For example, marine systems providdatety services which are relevant at
global scales. These include the regulation of afenthrough the fixation of atmospheric
carbon by oceanic algae and its eventual deposditiateep water, and the role that coastal
wetlands play in water quality regulation by captgrand filtering sediments and organic
wastes in transit from inland regions to the océarterms of provisioning services, marine
environments provide food, water, timber, and filftWNEP, 2006). More than a billion
people worldwide rely on fish as their main sousterotein (Halperret al 2008), a trade-off
which is necessary to understand. Other provisgrservices from marine ecosystems
relevant to humans and terrestrial systems inclugigling materials from mangrove and
coral reef areas, and pharmaceutical compoundgedefiom marine algae and invertebrates.
Finally, the marine environment provides supportsegvices for many terrestrial processes,
including soil formation, photosynthesis, and reriticycling by healthy ecosystems, which
support goods and services used by humans. Onlintegrating models of marine and
terrestrial domains can these connectivities bdoegg and the full impacts of policies on
both the marine and terrestrial biomes be assessed.

4.3.3 Integrated assessment models: technical evaluation

The Technical assessment has concentrated on éferrpd model (set of models). This
technical evaluation deals with the following dongiquality, assumptions, uncertainty and
transparency.

IMAGE

As a global Integrated Assessment Model, the faéuMAGE is on large-scale, mostly first-
order drivers of global environmental change. Maisthe relationships in IMAGE can be
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characterised as “established but incomplete krayde This obviously introduces some
important limitations, particularly on how to inpeet the accuracy and uncertainty.

IMAGE is calibrated against historical data from6%72000 (carbon and climate), data from
1970-2000 for energy and agriculture. These datee vaerived from large international
databases (e.g. FAO). The sub-models have beesatedi. To date, no comprehensive and
systematic exploration has been performed of keyedainties and how they are propagated
throughout the entire IMAGE model to influence ftiveal results. What has been done in
many instances is to look at uncertainties in ulydey data and model formulations in sub-
systems of the overall framework, thus providingtiphsensitivity analyses for IMAGE 2.4
framework. For a discussion of the sensitivity gs@l of IMAGE 1 see Rotmans (1990).
IMAGE has been reviewed by an expert advisory board
http://www.rivm.nl/bibliotheek/rapporten/500110008f

A large number of uncertain relationships and malliefers that depend on human decisions
can be varied. Uncertainties in model parametenge Haeen assessed using sensitivity
analysis:

For the energy sub-model (TIMER; de Vresal, 2001), an elaborate uncertainty assessment
pointed out that assumptions for technological mrpment in the energy system and
translation of human activities (such as humarstyfies, economic sector change, and energy
efficiency) into energy demand were highly relevémt the model outcomes. The carbon
cycle model has also been used in a sensitivityysisa(Leemanst al, 2002). Central to
climate change modelling are the responses toaseregreenhouse gas concentrations. In the
IMAGE model this concerns the responses in globalperature increase and local climate
shifts. Another model element relevant to the hiedsity issue is the implementation of
specific land-use allocation rules determining @sion of natural biomes (see preference
rules in Alcamoet al, 1998). These rules are most relevant for theutated biodiversity
value. Only a limited set of land-use change islem@nted, that is obviously a simplification
of actual land-use changes. This limits the assessraf careful land-use planning, for
instance, bio-energy production and forest plaomagtion available, already impacted, areas
instead of natural biomes.

EwWE

The core routine of Ecopath is calibrated from Heopath program of Polovina (1984a;
1984b) modified to render superfluous its origiagsumption of steady state. Ecopath no
longer assumes steady state but instead baseartdmagierization on an assumption of mass
balance over an arbitrary period, usually a yeansin and Ecospace are both calibrated to
the outputs of Ecopath. Ecopath is in turn recatidmt based upon the outputs of Ecosim and
Ecospace. Models are fitted to time series referelata with a long a reference period, with
as many different disturbance patterns, as it ssite to assemble. Developers recommend
an iterative, stepwise procedure for model fitting.

The modelling approach is thoroughly documentepeer-reviewed scientific literature. Key
papers include: Ecopath - 1992, Ecological modgléa: 169-185; Ecosim - 1997, Fish Biol.
Fisheries 7: 139-172; Ecosim Il - 2000, Ecosyst8m80-83; Ecospace - 1999, Ecosystems,
2: 539-554; EwWE overview - 2000, ICES J. Of MarBaence; EwWE - 2000, 'EwWE: A User's
Guide'; among others. The software has more th&® 28gistered users representing 120
countries, more than a hundred ecosystem modelgiagphe software have been published,
seewww.ecopath.org
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Key assumptions through the EwE models relate woriect biomass interpretations,

misinterpretation of trend data (e.g. hyperstabitf catch per effort data), and failure to

account for persistent effects such as environrheaggme changes or confounding of these
effects with the effects of fishing. EWE can proeuuisleading predictions about even the
direction of impacts of policy proposals. Howevemoneous predictions usually result from

bad estimates or errors of omission for a few kasameters, rather than 'diffuse’ effects of
uncertainties in all input information. Particularoblems have been recorded with: 1)
Incorrect assessments of predation impacts for fhratyare rare in predator diets; 2) Trophic
mediation effects (indirect trophic effects); 3) démestimates of predation vulnerabilities; 4)
Non-additivity in predation rates due to sharedafiing areas; and 5) Temporal variation in
species-specific habitat factors. Overall, dealith sensitivity seems to be based upon the
user re-running the model several times using wffe parameters to test the level of
sensitivity.

When EWwE is used for policy comparisons, incor@anparisons (EwE leading the user to
favor a wrong policy option) are due to errorshe specific input data to which a particular
policy comparison is sensitive. Therefore, EWE gare correct answers for some policy
comparisons but some wildly incorrect ones for H®ased upon the inputs used. Lack of
historical data and difficulty in measuring some®tem components and processes (these
are general uncertainties, not just with this mpd&emi-Bayesian sampling routine is
employed to explicitly consider the numerical utamty associated with the inputs. Ecopath
has a number of routines that encourage userspiorexthe effects of uncertainty in input
information on the mass balance estimates. Inqudati, the 'Ecoranger’ routine allows users
to calculate probability distributions for the estites when they specify probability
distributions for the input data components. SinylaEcosim has a graphical interface that
encourages policy 'gaming’ and sensitivity testdgnfidence intervals can be assigned to all
input parameters and can be estimated for outpranpeters using Ecoranger. Overall,
dealing with uncertainty seems to be based upomgbke re-running the model several times
using different parameters to test the level ofeutzinty.

The models in this series are linked in a hieraahmanner (i.e. outputs of Ecopath provide
the parameters for Ecosim, whilst the outputs afdio are used to validate Ecopath. Outputs
of EwWE feed into Ecospace, and these outputs fatm Ecoval. In Ecosim, the ‘formal
estimation' produced by the ecosystem model fegdsai ‘judgmental evaluation' by the user
leading to adjustment of inputs and parameterschvisubsequently feeds back into the
‘formal estimation'. This is an integral part oéthrocess of dealing with uncertainties and
sensitivities of the model.

All methods are fully and transparently published discussed in the scientific literature. All
data sets, user guide, and the model are freelylablea to download online at:
http://www.ecopath.org All assumptions and uncertainties are well doauex® in the

scientific literature and information documents iRkde from http://www.ecopath.org,
particularly well described in the wuser guide whiclskan be found at:

http://www.ecopath.org/modules/Support/Helpfile/E¥gerGuide51. pdf

EwE has also been soft linked with a number of rothedels to develop the Millennium
Ecosystem Assessment scenarios and the GEO-3 apdojgctions. In the MEA, these
models were IMPACT, WaterGAP, IMAGE, a FreshwatévdBsersity Model, a Terrestrial
Biodiversity Model, and AIM, and in the GEO analgsthe models were International
Futures, IMAGE, IMPACT, WaterGAP, GLOBIO, LandSHIFTLUE-S, and AIM.
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The EcoOcean model is an ecosystem model (basédeoBcopath with Ecosim approach)
that was used to explore the GEO-4 scenarios. Tduehsimulates changes in ecosystem and
fisheries based on fishing effort levels estimabgda 'policy optimization' routine. This
routine varies fishing effort to maximize overalltilities (ecology, economic and
employment) based on weighting factors developettuthe GEO-4 scenarios.

4.3.4 Adaptability

Continuing on the evaluation of the integrated sss®nt models as summarised in Section
3.3, and the conclusions that none of these matistsissed is complete or perfect to the
demands derived from TEEB objectives, the other efsoth the inventory of Task 1 have
been looked at to find out whether they can couatelto the development of a toolbox for
TEEB. Indicators for this could be the range of themes covered by the sectoral, thematic
or regional models. First, the models with Biodsrgras their core variable are discussed.

Biodiversity

Given the importance of Biodiversity in the projespecial attention
models addressing biodiversity. Table 4.3 showssttwees of the three
that were reviewed.

has been given to
biodiversity models

Table 4.3 Biodiversity models

Ecosystem Service Provision Economic application
T . . P ; Scale of .
Model name | provisioning | Supporting | Cultural | Regulating | Biodiversity | Value of Output in
services services services | services Output assessment
GLOBIO FROM link FROM link FROM mean species global, (0.5° | OECD, GBO
with with link with abundance by 0.5° for
IMAGE: IMAGE: IMAGE: (MSA) climatic
data, 1km by
1km for land
use data)
Bl biodiversity global, scale
intactness of
index aggregation:
104 to 106
km2
SAR number of global, for
species; biomes,
Vegetation ecoregions,
composition/ not spatially
species explicit
distribution

GLOBIO (full documentation in Alkemade et al, 2009)

The heart of the GLOBIO3 model is a set of doseaase relationships between the mean
abundance of original species (the MSA indicatag five pressure factors. The relationships
are based on model exercises (climate change ®ffemt data from extensive literature

reviews for pressure factors (for land-use changegen deposition and infrastructure), and
on review studies on fragmentation. The data foumdhe literature was interpreted and

figures were recalculated to fit into comparablatienships and indicators. This procedure is
sensitive to errors and, to some extent, misingdgbion, but allows comparison among

effects of different pressure factors. The unavalielaifferences in the quality of datasets
used create uncertainty in the estimated dose mesprelationships. The overall result of

GLOBIOS3 shows similar patterns as earlier globatigs (Saleet al, 2000; Wackernagedt

al., 2002; MA, 2005).
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The study used 130, 50 and 300 studies for land+us®gen and infrastructure effects,
respectively. The majority of the land-use studies from tropical biomes, while the studies
on nitrogen and infrastructure mostly build on tempe and boreal data. Especially low
impact pressures, like grazing in grassland ecesyst selective logging or nitrogen
deposition close to critical load values have hugitertainty. For secondary vegetation a
mean value is used, but a time dependent comp@refigcting natural recovery) needs to be
incorporated. The climate dose-response relatiprsdmnot be based on data that measure the
climate effects directly, as most effects will shopvin future. Therefore, the relationships are
based on model exercises that estimate climatdagesfor species (Bakkenesal, 2002)

or vegetation types (Leemans & Eickhout, 2003). aVi@balyses (Parmesan & Yohe, 2003;
Walther et al2002) and other model studies (Thonmetsal, 2004) confirm the main
tendencies of the GLOBIO3 exercises, but the medaediffects are relatively low. Thus the
effect of climate change might be underestimatethis study. For fragmentation, we used
five review studies on minimum area requirement @RJAof animal species (data on 156
mammal and 76 bird species).

