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FOREWORD

THE METHODOLOGICAL ASSESSMENT REPORT ON SCENARIOS AND MODELS OF BIODIVERSITY AND ECOSYSTEM SERVICES

FOREWORD

his IPBES methodological assessment
of scenarios and models of biodiversity
and ecosystem services has been
carried out by experts from all regions
of the world, who have performed an
in-depth analysis of a large body of
knowledge, including about 1500 scientific publications.
It has been extensively peer reviewed. Its chapters and
their executive summaries were accepted, and its summary
for policymakers approved, by the fourth session of the
Plenary of IPBES (22-28 February 2016, Kuala Lumpur).

Decision makers in Governments, private sector and civil
society want more robust information regarding plausible
futures of biodiversity and ecosystem services. They want
to understand how the drivers impacting biodiversity and
ecosystem services might evolve in the future, and what
the consequences might be for biodiversity, ecosystem
services and nature’s benefits to people. They also want to
understand the implications of different policy choices on
biodiversity and ecosystem services, and how to achieve
policy targets, e.g., the Aichi targets.

To address the concerns of decision makers the IPBES
scenarios and modelling assessment considered the roles
of scenarios and models within the IPBES conceptual
framework, and assessed the roles of three types of
scenarios within the policy cycle, i.e., (i) “exploratory
scenarios”, which represent different plausible futures,
often based on storylines; (i) “target-seeking scenarios”,
also known as “normative scenarios”, which represent

an agreed-upon future target and scenarios that provide
alternative pathways for reaching this target; and (i) “policy-
screening scenarios”, also known as “ex-ante scenarios”,
which represent various policy options under consideration.

The biodiversity community needs to make a step change
in its capacity to foresee plausible future changes as a result
of various socioeconomic drivers. This methodological
assessment will make a critical step in this direction. By
providing expert advice on the models and scenarios that
are currently available, and by explaining how to use them
and in what context, it will make it possible for IPBES
assessments to address these questions. By highlighting
gaps in data, knowledge, methods and tools relating to
scenarios and models, it is hoped that it will bring more
attention to this crucial field of biodiversity science.

This assessment was performed early in the implementation
of the first work programme of IPBES, in order to be
used by the thematic, regional and global assessments of

IPBES. It is expected that this report will also represent a
useful resource to academia and other stakeholders and
decision makers.

IPBES is pleased that the Subsidiary Body on Scientific,
Technical and Technological Advice (SBSTTA) of the
Convention on Biological Diversity has recognised the
importance of this assessment and encouraged countries,
organizations, indigenous peoples and local communities
and the scientific community to further develop and use
scenarios and models to support decision-making and
evaluate policies. IPBES looks forward to the consideration of
SBSTTA’'s recommendation on this matter by the Conference
of the Parties at its thirteenth meeting later this year, and to
the contribution of IPBES’ work on scenarios and models to
the fifth edition of the Global Biodiversity Outlook.

We would like, as Chair and Executive Secretary of IPBES, to
warmly thank the co-chairs, Simon Ferrier and Karachepone
N. Ninan, for their great dedication and leadership, and the
coordinating lead authors, lead authors, review editors,
contributing authors and reviewers, for their excellent work
and commitment and for contributing their time freely to this
important report. We would also like to thank the staff of

the technical support unit, headed by Rob Alkemade, and
based at the PBL, Netherlands Environmental Assessment
Agency, for their professionalism, and the government of the
Netherlands for their generous support.

We would, finally, and very importantly, like to recognize the
invaluable leadership of the former Chair of IPBES, Prof.
Zakri, and thank him for his dedication to IPBES and to the
cause of biodiversity.

There is no doubt that this methodological assessment will
make an important contribution to the on-going work of
IPBES on the thematic (land degradation and restoration),
regional and global assessments.

Sir Robert T. Watson
Chair of IPBES

Anne Larigauderie
Executive Secretary of IPBES
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STATEMENTS FROM
KEY PARTNERS

The methodological assessment report on scenarios and models of
biodiversity and ecosystem services, approved by the fourth session of the

Plenary of IPBES, in Kuala Lumpur, in February 2016, provides a critical

evaluation of available knowledge regarding the scenarios and models at our
disposal to explore possible futures for drivers of change, and their projected
consequences for biodiversity and ecosystem services. It also provides guidance on how
to use them in support of decision making, and points to gaps in data, knowledge,

methods and tools.

This assessment represents a great resource not only for experts performing
assessments of biodiversity and ecosystem services within IPBES, but also for all
individuals, programmes, organisations and governments, including UNEP, UNESCO,
FAO and UNDP, interested in getting more information about plausible futures for
biodiversity and ecosystem services, for the purpose of informed decision-making

contributing to sustainability. ,,

Erik Solheim

Executive Director,

United Nations Environment Programme
(UNEP)

José Graziano da Silva
Director-General,

Food and Agriculture Organization of the
United Nations (FAO)

Irina Bokova

Director-General,

United Nations Educational, Scientific and
Cultural Organization (UNESCO)

Helen Clark

Administrator,

United Nations Development Programme
(UNDP)
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PREFACE

THE METHODOLOGICAL ASSESSMENT REPORT ON SCENARIOS AND MODELS OF BIODIVERSITY AND ECOSYSTEM SERVICES

PREFACE

he goal of the Intergovernmental Science-

Policy Platform on Biodiversity and

Ecosystem Services (IPBES) is to

strengthen the science-policy interface

for biodiversity and ecosystem services

towards conservation and sustainable use
of biodiversity, long-term human well-being and sustainable
development. It does so, in particular, by orchestrating the
production, by hundreds of scientists and other knowledge
holders from all parts of the world, of scientific reports which
assess the state of knowledge on a particular theme (e.g.
the pollination assessment), a region (e.g. the on-going
four regional assessments of biodiversity and ecosystem
services in four on-going regional assessments), or at the
global level, in response to requests from decision-makers.

This Methodological Assessment of Scenarios and
Models of Biodiversity and Ecosystem Services was
initiated in order to provide expert advice on the use of
such methods in all work under IPBES to ensure the policy
relevance of its deliverables. It is one of the first assessment
activities of IPBES because it provides guidance for the use
of scenarios and models in the regional, global and thematic
assessments, as well as by the other task forces and expert
groups of IPBES. Because the assessment focuses on
methods, this report is more technical in nature than other
thematic, regional and global assessments of IPBES. In
particular, the assessment focuses on the following:

@) Critical analyses of the state-of-the-art and best
practices for using scenarios and models in
assessments, policy design and policy implementation
relevant to biodiversity and ecosystem services;

Q Proposed means for addressing gaps in data,
knowledge, methods and tools relating to scenarios and
models;

ﬁ Recommendations for action by IPBES member States,
stakeholders and the scientific community to implement
and encourage those best practices in regard to the use
of scenarios and models, engage in capacity-building
and mobilize indigenous and local knowledge.

The Methodological Assessment Report on Scenarios

and Models of Biodiversity and Ecosystem Services was
prepared in accordance with decision IPBES-2/5 on the
IPBES work programme. The Multidisciplinary Expert

Panel along with the Bureau prepared an initial scoping
document for the assessment (IPBES/2/17, annex VI), which
served as a basis for the second session of the IPBES
Plenary (Antalya, 2013) to approve the undertaking of the
assessment. This assessment report has been developed
in accordance with the procedures for the preparation

of Platform deliverables (annex | to decision IPBES-3/3).
Governments and stakeholders nominated experts for

the author team. The final author team consisted of two
Co-chairs, 15 Coordinating Lead Authors, 51 Lead Authors
and 12 Review Editors. In addition, during the development
of the assessment report, authors selected an additional

21 Contributing Authors to help strengthen various parts

of individual chapters. The assessment report underwent
an internal review, followed by one formal external review
by experts and by a second external formal review, which
also included the draft Summary for Policymakers (SPM),
by governments and experts. Revisions were made after
each review in close collaboration with Review Editors

who ensured that all comments were fully considered. The
Scenarios and Models team received approximately 2360
comments from 194 expert reviewers (combined from the
First Order Draft review and the Second Order Draft review)
from 45 countries. The IPBES Plenary approved the SPM,
and accepted the individual chapters of the assessment, at
its fourth session in Kuala Lumpur, 22-28 February, 2016.
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t the outset we would like to

express our sincere thanks to

the former and current Chairs

of IPBES, Professors Zakri

Abdul Hamid and Bob Watson

respectively, to Dr Anne
Larigauderie (Executive Secretary), and to the
members of the Multidisciplinary Expert Panel
and the Bureau of IPBES for the confidence
they placed in our assessment team. Prof. Paul
Leadley, as the Multidisciplinary Expert Panel's
primary representative on this assessment,
deserves a special mention for the extensive
guidance, input and support he provided throughout the
entire process.

The individual members of the Technical Support Unit

(TSU) for this assessment, hosted at PBL Netherlands
Environmental Assessment Agency, and generously

funded by the Royal Dutch Government, also deserve a
special mention. Rob Alkemade (Head of the TSU, and an
expert on scenarios and models in his own right), Tanya
Lazarova, Thelma van den Brink, Eefije den Belder, and
Marcel Rozemeijer (prior to November 2014) have all played
indispensable roles throughout this process. The support
provided by this team has been truly outstanding, and is very
much appreciated.

We warmly acknowledge the generous and highly
professional contributions of all authors and review editors,
and the support provided by their institutions as well as the
governments and stakeholder organisations, that enabled
their participation in this process. In addition, we thank all
expert reviewers, and all reviewers from governments and
stakeholders, for giving their time and feedback. This greatly
helped to enhance the rigour and quality of the various drafts
of the assessment report (a list of reviewers is appended

at the end of this report). Graphic designer Yuka Estrada
provided outstanding support in preparing the final versions
of most of the figures, adding considerable value to many
of these through expert redesign, and Ralph Percival made
a similarly excellent contribution with the remaining figures
and tables. Maro Haas produced a very attractive layout for
the Summary for Policymakers. We also thank all members
of the IPBES Plenary and all observers who suggested
improvements to the Summary for Policymakers during the
4" session of the Plenary held in Kuala Lumpur, Malaysia in
February 2016.

We are very grateful to the Royal Dutch Government, and
the Governments of Argentina and the People’s Republic

of China for supporting the three author meetings held at:
Egmond aan Zee, Netherlands (October 27-31, 2014);
Ushuaia, Argentina (March 9-13, 2015); and Beijing,

China (July 27-31, 2015). The host institutions responsible
for organising these meetings were: PBL Netherlands
Environmental Assessment Agency; National Commission
of Scientific Research and Technology (CONICET), Museo
Argentino de Ciencias Naturales and UNCPBA, National
University of Buenos Aires, CONADIBIO, Argentina; and
Nanjing Institute of Environmental Sciences of MEP, Chinese
Academy of Sciences, China. In addition, we express our
sincere thanks to the Government of Malaysia for hosting
and supporting the organization of the 4™ session of the
Plenary where the summary for policymakers was approved
and the chapters and their executive summaries accepted.
We also thank several individuals for their generous help with
organizational tasks at various points throughout the life of
this process: Jay Ram Adhikari, Keimpe Wieringa, Carlos
Cattaneo, Bernardino Rivadavia, Esteban Abolsky, Gabriel
Abolsky, Haigen Xu, Yun Cao, Mengmeng Chen, Xiaoping
Sun, Xi Gong, Jasper Montana and Johan Meijer.