Bll (Biodiversity Intactness Index; from Scholes &Biggs, 2005)

The Bl is an indicator of the “average abundanica large and diverse set of organisms in a
given geographical area, relative to their refeegpapulations”. In this way it is very similar
to the approach used in the Mean Species Abundadazator in GLOBIO (see also 4.3.5).
Scholes and Biggs (2005) recommend calculatinglhacross all species within the broad
taxonomic groups that are reasonably well descyitadrch includes plants and vertebrates,
and excludes invertebrates and microbes, whichda@rse but poorly documented. They
exclude alien species.

The recommended reference population for largespafrthe world is the landscape before
alteration by modern industrial society. The B#incin principle be calculated exactly by
‘bottom-up’ aggregation of population data for midual species. However, this will not be a
practical option for the next several decades. pitoposed strategy is therefore to initially
calculate the BIl ‘topdown’. Scholes and Biggs mesiie the impacts of a set of land use
activities on the population sizes of groups oflegally similar species (‘functional types’).
The chosen land use activities range from compbeteection to extreme transformation,
such as urbanization. All activities are expressedhe basis of the area affected. The index
is aggregated by weighting by the area subjectatth eactivity and the number of species
occurring in the particular area. The BIl is an raggte index, intended to provide an
intuitive, high-level synthetic overview for the ldic and policy makers. It can be
disaggregated in several ways to meet the infoomateeds of particular users: by ecosystem
or political units, taxonomic group, functional gjpor land use activity (Scholes & Biggs,
2005)

SAR (Species Area Relationship; from Van Vuuren, Sa & Pereira, 2006)

The SAR is an empirical relationship describing hitne number of species relates to area
(Rosenzweig, 1995) and is definedSas ¢ A, whereSis the number of species,the habitat
area,c is the species density arzdthe slope of the relationship. The SAR has beenl use
earlier to estimate biodiversity loss when natiabitat is reduced by deforestation (e.g., May
et al 1995, Pimnret al 1995, Brooket al.2003) or climate change (Thometsal 2004).

In contrast to the loss of biodiversity at the glbbcale, local changes in species abundance
and local extinctions are directly proportionalldsses in habitat. Species and the ecosystem
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services that those species provided often disappeaediately after a piece of native habitat
is converted into an agricultural or urban patchordbver, another important difference
between local and global losses of biodiversitthis reversibility of the phenomenon. Local
losses could be reversed as a result of abandonpremictive conservation practices.
Populations can invade from adjacent patches riBtuwa assisted by human intervention.
Ecosystem services derived from local diversity ttarefore increase or decrease as a result
of gains and losses of habitat.

4.3.5 Conclusions

The GLOBIO model has a track record in global emsests (GBO2, GEO4, OECD2030,
COPI). It includes a well developed link to the K& output data which act as drivers of
biodiversity loss. The biodiversity indicator isetimean species abundance, which is similar
to the Biodiversity Inatctness Index. It is relaliw simple in mathematical structure, based on
peer reviewed literature and can be adapted easifyclude other stress factors or reflect the
effect of new environmental policies. The GLOBIO deb includes many different
anthropogenic pressure factors affecting bioditergidditionally a strong advantage of the
GLOBIO model is that it can be directly linked tbet IMAGE model that provides
information on ecosystem services. The Bll and SwBdels (used in the MA) could
contribute as well in TEEB context.

Biogeochemical and hydrological models

Next to extension of the Integrated Assessment Modih Biodiversity models, there are a
number of extensions possible to improve the biogemistry aspects (Tables 4.4). The
category of biogeochemical models in the Task £miory mainly contains sectoral (or some
multi-sectoral) models. In this category, IBIS, bitJ and SAVANNA scored best. The
SAVANNA model is a model that can only be appliedthe savannah biome. For this biome
it will be possible to get very detailed resultsf bor other processes and biomes the results
will probably be less accurate than the more génveigetation models like IBIS and LPImL.
Although it only includes provisioning services flagltural food productions), IMPACT-
WATER is the only biogeochemical model that inclsidefeedback from ecosystem services
to socio-economic development, through includindectf on water availability/ water
scarcity..

IBIS
The model is restricted to terrestrial ecosystdimacludes vegetation with energy, water and
carbon exchange and nutrient cycling.

LPJImL

The LPJmL model is a general dynamic global vegetaimodel that also includes
agricultural land and managed forests. Output efitfodel is vegetation cover (as fraction of
different plant functional types per grid cell), €@xchange, seasonal water balance, NPP
and crop production. The plant functional types banclassified based on the needs of the
user. However, if a user wants to use or introche® functional types, the model needs to be
parameterised or calibrated for these new groupailliprobably take a long time to do this
right. Currently the LPJmL model is being integdateto the IMAGE modelling framework
to provide improved modelling of vegetation in IMAG The model is expected to be
available in the second half of 2009, further addmthe applicability of IMAGE. No links to
other models are known, but output of LPImL coutabpbly relatively easily be included in
the meta-modelling approaches like MIMES/GUMBO dimel assessment tools like ATEAM
and InVEST.
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Table 4.4 Biogeochemical and hydrological models

Ecosystem Service Provision
Model o . - o _ Economic Scale of Appllcatlon
name Provisioning | Supporting | Cultural Regulating | Biodiversity | Value of | 4 in
; " : : put
services services services services Output assessment
IBIS water runoff | NPP, SOC, carbon Vegetation 0.5-4°
N balance balance, composition
water (functional
regulation | types)
LPJmL runoff annual NPP CO2 vegetation global, 0.5°
volumes, exchange, | cover grid cells
crop water (fraction of
production balance different plant
functional
types per grid
cell);
Vegetation
composition
SAVANA livestock NPP, water Species regional,
production, nutrient balance distribution resolution
grass and cycling and depending
timber abundance on input
production, (plants + data and
water supply animals); studied
(runoff, deep community ecosystem
drainage) composition
WaterGAP | water supply global, OECD, GEO,
country, MA, in
river basin, | combination
grid cells with IMAGE,
0.5° by 0.5° | IMPACT,
EcoSim and
AIM

Of the hydrological models, only the WaterGAP moldas enough promising features to be
relevant for TEEB. It has been widely used in otesessments.

4.3.6 Regional models / assessment tools

The ATEAM and InVEST modelling tools score best ihe category of regional
models/assessment tools (Table 4.5). They inclullefoair ecosystem services and
biodiversity and are available for external reskars. The ATEAM tool uses as input the
output from some of the models considered befdke, the LPJ and IMAGE models. The
CLUE model is a specialised land use dynamic madtl its major application in Europe
but with a great number of country level applicati@round the world
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Table 4.5 Regional models

Ecosystem Service Provision ) o
Model Bio- Economic Scale of gppllcatlon
- ) ) . . Value of in
name Provisioning | Supporting Cultural Regulating | diversity Output Output assessment
services services services services
ATEAM food soil fertility recreation, carbon statistical Europe 15
production, maintenance sense of storage niche + Norway
wood (soil organic place, (LPJ modelling and
production, carbon), beauty model), Switzerland
energy pollination drought and , 10" by 10°
production, flood grid
water supply prevention,
water
quality
INVEST drinking pollination recreation flood species regional,
water, (contribution and tourism, | mitigation, richness resolution
irrigation to yield) cultural and | carbon (habitat flexible;
water, food aethetic sequestratio| requiremen case study:
production, values, real | n, erosion ts of 37 Willamette
timber estate prices| control, terrestrial Basin,
production, as indicator | water vertebrate Oregon,
non-timber of valuation | quality species, USA (30 m
forest of nature dispersal x30m
products ability) grid, for
results: 500
ha units)
CLUE None (but Land cover Europe EU-
land used for diversity (EU-27), RURALIS
agriculture, explicit also case
grazing, studies
forestry) between
30m and
32km

Also the ATEAM and InVEST assessment tools incled#ural services, mainly related to
recreation and aesthetic and cultural values afdeapes. The regional assessment tools that
were evaluated, i.e. ATEAM and InVEST, follow arneresting approach that could provide
the necessary framework to combine model outpudsageess impacts on value of ecosystem
goods and services. These models build on existiogels and use their output, while
increasing feedbacks and interlinkages between cosrgs. Disadvantage is that they are
relatively data demanding.

4.3.7 Economics in the assessment models

TEEB ambitions point at a need forsérong economic perspective connected to Global
assessment models. In the models reviewed, econ@mables act as drivers of land use and
other environmental changes. Except for GUMBO/MIMtte of the models has developed
a link between the physical changes and econonliesaThis is currently a huge gap in
most of the models and consequently in the globséssments, which the COPI | exercise
has addressed in an exploratory fashion. Somecjpatits of the Workshop (see Task 4) were
in favour of assessing economic implications whigh beyond GDP, for instance
employment and tax revenues, in order to asseshulihgocial impact of the global loss of
biodiversity. None of the models reviewed addregsé¢ economic aspects. Tamwbal Ocean
Economics Project was mentioned to take value sh@howing from fish landings into
account, while more limited work has also been damérade impacts of biofuels. It was also
remarked that the idea of (economic) multipliera b& questioned in the context of global
assessments, as there are still too many uncegtaimhich need to be overcome first.
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4.3.8 Indicators of change in biodiversity and ecosystesrvices

Biodiversity indicators

Biodiversity as defined by the Convention on Biatad) Diversity encompasses the diversity
of genes, species and ecosystems. Given this cgityplbiodiversity dynamics can only be

described by a set of complementary indices. Sévecal areas and indicators have been
identified and accepted for measuring the progtessrds the 2010 CBD target ‘to achieve
by 2010 a significant reduction of the current ratédiodiversity loss at the global, regional

and national level as a contribution to povertyewalition and to the benefit of all life on

Earth’.

Well known indicators for the status and trendderrestrial biodiversity are the Red List
Index (IUCN), the Living planet index (WWF and UNEB®CMC), the coverage of Protected
Areas (UNEP-WCMC) and the Ecological Footprint (kdbFootprint Network and WWF).
Each of the indicators has strengths and weaknebsd¥°" V30 the Conference of the
Parties of the CBD in 2004 adopted a frameworksgeas and communicate progress towards
the 2010 target at the global scale. The framewwkides seven focal areas, each of which
encompasses a humber of indicators for assessmpgss towards, and communicating, the
2010 target at the global level. In total, 27 iadars were indentified by the Conference of
the Parties. These indicators are in the processeiniy developed at the global scale by a
wide range of organizations, including UN agencresgarch institutes and universities, and
non-governmental organisations, brought togethethigy?2L0-Biodiversity Indicators Partnership_project
The EEA is developing a set of indicators derivexht the CBD set, to monitor progress in
Europe (EEA, 2007).

In selecting biodiversity indicators a multitude ofethodological questions need to be
addressed. The process of Streamlining EuropeadiVRisity Indicators (SEBI2010) led by
the European Environment Agency illustrates thidl.Weénis refers to question such as: how
to define ‘undisturbed’, how to deal with biologicacological and environmental differences
in the 'dose-response curves' for different speewbgther to exclude or include cases where
the populations do well in disturbed habitats, towdeal with both biological variance and
error variance, as well as with the fact that nioedr responses may be both common
and significant. Trivial but essential is of coursdbether there are data to quantify the
indicators selected on theoretical arguments. Adghen European situation is illustrative:
many countries have some sort of monitoring progiaumthere is no consistency in selection
of taxa, methodologies etc. (Dominique Richard ®CEBiodiversity at the Workshop).

The Mean Species Abundance (MSA) indicator

In the Cost Of Policy Inaction (COPI) study (Br&afen Brink, 2008), a model framework
and biodiversity indicator were used to assesedéaral biodiversity dynamics which together
are able to reflect the impacts of the most impurtirect and indirect drivers and create a
quantitative link between changes in these drie@d associated pressures, biodiversity and
ecosystem services and economic value. The praddssdiversity loss is characterised in
the COPI study by the decrease in abundance of raagyal species and the increase In
abundance of a few other -opportunistic- specissaaresult of human activities. Until
recently, it was difficult to measure the proceg$sbmdiversity loss. “Species richness”
appeared to be an insufficient indicator. It ischer monitor the number of species in an area,
but more important it may sometimes increase agnal species are gradually replaced by
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new human-favoured species. Consequently the Ctiomeon Biological Diversity (VII/30)
has chosen a limited set of indicators to track ttegradation process, including the “change
in abundance of selected species”.

As any indicator, the MSA indicator has strong amdak points depending on the
requirements of the user and the real world presese be represented. MSA has the
advantage that it measures the key process of hemsagion, is universally applicable, and
can be modelled with relative ease. MSA is alsdiegiple at different scales from national to
global. Biodiversity loss is calculated in termstloeé mean species abundance of the original
species compared to the natural or low-impactetk.stehis natural or low-impacted state
baseline is used here as a means of comparingafitfenodel outputs, rather than as an
absolute measure of biodiversity (Box 4.1). If th@icator is 100%, the biodiversity is similar
to the natural or low-impacted state. If the inticas 50%, the average abundance of the
original species is 50% of the natural or low-imeacstate and so on. A strength of the MSA
indicator is that it is possible to link scenaras economic developments, climate and land-
use change (indirect and direct drivers) to dosearse relationships between environmental
pressures and mean species abundance. Thus, esegadli option effects can be assessed in
an integrated way for all global terrestrial biomes

Because it is a measure of the average populatgponse, the same MSA value can result
from very different situations. For example, if thiSA indicator is 50%, half of the original
species might be extinct, with the remaining halfoaginal abundance levels. The MSA
cannot distinguish between abundance and extinciibe mean species abundance at global
and regional levels is the weighted average ofuierlying biome values, in which each
square kilometre of every biome is equally weigh{&dten Brink, 2000).).

In this review it is useful to identify what indiceis can or cannot produce in terms of
biodiversity information. For extensive reviewsafvide array of biodiversity indicators see
EEA (2007). For the MSA it can be summarised as:

e It cannot distinguish different levels of specietiness — either before or after ‘disturbance’.

» It cannot deal with changing species compositiatir{etion, invasion etc.).

* It does not differentiate between different levafl®iomass.

* It seems to be largely a measure of driver intgnsit

A disputable choice was made to apply equal weifgirtshe different biomes (non-weighted
MSA), from polar to tropical forests. Equal weiglpist the burden of mitigating biodiversity
loss also equally over biomes. So, in aggregate M&lAes, every square kilometre of each
biome contributes equally to the regional or gloBt8A. If the biomes were weighted on
their species richness (weighted MSA), convertirigppical rain forest would probably have
more impact than converting grasslands in the sagien. This indicates that human impact
on species richness is higher in species-rich ¢ed@nd temperate zones than in species-poor
boreal and polar regions.

The MSA shows the value of the original speciesndance that can occur under a natural
condition/baseline (climate and soil) as 100%. Theasequence of this choice is that all
change due to human interference, except restaratid mitigation, leads to lower indicator
values. Not all indicators behave this way. Fotanse, species richness can increase due to
human interference in specific situations (e.gasive alien species introductions). This only
holds for local situation, at biome level specietmess will only exceptionally increase and
on global level never!
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BOX 4.1 The need for a baselinéfrom sCBD & MNP, 2007)

Baselines are starting points for measuring chdraye a certain state or date. They are common
practice for such items as medical care, economeieldpment and climate change. The MSA
indicator uses undisturbed, natural or originalsgstems as baseline. Since there is no unambiguous
natural baseline point in history, and all ecosystere also transitory by nature, a baseline maist b
established at an arbitrary but practical pointime. Because it makes the most sense to show the
biodiversity change when human influence was acatitey rapidly, thefirst CBD Liaison Group o
Biodiversity Indicatorsrecommends “a postulated baseline, set in presinidii times” or a “low-
impact baseline” as being the most appropriate.betseline allows aggregation to a high level, makes
figures within and between countries comparable, fisir and common denominator for all countries,
being in different stages of economic developmant is relevant for all habitat types. It has to| be
stressed that the baseline is not the targeted. Sailicy-makers choose their ecological targets
somewhere on the axis between 0 and 100%, depemdingpe political balance between socjal,
economic and ecological interests.

Other biodiversity indicators

An often used biodiversity indicator is “specieshness”. This indicator would probably be
less sensitive to the homogenisation process.nitbeaexpected that in some regions species
richness on local levels will be stable or will iease during the coming decades, as a result
of the introduction of many new species due to humetivities. New species will become
more and more abundant, partly replacing originmdcges without necessarily leading to
complete extinction. Consequently the species ashiwill increase at the local, national and
regional level. The homogenization process wasrobddan 100 years of industrialization and
demographic growth in the Netherlands (van Veeral, 2008.). However, one could use
“original species richness”, like MSA does! Anothadten used indicator is the “number of
threatened and extinct species”. As the statubrefitened species depends on both the threat
and sensitivity of species, the pattern of changenot easily be predicted. In general, an
indicator based on threatened species will showirgec when pressures on ecosystems
increase due to the limited distribution areas. {pect similar changes as mean species
abundance (MSA) but less profound (lags behindis iEhbasically the IUCN Red List Index,
and there are more than one time point for sewasanomic groups. The difficulty is that
trends in different groups are measured over dffetime spans. Change in the “number and
abundance of endemic species” is expected to bedianiar as change in threatened species.
Both species groups have generally small distiioutireas (by definition), making them
more vulnerable to habitat loss and the procesfiamhogenisation. Biomass density is
sometimes mentioned because of its role in dehgexiery important services, especially
carbon storage and water provisioning. PopulatiaabNity, which refers to physical
dispersion, mean range size and separation, anesiifting species risk, hence economic risk
and costs, is also a candidate. IUCN has meanespeange size globally for a number of
groups, but not trends.

Indicators for ecosystem services

Braat & Ten Brink (2008) have introduced a simplifiset of relationships between the levels
of ecosystem services and the degree of loss divarsity compared to a (theoretical) 100%
reference situation. (see figure 4.1 ). The X-gkisws a series of land use types with
corresponding MSA values, decreasing from lefigbtr The following reasoning underlies
the shape of the curves.

Provisioning (P) By definition, there is no provisioning service in @spne ecosystem. With
increasing intensity of use and conversion of ttracture, species composition and thus
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functioning of the original natural area, the MeS8pecies Abundance (a measure of
biodiversity and ecosystem functioning) decreasesn( 1 to 0) and the benefit flow (EV;
ecosystem service value) increases. Adding laleotiizer, irrigation, pest control etc. will
raise the gross benefits, and to some limit thebeekfits. At some point along the X-axis,
e.g. intensive agriculture, the remaining ecosysteith be reduced to a substrate for
production of biomass only. The final state is deti as approaching zero value, having been
built on and covered by concrete or asphalt.

ESS | & |
level ¥ Provisioning services (P)
‘ o Regulating services (R):
H K . .
R Cultural — recreation services (Cr):
P (Max) : : :
\ Cultural — Information services (Ci):
N4 Multiple Services
ci Per Land Use type
N
1 — wmsa °
natural lightuse extensive  intensive degraded urban

Figure 4.1 Generalised functional relationships b&teen ecosystem service level (Y-axis) and
degree of land use intensity (corresponding to deeasing MSA values; X-axis)

Regulating (R): Most of the information from case studies on retjudpservices (climate
change buffering by carbon sequestration, floodilegpn) points at a complex relationship
between the “intact” ecosystem and the serviceldevas systems are converted, they lose
structure, functions and their regulating potentsal their actual performance drops more or
less proportionally with the decrease of MSA altimgrange of land use types on the X-axis.
Cultural — recreation (Cr): Recreational benefits are classified as part ofQhkural services

in the MA. A crucial feature in the valuation ofetliecreational services of ecosystems is
accessibility. The graph therefore displays angase from low value at inaccessible pristine
systems to high values in accessible light useesystwith still a relatively high appreciated
complexity and biodiversity, and a subsequent drowalue towards the more degraded
systems. There are of course other forms of raoredtvalues, based on for example the
openness of landscapes, the cultural-historicalievaif buildings, or artificial amenities,
which are not addressed in this approach.

Cultural — Information (Ci): Most of the other cultural ecosystem services aed alues are

a function of the information content which is colesed to decrease with the degree of
conversion.

A vertical summation of the ecosystem service vahd implicitly their economic and
social values, per land use type points at thestadts included in land use conversions.
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The challenge in future ecosystem services stuchesd well be to specify the types of
services and quantify the X- and Y-axes of Figutk 4s illustrated in Figure 4.2, and thus
give substance to the generalised conceptual mddeFigure 4.2 for the cluster of
Provisioning services a few possible different gsajpave been drawn, and it is suggested
that such graphs may result from specifying thati@hships for different services, different
crops and in different biomes. Obviously, in fig4r@ the curves are still generalised curves
with an illustrative purpose only.