We express our sincere appreciation to the entire IPBES
Secretariat and especially Thomas Koetz and Hien Ngo

for their support during the process of developing this
assessment. Finally, we extend our gratitude to Ivar Baste
and Asghar Mohammadi Fazel from the IPBES Bureau who
co-chaired the discussions on this assessment at the 4"
session of the Plenary.

Simon Ferrier
Co-Chair

Karachepone N. Ninan
Co-Chair
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SUMMARY FOR POLICYMAKERS

THE METHODOLOGICAL ASSESSMENT REPORT ON SCENARIOS AND MODELS OF BIODIVERSITY AND ECOSYSTEM SERVICES

INTRODUCTION

HIGH-LEVEL MESSAGES

1 ) SCENARIOS AND MODELS CAN CONTRIBUTE

SIGNIFICANTLY TO POLICY SUPPORT, EVEN
THOUGH SEVERAL BARRIERS HAVE IMPEDED THEIR
WIDESPREAD USE TO DATE.

2 ) MANY RELEVANT METHODS AND TOOLS ARE
AVAILABLE, BUT THEY SHOULD BE MATCHED

CAREFULLY WITH THE NEEDS OF ANY GIVEN ASSESSMENT
OR DECISION-SUPPORT ACTIVITY, AND APPLIED WITH
CARE, TAKING INTO ACCOUNT UNCERTAINTIES AND
UNPREDICTABILITY ASSOCIATED WITH MODEL-BASED
PROJECTIONS.

3 ) APPROPRIATE PLANNING, INVESTMENT AND
CAPACITY-BUILDING, AMONG OTHER

EFFORTS, COULD OVERCOME SIGNIFICANT REMAINING
CHALLENGES IN DEVELOPING AND APPLYING SCENARIOS
AND MODELS.

he methodological assessment of

scenarios and models of biodiversity and

ecosystem services was initiated in order

to provide expert advice on the use of

such methodologies in all work under the

Platform to ensure the policy relevance of
its deliverables, as stated in the scoping report approved
by the Plenary of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services at its
second session (IPBES/2/17, annex VI). It is one of the first
assessment activities of the Platform because it provides
guidance for the use of scenarios and models in regional,
global and thematic assessments, as well as by the other
task forces and expert groups of the Platform.

The report on the outcome of the assessment is available as
document IPBES/4/INF/3/Rev.1. The present document is

a summary for policymakers of the information presented in
the full assessment report.

“Models” are qualitative or quantitative descriptions of

key components of a system and of relationships between
those components. This assessment focuses mainly on
models describing relationships between: (i) indirect and
direct drivers; (i) direct drivers and nature; and (jii) nature and
nature’s benefits to people.

“Scenarios” are representations of possible futures for
one or more components of a system, particularly, in this
assessment, for drivers of change in nature and nature’s
benefits, including alternative policy or management options.

Because the assessment focuses on methods, the
summary for policymakers and the full assessment report
are more technical in nature than are those of other
thematic, regional and global assessments of the Platform.
In particular, the assessment focuses on:

) Critical analyses of the state-of-the-art and best
practices for using scenarios and models in
assessments and policy design and implementation
relevant to biodiversity and ecosystem services;

O Proposed means for addressing gaps in data, knowledge,
methods and tools relating to scenarios and models;

O Recommendations for action by Platform member
States, stakeholders and the scientific community to
implement and encourage those best practices in regard
to the use of scenarios and models, engage in capacity-
building and mobilize indigenous and local knowledge.

Unlike the thematic, regional or global assessments of the
Platform, the methodological assessment does not analyse
the status of, trends in or future projections of biodiversity
and ecosystem services.

There are several audiences for the methodological
assessment. The summary for policymakers and chapter

1 have been written to be accessible to a broad audience,
including audiences within the Platform community, as well
as stakeholders and policymakers not directly involved
with the Platform. The critical analyses and perspectives

in chapters 2-8 are more technical in nature and address
the broader scientific community in addition to the expert
groups and task forces of the Platform.

Target audiences outside of the Platform include:

O Policy support practitioners and policymakers wishing to
make use of scenarios and models to inform decision-
making on the local to global scales: the assessment
provides guidance on appropriate and effective use of
scenarios and models across a broad range of decision
contexts and scales;
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O Scientific community and funding agencies: the
assessment provides analyses of key knowledge gaps
and suggests ways of filling those gaps that would
increase the utility of scenarios and models for the
Platform and for their use in policymaking and decision
making more broadly.

The intended target audiences within the Platform include:

O The Plenary, the Bureau and the Multidisciplinary Expert
Panel: the summary for policymakers and chapter 1
provide a broad overview of the benefits of and limits
to using scenarios and models, of their applications
to Platform deliverables and of priorities for future
development that could be facilitated by the Platform;

O Task forces and expert groups: the full assessment
report provides guidance for catalysing, facilitating and
supporting the use of scenarios and models within the
Platform and beyond;

O Regional, global and thematic assessments: the
summary for policymakers and chapter 1 give all
experts an overview of the benefits of, and caveats
regarding, the use of scenarios and models, and
chapters 2-8 provide experts who are working
specifically on scenarios and models with guidance
on more technical issues related to the application of
scenarios and models in assessments of biodiversity
and ecosystem services.

The messages in the present summary for policymakers
are divided into “key findings”, “guidance for science and
policy” and “guidance for the Platform and its task forces

and expert groups”.

Key findings are messages that arise from the critical
analyses in the assessment and are aimed at a broad
audience, both within and beyond the Platform. They are
grouped under the three “high level messages” emerging
from the assessment.

Guidance for science and policy is based on the key
findings and broadly addresses target audiences outside of
the Platform, as called for in the scoping report approved by
the Plenary at its second session.

Guidance for the Platform and its task forces and expert
groups is based on the key findings and specifically
addresses the Platform’s Plenary, Multidisciplinary Expert
Panel and Bureau, and experts involved in Platform
deliverables, as called for in the scoping report approved by
the Plenary at its second session. The guidance proposes
actions that could be undertaken or stimulated by the
Platform.

References enclosed in curly brackets at the end of each
key finding and each guidance point in the present summary
for policymakers, e.g., {2.3.1}, indicate where support

for the findings and guidance point may be found in the
chapters of the assessment report.

]
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THE METHODOLOGICAL ASSESSMENT REPORT ON SCENARIOS AND MODELS OF BIODIVERSITY AND ECOSYSTEM SERVICES

KEY
FINDINGS

HIGH-LEVEL MESSAGES

1 ) SCENARIOS AND MODELS CAN CONTRIBUTE

SIGNIFICANTLY TO POLICY SUPPORT, EVEN
THOUGH SEVERAL BARRIERS HAVE IMPEDED THEIR
WIDESPREAD USE TO DATE.

Key finding : Scenarios and models can
provide an effective means of addressing
relationships between nature, nature’s benefits to
people and good quality of life and can thereby add

FIGURE SPM. 1

considerable value to the use of best available
scientific, indigenous and local knowledge in
assessments and decision support (figure SPM. 1).
Scenarios and models play complementary roles, with
scenarios describing possible futures for drivers of change
or policy interventions and models translating those
scenarios into projected consequences for nature and
nature’s benefits to people. The contributions of scenarios
and models to policymaking and decision making are
usually mediated by some form of assessment or decision-
support process and are typically used in conjunction with
knowledge from a broader, and often highly complex, social,
economic and institutional context {1.2, 1.3, 1.4, 2.1, 2.5}.

Key finding @: Different types of scenarios can
play important roles in relation to the major phases
of the policy cycle, which are (i) agenda setting,

(ii) policy design, (iii) policy implementation and

(iv) policy review (figures SPM. 2, 3 and 4; table SPM. 1).
“Exploratory scenarios” that examine a range of plausible
futures, based on potential trajectories of drivers — either
indirect (e.g., socio-political, economic and technological
factors) or direct (e.g., habitat conversion and climate
change) — can contribute significantly to high-level problem

An overview of the roles that scenarios and models play in informing policy and decision making. The left-hand panel
illustrates how scenarios and models contribute to policy and decision-making through assessments, formal decision-support tools
and informal processes (boxes and grey arrows at top, chapters 1 and 2). Scenarios capture different policy options being considered
by decision makers, which are then translated by models into consequences for nature, nature’s benefits to people and quality of life.
The left hand panel also emphasizes that scenarios and models are directly dependent on data and knowledge for their construction
and testing and provide added value by synthesizing and organizing knowledge (box and arrow on bottom). The right-hand panel
provides a detailed view of the relationships between scenarios (burgundy arrows), models (blue arrows) and the key elements of the
Platform’s conceptual framework (light blue boxes, chapter 1; Diaz et al. 2015"). Grey arrows indicate relationships that are not the
main focus of the assessment. The “cross-sectoral integration” element signifies that a comprehensive assessment of human well-
being and good quality of life will often involve the integration of modelling from multiple sectors (e.g., health, education and energy)
addressing a broader range of values and objectives than those associated directly with nature and nature’s benefits.

. . . . f
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Assessment and Gross-sectoral oflife
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Models Scenarios Nature’s a
translating scenarios describing plausible benefits | Direct
into consequences futures for indirect to people o g i
for nature, nature’s and direct drivers, — Institutions and GG

benefits and quality & governance and
of life other Indirect
drivers
Nature

and policy options

Data and knowledge
(scientific, indigenous, local) \

=)




THE METHODOLOGICAL ASSESSMENT REPORT ON SCENARIOS AND MODELS OF BIODIVERSITY AND ECOSYSTEM SERVICES

FIGURE SPM. 2

This figure shows the roles played by different types of scenarios corresponding to the major phases of the policy
cycle. Types of scenarios are illustrated by graphs of changes in nature and nature’s benefits over time. The four major phases of
the policy cycle are indicated by the labels and grey arrows outside the coloured quarters of the circle. In “exploratory scenarios”, the
dashed lines represent different plausible futures, often based on storylines. In “target-seeking scenarios” (also known as “normative
scenarios”), the diamond represents an agreed-upon future target and the coloured dashed lines indicate scenarios that provide
alternative pathways for reaching this target. In “policy-screening scenarios” (also known as “ex-ante scenarios”), the dashed lines
represent various policy options under consideration. In “retrospective policy evaluation” (also known as “ex-post evaluation”), the
observed trajectory of a policy implemented in the past (solid black line) is compared to scenarios that would have achieved the

intended target (dashed line).
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identification and agenda setting. Exploratory scenarios
provide an important means of dealing with high levels of
unpredictability, and therefore uncertainty, inherently
associated with the future trajectory of many drivers.
“Intervention scenarios” that evaluate alternative policy or
management options — through either “target-seeking” or
“policy-screening” analysis — can contribute significantly to
policy design and implementation. To date, exploratory
scenarios have been used most widely in assessments on
the global, regional and national scales (figure SPM. 3, table
SPM. 1), while intervention scenarios have been applied to
decision-making mostly on the national and local scales
(figure SPM. 4, table SPM. 1) {1.3.2, 2.1.1, 3.2.2}.

1. Diaz, S., Demissew, S., Joly, C., Lonsdale, W.M. and Larigauderie, A.,

2015: A Rosetta Stone for nature’s benefits to people. PLoS Biology,
13(1): €1002040.