ESS
level Provisioning services (P)

Different services
(food, fuel, timber) =»
different curves

Different crops
(rice, potatoes, grapes) =
different curves

Different biomes
[d (tropical, temperate, desert) =>»
1 — msa ° different curves

natural light use extensive intensive degraded urban

Figure 4.2 Generalised functional relationships b&teen ecosystem service level (Y-axis) and
degree of land use intensity (corresponding to deeasing MSA values; X-axis). The graph shows
that the exact curves might differ for different groups of provisioning services (different
services, crops, and biomes).

An ongoing effort to develop a systematic set didgators for ecosystem services is the work
at the World Resources Institute (C. Layke, 2009prep.: Measuring Nature’s Benefits: a
status report and action agenda for improving Estesy Service Indicators). In this project
the Millennium Ecosystem Assessment is systemétisateened for the use of indicators of
services, which are then screened and evaluatethdofability to convey information” and
“data availability”. Other efforts which show sileni struggles for pinpointing the most
appropriate indicators are the UK Countryside Syrf@EH, 2007), Van Veest al (2008)
reporting on the efforts of the Netherlands inihglthe loss of biodiversity (and ecosystem
services) and Dumortiat al (2008), doing the same for the Belgian regioméas.

4.4 Conclusions
The conclusions have been grouped to form a chgaikst the Task 3 objectives:

Determine how: changes in key assumptions affectesults of different models with a focus
on either the impact on ecosystem services or @@tbnomy more generally

Although the study has not empirically tested tfieat of changes in key assumptions, there
are a few findings from the survey of the modelseasments and background literature,
which shed some light on this:
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Changes in the numerical values of drivers (devakm of population, economy, land
use or energy use) applied as different scenaritise assessments have crucial influences
on biodiversity and features of land use such ascutural production, carbon
sequestration and water availability, which can de&n as indicators of ecosystem
services. In addition, the framing and design afeasments as a whole are at least as
important factors in terms of their influence ore thncertainty and potential bias of
results.

Effects on the economy are not modelled, exceptheyGUMBO/MIMES models, but
they have not been applied or tested in globalsassents.

The documentation of most of the models in the oy was not of sufficient detail to
determine to what extent changes in assumptionatabternal model dynamics would
quantitatively affect outcomes. Such an analys@ursently being done for the translation
of land use and biodiversity changes produced wht IMAGE-GLOBIO model to
economic values in the so called COPI — 2 studyg(®Brinket al, 2009; in prep.).

Determine the extent to which the scenario-modediss could be used for making large-
scale assessments of the impacts of the lossdif/ersity and ecosystem services worldwide

The various global scenario-model studies preséfarent futures of biodiversity, in

relation to different scenarios (packages of drivvelopments and policies). A
considerable share of the scenario-studies in #sk T inventory, e.g. MA, IPCC, GEO4
and OECD2030, have used the IMAGE model as majod kase and environmental
change model, in some cases extende with the GLOBIGe! (in the MA with the SAR

model) to produce assessments of biodiversity alang

In the evaluation, the features of the models Haaen the focus; the application of the
models in assessments has been used as seledievalnation criterion. A comparative
analysis of the features of the published scenasi@vailable in Koket al, 2009. The
conclusion is: The exploratory scenarios (e.g. GE®d relevant to “create and illustrate
the virtual future space in which conflicts betwegopulation and economic growth
versus ecosystems and sustainable use will take’pl@he baseline-scenario approach
(e.g. OECD EO-2030) is more useful for developmgjght in economic consequences of
alternative policy options to deal with the loomicanflicts. Very few are available which
deal with biodiversity and ecosystems explicithheTanalysis done with the IMAGE-
GLOBIO toolbox for GBO2 (2006) is a rare example least at the global scale (see
sCBD & MNP, 2007).

Changes in terms of ecosystem services have besmiled under a great variety of
indicators and mechanisms. They are as variablesadhe studies as the definitions of
ecosystem services. A systematic classificatioeanfsystem service indicators is being
developed now (by WRI) but as for the definitiorda®lection of biodiversity indicators,

a broad discussion about appropriateness, repegsemess and make-ability with

respect to data, is looming.

Determine how such models could be adapted torbettess policies (including coupling of
biophysical models with economic models to as$eswider effects on the economy).”

The inventory of models, scenarios and assessmegmisted in the Task 1 report contains
a wealth of structured information on the featuréshe models. When a closer look is
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taken, and a strict reference is chosen of short,tdirect usability in TEEB project, e.g.
for TEEB deliverables DO and D1, none of the indial tools is sufficient, but many
offer useful elements.

The integrated assessment models reviewed andtexklas most promising for TEEB

ambitions (IMAGE for Terrestrial and EwE for Marjnare developed in such a way that
they can relatively easily be adapted and includdnsdels or extensions to

accommodate TEEB specific questions regarding etes)s, ecosystem services and
economic indicators. A number of theme, sectoegian specific models exist which can
be used to achieve this.

The dynamic feedback from changes in the physicalain (ecosystems, biodiversity and
services) to the economic and social domain hawn h@oposed by the GUMBO
modellers. This needs to be explored further.

Although not explicit part of the ToR, the MSA iedior has been discussed at some
length in this report, specifically on request loé fproject leader, in view of the debate in
TEEB project. Overall, it was agreed in the Workslaiscussion that the best means of
modelling global biodiversity impacts at the momeniprobably through the GLOBIO
model and MSA indicator, despite their limitationBhus the MSA indicator can be
regarded as a suitable metric for use in TEEB. Nbekss, its use in the COPI
biodiversity study to refine per hectare values@systems services is a critical issue and
needs to be re-examined. The approach needs talidated and if appropriate the MSA /
ecosystem functional relationships adjusted acogtgli It was also pointed out that some
ecosystem services may be better modelled direetty,they are not affected by
biodiversity as measured through the MSA. It waggested that consideration should be
given to assessing biodiversity impacts accordmghe Human Appropriation of Net
Primary Production (HANPP) indicator. HANPP measurewhat extent land conversion
and biomass harvest alter the availability of NeimBry Production (biomass) in
ecosystems. This is considered by some to closdlgct pressures on biodiversity. If
linked to GLOBIO, it could be used to compare ressabtained from the MSA indicator.
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5 WORKSHOP

5.1 Description of Task 4 from the ToR

“The contractor should hold a small on-day expedrkshop, expected to be attended by up
to 30 participants, to discuss further:

» the modelling approaches currently available
* how these can be used to model policies
* how models and their respective scenarios coulfiitiber developed.

It is expected that the interim report comprisitg tresults of Task 1 and work related to
Tasks 2 and 3 completed at this time will be adsrésand discussed during the workshop.”

5.2 Background and aims of the workshop

Recent studies such as The Cost of Policy InaatiorBiodiversity (COPI) and the wider
review on The Economics of Ecosystems and Biodityer€TEEB) have revealed that
biodiversity loss has widespread and substantiah@wmic costs and impacts on human
wellbeing. Such studies have taken into accounumber of recent global and regional
assessments that project future changes in drofezsosystem change and biodiversity loss.
In order to support the second phase of TEEB, tiefean Commission (DG Environment)
has initiated a study to examine the use of scesamodels, and other quantitative tools for
exploring future trends in biodiversity and thengacts on ecosystem services.

The workshop aimed to discuss the interim resuliBask 1 and Task 3 of the project report.
While Task 1 focuses on identification and overviginavailable models of biodiversity and
ecosystem services and key assumptions, the olgeauftiTask 3 is to assess how changes in
key assumptions affect the results of different el®@@nd how such models could be adapted
to better assess policies.

In particular, the workshop participants were iagito discuss:
1. the modelling approaches currently available;
2. how these can be used to assess policies; and
3. how current models and scenarios could be fudbeeloped.

5.3 Proceedings

5.3.1 Opening and introduction: What this study aims tod

Robin Miege (DG Environment) opened the workshop and welcothedparticipants. He

explained that the current project takes placehm t¢ontext of the wider study on “The
Economics of Ecosystems and Biodiversity” (TEEBY dhat its purpose is to pick up the
recommendations and suggestions from the TEEB exparkshop, which took place in

March 2008 in Brussels. The central recommendafiams that workshop were:

» to run scenarios on sustainable ecosystem use;

» to work more on the absence of feedback loops letwess of biodiversity / ecosystems
and economic growth to enhance the credibilityesuits;
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* to pay attention to quantifying the trade-offs bedw provisioning and regulating services
in models;

» to produce an inventory of model runs for all magoosystems and to illustrate the loss of
ecosystem services expected under different saenamd

» to develop maps of best conservation opportunétiesiable.

Robin Miége outlined that them of this workshop was to discuss the interim project report,
which was produced by the project team, to reviegvdssessed models, and to discuss a set
of suitable models and scenarios for TEEB, but asset the future research agenda.
Eventually, the results shall feed into the TEEBRg#E Il reports and facilitate the discussions
on the post-2010 biodiversity target.

5.3.2 The role of the scenarios and models project in fREEB context

Patrick ten Brink (IEEP) summarised the political background thdttke the TEEB project
and outlined how the current project will feed iMtBEB. With regard to the timeframe, he
mentionedhree important milestonesthat should be taken into account in the discussion

» September 2009, when the results from the projécigher Developing Assumptions on
Monetary Valuation of Biodiversity Cost Of Policgdction (COPI)” and “Scenarios and
models for exploring future trends of biodiversitlyd ecosystem services changes” should
feed into the TEEB report for policy-makers;

e October 2010, by which some further runs of moaeld scenarios should be completed
and fed into a TEEB update to be presented at Bi2 COP-10 in Nagoya; and

e 2015, which is the target date for achieving théldvinium Development Goals (MDG),
and by when further modelling could be used to supgiscussions on future MDGs.

Patrick concluded his presentation by outlining tlelowing main questions for

consideration during the afternoon session

« What do you think can and should be done in terimsamlelling and scenarios for TEEB?

Which models would be useful to TEEB and what improents could be made to
existing models?

* What scenarios/sensitivities (covering what isspes?

* What biomes/ecosystems/geographic scales?

* What is feasible in the timescale?

* What costs/inputs would be required?

* Ideal vision vs. Pragmatic reality — what can ba&eldor Nagoya and what to 2015
(MDGs) and what beyond?

Discussion

The subsequent discussion focussed on the questiunl models will be used in the wider
TEEB project to assess the loss of biodiversityg @whether these models will continue to be
land-based. Patrick stated that in the COPI | pitpfhe Image-GLOBIO model was used, as
it produces the Mean Species Abundance (MSA) indicd&imitations of the analysis were
that the exercise did not take into account magrwsystems and did not make use of a range
of scenarios or sensitivities. He emphasised thate TEEB phase I, there is a need for a
more developed approachwhich also adequately includes marine ecosystédeslly, a
range of scenarios shall be run to take into adceamous assumptions and predictions.
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After the first introductory presentations, theldaling two sessions discussed the main
results ofTask 1 (Review of available models and scenarioglhd Task 3 (Assessment of
key assumptions in the available quantitative too)s

5.3.3 Session 1: Review of available models and scenafiste of the Art”

Tom Kram (Netherlands Environmental Assessment Agency)eptesl the key findings
from Task 1 of the project, which aims to provide @verview of existing models and
scenarios that have been built and applied to muddiversity and ecosystem services, often
is the context of comprehensive assessment stubdiessummarised that quite a lot of
material is available that could be used for a itptale assessment. While provisioning and
regulating services were to a reasonable extergredvby the reviewed modelggulating
and cultural services were covered to a lesser exte It appeared that, in most moddénd
use is the central link between drivers of biodiversity loss and the declin associated
ecosystem services. As no model was identified wha@vers all aspects of biodiversity loss,
Tom recommendethe use of a combination of modeltor TEEB phase II.

Discussion

The subsequent discussion focussed on severatissgarding the capabilities of the models
reviewed. It was remarked thatost existing models focus on provisioning ecosyste
services whereas all other ecosystem services categonesbarely covered (with the
exception of carbon sequestration n). The fadtttt@impact ofnvasive alien speciesn the
provision of ecosystem services has so far not ba&leen into account was also raised. The
participants agreed, however, that a global assa#sof biodiversity loss will always be
subject to compromise, as the whole range of availacosystem services (especially at the
local level)cannot be covered by a single model

The issue ohow to avoid double countingof ecosystem benefits from integrated assessment
models was discussed and it was acknowledgedhlsatsta complex and difficult task. An
assessment of the problem cannot be made withdaifete knowledge about the respective
models. Within the scope of the TEEB project, sackask was regarded as not feasible.
Instead, it was suggested that tfoeus should be on assessing the most important
ecosystem servicedt was also noted that integrated assessment Imbeted to incorporate
uncertainties in their complex structure and mudt# of variables, thus users should be aware
of their possible limitations. One way of dealinghathis could be to use minimally realistic
models, and considering the purpose of the modedbti#er way could be the use of expert
opinions on the impact on biomes under certainl logaditions.

One alternative option would be tdentify different groups of models of which several
could be used for the modelling exercise within BEghase IlI. In this way, the results of
different modelling approaches could be comparedaich other. An alternative option is to
join together simpler and more specialised modeblwhich the limitations and assumptions
of each model are better known and there is greatgye to take account of local differences.
This was largely discounted as an option in thetdeom, as coupling models of biodiversity
is difficult given the different parameters, pri@s, timescales and geographical scales used.
However, this approach may be an option in the omadd long-term.

When reporting results, note should be taken of IB@C approach of reflecting their
uncertainty.
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Part of the challenge for biodiversity models iattfewer data exist than, for example, on
climate change, and thus the models are heavipntedbn assumptions. This makes it difficult
to make reliable projections of biodiversity chanigeresponse to future scenarios, in
particular if the diversity of impacts is takendnaccount. This requires combining the
expertise of different research communities andkimgr with often disparate bodies of
knowledge. Another problem is that the relationshyptween biodiversity and the provision
of various ecosystems services are often not welérstood.

As a practical recommendation, it was suggestdtdbestablish an inventory of existing
ecosystem servicesand, in a following step, see which economic biéndhese services
provide and for which services economic assessnasatavailable. Appearing gaps could be
used to show policy-makers and researchers thesneechew primary research (to some
extent, this work is available through the COPIxereise). New primary research is also
needed on theelationships between biodiversity loss and ecosysh service provision as
explored in the ‘Scoping the Science’ study conedgah parallel with COPI | during TEEB
phase 1. Moreover, wheaggregating the values of different ecosystem seceés attention
should be paid to the fact that some of them mmyinginate from the same ecosystem
function. In such cases, there is a clesk of double counting, which needs to be avoided
by careful, case-specific assessment.

In conclusion, it was agreed that the appropriai@ce of models and scenarios depends on
the sort of policy questionsthat are supposed to be answered by the exehsigeneral, the
setup of global assessments should focus on tgettaudience. Moreover, the assumptions
made in terms of scenarios need to be clear. Hawelvavas agreed that too explicit
assumptions would, on a global level, confine tbeber of interested parties, which would
weaken the messages from such a global assesshsentithin the scope of TEEB, not all
dimensions can be covered, the aim should héetatify what can be done with the help of
existing models in the available time

5.3.4 Session 2: Assessment of key assumptions in thdahla quantitative tools

Leon Braat (Alterra) presented the key findings from Taskf3h@ project, which aims to
assess how changes in key assumptions affect sutseof different models, to evaluate
large-scale assessments of the impacts of theolobsodiversity, and to assess how such
models could be adapted to better assess polideetound that dmited number of models
and scenarioshave so far been be used for large-scale assetssraed policy impact
assessments)o single model comprehensively assesses all aspeat biodiversity and
ecosystem services and links to the economizeon considered that, while modelling
approaches are quite different in the terrestnal marine domainsio model was identified
that could compete with GLOBIO on a global scale atar as terrestrial ecosystems are
concerned.

However, there are new promising models which cowdt be evaluated as they have not
been subject to a peer review process nor beeredppithin large assessments.

It is difficult to assess the reliability of many of the various models, becausdependent
reviews of them arenot generallyavailable and only a very limited number out of the 40
models in the survey is being used more frequeMlyreover, detailed examinations of the
models are not possible within the scope of thiseru study. Similarly, it is not possible to
assess the models’ sensitivity to changes in assomspbecause these are not normally
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documented. An assessment of driver-assumptiontiseégscould only be found for the
IMAGE model. The sensitivity of other models to nbas in assumptions can only be made
by comparing outputs according to different scaxgrbut it is difficult to draw conclusions
from such comparisons, because many parameteranagg the scenarios.

Discussion

In the subsequent discussion, several modellingoagphes were suggested to be considered
in the evaluation. Thétlantis model, which deals with fisheries was mentioned to be
currently at the same state of development as MIMESS regarded as a useful tool that
could potentially cover the marine dimension withinTEEB. (Unfortunately there is no
documentation available in the web for the Atlantisdel). It has been applied in two or three
places so far and progress has been made to intladeonomic aspects of biodiversity loss.
The FAO review on marine modelswas suggested as a reference. With regard to GUMBO
which is not spatially explicit, it was noted this is a dynamic model with a long-time
projection, while thdocus within TEEB should rather be on evolutionarymodelswith a
timeframe of max. 20 years.

There was some detailed discussion ofNtean Species Abundance (MSAjnetric and its

use in the GLOBIO model as well on the use of iatlics in general. It was recognised that
the MSA has some significant limitations(being based on averaged species responses to a
number of key drivers of biodiversity loss) and cenmisunderstood and misapplied (partly
due to its name and lack of easily accessible deotation). Although the MSA indicator has
been verified in a study of biodiversity changehe Netherlands, it needs to be tested more
widely. However, this is difficult, because the M&aAnnot be directly measured in the field.

Overall, it was generally agreed that the best medmodelling global biodiversity impacts
at the moment is probably through the GLOBIO maaledl MSA despite their limitations.
Thus theMSA indicator can be regarded as a potential metridor use in TEEB, but not
necessarily the only one to be used. Its use inCO®I | biodiversity study to refine per
hectare values of ecosystems services is a crissake and needs to be re-examined. The
approach needs to be validated and if approprinte MSA / ecosystem functional
relationships adjusted accordingly. It was alsofsal out that some ecosystem services may
be better modelled in other ways, as they may motstoongly correlated with MSA or
biodiversity more broadly.

It was suggested that consideration should be giwerassessing biodiversity impacts
according to theduman Appropriation of Net Primary Production (HANP P) indicator.
HANPP measures to what extent land conversion &érddss harvest alter the availability of
Net Primary Production (biomass) in ecosystems @mpared to the potential natural
vegetation as the baseline. This has been shosonme studies to closely reflect pressures on
biodiversity, but generalisation would probablygremature. If linked to GLOBIO, it could
be used t@wompare results obtained from the MSA indicator although they are based on
the same data inputs (e.g. FAO statistics).

It was acknowledged that there needs to b@ng economic perspective connected to the
modelling exercise Leon Braat explained that this is currently aduggp in most of the
models, which the COPI | exercise attempted to esklrSome participants were in favour of
assessing economic implications which go beyond GD#er instance employment and tax
revenues, in order to assess the full social impéadhe global loss of biodiversity. This
multiplier effect has partly been taken into account in studies han impacts of agri-
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environmental schemes on the Dutch agriculturatosedhe Global Ocean Economics
Project takes value chains into account, while more lichise®rk has also been done on trade
impacts of biofuels. It was remarked that the idéanultipliers can be questioned in the
context of global assessments, as there are atilintany uncertainties which need to be
overcome first.

5.3.5 Session 3: Policy recommendations: How to use theamtitative tools for policy
development within TEEB

Rob_Alkemade (Netherlands Environmental Protection Agency) aeWedged that the
interim project report gives a good overview of éhasting models. He pointed out that most
of them are still missing the crucial pointladw the loss of biodiversity feeds back into the
economy.Although the MSA indicator seems to be the onlgilable biodiversity indicator
so far, he saw a need go beyond this indicator,as it does not say anything about species
functions, species richness, red-list specieshercommunity level — aspects which are of
major relevance for the provision of ecosystem isesv The same goes for biodiversity in
aquatic environments. The aim should thereforecdbdetelop a set of new biodiversity
indicators that link to ecosystem services

Rob preferred thase of parallel model suitdn order to ensure that modelling results can be
compared to each other. As a positive example dhgpetitive use of different models within
the IPPC has been mentioned. Furthermore, he dtsethere is a need for thermulation

of scenarios that focus on biodiversityfinstead of climate change) in orderderive a set of
relevant policy options A problem with the scenarios that have been aedlyn the project
so far is that they differ little in their biodiv@ty outcomes.

It was noted in the discussion afterwards that,mw¢mupling models together, it is important
to include appropriate feedback between the models.

Heather Tallis (Stanford University) suggested that the projeent should consider the
creation of new, more policy relevantscenarios,which differ from the usually applied
scenarios. Policy-makers often find it difficult émgage with complex scenarios that have
little to do with the real world and are based oultiple assumptions (e.g. the impact of
talking about TechnoGarden, one of the four scemarn the Millennium Ecosystem
Assessment, to most people is limited). She recamdegkconsidering only a few types of
policies (e.g. payments for ecosystem services, mitigadmh offsetting, subsidies, caps). For
example, it is important to develop scenarios trat relevant to REDD now, so that the
impacts of possible policy options can be examifidéx results could have implications for a
range of ecosystem services, beyond carbon storagkiding biodiversity and water
benefits. The use of models for such purposes whelg politicians and other decision-
makers understand their value. She also stressedigh of competing models similar to
IPCC, considering rigour and political sensitivity.