Key finding @: Models can provide a useful
means of translating alternative scenarios of
drivers or policy interventions into projected
consequences for nature and nature’s benefits to
people (figures SPM. 1, 3 and 4; table SPM. 1). The
assessment focuses on models addressing three main
relationships: (i) models projecting effects of changes in
indirect drivers, including policy interventions, on direct
drivers; (i) models projecting impacts of changes in direct
drivers on nature (biodiversity and ecosystems); and (iii)
models projecting consequences of changes in biodiversity
and ecosystems for the benefits that people derive from
nature (including ecosystem services). The contributions of
these models will often be most effective if they are applied
in combination. The above relationships can be modelled
using three broad approaches: (a) correlative models, in
which available empirical data are used to estimate values
for parameters that do not necessarily have predefined
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FIGURE SPM.3

This figure shows an example of the use of scenarios and models for agenda setting and policy design in the Global
Biodiversity Outlook 4 assessment of the Convention on Biological Diversity to evaluate the Strategic Plan for Biodiversity
2011-2020 (step 1). The Global Biodiversity Outlook 4 used many types of scenarios and models and relied heavily on target-seeking
scenarios to explore scenarios for attaining multiple international sustainability objectives by 2050. The targets in those scenarios
included keeping global warming to below 2°C (United Nations Framework Convention on Climate Change), halting the loss of
biodiversity by 2050 (Strategic Plan for Biodiversity 2011-2020) see bottom left-hand graph) and eradicating hunger (Millennium
Development Goals) (step 2). Three plausible scenarios for achieving these multiple sustainability objectives were explored. The bottom
right-hand graph illustrates how these scenarios differ from a business-as-usual scenario in terms of impacts on global biodiversity
(step 3). The IMAGE Integrated Assessment Model (http://themasites.pbl.nl/models/image) was used to evaluate scenarios of indirect
drivers and to model the relationships between indirect and direct drivers. Impacts on terrestrial biodiversity were modelled using the
GLOBIOS biodiversity model (http://www.globio.info/). The bottom left-hand graph shows the relative contributions of indirect drivers
to halting biodiversity loss by 2050 compared to the business-as-usual scenario (step 4). The Global Biodiversity Outlook 4 report
indicates that multiple targets can be achieved and was an important factor in discussions at the twelfth meeting of the Conference of
the Parties to the Convention on Biological Diversity, which ended with additional commitments for action and funding to achieve the
Aichi Biodiversity Targets (step 5). See box 1.1 in chapter 1 for additional details and references.
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FIGURE SPM. 4

This figure shows an example of the use of scenarios and models in support of policy design and implementation. This
case is in the Thadee watershed in southern Thailand, where the water supply for farmers and household consumption has been

degraded by the conversion of natural forests to rubber plantations.

Policy-screening scenarios (step 1) based on local datasets and

knowledge were developed by stakeholders and scientists to explore plausible future land uses (step 2). Models were then used

to evaluate the effects of three plausible rainfall levels on sediment

load in rivers as a result of soil erosion and on other ecosystem

services (step 3). The conservation scenario was foreseen to produce substantially less sedimentation than the development scenario
with rapid expansion of rubber plantations and crops. The economics component of the Resource Investment Optimization System
(RIOS) tool was then used to translate these effects into economic costs and benefits (step 4). A decision-support component of the
RIOS tool was used by scientists and local decision makers to identify areas where forest protection, reforestation or mixed cropping
could best be implemented. The municipality has agreed to find means of collecting a conservation fee based on payments for

watershed services to fund these activities (step 5). See box 1.2 in
(2013).2 For further information on modelling tools used in the study
www.naturalcapitalproject.org/invest/
www.naturalcapitalproject.org/software/#rios

chapter 1 for additional details and references. Source: Trisurat
see:

www.ivm.vu.nl/en/Organisation/departments/spatial-analysis-decision-support/Clue/index.aspx
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ecological meaning and for which processes are implicit
rather than explicit; (b) process-based models, in which
relationships are described in terms of explicitly stated
processes or mechanisms based on established scientific
understanding and whose model parameters therefore have
clear ecological interpretation defined beforehand; (c)
expert-based models, in which the experience of experts and
stakeholders, including local and indigenous knowledge

holders, is used to describe relationships {1.2.2, 1.3.1, 3.2.3,
4,5.4}.

2. Trisurat, Y., 2013: Ecological Assessment: Assessing Condlitions
and Trends of Ecosystem Services of Thadee watershed, Nakhon
Si Thammarat Province (in Thai with English abstract). Final Report
submitted to the ECO-BEST Project. Bangkok, Faculty of Forestry,
Kasetsart University.
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TABLE SPM. 1

lllustrative and non-exhaustive list of applications of scenarios and models of biodiversity and ecosystem services to
agenda setting, policy design and implementation at global to national scales

(For full list, see table 1.1, chapter 1.)

GLOBAL BIODIVERSITY
OUTLOOK 4 (2014)

INTERGOVERNMENTAL PANEL ON
CLIMATE CHANGE FIFTH ASSESSMENT
REPORT, WORKING GROUPS Il AND lii

(2014)

MILLENNIUM
ECOSYSTEM
ASSESSMENT
(2005)

MAXIMUM SPATIAL Global Global Global
EXTENT

TIME HORIZONS Present-2020, 2050 2050, 2090 and beyond 2050
POSITION IN POLICY Agenda setting, policy formulation Agenda setting Agenda setting

CYCLE

AUTHORIZING
ENVIRONMENT

Assessment requested by parties
to the Convention on Biological
Diversity

Assessment requested by member countries of the
Intergovernmental Panel on Climate Change

Initiated by scientific
community, then
welcomed by the United
Nations

ISSUES ADDRESSED
USING SCENARIOS AND
MODELS

Are the Aichi Biodiversity Targets
likely to be attained by 20207

What is needed to achieve the
strategic vision for 2050 of the
Convention on Biological Diversity?

How might future climate change impact
biodiversity, ecosystems and society?

What are plausible
futures of biodiversity and
ecosystem services?

SCENARIOS AND
MODELS OF DIRECT AND
INDIRECT DRIVERS

Statistical extrapolations of trends in
drivers up to 2020*

Goal-seeking scenarios and models
for analyses up to 2050 (“Rio+20
scenarios”, see figure SPM. 3)

Analysis of a wide range of published
exploratory and policy-screening
scenarios at local to global scales

Emphasis on exploratory scenarios for impact
studies (Intergovernmental Panel on Climate
Change Special Report on Emissions Scenarios)*

Strong focus on models of climate change as direct
drivers, some use of associated land use scenarios.

Emphasis on target-seeking scenarios for climate
modelling and climate change mitigation analysis
(representative concentration pathways)*

Exploratory scenarios
using four storylines*

Models of direct
drivers from the IMAGE
integrated assessment
model*

MODELS OF IMPACTS ON
NATURE

Statistical extrapolations of trends in
biodiversity indicators up to 2020*

Analysis of wide range of published
correlative and process-based
models

Emphasis on impacts of a broad
range of drivers on biodiversity

Analysis of a wide range of published correlative
and process-based models

Emphasis on impacts of climate change on
biodiversity and ecosystem functions

Correlative models
(e.g., species-area
relationships)

Emphasis on impacts of
a broad range of drivers
on biodiversity

MODELS OF IMPACTS ON
NATURE’S BENEFITS

Analysis of published studies

Focus on ecosystem services from
forests, agricultural systems and
marine fisheries

Little evaluation of direct links to
biodiversity

Analysis of wide range of published studies

Little evaluation of direct links to biodiversity except
in marine ecosystems

Estimates of some
ecosystem services
(e.g., crop production,
fish production) from
the IMAGE integrated
assessment model

PARTICIPATION OF
STAKEHOLDERS

Debate and approval by parties
to the Convention on Biological
Diversity

Dialogues between scientists and
the secretariat and representatives
of parties to the Convention

on Biological Diversity during
assessment process

Debate and approval by member countries of the
Intergovernmental Panel on Climate Change

Little involvement of stakeholders in scenarios
development

Dialogues with
stakeholders during
scenario development
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UNITED KINGDOM NATIONAL
ECOSYSTEM ASSESSMENT (2011)

STRATEGIC ENVIRONMENTAL
ASSESSMENT OF HYDROPOWER ON
THE MEKONG MAINSTREAM

SOUTH AFRICAN FISHERIES
MANAGEMENT

National: United Kingdom

Regional: Analysis covers Cambodia, China, Laos,
Thailand and Viet Nam

National: Coastal fisheries of South Africa

2060

2030

Present-2034 updated every 2-4 years

Agenda setting

Policy formulation and implementation

Policy implementation

Recommended by the United Kingdom House
of Commons as a follow-up to the Millennium
Ecosystem Assessment

Strategic environmental assessment carried out
for the Mekong River Commission

Evaluation carried out by the South African
Department of Agriculture, Forestry and Fisheries

What changes might occur in ecosystems,
ecosystem services and the values of these
services over the next 50 years in the United
Kingdom?

Evaluate social and environmental impacts of
dam construction, especially in the main stream
of the Mekong river

Implementation of policy on sustainable
management of fisheries

Exploratory scenarios using six storylines*

Emphasis on land use and climate change drivers

Policy screening scenarios using several dam
development schemes

Emphasis on economic growth and demand for
electricity generation as main indirect drivers

Climate change scenarios also assessed

Goal-seeking scenarios focus on identifying
robust pathways for sustainable catch

Correlative model of species response (birds) to
land use

Qualitative evaluation of impacts of land use and
climate change on ecosystem functions

Emphasis on habitat change as an indicator of
environmental impacts

Estimates of habitat conversion based on dam
heights, habitat maps and elevation maps

Estimates of species level impacts based on
dam obstruction of fish migration and on species
habitat relationships

Population dynamics models of economically
important fish

Recently added models of indirectly impacted
species (e.g., penguins)

Use of ecosystem-based models under
consideration

Quialitative and correlative models of ecosystem
services

Focus on correlative methods for estimating
monetary value

Emphasis on monetary valuation, except for
biodiversity value

Empirical estimates of fisheries impacts based on
reduced migration and changes in habitat

Diverse methods for estimating changes in water
flow and quality, sediment capture, cultural
services, etc.