Heather stressed that thek between biodiversity loss and povertyshould be a central
aspect of the assessment. In this context, shel &t the Millennium Development Goals
(MDG) rely on ecosystem services. Ecosystem ses\ace so far not covered in most models,
because those can often not take informal markets account. Rather than covering the
whole range of ecosystem services, she suggestédt thould be better téocus on only a
few important servicessuch as clean water and flood control. The latter could probably
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be assessed more easily in the context of ingfitati settings. In addition, for ecosystem
services models, it is important to not only coesithe supply of a service (for example,
water availability), but also the demand, as thib @hange significantly in the future with
implications for the availability of the service.

Furthermore, she promoted the idea of usmgple modelssuch as INVEST. The exercise
should be focussed on what is appropriate for whffe policy contexts, rather than being
aligned with the models’ requirements. It was natethe discussion that INVEST would be
useful to try out in the TEEB setting to test hoelmit performs.

Villy Christensen (University of British Columbia) acknowledged the interim project
report covers all of the important issues. He sedghat the relevance of the project results
depends to a high degree on thaicy questions to be answeredSuch a set of policy
guestions should be developed within TEEB. Furtlieenacommon set of drivers and
indicators to be used in all assessments should be develapedell agyuidelines for how

to translate scenario policies into changes in moddrivers or objectives.

He stated that most models require a vast amoutttaf and that these data are often missing
in the area of biodiversity. Therefore, modellifpeaches should build upon available data.
He stressed thahe informal sector and value chains should be takeinto account
[producer-processor-distributor-seller-consumerthie modelling exercise, as these aspects
will make a huge difference with regard to the abdimension of biodiversity loss (as the
work of Hernando de Soto could demonstrate). Hetimeed the example of th&lobal
Ocean Economics Projegtwhich takes account of these issues. The underiyiodel will

be finished in time to be of relevance for the TERBject. The model showed the
importance of taking the whole value chain into sidaration, as this has changed the
outcome of the model significantly. Only lookingthe entire value chain could explain why
current overfishing has its roots in economic puess although revenues for the fishery
sector are decreasing.

With regard to priority options to be incorporaietb the models, Villy suggested touple
reliable, specialised modelsset-by-set to avoid one big model that could bexom
unmanageable (the so called ‘Frankenstein” modédjs could facilitate the integration of
terrestrial and marine domain models. However, his ttontext, scale issues and data-
exchange formats are important factors to consider.

Villy noted that model calibration with existingtdas important, however, this is limited by

data availability. He therefore suggested thgtadal databaseis needed of data resources,

their use and status. Consideration also needg @iven to data exchange formats so that
database can feed models directly.

On the use of the project results for policy andislen-makers, he commented that one
should think about tools such as decision-suppgstesns, policy toolkits, and end-user
interfaces. Policy-makers are usually less interksh the assumptions and specifications
made in the assessment process, but demsnmgple communication tools. Villy
demonstrated the output of the EcoOcean model dinkegaming software, which visually
illustrated the impacts of specific policies on th®rine environment, demonstrating a
potentially powerful tool for communicating to poji makers. Visual outputs had been used
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before, but not linked to gaming software, whiclalde dynamic visual feedback that reflects
the impacts of chosen policies.

Henrique Pereira (University of Lisbon) stated that not all of theost important drivers of
biodiversity change are being addressed in theasiweEn We lack models that project
biodiversity changes from the expansion of natwedetation in developed countries. He
regards theMSA indicator as an adequate toofor modelling, but noted that tH@LOBIO
methodology used to calculate it has not been vaéted, which is a widespread problem
with many scenarios and models but causes problém the acceptance of MSA as an
indicator. There are more models to project theaiotp of climate change, since this is — in
contrast to projecting changes in biodiversity frother drivers — a relatively easy exercise.

Henrique noted that particularigvasive species and biotic exchangae not covered by the
majority of the models, although these are impartluvers for the global loss of biodiversity
(for instance on islands). In freshwater systerag) donstruction is one of the biggest drivers
of biodiversity loss, but no scenarios account fior Moreover, issues such as
overexploitation of resourceqother than fisheriegind pollution of ecosystemsre not yet

in the focus of modellers. Neither are models abldeal with issues such as intensification
and extensification of land-use management, or rdmvery and expansion of natural
vegetation (which are important issues in manyaesgi e.g. Europe).

Another limitation of current models is that they ot addresfiows of ecosystem services
(where do people benefit from services producedvdigre?) and thecale of ecosystem
service delivery Furthermore, we lack understanding of the dilegs between ecosystem
services and biodiversity.

Henrique suggested that it would be worth doing esareality checks’ on important issues
using simple robust models of the key ecosystemicags. Moreover, one needs to be more
open with regard to models, e.g. make them availablopen source.

Regarding a possible communication strategy, HeeridPereira proposethe use of
storylines or even the use of ‘scary’ scenarios, since petgid to pay more attention to
them than to the bare figures. The project teanulghalso develop storylines that are based
on partial, simpler models that accompany the higgrated approach. He also suggested the
development of scenarios by cross-cutting experisdorporate the threats that have not to
date been considered.

Discussion

Graham Tucker pointed out that positive visionibgriss often have a greater impact than
negative scare stories (because many people clois® elieve them). Henrique Pereira
agreed about the need to communicate positive sosrsde-by-side with negative ones and
responded that in GBO-3, a number of experts Wdb e writing about the biodiversity
restoration opportunities arising on apparently atieg scenarios for biodiversity
conservation.

There was also a discussion regarding the apptescale/spatial resolution and accuracy of

the modelling exercises. It was mentioned thatfany issues, like the assessment of impacts
of agricultural practices on riparian vegetatiomakbsmaller scale models/assessments are
necessary as the global one lack in a scientifscstfar this small scale interdependencies.
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Joachim _SpangenbergSustainable Europe Research Institute) stressadithorder to be
relevant to policy-makers, a model needs to be &b#how the impacts of certain policy
decisionsas it has been attempted in the ALARM praj&ttenarios are useful for pointing to
the general direction, but cannot provide the tlethihe implications of policy decisions.
Policy-makers should focus biodiversity policies thie major pressures (such as land use
patterns including transport, invasive alien speard climate change) and aim to minimise
these pressures (for example through agricultwiidyy EU TEN, or structural funds).

Within TEEB, it should be emphasised that if theseno apparent economic value for a
certain ecosystem function, this does not mean ithat worthless. In this respect, it is
important to emphasise thahere is no useless biodiversityand TEEB must clarify what

can and what cannot be monetisedJoachim pointed out that the models do not ctigren
take account of shocks, such as the recent econeomnsis, or non-linear changes in
biodiversity and ecosystem services. He suggestiening models with shocksto gauge
how they respond. For example, the Internation&réynAgency predicts a recovery from the
current crisis followed by another crash due tashibrtage. These shocks should be examined
in future projections of models. He also noted@bjam with IMAGE, namely that it does not
allow for the feed back of economic parameters ihéomodel.

Joachim concluded by emphasising that the figurexdyzed within TEEB must not
necessarily be precise, but théey must be robust enough to provide the basis for
directionally secure policy decisions. The projdeam needs to consider what the
requirements of decision-makers are and desigs todit around them.

Finally, he strongly suggestedcluding recent FP6 projectson biodiversity modelling in
the evaluation.

5.3.6 Summary of the expert feedback

Alexandra Vakrou (DG Environment) and Patrick tennB summarised the session by
stating that it was likely that the GLOBIO and E@@@n models would be used between now
and Nagoya, but that it should be supplemented sitipler models as a reality check. The
overall move should be towards a more specialise ®f models in the medium term.
GLOBIO could also be run with a different set oésarios.

Ecosystem services values are currently not adelyuatdressed in models, making it an
area for future development. There needs to beaterfocus on the local scale, which can be
provided by the specialised models, which shoutdapany the bigger picture.

It was concluded that there is an urgent need tofigtieries and the marine environment to
the used global models.

Alexandra Vakrou observed that issues surroundimging models together, such as the
differences in scales and units (data availabjlity)l have to be addressed before it becomes
a viable option, if at all.

Irrespective of which models are used in the futtirere is a need to address current

knowledge gaps such as the influence of IAS or rtigath infrastructure on freshwater
biodiversity and the relationship between biodiitgrand ecosystem services . There is no
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perfect indicator available so far. Work on indarathas to be intensified and in respect to the
MSA it is crucial that the MSA link to ecosystenmnsees is tested.

From the policy maker side it would be benefic@lrin scenarios that reflect “real” policy
options. An interesting example would be the dismrs on REED or biofuels. To increase
the communicative power of global models they sticag supported by local/small scale
models and narrative stories e.g. on specific estesy functions or tipping points.

Finally it would be useful to have a set of compgtmodels in the medium term as for
example promoted by the IPCC.

Closing of the workshop

Alexandra Vakrou (DG Environment) thanked the pgvaints for their fruitful contributions
to the discussion and closed the workshop.
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6 INTEGRATION OF THE STUDY FINDINGS INTO THE SECOND P HASE OF
TEEB

6.1 Description of Task 5 from the ToR

“Based on the outcome of the workshop, the comtraatll propose a possible modelling
framework that could be used for the second phds€E&B, including the time and the
resources needed.”

This task aims to make explicit recommendationsmbat model runs could be valuable to
help meeting the wider TEEB objectives of assessithg costs and benefits of
biodiversity/ecosystem losses and the relativesassent of the cost of action relative to the
benefits of action. This builds on the analysiscdégd in Chapters 2-4 and the discussions at
the May 13" workshop described in Chapter 5 and subsequdattiehs by the team.

The recommendations initially focus on providingouh to TEEB, specifically relating to
opportunities to contribute to the TEEB reportsb® circulated at CoP 10 in Nagoya in
October/November 2010. More generic recommendatoashen provided that aim to be of
relevance to longer-term initiatives, including EEAvork on the Eureca projecind the new
Millennium Ecosystem Assessment planned for 2015.

In preparing these recommendations, it is firstiyportant to consider what would constitute
an “ideal” modelling framework, so that requireneefdr pragmatic choices can be explicitly
identified and their implications clarified in theder policy context. Already in TEEB Phase
1 the choice of the GLOBIO-IMAGE model, linked teetOECD 2030 baseline-scenario, and
the use of the MSA indicator sparked consideraideudsion amongst biodiversity experts.
Some have taken the choice of MSA by the TEEB taaman indication that the team feels
this indicator is better than others. In realityg selection was simply one of pragmatism, as
the MSA was the indicator used in the main modat Whas available and possible to build on
(see Braat & ten Brink, 2008 (eds.)).

6.2 Context: The ideal global assessment of the econamsi of ecosystems and
biodiversity and the TEEB Phase 1 first step

Ideally, an analysis of economic consequences ah@bs in biodiversity, ecosystems and
ecosystem services at the global scale would iecludomprehensive upgrade of the current
modeling approaches. This would include an integrdérrestrial and marine model and an
improved set of indicators that can represent dmge of biodiversity. Table 6.1 summarises
the list of elements for an ideal modeling framekwor

7 http://eureca.ew.eea.europa.eu/index_html
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Table 6.1 A description of

the “ideal” elements o& biodiversity or ecosystems analysis

Ideal action

Description

A global analysis across all
biomes and ecosystems

This may be via one model or range of models, deéterd by model
coverage and quality which would include terrektrizarine, wetlands and
coastal biomes, including mountains, islands and-made ecosystems.

An analysis across the full set ¢
ecosystem services

fThis could, for instance, be based on the MA li4&( 2005a) or on an
updated list that is more “benefits” focused (aremended in Balmfordt
al (2008) and under ongoing investigation in TEEB IBgal and
Economic Foundations. This may require complemgraaalysis using
different ecosystem service models, if detailsreresufficiently well
covered in a global general coverage model.

Regional specifics and
particularities are taken into
account

This could eventually require regional modeling vehglobal models cannot
give sufficient detail to make analysis relevahtduld also require some

local modeling where details of ecosystem serviterilinkages are critical.

Indicators that best represent tf
biodiversity and ecosystem
services

O

€T his requires a move beyond the MSA, which has laepragmatic choice t
date and would need to ensure that data existdroppate detail.

Looking at costs and benefits
over time

This should include financial, broader economigjaéhuman and
environmental implications of policy inaction anctian. This needs
appropriate treatment of not just costs capturegeimeral economics (and
hence in GDP) but also externalities as well aodppity costs.

A “suite” of models that allow
comparison and cross-checking

This would mirror the IPCC approach of complementarcompeting
).models. It is important to note that reality magydiutside the envelope
created by the model set, so a link to monitorggdrticularly important.

A range of scenarios of drivers
and responses.

This will need to include various baselines anétao$ regionally specific
policy actions, consistent at the global level.

Complementing global level
answers with regional estimate

This will allow cross-checking of the answers ag paquality control. It
5 should include national and even lower level esii®#o ensure that results
are most relevant to the audiences and reflectipahcealities.

Use of policy relevant scenario
that can describe policy options

5 This enables policymakers to directly view the itgaof particular policy
options. For example, in relation to protected a®&erage; investment in
natural capital such as forests or coral reefsybsidy reform.

A spatially explicit analysis

This would considbetspatial dimension where services produced in on
place are “enjoyed” in another into account.

Adequate and achievable withif
the timescales

n This includes model runs and analysis time, actes®dels and
engagement by model holders. Engagement of modigéisois important
not just to TEEB but will be very valuable for otlengoing and post-TEEB
work.
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The TEEB Phase 1 analysis was significantly maretdéid than this ideal. It comprised a
global analysis for land-based biomes based omglesibaseline scenario with no-new-
policies and quantitative modelling (marine, caadl invasive alien species were only treated
by literature review and “back-of-the-envelope’atahtions) incorporating:

* A subset of the biomes - results were more fdmsised (data were not available for all
biomes);

* A subset of ecosystem services - (again econonta dat available for all services;
extensive use of benefit transfers);

« Asingle indicator used in the quantitative modetdd analysis— MSA - (this being “hard-
wired” in the GLOBIO model);

» Cost of policy inaction, but not costs of actiorbenefits, or opportunity costs; and

* Very limited sensitivity analysis with some randesthe economics, but not for different
drivers.

Scope and ambitions of TEEB Il

In short, the first estimate was “a first estimatatceptable in its limitations given the
timescale of the first exercise. The expectatiamrsaf TEEB report to the CBD CoP 10 in
Nagoya are significantly higher; there is an exgtatP of the results being one level better
than the first estimates. However, there is alsdig®m by expertsthat the task is very
complex, data are not always there (and will nbtbal there in the next 12 months), nor
indeed do global models exist for everything. Hetlmecommunity does not expect a perfect
comprehensive answer. In practice, there is anatapen that the TEEB report in September
2009 be a step forward from the May 2008 Bonn reord that the Nagoya October 2010
answers are a full “level up”, but that further Wwand improvements will be needed beyond
that to move towards “the ided®’ It is recognized that the full suite of modelsing better
biodiversity indicators to model changes acrossgstems, ecosystem services and covering
costs of action (including opportunity costs) andtoof inaction, will not be fully possible by
Nagoya (given that the delivery date will be severanths in advance of the CBD meeting).

6.3 Recommendations

This section presents recommendations on diffeaspiects of the models, scenarios and
assessments in light of the ambitions for using el®dnd scenarios for TEEB and beyond
based on the analysis of currently available modetsscenarios.

Which models to use

6.3.1 Modelled effects on nature

There are many models that effectively forecasingba in the biophysical domain. They
differ in focus, timeline, assumptions, spatial oleion, sensitivities and in choice of

indicators of biodiversity and ecosystem servicese (below). This is covered in Chapters 2
and 4.

8 Based on discussions with interested partieseafithens Beyond 2010 conference.
9 Ibid as point 1.

10 piscussions at the scenarios and models workBrssels.
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The conclusions on the “best” availabteodels at the current time are:

e Land-use: the IMAGE model, and some of the oth&xgrated models, are arguably the
most useful at this stage, given IMAGE has a figigdl and greater track record than the
other models.

* Marine: The EwE family of models is the best intbattechnical sense and usability for
TEEB as it has global coverage (i.e. all oceansa iregionalised format. There is a
reasonably data rich base, although the econom&dlibeing developed.

» Coral reefs: There is a coral reef model that bbasespromise - REEFS at RISK.

e Coastal (mangroves/wetlands): There are no globadlets, but some regional/local
models exist, for Louisiana, New Jersey and Sou#ist EAsia (for example, on
mangroves). The challenge is one of upscaling greagting to the global scale.

Meeting the requirements of TEEB Il will requireetipgrade, integration and extension of
existing work. As noted above, this needs to calleecosystems and ecosystem services, be
global and build in a diverse set of indicatorsbmdiversity.

There also needs to be developed a fully functidinkl of biodiversity or natural capital to
economic values and social impacts. This is notecdly available in any existing model,
except for a design in the GUMBO model which haistgebe tested in a global assessment.
This suggests that in the short term an approa¢hdufing on” an “economics or valuation”
module to the outputs of the physical models reman important part of the practical
solution.

Given the timescale, it will be necessary to worikhwcurrent material and extend it to
develop a new fuller TEEB toolkit (see also Cha@ferThis toolkit should include:

» Use existing models and add new indicators inclgdin
o IMAGE-GLOBIO and COPI upgrade and scenarios;
0 marine (EwWE set and MSA indicator to match GLOB#2d assessment);
o global models for coral reefs; and
o make use of the results from the INVEST global sssent (which is forthcoming).

 Promote efforts to validate GLOBIO and other mod#éisough observation and
experiment.

* Incorporate a wider range of drivers into modeé (ter discussion).

It will also be important to work with models atregional or local level to offer additional
insights on the ecology-economic-society links, fexample for mangroves, water
purification and flood control or natural hazards.

Suitable modelling of ecology-economic-society §rdé mangrove development in a spatially
explicit manner will be critical to help understatige economics in more detail in order to
assess social costs, distributional impacts araradk issues (for example, as related to flood
risks).

On water purification-provision, there is a needapply suitable spatial planning tools to be
able to show the interrelation between naturaltebpind associated activities providing the
service, and the benefits and help tools offer wppsrt the wider use (if and where

appropriate) of payments for environmental servaesvell as strategies to protect or invest
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in natural capital. This will also be importantliok to the development of natural capital
accounts.

On flood control it will be important to apply $aible spatially planning tools to develop risk
maps, links to event frequency and also socio-emorxdemographic issues to help
communicate risk and cost.

6.3.2 Empirically test the effect of changes in key asspions

Testing the sensitivity of modelling results to kessumptions is a very time consuming and
costly activity. The only “good” way to do thistegether with the original model-developers;
which would require contracts with “supervision&ésconclusions in Chapter 4).

6.3.3 Model effects on the economy

Very few models actually address within them theneenic impacts of changes in
biodiversity and ecosystem services. The main diaepare the GUMBO/MIMES models.

For other models, an “economic impact module” needse added (as with the COPI work);
the output of the GLOBIO-IMAGE model was changedand-use and degradation up to
2050, and an “economic module” was added, outdideeomodel.

There are therefore a number of ways forward:

* Discussion with the GUMBO/MIMES modelling team (Cawxza et al.,) about their
approach to investigate the possibilities of usiag model that combines both
environmental and economic aspects, arguably iallpgr

» Consider the addition of meta-models, such as InNV&S MIMES for rapid mapping of
alternatives and first indications of economic tesck on sectors;

e Further develop the “COPI spreadsheet model” witbPC 2 results (more case study
values, better view of sensitivities of benefitngter, effects of substitutability) and the
wider TEEB Ecological and Economic foundations work the “matrix of ecosystem
service values” (see Chapter 7 of the report);

e Substantiate ecosystem service — land-use type [M&ationships with empirical data;
and

e Test model(s) scenario context (for example, OE@Bebne for comparison with COPI
1).

Some parts of the"2and & points have been carried out in the COPI Il cantfENV,
07.0307/2008/514422/ETU/G1], but while a step fodyathis does not go as far as
addressing all the gaps.

Scenarios

6.3.4 Baseline scenarios

There has already been extensive work done onibasstenarios of different types within
the range of global assessments. It is arguablgositeffective to focus efforts on creating a
new suite of baseline scenarios. However, for ttgpg@sed modelling of the economics of
ecosystems and biodiversity, a combination of nedéll need to be used and these risk
having different assumptions within the baselinenscios and hence creating potential
incompatibilities. There is the possibility, theved, to follow the example of the IPCC to
coordinate the assumptions within a baseline saendinus removing these potential
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compatibilities between model comparisons. Thecalitnew work will be on the policy
action scenarios.

6.3.5 Policy action scenarios for biodiversity and ecogya services management

Very few of the global assessments studies haveasos which deal with biodiversity and
ecosystems services explicitly. The analysis caroiet by the IMAGE-GLOBIO toolbox for
GBO2 is a rare example, at least at the globakssde sCBD and MNP, 2007). The GBO2
scenarios should be further developed, with integrpackages and regional specific sets of
policy measures. Additional work would ideally albaild on TEEB D1 for applying the
toolkit of policy measures/instruments and take iatcount the expected targets for post
2010, although this may not be possible in the srake. A policy dialogue should be set up
to develop Policy Action Scenarios which have aaldrsupport across stakeholders and world
regions (an example is available in the GBO2 amafgCBD, 2006)). The scenarios need to
build in the key drivers behind ecosystem and @ity loss (population growth, economic
growth, consumption patterns (notably calorie ietad dietary preferences), productivity
gains (notably for food production), trade and $gort growth etc. There still may also be a
need for policy measures, both in business-as-usagaarios and for different policy action
scenarios. This can therefore usefully build inulssfrom theUnderlying Causegproject
(ENV.G.1/FRA/2006/0073).