Estimates of total allowable catch based on fish
population models

Consultation of stakeholders during scenario
development

Adopted by “Living With Environmental Change”
partnership of government and non-government
stakeholders

Extensive dialogue involving multiple Governments,
expert workshops and public consultations

Consultation between Governments, scientists
and stakeholders during development of
management strategy and setting of total
allowable catch

%
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TABLE SPM. 1

(continued)

GLOBAL BIODIVERSITY
OUTLOOK 4 (2014)

INTERGOVERNMENTAL PANEL ON
CLIMATE CHANGE FIFTH ASSESSMENT
REPORT, WORKING GROUPS II AND Il

(2014)

MILLENNIUM
ECOSYSTEM
ASSESSMENT
(2005)

DECISION-SUPPORT None None None

TOOLS

OUTCOMES Extrapolations may have contributed | Key documents underlying negotiations under the Increased awareness
to Convention on Biological United Nations Framework Convention on Climate | of the potential for
Diversity parties making nonbinding Change, commitments of countries to climate substantial future
commitments in 2014 to increase mitigation to be discussed in December 2015 degradation of biodiversity
resources for biodiversity protection and ecosystem services

STRENGTHS Novel use of extrapolations for near- | Reliance on common scenarios and models of One of the first global-
term projections drivers provides coherence scale evaluations of
Clear decision context and Clear decision context and authorizing environment fur'](ure |mpag’l(sc<‘)lf glolkt:)al
authorizing environment change on biodiversity

WEAKNESSES Focus on global scale limits Weak treatment of drivers other than climate Very limited set of
applicability to many national and change, large spatial scales and distant time scenarios and models
local decision contexts horizons limits usefulness for policy and explored
Lack of common scenarios and MEEEEITIE EOMENTIE) (PLOehE Ry Ene Decision context

} ) ecosystems .

models of drivers makes analysis unclear and authorizing
across targets difficult environment weak

REFERENCES Secretariat of the Convention on Fifth assessment report of working groups Il (2014) | Millennium Ecosystem
Biological Diversity (2014), Kok et and [l (2014) of the Intergovernmental Panel on Assessment (2005)
al. (2014), Leadley et al. (2014), Climate Change
Tittensor et al. (2014)

NOTES * Methods developed for Global * Developed in support of the Intergovernmental * Developed for the
Biodiversity Outlook 4 Panel on Climate Change assessment process Millennium Ecosystem

Assessment
Key finding @: Several barriers have impeded H |G H I_EVEI_ M ESSAG ES

widespread and productive use of scenarios and
models of biodiversity and ecosystem services in
policymaking and decision-making. Those barriers
include (i) a general lack of understanding among
policymaking and decision-making practitioners about the
benefits of and limits to the use of scenarios and models
for assessment and decision support; (i) a shortage of
human and technical resources, as well as data, for
developing and using scenarios and models in some
regions; (iii) insufficient involvement of, and interactions
between, scientists, stakeholders and policymakers in
developing scenarios and models to assist policy design
and implementation; (iv) lack of guidance in model choice
and deficiencies in the transparency of development and
documentation of scenarios and models; and

(v) inadequate characterization of uncertainties derived from
data constraints, problems in system understanding and
representation or low system predictability {1.6, 2.6, 4.3.2,
4.6, 7.1.2, 8.2}. All of these barriers, and approaches to
addressing them, are discussed in detail in subsequent key
findings and guidance points.

2 ) MANY RELEVANT METHODS AND TOOLS ARE

AVAILABLE, BUT THEY SHOULD BE MATCHED
CAREFULLY WITH THE NEEDS OF ANY GIVEN ASSESSMENT
OR DECISION-SUPPORT ACTIVITY AND APPLIED WITH CARE,
TAKING INTO ACCOUNT THE UNCERTAINTIES AND
UNPREDICTABILITY ASSOCIATED WITH MODEL-BASED
PROJECTIONS.

Key finding @: Effective application and uptake
of scenarios and models in policymaking and
decision-making requires close involvement of
policymakers, practitioners and other relevant
stakeholders, including, where appropriate,
holders of indigenous and local knowledge,
throughout the entire process of scenario
development and analysis (figure SPM. 5). Previous
applications of scenarios and models that have contributed
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UNITED KINGDOM NATIONAL
ECOSYSTEM ASSESSMENT (2011)

STRATEGIC ENVIRONMENTAL
ASSESSMENT OF HYDROPOWER ON
THE MEKONG MAINSTREAM

SOUTH AFRICAN FISHERIES
MANAGEMENT

None, but tools are being developed

Strategic environmental assessment methods
(see chapter 2)

Management strategy evaluation
(see chapter 2)

Contributed to natural environment white
paper and influenced the development of the
biodiversity strategy for England

The Mekong River Commission recommended
a ten-year moratorium on mainstream dam
construction, but 1 of 11 planned dams is under
construction in Laos

Fisheries widely considered to be sustainably
managed

Hake fishery certified by the Marine Stewardship
Council

Focus on synergies and trade-offs between
ecosystem services and on monetary evaluation

Clear decision context and authorizing
environment

Strong involvement of stakeholders

Clear decision context and authorizing
environment

Policy and management advice clear and
updated regularly

Heavy reliance on qualitative estimates of impacts
of drivers

Biodiversity at species level weakly represented
(only birds)

Highly context-specific, especially the empirical
models used, and therefore difficult to generalize
or extrapolate to larger scales

Mekong River Commission recommendations
non-binding

Highly context-specific
Several key drivers

(e.g., climate change) not considered

United Kingdom National Ecosystem Assessment
(2011), Watson (2012), Bateman et al. (2013).

International Centre for Environmental
Management (2010), chapter 2,
ngm.nationalgeographic.com/2015/05/mekong-
dams/nijhuis-text

Plaganyi et al. (2007), Rademeyer et al. (2007),
chapter 2

* Developed for the United Kingdom National
Ecosystem Assessment

successfully to real policy outcomes have typically involved
stakeholders starting at the initial phase of problem definition
and have featured frequent exchanges between scientists
and stakeholders throughout the process. This level of
involvement has often been achieved most effectively
through the use of participatory approaches {1.4.2, 2.4, 2.6,
3.2.1.2,4.32,55.3,7.4,7.5,7.6.2, 8.4}. See guidance
point 2 under “Guidance for science and policy” for
suggested actions addressing this finding.

Key finding

actions addressing this finding.

@: Different policy and decision
contexts often require the application of different
types of scenarios, models and decision-support
tools, so considerable care needs to be exercised
in formulating an appropriate approach in any
given context (figure SPM. 6; tables SPM. 1 and SPM. 2).
No single combination of scenarios, models and decision-
support tools can address all policy and decision contexts,
S0 a variety of approaches is needed {1.5, 2.2, 2.3, 2.4,
3.2.2,3.2.3.2,3.5,4.2,4.3,5.3, 6.1.2}. See guidance point
1 under “Guidance for science and policy” for suggested

Key finding

@: The spatial and temporal scales
at which scenarios and models need to be applied
also vary markedly between different policy and
decision contexts. No single set of scenarios and
models can address all pertinent spatial and
temporal scales, and many applications will require
linking of multiple scenarios and models dealing
with drivers or proposed policy interventions
operating at different scales (figure SPM. 6; table

SPM. 2). Assessment and decision-support activities,

including those undertaken or facilitated by the Platform, will
require short-term (ca. 5-10 years), medium-term and
long-term (2050 and beyond) projections. Platform
assessments will focus on regional and global scales, but
should also build on knowledge from local-scale scenarios
and models. The use of scenarios and models in
assessments and decision support more broadly (beyond
the Platform) requires applications at a wide range of spatial
scales. Techniques for temporal and spatial scaling are
available for linking across multiple scales, although
substantial further improvement and testing of them is

needed {1.5,2.2,2.4,3.2.2,3.2.382,35,4.2,4.3,54.6,
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FIGURE SPM.5

Major steps of interactions between policymakers, stakeholders and scientists, illustrating the need for frequent
exchanges throughout the process of developing and applying scenarios and models. Each step involves interactive use of
models and data (grey arrows) and requires information flow between models and data (green arrows). This is depicted as a cycle, but
in many cases these steps will overlap and interact. See 8.4.1 and figure 8.1 in chapter 8 for details.

Photos by PBL Netherlands Environmental Assessment Agency, Thinkstock, KK Davies and IISD/ENB (http://www.iisd.ca/ipbes/
ipbes3/12jan.htm)

Models

=) Steps
Information flow
Influence

Communicating results

TABLE SPM. 2

lllustrative and non-exhaustive examples of major models of ecosystem services, highlighting differences in important
model attributes and therefore the need for care in choosing an appropriate solution in any given context. “Dynamic”
models are capable of projecting changes in ecosystem services over time, while “static” models provide a snapshot of the status
of ecosystem services at one point in time. See chapter 5 for detailed descriptions of these models, discussion of additional models
and references.

MODEL TYPE | SPATIAL AND COMMUNITY | FLEXIBILITY

TEMPORAL OF PRACTICE
EXTENT
IMAGE Process Global, dynamic | Difficult Small Low Stehfest et al.,
2014
EcoPath with | Process Regional, dynamic | Medium Large High Christensen et
EcoSim al., 2005
ARIES Expert Regional, dynamic | Difficult Small High Villa et al., 2014
InVEST Process and Regional, static Medium Large Medium Sharp et al.,
correlative 2014
TESSA Expert Local, static Easy Small Low Peh et al., 2014
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6.4.1, 8.4.2}. See guidance point 3 under “Guidance for
science and policy”, and Platform guidance point 2 under
“Guidance for the Platform and its task forces and expert
groups”, for suggested actions addressing this finding.

Key finding @: Scenarios and models can benefit
from the mobilization of indigenous and local
knowledge because such knowledge can fill
important information gaps at multiple scales and
contribute to the successful application of
scenarios and models to policy design and
implementation. There are numerous examples of the
successful mobilization of indigenous and local knowledge
for scenario analysis and modelling, including scenarios and
models based primarily on such knowledge (box SPM. 1).
However, substantial efforts are needed to broaden the
involvement of such knowledge. Improving mobilization of
indigenous and local knowledge will require efforts on
several fronts, including the development of appropriate
indicators, mechanisms for accompanying knowledge
holders, collection of such knowledge and its interpretation
into forms that can be used in scenarios and models and
translation into accessible languages {1.2.2.2, 1.6.2, 2.2.1,
42.31,7.43,7.4.4,7.5.4,7.6.3, 7.6.5}. See Platform

guidance point 4 under “Guidance for the Platform and its
task forces and expert groups” for suggested actions
addressing this finding.

Key finding @: All scenarios and models have
strengths and weaknesses, and it is therefore vital
that their capacities and limitations be carefully
evaluated and communicated in assessment and
decision processes. Sources and levels of
uncertainty should also be evaluated and
communicated (tables SPM. 1 and SPM. 2). Strengths and
weaknesses may depend on the specific decision-support
context for which scenarios and models are being used and
are related to aspects such as spatial and temporal extent,
types of model inputs and outputs, flexibility and ease of
use, among others. Uncertainty in scenarios and models
arises from a variety of sources, including insufficient or
erroneous data used to construct and test models; lack of
understanding, or inadequate representation, of underlying
processes; and low predictability of the system (e.g.,
random behaviour) {1.6, 2.3.3, 2.6, 4.3.2, 4.6, 5.4.6.6, 6.5,
8.4.3}. See guidance point 4 under “Guidance for science
and policy”, and Platform guidance point 5 under “Guidance
for the Platform and its task forces and expert groups”, for
suggested actions addressing this finding.

FIGURE SPM. 6

Examples of the use of scenarios and models in agenda setting, policy design and policy implementation relating to the

achievement of biodiversity targets across a range of spatial

scales. The diagram indicates the typical relationships between

spatial scale (top arrows), type of science-policy interface (upper set of arrows at bottom), phase of the policy cycle (middle set of
arrows at bottom) and type of scenarios used (lower set of arrows at bottom). See figure 2.2 in chapter 2 for further details and

references.
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BOX SPM. 1
INCORPORATION OF INDIGENOUS AND LOCAL KNOWLEDGE INTO MODELS INFORMING DECISION MAKING

Bolivia’s National Programme of Conservation and
Sustainable Utilization (PNCASL) for the customary harvest
and conservation of caiman (Caiman yacare) illustrates

a case study of successful integration of indigenous

and local knowledge into biodiversity models to inform
policy options. Previously, harvest quotas were estimated
based on broad scale estimates of relative abundance
from scientific surveys, with substantial variation between
regions. Following increasing engagement of local
communities in PNCASL, new biological, socio-economic
and cultural indicators of species health and abundance
were developed and trialled. One of the first trials took
place in the Indigenous Territory and National Park Isiboro
Sécure (TIPNIS), where traditional knowledge on the status
of caiman was incorporated into the development of
robust indicators to inform resource quotas for customary
harvest in this protected area. Traditional resource users
participated in workshops where they defined concepts,
harmonized criteria and conceptualized traditional
knowledge of caiman habitats and territories into spatial

HIGH-LEVEL MESSAGES

3 ) APPROPRIATE PLANNING, INVESTMENT AND

CAPACITY-BUILDING, AMONG OTHER EFFORTS,
COULD OVERCOME SIGNIFICANT REMAINING CHALLENGES
IN DEVELOPING AND APPLYING SCENARIOS AND MODELS.