It will be useful to ensure different milestoneg artegrated, notably, by 2015 (to reflect the
MDGSs), as well as analysis to 2020/2030/2050 teuséciently short term for policy makers,
but sufficiently long term to allow major trendshie integrated.

Attention should be paid to the construction of megful alternative scenarios, which should
focus on the main drivers of land-use change aondiversity loss and make use of the full
potential of the existing models when implementimgse scenarios.

The scenarios need to be able to explore criteslids such as deforestation and REDD
approaches, biofuels policies, agriculture, prohitgt and consumer demand. The figure
below gives a simplified schematic graphic of cimitions that some policy tools could

hypothetically make to an alternative natural cpmievelopment path.
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Figure 6.1: Natural Capital loss under no new polies baseline, alternative development
path and contribution of instruments - a simplified schematic.

) Opportunities/benefits of ESS
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Source: ten Brink (2009). PresentatiMeasuring Natural Capital TEEB approach and Workingights
Presentation to Chinese Delegation Defra, UK 6t 2009

Indicators

6.3.6 Systematic classification of ecosystem servicedatbrs

Changes in terms of ecosystem services have bestrilsed under a great variety of
indicators and mechanisms. They are as variablesache studies as the definitions of
ecosystem services. A systematic classificationeadsystem service indicators is being
developed now (by the World Research Institute -)\HRIt as for the definition and selection
of biodiversity indicators, a broad discussion abloow appropriate and representative the
data are, needs to be initiated and “given a sehsegency”. There is a short-term tension
between indicators that are available in the modetshence available for analysis, and those
that would be “better” as they reflect ecosystemd hiodiversity better. It is important
therefore that a phased approach be taken, dissimgg between what can be used now (and
present results with due caveats), and what cadebeloped in parallel, so that different
approaches are available in the future, buildingdbferent indicators. It should be ensured
that supply and demand of ecosystem services arerex to be able to estimate actual
service provisioning and help valuation.

6.3.7 Re-examination of the use of the MSA indicator

The use-ability of other biodiversity indicatorathMSA (see Chapter 4) must be further
developed by examining the relationships betwedierdnt indicators of biodiversity, land
use and ecosystem services. Some ecosystem semaede better modelled directly, as
they appear not to be affected by biodiversity/gstesn intactness as measured through the
MSA. The use of biodiversity as an indicator of ®=iem services, such as pollination, pest
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control, genetic resources and spiritual serviessirf the global study by Gallat al. 2009)
could cover gaps in current models. It was alsogsestgd during the workshop that
consideration should be given to assessing biocsityermpacts according to the Human
Appropriation of Net Primary Production (HANPP) icator. HANPP measures to what
extent land conversion and biomass harvest aleeatailability of Net Primary Production
(biomass) in ecosystems. This could be part ofrttieator development effort.

6.4 Research needs

The need for more research into linkages and oglsliips has to be highlighted, including
how biodiversity loss influences ecosystem seryiaed how drivers affect both biodiversity
and ecosystem services, both independently and-rgisgedly. Understanding these
relationships (the core of any models) will helpdentify the best metrics/indicators.

6.4.1 Models

A wider range of drivers should be incorporatea intodels. Further development should
focus on enhancing economic feedback and sectogsadts, broaden the set of biodiversity
indicators to strengthen their relevance for edesysservice provisioning and integrate ocean
models with socio-economic and terrestrial models.

Current models are less apt at dealing with “naedrities” — such as issues of crisis or
modelling tipping points that might cause localgtwbal disasters. In principle this could be
addressed within “disaster” scenarios but modellilegelopment will need to be done to
ensure that these work. It will be useful to canyt selective “what if” analyses, such as
simulating a resources crisis, effects of majonplaest outbreaks (e.g. potato blight), ocean
acidification cases, and so on. The aim of this ldidae to explore future extremes to see
whether policies or trajectories are “future proof™crisis proof”.

There is a need for models to address trade-offdeoisions that reflect wider spatial and

intergenerational relationships. For example, astithat have a positive impact in one area to
one group of people may have adverse impacts e timoother areas. Similarly, actions that
have short term gains may be followed by low teosts, affecting other generations.

6.4.2 Indicators

As indicated above, it is necessary to evaluateeittent to which the MSA indicator (and
changes to it) correlate with actual changes idibgrsity and ecosystem services. The aim of
this should be to validate and calibrate key fuorai relationships.

Realistic time deadlines need to be set to achi@ggi.e. 2-5 years minimum) with sufficient
funding allocated for both the basic research neaxd the model development and
application.

6.5 General recommendations

As this review of the available models has showamenof the existing models can fulfil all
the needs for TEEB. No one model covers all aspeEdisodiversity and ecosystem services,
and none integrate marine and terrestrial realms.

Combinations of multiple tools are required to aowe entire chain from ultimate drivers to
impacts on ecosystem services and biodiversitinkoacross scales as needed to capture key
processes at a finer scale; and to enhance assdssihfeedbacks from changes in ecosystem
services. It is also important to accept that omériccannot be used to model biodiversity in
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its entirety, nor the full suite of ecosystem seegi — a range of models focusing on different
elements will be required, and at different scaggsas to build up a more comprehensive
picture of change. Compare the results from muatipbdels rather than relying on one alone;
i.e. an ensemble approach (currently suggestedinrate modelling). These should include
models centred around land-use/cover change (MAE) and those that are not. Consider
the use of meta-models like INVEST and MIMES fqguidamapping of alternatives and first
indications of economic feedback on sectors.

It is essential to consider the potential contitmg of teams and consortia, not separate
models alone to assess potential for contributitmsTEEB: besides methodological
soundness, scientific rigour and technical capadsliof the models, the teams’ track-record
in contributing to large scale international asses® studies is an important criterion. This
has been the experience in the IPCC process. Ail#jeof the toolbox to external users, and
communication about the modelling approach andnapsans is considered essential to
build policy support. The team should ideally wadross models, and in coordination with
the modelling teams related to the models. Thisigortant as the elements of the analysis of
different models have to fit together and relatecdonmon scenarios to be able to create a
global composite picture.

In addition, it could be useful to consider invii range of different modelling groups to
undertake model runs using the same policy-relevs@narios as competition breeds
innovation.

To be pragmatic it will be important to explore wapf combining quantitative and
gualitative approaches and not rely purely on gtaetive models to inform policy (as they
may give a false sense of greater accuracy oveeftxed’ qualitative options).

6.6 Recommendations for TEEB Il (up to October 2010)

On the basis of the analysis and workshop discossithe following recommendations are
made for the analysis.

6.6.1 Developing new approaches

1. Expansion of a global model suiteA small but growing suite of global models is
needed. Small initially because there are not nmaaogels available that can answer
the questions, and growing as there is a needifiereht approaches to allow cross-
checking and comparison. Below are a number ofiderations.

a. To address terrestrial ecosystems, the study aswlgBions suggest that an
updated and extended use of IMAGE, GLOBIO, LPJIJmd. AfaterGAP model
be run covering land-use, biodiversity and a selaaf ecosystem services.

b. For fisheries and the marine environment, the lestent global marine
models are: EwWE family, cumulative Threats Moded &eefs at Risk model
covering limited biodiversity and the relevant g&ism services.

c. Reality check or complement: apply simple modeli®) key ecosystem
services as the above models will not cover evergth

d. It is important not to try to bundle everything ébiger as this risks creating a
“Frankenstein model.”

e. Aim for a suite of models to be available and openal (for the question of
biodiversity/ecosystem loss) in the medium term.

f. Use species area richness (SAR) for additionalibésity estimates.
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g. Upgrade COPI for economic valuation of gains arsés due to biodiversity
policy action and inaction.

h. The GUMBO/MIMES model suite can provide indicatioslsout ecosystem
services dynamics and includes feedbacks to ecanwalues. The suite is
being further developed and its progress shoulddsely tracked.

i. Use ATEAM/INVEST for regional specific analysis, ah in itself it adds
species richness estimates and several ecosysteicese

2. Develop global models run with different scenariodnclude a wider range of policy
actions that include more specific approaches tiléabiodiversity loss including
direct impacts of biofuels, REDD options, subsiéyorm, investment in protected
areas and other natural capital, and market bastédiments.

3. Complement the above with regional or local modelas well as ecosystem specific
models and sector modeldnVEST could be useful to bring in the spatial a&dor
example by demonstrating links to flooding, as wedl developing case studies
focusing on ecosystem functions. For sector, e¢esysr policy specific modeling it
could be useful to do REDD modeling, use agricaltumodels, and also carry out
modeling of biofuels to address critical questidnsmany cases significant work of
others can be built on, so care needs to be takewdid duplicating existing work.

6.6.2 Implementation and resources required

Below are suggestions as to practical needs folysisao support TEEB to Nagoya. This
includes some order of magnitude estimates of ¢odtelp clarify what is possible within the
timescale and budget. The outline is constrainethbytimeline for TEEB Il and the assumed
review and CBD procedure requirements.

Upgrade of the global toolbox

Completion of current extensions and improvemerftsMAGE and EwE families
(unknown projects and timelines).

New version of GLOBIO, including several other hiadsity measures (based on
species-response models), link to EwWE marine modélls a MSA-like biodiversity
indicator, and some ecosystem service indicatased on empirical relationships). This
would allow GLOBIO to do more than the current va@nsand address some its current
weaknesses as regards biodiversity/ecosystem impazielling.

Development of broadly supported Policy Action &des

Policy dialogue - using key policy makers, scenat&avelopers, links to beyond 2010
policy groups, and work on quantifying the poli@commendations present in TEEB D1
and parallel activities (e.g. TEEB France, CBD,)etc

Based on GBO2 and regional specifics, and builddngthe September product and
experience.

Scenario-runs (including sensitivities)

Embed the results of the policy dialogue in polggenarios and run these scenarios,
assess results in biodiversity, ecosystem serviaed, social and economic terms,
including risks and opportunities.

Synthesis
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* Produce a synthesis report and prepare presergdtiohagoya.
e Start communication of results.

6.7 The medium and long term: up to the MDG timescale @15 and beyond

In the longer term it would be useful to facilitatevelopment of and competition amongst a
variety of models; following the IPCC approach.ded this could be particularly relevant to
the establishment of amtergovernmental Panel on Biodiversity an EcosystBervices
(IPBES).

Such work needs to be supported over the peridtatgya, but the fruits of competition are
most likely to come only after Nagoy&o see how much the models and the assumptions in
the scenarios influence the results, different adea and model combinations should be
tested. This will help allow one to see the answerntext. It will also help avoid answers
being too anchored to one model, one perhaps t@l set of indicators and assumptions,
and subset of the experts working in the fieldwtiuld, for example, be useful to run
GUMBO/MIMES with the same assumptions. The valuermfouraging competition amongst
models also holds true for marine/fisheries models.
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