Key finding @: Currently available scenarios,
including those developed by previous global-scale
assessments, do not fully address the needs of
Platform assessments due to incomplete
consideration of relevant drivers, policy goals and
intervention options at appropriate temporal and
spatial scales. See box SPIM. 2 for further explanation of
this finding, particularly in relation to the scenarios assessed
by the Intergovernmental Panel on Climate Change and their
derivatives {1.6.1, 3.4.2, 3.5, 8.4.2}. See Platform guidance
point 2 under “Guidance for the Platform and its task forces
and expert groups”, for suggested actions addressing this
finding.

Key finding @: There is a wide range of models
available with which to assess impacts of
scenarios of drivers and policy interventions on
biodiversity and ecosystem services, but important
gaps remain. They include gaps in (i) models explicitly
linking biodiversity to nature’s benefits to people (including
ecosystem services) and good quality of life; (i) models
addressing ecological processes on temporal and spatial

maps. Models for estimating population abundance were
adapted to make use of indigenous techniques suggested
by the communities and to incorporate qualitative
indicators such as individuals’ perceptions of changes in
caiman abundance, e.g., accounting for information from
statements such as “there are a lot more caiman than
before”. The process was repeated with communities
across the TIPNIS territorial region and yielded a combined
caiman population estimate for the protected area based
on local knowledge. This estimate was used to develop

a national-scale predictive model of abundance, which
then informed national, regional and local policy options
for improving the sustainable management of caiman
harvesting. Resulting management plans for indigenous
territories and protected areas have been recognized as
contributing to increases in caiman abundance in areas
where they had been locally depleted and in reducing illegal
hunting. See box 7.1 in chapter 7 for additional details and
references.

scales relevant to the needs of assessment and decision-
support activities, including Platform assessments; and

(i) models anticipating, and thereby providing early warning
of, ecological and socio-ecological breakpoints and regime
shifts {1.6.1, 4.2, 4.3, 5.4, 8.3.1}. See guidance point 3
under “Guidance for science and policy” for suggested
actions addressing this finding.

Key finding @: Scenarios and models of indirect
drivers, direct drivers, nature, nature’s benefits to
people and good quality of life need to be better
linked in order to improve understanding and
explanation of important relationships and
feedbacks between components of coupled
social-ecological systems. Links between biodiversity,
ecosystem functioning and ecosystem services are only
weakly accounted for in most assessments or in policy
design and implementation. The same applies for links
between ecosystem services and quality of life and
integration across sectors. Given that, it is currently
challenging to evaluate the full set of relationships and
feedbacks set out in the Platform’s conceptual framework
{1.2.2.1,1.4.3,4.2.34,4.3.1.5,4.4,5.4,6.3,8.3.1.2}. See
guidance point 3 under “Guidance for science and policy”
for suggested actions addressing this finding.

Key finding @: Uncertainty associated with
models is often poorly evaluated and reported in
published studies, which may lead to serious
misconceptions - both overly optimistic and overly
pessimistic - regarding the level of confidence with
which results can be employed in assessment and
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BOX SPM.2

SCENARIOS IN THE CONTEXT OF THE INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE AND THEIR
RELATIONSHIP TO THE PLATFORM

Intergovernmental Panel on Climate Change assessments,
the Millennium Ecosystem Assessment, Global Biodiversity
Outlook 2, the Global Environmental Outlook and the
Global Deserts Outlook have used related global storylines
to generate scenarios. Regional assessments under

the Millennium Ecosystem Assessment and the Global
Environmental Outlook, as well as the national components
of the Global Environmental Outlook such as those carried
out for the United Kingdom, China and Brazil, have used
globally consistent regional variants of existing storylines.

Intergovernmental Panel on Climate Change scenarios and
pathways are developed in close collaboration with the
scientific community. The scenarios of the Special Report
on Emissions Scenarios from the year 2000, which were
long employed by the Panel, have given way to a new
framework based on the representative concentration
pathways and shared socioeconomic pathways

developed by the scientific community. Representative
concentration pathways are constructed from radiative
forcing values of greenhouse gases and represent a range
of plausible futures corresponding to a strong mitigation
assumption, two intermediate stabilization assumptions
and one high emissions assumption. Newly formulated
shared socioeconomic pathways explore a wide range of
socioeconomic factors that would make meeting mitigation
and adaptation more or less difficult (O’'Neill et al., 2014.)°

decision-making activities. While many studies provide
a discussion of the strengths and weaknesses of their
modelling approach, most studies do not provide a critical
evaluation of the robustness of their findings by comparing
their projections to fully independent data sets (i.e., data not
used in model construction or calibration) or to other types
of models. This greatly reduces the confidence that decision
makers can and should have in projections from models
{1.6.3,2.3.3,3.3,3.4,3.5,4.6,54, 6.5, 7.2.2,83.3, 8.4.3}.
See guidance point 4 under “Guidance for science and
policy” for suggested actions addressing this finding.

Key finding @: There are large gaps in the
availability of data for constructing and testing
scenarios and models, and significant barriers to
data sharing remain (figure SPM.7). The spatial and
temporal coverage and taxonomic spread of data on
changes in biodiversity, ecosystems and ecosystem services
is uneven. Similarly, there are large gaps in data for indirect
and direct drivers, and there are often spatial and temporal
mismatches between data on drivers and on biodiversity
and ecosystem services. Much progress has been made in

3. O'Neill, B.C., Kriegler, E., Riahi, K., Ebi, K.L., Hallegatte, S., Carter,
T.R., Mathur, R. and van Vuuren, D.P,, 2014: A new scenario
framework for climate change research: the concept of shared
socioeconomic pathways. Climatic Change, 122(3): 387-400.

The Intergovernmental Panel on Climate Change assesses
relevant scenarios and pathways available from science and
in their current form the resulting scenarios pose a number
of challenges for use in Platform assessments, including

(i) an incomplete set of direct and indirect drivers needed

to model impacts on biodiversity and ecosystem services
(e.g., invasive species and exploitation of biodiversity); (ii)
adaptation and mitigation strategies that focus on climate
change (e.g., large-scale deployment of bioenergy),
sometimes to the detriment of biodiversity and key aspects
of human well being; and (i) a focus on long-term (decades
to centuries) global-scale dynamics, which means that the
scenarios are often inconsistent with short-term and sub-
global scale scenarios. Biodiversity and ecosystem services
therefore require specific efforts in the development of
scenarios, including further collaboration efforts.

Close collaboration between the Platform, the
Intergovernmental Panel on Climate Change and the
scientific community would provide the opportunity to

build on the strengths of the new shared socioeconomic
pathways scenarios and at the same time match the needs
of the Platform (See Platform Guidance Point 2 for further
discussion of the benefits of this potential collaboration.)

For more information see chapters 3.4.2 and 8.4.2.

mobilizing existing data on biodiversity, ecosystem services
and their drivers, but barriers to data sharing still need to be
overcome and major gaps in the coverage of existing data
filled {1.6.2, 2.6, 5.6, 7.3, 7.6.4, 8.2.1, 8.2.2}. See guidance
point 5 under “Guidance for science and policy” for
suggested actions addressing this finding.

Key finding @: Human and technical capacity to
develop and use scenarios and models varies
greatly between regions. Building capacity requires the
training of scientists and policy practitioners in the use of
scenarios and models and improving access to data and
user-friendly software for scenario analysis, modelling and
decision-support tools. Rapidly growing online access to a
wide range of data and modelling resources can support
capacity building {2.6, 4.7, 5.6, 7.2, 7.6.1}. See guidance
point 6 under “Guidance for science and policy”, and
Platform guidance point 3 under “Guidance for the Platform
and its task forces and expert groups”, for suggested
actions addressing this finding.
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FIGURE SPM. 7

An example of spatial bias in the availability of biodiversity data. The map depicts the spatial distribution of species records
currently accessible through the Global Biodiversity Information Facility. Colours indicate the number of species records per 30
arcminute (approximately 50 km) grid cell. These data are frequently used for model development and testing. Source: www.gbif.org.
See 7.3.1 and figure 7.3 in chapter 7 for details and discussion.
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GUIDANCE
FOR SCIENCE

AND POLICY

The following lessons from best practices for building
greater understanding of, strengthening approaches to and
making more effective use of scenarios and models were
identified:

Guidance point a: Scientists and policy
practitioners may want to ensure that the types of
scenarios, models and decision-support tools
employed are matched carefully to the needs of
each particular policy or decision context. Particular
attention should be paid to (i) the choice of drivers or policy
options that determine the appropriate types of scenarios
(e.g., exploratory, target seeking or policy screening); (i) the
impacts on nature and nature’s benefits that are of interest
and that determine the types of models of impacts that
should be mobilized; (jii) the diverse values that need to be
addressed and that determine the appropriate methods for
assessing those values; and (iv) the type of policy or
decision-making process that is being supported and that
determines the suitability of different assessment or
decision-support tools (e.g., multi-criteria analysis and
management strategy evaluation) {1.5, 2.2, 2.4, 3.2.2,
3.2.3.2,35,4.3.2,6.1.2}.

Guidance point : The scientific community,
policymakers and stakeholders may want to
consider improving, and more widely applying,
participatory scenario methods in order to
enhance the relevancy and acceptance of
scenarios for biodiversity and ecosystem services.
This would include broadening the predominantly
local-scale focus of participatory approaches to
regional and global scales. Such an effort would
facilitate the dialogue between scientific experts and
stakeholders throughout the development and application
of scenarios and models. Broadening participatory
methods to regional and global scales poses significant
challenges that will require greatly increased coordination of
efforts between all actors involved in developing and
applying scenarios and models at different scales {2.2, 2.3,
2.4,2.6,321.2,7.4,75,7.6.2,7.6.3, 8.4}.

Guidance point : The scientific community
may want to give priority to addressing gaps in
methods for modelling impacts of drivers and
policy interventions on biodiversity and ecosystem
services. These gaps are identified in chapter 8 of
the assessment, with additional information about
them provided in chapters 3-6. \Work could focus on
methods for linking inputs and outputs between major
components of the scenarios and modelling chain, and on
linking scenarios and models across spatial and temporal
scales. High priority should also be given to encouraging
and catalysing the development of models, and
underpinning knowledge, that more explicitly link ecosystem
services — and other benefits that people derive from nature
— to biodiversity, as well as to ecosystem properties and
processes. One means of achieving this would be to
advance the development of integrated system-level
approaches to linking scenarios and models of indirect
drivers, direct drivers, nature, nature’s benefits to people and
good quality of life to better account for important
relationships and feedback between those components
(figure SPM. 8). That could include encouraging and
catalysing the extension of integrated assessment models,
already being employed widely in other domains (e.g.,
climate, energy and agriculture), to better incorporate
modelling of drivers and impacts of direct relevance to
biodiversity and ecosystem services {1.2.2.1, 1.6.1, 3.2.3,
3.5,4.2.34,4.3.1.5,6.2,6.3,8.3.1}.

Guidance point o: The scientific community
may want to consider developing practical and
effective approaches to evaluating and
communicating levels of uncertainty associated
with scenarios and models, as well as tools for
applying those approaches to assessments and
decision making. This would include setting standards for
best practices, using model-data and model-model
inter-comparisons to provide robust and transparent
evaluations of uncertainty and encouraging new research
into methods of measuring and communicating uncertainty
and its impact on decision-making {1.6.3, 2.3.3, 3.5, 4.6.3,
6.5,7.2.2,8.3.3, 8.4.3}.

Guidance point o: Data holders and
institutions may want to consider improving the
accessibility of well documented data sources and
working in close collaboration with research and
observation communities (including citizen
science) and communities working on indicators
to fill gaps in data collection and provision. In many
cases, this will coincide with efforts to improve the
collection of and access to data for quantifying status and
trends. However, models and scenarios need additional
types of data for development and testing that should be
taken into account when developing or refining monitoring
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FIGURE SPM.8

Linking scenarios and models in four key dimensions: system components, scenario types, spatial scales and temporal
scales, with the thick grey arrows indicating linkages within each dimension. Panel A illustrates linkages between scenarios
and models across the different components of the conceptual framework (thick grey arrows) as well as between their sub-components
(thin blue arrows; for example linking biodiversity with ecosystem function sub-components of nature). Panel B shows ways in which
different types of scenarios, such as exploratory and intervention scenarios, can be linked. Panel C indicates linkages across spatial
scales from local to global. Panel D illustrates the linking of the past, the present and several time horizons in the future (dashed lines
indicate a range of exploratory scenarios). Two or more of these dimensions of linkages can be used in combination (e.g., linking
different types of scenarios across spatial scales). See chapter 6.2 and figure 6.1 for details.
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systems and data-sharing platforms {1.6.2, 2.6, 3.5, 6.3, encouraging rigorous documentation of scenarios and
6.4,7.3,7.6.4,8.2}. models; (i) encouraging the development of networks that
provide opportunities for scientists from all regions to share
Guidance point o: Human and technical knowledge, including through user forums, workshops,
capacity for scenario development and modelling internships and collaborative projects; and (iv) using the
may need to be enhanced, including through the catalogue of policy support tools developed by the Platform

promotion of open, transparent access to scenario to promote open access to models and scenarios, where
and modelling tools, as well as to the data required possible in multiple languages {2.6, 4.7, 7.1.1, 7.2, 7.6.1}.
for the development and testing of such scenario

and modelling tools ((able SPIVI.3). This can be facilitated

through a variety of mechanisms, including by (i) supporting

training courses for scientists and decision makers; (i)
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TABLE SPM. 3

Capacity-building requirements for the development and use of scenarios and models of biodiversity and ecosystem
services. See chapter 7.1.1 and figure 7.1 for details.

ACTIVITY CAPACITY-BUILDING REQUIREMENTS

Stakeholder engagement

Processes and human capacity to facilitate engagement with multiple stakeholders, including holders of
traditional and local knowledge

Problem definition

Capacity to translate policy or management needs into appropriate scenarios and models

Scenario analysis

Capacity to participate in the development and use of scenarios to explore possible futures and in policy and
management interventions

Modelling

Capacity to participate in the development and use of models to translate scenarios into expected
consequences for biodiversity and ecosystem services

Decision-making for policy
and management

Capacity to integrate outputs from scenario analysis and modelling into decision-making

Accessing data,
information and
knowledge

Data accessibility

Infrastructure and database management

Tools for data synthesis and extrapolation

Standardisation of formats and software compatibility

Human resources and skill base to contribute to, access, manage and update databases
Tools and processes to incorporate local data and knowledge
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GUIDANCE FOR

THE PLATFORM AND

ITS TASK FORCES AND

EXPERT GROUPS

Platform guidance point °: Experts planning to
employ scenarios and models in Platform thematic,
regional and global assessments may want to
consider maximizing the benefit derived from
analysing and synthesizing results from existing
applications of policy-relevant scenarios and
models. Even where the timing of future Platform
assessments, including the global assessment, allows for
the development of new scenarios (see Platform guidance
point 2) any such development needs to build on, and
complement, the effective analysis and synthesis of existing
scenarios and models. Experience from previous
assessments on the global and regional scales suggests
that the full cycle of new scenario development through to
final analysis of impacts based on modelling requires several
years of effort to generate results of sufficient rigour and
credibility for the purposes of Platform assessments.
Experts involved in regional and thematic assessments
already under way should therefore focus on working closely
with other relevant Platform deliverables and the wider
scientific community to harness the power of new
approaches to analysing and synthesizing best available
exploratory, target-seeking and policy screening scenarios
on the global, regional, national and local scales. The
approaches adopted for the four regional assessments
should be coherent enough to enable the collective
contribution of results to the global assessment while still
allowing for significant regional differences {1.5.1, 3.2.2,
3.2.3,3.5,8.4.2}.

Platform guidance point e: The Platform may
want to consider encouraging and working closely
with the wider scientific community to develop a
flexible and adaptable suite of multi-scaled
scenarios specifically tailored to its objectives. This
would mean adopting a relatively long-term strategic view of
catalysing the development of scenarios that meet its needs
and would involve working closely with the scientific
community to articulate criteria guiding the development of
new scenarios by that community. Table SPM. 4 summarizes

several criteria that are important for the specific needs of
the Platform (see also figure SPM. 8), many of which go well
beyond the criteria underlying the current development of
other scenarios such as the shared socioeconomic
pathways being catalysed by the Intergovernmental Panel
on Climate Change (box SPM. 2). The Platform would,
however, benefit from close collaboration and coordination
with regard to ongoing activities within the scientific
community developing the shared socioeconomic
pathways. The advantage of using the shared
socioeconomic pathways as a common resource for the
Platform and the Panel include saving of effort, increasing
consistency and improving aspects of the pathways that
would be of mutual benefit for the Platform and the Panel.
Developing a full suite of interlinked scenarios as outlined in
table SPM. 4 would require catalysing research on a variety
of types of scenarios on multiple spatial and temporal
scales. This should therefore be viewed as a long-term
objective {3.5, 4.7, 8.4.2}.

Platform guidance point e: In order to
overcome barriers to the use of scenarios and
models, it is important that the Platform continue
to support and facilitate capacity-building within
the scientific community and among policymaking
and decision-making practitioners. The Platform task
force on capacity-building could play a vital role in achieving
this by helping to build human and technical capacity,
specifically targeting the skills needed for the development
and use of scenarios and models. Such engagement should
link, where appropriate, with relevant networks and forums
that are already established within the scientific and
practitioner communities. The Platform should also set high
standards of transparency for all scenarios and models used
in its assessments or promoted through the deliverable on
policy support tools and methodologies {2.6, 3.2.2, 3.2.3,
3.5,6.1,7.2,7.41,75.4,7.6.1,7.6.2}.

Platform guidance point : Because of the
highly technical nature of scenarios and models, it
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TABLE SPM. 4

Important characteristics of scenarios that could be catalysed by IPBES in support of its activities. The framework
for these scenarios might consist of a family of inter-related components rather than a single set of scenarios. These
components could rely heavily on existing scenarios and scenarios being developed in other contexts, with a strong
emphasis on participatory methods and on developing tools for creating and analysing linkages between spatial scales,
across temporal scales and between different types of scenarios (i.e., exploratory vs. intervention scenarios) as outlined

in Figure SPMV. 8. See 3.2.1, 3.2.2 and 3.5 for further details.

CHARACTERISTICS
OF AN IDEAL SUITE
OF PLATFORM

WHY IMPORTANT

SCENARIOS

MULTIPLE SPATIAL
SCALES

Different drivers of change operate on different spatial
scales. The relative importance of drivers also varies
greatly across localities, countries and regions.
Including regional, national and local scales improves
opportunities for capacity building.

Southern Africa Ecosystem Assessment,
European Union “OPERAS” and
“OPENNESS” projects.

MULTIPLE TEMPORAL
SCALES

Decision-making often requires both short-term (c.

10 years or less) and long-term (multiple decades)
perspectives. Most international environmental
assessments have focused only on longer time scales.

Global Biodiversity Outlook 4 (see table
SPM. 1)

MULTIPLE SCENARIO
TYPES

Exploratory, target-seeking and policy-screening
scenarios address different phases of the policy cycle.

Global Biodiversity Outlook 4 (primarily
focused on exploratory and target-
seeking scenarios)

PARTICIPATORY

Engaging actors in the development of scenarios
contributes significantly to capacity-building in the
science-policy interface and creates opportunities for
engaging with indigenous and local knowledge.

Best examples are on local to national
scales (see table SPM. 1, figure SPM. 4)

STRONG
INTERACTIONS

WITH SCENARIO
DEVELOPMENT
UNDER WAY IN OTHER
SECTORS

beneficial for all parties involved.

It is important to avoid duplication of efforts and over-
mobilization of scientists and policy makers. Taking
advantage of strong complementarities would be

Ties with shared socioeconomic
pathway activities for global scenarios
(see box SPM. 2) in support of the
Intergovernmental Panel on Climate
Change

Links to other initiatives working with
multi-scale scenarios

is preferable that all of the Platform deliverables
involve experts with knowledge of the utility and
limitations of scenarios, models and decision-
support tools. This point can be addressed by
encouraging the nomination and selection of experts familiar
with scenarios and models, keeping in mind that expertise is
needed across the various classes of models and scenarios.
Owing to the diversity and often highly technical nature of
scenarios and models, the Platform task forces and expert
groups should also refer to the methodological assessment
and the associated evolving guide on scenarios and models
and should seek advice and support from relevant
specialists involved in Platform deliverables, including the
task force on knowledge, information and data. Due to the
importance of indigenous and local knowledge to the
objectives of the Platform, particular consideration should
be given to mobilizing experts with experience in formulating
and using scenarios and models that mobilize indigenous

and local knowledge, including participatory approaches.
Experts involved in Platform deliverables should work closely
with the indigenous and local knowledge task force in
implementing those approaches. Broader use of
participatory scenario methods in work undertaken or
promoted by the Platform is one potentially important
pathway for improving the contribution of indigenous and
local knowledge {2.6, 3.5, 6.1, 6.4, 7.4.3, 7.4.4, 7.5.4,
7.6.3, 7.6.5}.

Platform guidance point e: The Platform should
consider putting in place mechanisms to help
experts involved in Platform deliverables utilize
scenarios and models and communicate results
effectively. The experts involved in Platform assessments
will need to critically analyse and synthesize scenarios and
models operating on different scales, so they are likely to
require assistance. Many experts involved in Platform
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:

SUMMARY FOR POLICYMAKERS

THE METHODOLOGICAL ASSESSMENT REPORT ON SCENARIOS AND MODELS OF BIODIVERSITY AND ECOSYSTEM SERVICES

deliverables will also need guidance in evaluating and
communicating the capacities and limitations of scenarios
and models employed in those activities, along with the
types, sources and levels of uncertainty associated with
resulting projections. To that end, the task force on
knowledge, information and data and those involved in the
ongoing work on the evolving guide for scenarios and
models and other relevant deliverables should consider
developing practical guidelines for evaluating and
communicating capacities, limitations and uncertainties
associated with scenarios and models {2.6, 3.2.1.1, 3.2.2,
3.2.3,3.3,34,35,4.7,6.1,6.3,6.4,6.5,7.2.2,8.3.1.3}.

Platform guidance point : Scenarios and
models can potentially be promoted through all

Platform deliverables, so the implementation plans
for deliverables should be reviewed to ensure that

they reflect such potential. Effective use of scenarios
and models in policy formulation and implementation will
require embedding those approaches within decision-
making processes across a wide range of institutional
contexts and scales. The Platform can help to achieve this

by complementing the use of scenarios and models in
regional, global and thematic assessments with the
promotion and facilitation of their uptake by other processes
beyond the Platform through its task forces on capacity-
building, indigenous and local knowledge, and knowledge,
information and data, as well as its deliverable on policy
support tools and methodologies and the evolving guide on
scenarios and models {1.1, 2.1, 2.5, 3.2.2, 3.2.3, 3.5, 6.1,
7.4.2,7.5.3).
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CHAPTER 1

OVERVIEW AND VISION

Purpose of this chapter: Introduces the
background, purpose and scope of the Methodological
Assessment Report on Scenarios and Models of
Biodiversity and Ecosystem Services; provides a
general introduction to the role of scenarios and
models in policy and decision making; and outlines the
structure of the remaining chapters of the report.

Target audience: A broader, less technical audience
than for the other chapters of the report, each of
which examines in greater depth a subset of issues
and challenges associated with scenario analysis

and modelling. Readers interested in obtaining only a
general overview of the topic of scenarios and models
may wish to read no more than this chapter.

1.1 INTRODUCTION

L~

For the purposes of this assessment, ‘models’ are defined

as qualitative or quantitative representations of key
components of a system and of relationships between
these components.

Throughout this assessment, and in most Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES) activities, the term ‘models’ usually,

but not exclusively, refers to quantitative descriptions of
relationships i) between indirect drivers and direct drivers, ii)
between direct drivers and nature (including biodiversity and
ecosystems), and iii) between nature and nature’s benefits
to people (including ecosystem services). Each of these
relationships is discussed in more detail later in this chapter.

L~

In this assessment, ‘scenarios’ are defined as plausible
representations of possible futures for one or more
components of a system, or as alternative policy or
management options intended to alter the future state of
these components.

Throughout this assessment, the term ‘scenarios’ usually
refers to plausible futures for indirect or direct drivers,
or to policy interventions targeting these drivers. The
consequences of these scenarios for nature and nature’s

Scope of this chapter

Policy and decision making

Assessment and decision-support interface |

- <

Modelling
consequences
for nature’s
benefits

Modelling
changes in
direct drivers

Data and knowledge

Modelling
impacts on
biodiversity and
ecosystems

benefits to people are then typically evaluated using models
as defined above.

Scenarios and models have the potential to contribute
significantly to achieving the overarching goal of IPBES ‘to
strengthen the science-policy interface for biodiversity and
ecosystem services for the conservation and sustainable use
of biodiversity, long-term human well-being and sustainable
development’. Their use in assessments, policy support and
decision making offers many benefits, including to ‘better
understand and synthesise a broad range of observations;
alert decision makers to undesirable future impacts of global
changes such as land-use change, invasive alien species,
overexploitation, climate change and pollution; provide
decision support for developing adaptive management
strategies; and explore the implications of alternative social-
ecological development pathways and policy options. One of
the key objectives in using scenarios and models is to move
away from the current reactive mode of decision making in
which society responds to the degradation of biodiversity and
ecosystem services in an uncoordinated, piecemeal fashion
to a proactive mode in which society anticipates change

and thereby minimises adverse impacts and capitalises on
important opportunities through thoughtful adaptation and
mitigation strategies’ (IPBES/2/17, annex VI').

1. For official IPBES documents cited in this assessment, see the IPBES
website at www.ibpes.net under the tab ‘Plenary Sessions’. The first
number in the IPBES document reference indicates the number of the
plenary session.
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1.1.1 Purpose and scope of this
assessment

L~
The Methodological Assessment of Scenarios and Models
was initiated to ‘establish the foundations for the use of
scenarios and models in activities under the
Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services’ (IPBES/2/17, annex VI,
www.ibpes.net).

It is one of the first assessment activities of IPBES because

it provides guidance on the use of scenarios and models in
regional, global and thematic assessments, provides IPBES
task forces and expert groups with recommendations in
terms of supporting and mobilising scenarios and modelling
expertise, and identifies key gaps that need to be addressed
in collaboration with the scientific community, policymakers
and others. There are a large number of reviews providing
typologies of scenarios and models and summarising their
strengths and weaknesses (Coreau et al., 2009; IEEP et al.,
2009; Bellard et al., 2012; Kelly et al., 2013; Harfoot et al.,
2014a; Rounsevell et al., 2014), but all of these have a much
narrower scope than this assessment and do not provide
recommendations that are specifically adapted to the IPBES
mandate. Overall, this assessment provides an overview of
scenarios and models, a critical analysis of the types and uses
of scenarios and models currently available, and perspectives
on the development of new methods in the near future.

L~

There are several audiences for this methodological
assessment, with the primary audiences differing
substantially between the Summary for Policy Makers
(SPM), Chapter 1 and the following chapters.

The SPM and Chapter 1 have been written with non-experts
in mind so that they are accessible to a broad audience,
including members of the IPBES plenary, policymakers and
other stakeholders. The critical analysis and perspectives

in Chapters 2-8 of this assessment are more technical in
nature and address the broader scientific community in
addition to the expert groups and task forces of IPBES. In
all of the chapters, highly technical descriptions and jargon
have been kept to a minimum.

The intended target audiences within IPBES include:

¢) Plenary, Bureau and Multidisciplinary Expert Panel: the
SPM and Chapter 1 provide a broad overview of the
potential benefits and caveats in making use of scenarios
and models, better integration across existing IPBES
activities and priorities for future activities of IPBES;

0 Task forces and expert groups involved in catalysing,
facilitating and supporting the use of scenarios and models

within IPBES and beyond: the full assessment provides
guidance on priorities and proposed solutions for linking
work on scenarios and models across IPBES deliverables,
and for mobilising the broader scientific community;

Q) Regional, global and thematic assessments: the SPM
and Chapter 1 give all involved experts an overview of
the benefits and caveats in making use of scenarios
and models, and provide experts working specifically on
scenarios and models with guidance on more technical
issues related to the application of scenarios and
models in assessments.

Target audiences outside of IPBES:

Q) This document provides guidance to policymakers
and implementers at local to global scales, as well
as assessment and decision-support practitioners
employing scenarios and models. Guidance to these
audiences focuses on the appropriate and effective
use of scenarios and models across a broad range of
decision contexts and scales.

() For the scientific community and science funding
agencies: this assessment provides analyses of key
knowledge gaps that, if filled, would greatly increase
the utility of scenarios and models for IPBES and
other science-policy interfaces. Summaries of these
knowledge gaps can be found in the SPM and Chapter
1, with more detailed analyses in subsequent chapters,
especially Chapter 8.

The scope of the assessment covers a broad range of
scenarios and models. The objective is to provide guidance
for ‘evaluating alternative policy options using scenarios
and models; including multiple drivers in assessments of
future impacts; ... including input from stakeholders at
various levels; implementing capacity-building mechanisms
to promote the development, use and interpretation of
scenarios and models by a wide range of policymakers and
stakeholders; and communicating outcomes of scenario and
model analyses to policymakers and other stakeholders’
(IPBES/2/16/Add.4, www.ibpes.net).

L~
Follow-up work by an expert group is envisaged to start
following the completion of this assessment in 2015 and
will continue through 2017 and possibly beyond. One of
the tasks of this expert group will be to establish an
‘evolving guide’ on scenarios and models.

The exact nature of this evolving guide remains to be
defined but, since methods are changing very rapidly, it is
important that the guidance provided in this assessment
is updated on a regular basis. The expert group will also
interact with other IPBES deliverables and the broader
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scientific community to stimulate work on scenarios and
models that support IPBES objectives. It is envisaged

that this will be similar to the interactions between the
Intergovernmental Panel on Climate Change (IPCC) and
the scientific community that have been created to develop
scenarios and models for climate change assessment.

1.1.2 Background and context

L~
Scenarios and models of biodiversity and ecosystems
have been a key component of most global, regional and
national environmental assessments carried out over the
last decade.

The IPCC, which is the institutional equivalent of IPBES for
climate change issues, has amply demonstrated the power of
scenarios and models as a cornerstone of the science-policy
dialogue surrounding climate change and in popularising
climate change issues. The use of scenarios and models of
biodiversity and ecosystem services in global and sub-global
assessments is more recent. The first global assessment

with a substantial component of scenarios coupled with
models of biodiversity impacts was the Millennium Ecosystem
Assessment (MA) released in 2005 (MA 2005). Assessments
with significant use of scenarios and models to evaluate
ecosystem services are even more recent (e.g. UK NEA, 2011).

Scenarios and models in assessments of biodiversity and
ecosystem services have played an important role in agenda
setting by alerting the scientific community, natural resource
managers and politicians to the possible future risks for
biodiversity and ecosystem services, and to some extent

in policy formulation by illustrating possible solutions for
reducing these risks (Wilson et al., 2014). Examples include
the most recent IPCC assessment and the MA which have
called attention to the possibility of a greatly increased
species extinction risk by 2050 driven by future land-use
and climate change (MA, 2005; IPCC, 2014a). The most
recent Global Biodiversity Outlook used scenarios and
models to call attention to the transformations of socio-
economic development paths that are needed to achieve
internationally agreed upon goals for climate, biodiversity
and human development by 2050 (sCBD, 2014; Leadley et
al., 2014; see also Table 1.1 in Section 1.5.2).

Scenarios and models of biodiversity and ecosystems

are used in many contexts outside of global, regional and
national environmental assessments. In particular, a wide
range of policy support methodologies have been developed
to allow the more direct use of scenarios and models in
policy design, implementation and evaluation (see Chapter
2). The bulk of this work has been done at local scales (see
two examples in Table 1.1), but some methodologies are
also pertinent at national to global scales. Experience shows

that the successful application of models and scenarios

to policy design, implementation and evaluation requires
sustained interactions between stakeholders, managers,
policymakers and modellers. Numerous examples illustrating
these applications are provided in this and subsequent
chapters, particularly in boxes describing case studies.

L~
A variety of approaches have been used for developing and
presenting scenarios and models in environmental
assessments, and very rapid progress in the development
and use of scenarios and models of biodiversity and
ecosystem services over the last decade (Figure 1.1)
means that IPBES is now well positioned to make
substantial use of these methodologies in all of its activities.

In some cases, assessment bodies have opted to support
the development of a common set of scenarios of direct
and indirect drivers, as well as accompanying models of
impacts on biodiversity and ecosystems. Examples include
the global assessments such as the Millennium Ecosystem
Assessment (MA, 2005), early Global Biodiversity Outlooks
(sCBD, 2006), and Global Environment Outlooks (e.g. UNER,
2007), as well as some national and regional assessments
(Southern Africa, van Jaarsveld et al. (2005); Japan, SSA
(2010; UK, UK NEA, 2011; Wilson et al., 2014). At the
opposite end of the spectrum, some assessments have
focused on synthesising a broad range of published analyses
of scenarios and modelling studies available in the literature
(e.g. sCBD, 2010; Leadley et al., 2010; UNER, 2012). Still
others fall in between these extremes: for example, IPCC
climate modelling has traditionally relied on a common set of
scenarios of direct and indirect drivers developed specifically
for the assessment, while assessment of projected impacts
on biodiversity and ecosystems is primarily based on
analyses of peer-reviewed literature (e.g. sCBD, 2014; IPCC,
2014a; IPCC, 2014b). The advantage of using a common
set of scenarios and models is that they provide a clear and
homogenous analysis that may be easier for non-specialists
to understand; the disadvantages are that these typically are
useful for a very limited range of spatial and temporal scales
and decision contexts. The advantages of analyses based
on a broad spectrum of published work are that they provide
much greater insight into assumptions underlying scenarios
and models and their associated uncertainties, and that
they address a wide variety of scales and decision contexts
because they cover a much larger evidence base. However,
very diverse assumptions and indicators used in published
work make synthesis difficult (Pereira et al., 2010).

Despite the use of scenarios and models of biodiversity and
ecosystem services in several major global and sub-global
assessments, it is difficult to evaluate their role in influencing
decision making and popularising biodiversity and
ecosystem services, although there is evidence of uptake in
national and international policy (Wilson et al., 2014).
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FIGURE 1.1

Change over time in the number of articles published in scientific journals related to future projections of biodiversity and ecosystem
services based on scenarios and models. The search pattern used for this analysis has high specificity (a correction for errors of
commission has been applied), but is also subject to errors of omission (which are much more difficult to estimate and have not been
corrected for). As such, the true number of articles is likely to be substantially higher than indicated here. (Search pattern used 1 Nov
2015 in Web of Science: TS = (Future AND (projection* OR prediction* OR forecast* OR scenario*) AND (‘ecosystem service’ OR
‘ecological service’ OR biodiversity OR ‘biological diversity’ OR ‘species richness’ OR ‘species diversity’ OR ‘species distribution’
OR ‘species conservation’ OR ‘species range’ OR ‘biological conservation’ OR ‘nature conservation’)). Errors of commission were
estimated to be ca. 14% based on a subsample of abstracts, and were substantially higher with older publications. Results were
relatively insensitive to the removal of individual search terms with the exception of ‘future’: removal of this search term led to very high
errors of commission). (Modified from FRB 2013).
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- L~ Section 1.3 explains how coupling models with scenarios
More broadly, a variety of factors hamper the more enables the translation of plausible futures for drivers of
widespread use of scenarios and models in policymaking change and/or alternative policy interventions into expected
and management. consequences for biodiversity and ecosystem services
(1.3.1). It then outlines major types of scenarios and their
These factors include the relatively recent development of relationship with different phases of the policy cycle (1.3.2).
scenarios and models for biodiversity and ecosystem services
(Figure 1.1); generally insufficient validation of models; Section 1.4 describes how scenarios and models can inform
insufficient dialogue between scientists and decision makers; policy and decision making through a variety of assessment
and biases in the types of drivers, types of ecosystems, or decision-support interfaces.
taxonomic coverage of biodiversity, spatial scales and temporal
scales (see Section 1.6 and Chapters 2 and 8 for details). Section 1.5 explains the importance of matching employed

scenarios, models and interfaces to the needs of different
policy or decision-making contexts (1.5.1). It then presents
1.1.3 Structure of remainder of examples of the effective use of scenarios and models
this chapter of biodiversity and ecosystems services in previous
assessment and decision-support activities (1.5.2).
Section 1.2 introduces the fundamental role that models
can play in describing relationships between elements of the  Section 1.6 highlights the need to better recognise,
IPBES Conceptual Framework (1.2.1). It then outlines major ~ understand and address the current limitations of scenarios

types of models of relevance to IPBES activities (1.2.2) and models of biodiversity and ecosystem services,
and acknowledges the dual contribution that many of the including deficiencies in the spatial, environmental and
models considered in this assessment (focusing on future thematic coverage of existing scenarios and models (1.6.1),

change) can also make to assessing past-to-present status gaps in the availability of underpinning knowledge and data
and trends in biodiversity and ecosystem services (1.2.3). (1.6.2), and challenges in dealing with uncertainty (1.6.3).
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Section 1.7 outlines the chapter structure of the remainder
of the report.

1.2 DESCRIBING
RELATIONSHIPS BETWEEN
ELEMENTS OF THE IPBES
CONCEPTUAL FRAMEWORK
WITH MODELS

1.2.1 Overview

L~
The IPBES Conceptual Framework (Figure 1.2; Diaz et al.
(2015) provides a logical starting point for introducing and
explaining the respective roles of scenarios and models
within the context of IPBES.

This framework emerged from an extensive process of
consultation and negotiation, leading to formal adoption

by the second IPBES Plenary (IPBES/2/4), and therefore
represents a key foundation for all IPBES activities. It is a
simplified representation of the complex interactions between
the natural world and human societies. IPBES recognises and
considers different knowledge systems, including indigenous
and local knowledge systems, which can be complementary
to those based on science. The Conceptual Framework is
therefore intended to serve as a tool for achieving a shared
working understanding across the different disciplines,
knowledge systems and stakeholders that are expected to be
active participants in IPBES.

As explained by Diaz et al. (2015), this framework provides

a conceptual foundation for the science-policy interface
through which knowledge from science and other knowledge
systems flows through to policy and decision making via

the four main functions of IPBES: knowledge generation,
assessment, policy support and capacity building.

FIGURE 1.2

The IPBES Conceptual Framework, Diaz et al. (2015). This depicts the main elements and relationships for the conservation and
sustainable use of biodiversity and ecosystem services, human well-being and sustainable development. Similar conceptualisations
in other knowledge systems include ‘living in harmony with nature’ and ‘Mother Earth’, among others. In the main panel (delimited in
grey), ‘nature’, ‘nature’s benefits to people’ and ‘good quality of life’ (indicated as black headlines) are inclusive of all these world views;
text in green denotes the concepts of science; and text in blue denotes those of other knowledge systems. Solid arrows in the main
panel denote influence between elements; the dotted arrows denote links that are acknowledged as important but are not the main
focus of the Platform. The thick coloured arrows below and to the right of the central panel indicate different scales of time and space.
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l/
Models can make a significant contribution to enabling the
flow of data and knowledge to policy and decision making
by explicitly describing interactions between major

elements of the IPBES Conceptual Framework (Figure 1.3).

In the original framework (Figure 1.2), arrows are used
simply to indicate the existence of relationships between
elements but convey very little about the precise nature

of these relationships. The arrows linking elements in this
framework therefore collectively constitute a conceptual
model. Replacing these conceptual links with more
quantitative descriptions of each of these relationships
allows observed or projected changes in the state of one
element to be used to estimate or project resulting changes
in other elements.

1.2.2 Types of models of
relevance to IPBES activities

A diverse range of models are of potential relevance within
the context of IPBES. These models vary in two main ways:

() What relationships are modelled - i.e. the outputs or
‘response variables’ of interest and the inputs used to
predict or project these outputs;

O How these relationships are modelled — i.e. the way
in which the link between input and output variables is
represented.

FIGURE 1.3

High-level roles of scenarios and
models in assessment and decision
support. The rectangular boxes in
the lower blue-shaded portion of

Policy and decision making

t 4

+« = = Broader social, economic and institutional context = = »

the diagram represent key elements
from the IPBES Conceptual

Assessment and decision-support interface

Framework (see Figure 1.2; but
note that in the current figure, due
to space constraints, elements are
translated only into terms commonly
used in the scientific literature,
e.g., ‘Nature’ into ‘biodiversity &

4

Projected consequences
for nature, nature’s
benefits and quality of life

Plausible futures to be
explored, and policy
options to be evaluated

s

ecosystems’, and terms used in

other knowledge systems are not

depicted). The models addressed
in this report focus mostly on
relationships between the white-
shaded elements. Scenarios and
models are directly dependent
on data and knowledge for their
construction and testing, and add
value by synthesizing and organizing
this knowledge (box and arrows
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interactions (boxes and arrows at

top). This interface manages the translation of high-level policy and decision-making needs into explicit scenarios describing plausible
futures for drivers of change and/or alternative policy interventions. Models are then used to evaluate these scenarios in terms of
expected consequences for nature and nature’s benefits to people. The ‘cross-sectoral integration” element added to this framework
signifies that any comprehensive assessment of human well-being and good quality of life is likely to require integration of modelling
across multiple sectors (e.g., energy, health), thereby dealing with a broader set of relevant goals and values than those mediated
exclusively by biodiversity or ecosystems. The elements and relationships depicted in this figure are essentially the same as those
depicted in Figure SPM.1 in the Summary for Policymakers, even though the latter splits this content across two panels.
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1.2.2.1 What relationships are modelled

L~
The models considered in this methodological
assessment address three main types of relationship
within the IPBES Conceptual Framework (Figures 1.3
and 1.4):

¢ Models addressing the effects of changes in indirect
drivers (e.g. socio-political, economic, technological
and cultural factors) on direct drivers of change in
nature (e.g. land-use change, fishing pressure, climate
change, invasive alien species, nitrogen deposition);

¢ Models addressing the impacts of changes in direct
drivers on nature, including biodiversity and
ecosystem functioning; and

e Models addressing the consequences of changes in
nature for the benefits that people derive from
nature, and that therefore contribute to good quality of
life (human well-being) — including, but not limited to,
ecosystem goods and services.

Models addressing the effects of changes in indirect
drivers on direct drivers are often developed for a wide
range of purposes that are not expressly intended for

use in modelling impacts on nature or nature’s benefits

to people. Where modelling of direct drivers has already
been undertaken by communities of practice within other
domains, such as climate modelling or land-use modelling,
then resulting projections of these drivers can serve directly
as inputs to biodiversity and ecosystem models. In this
situation, existing projections of direct drivers function
effectively as scenarios of possible futures for the purposes

FIGURE 1.4

Major types of models of relevance to IPBES activities, classified according to ‘what relationships are modelled’ (represented by the
arrows linking elements of the IPBES Conceptual Framework, or variables within these elements) and ‘how these relationships are
modelled’ (represented by the light-blue, green and pink-shaded panels). All of the relationships depicted on the light-blue-shaded
‘correlative models’ panel can also be modelled using ‘process-based models’ (green-shaded panel) or ‘expert-based models’ (pink-

shaded panel). g
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of modelling consequences for nature and nature’s benefits
(Figure 1.3). In other situations, interest may be focused
on modelling consequences of scenarios of indirect drivers,
rather than direct drivers. In this case, modelling of the
effects of indirect-driver scenarios on direct drivers will need
to be undertaken as a first step in modelling consequences
for nature or nature’s benefits. Such models are therefore
covered in Chapter 3 of this assessment. It should be noted
that the development of scenarios of indirect drivers also
often involves models of various types, including human
demographic models, governance models, economic
models and agent-based models describing the behaviour
of social systems (Figure 1.4). However, for the purpose
of this assessment, it is assumed that such modelling will
typically be undertaken outside the core domain of IPBES
(see Chapter 3 for further explanation).

|
A tremendous variety of variables are simulated, and
thereby predicted or projected, by models of nature
(biodiversity and ecosystem functioning) and nature’s
benefits (Figure 1.4).

In some cases, only a single variable is simulated. For
example, species distribution models are often used to
predict the spatially-explicit response of just one variable
(such as species presence or absence) to environmental
change. In other cases, models predict multiple variables,
but typically only a small subset of the variables listed in
Figure 1.4. For example, biodiversity models simulate
dynamics of genes, species, functional groups or
communities, but most focus on only one of these levels
and none simulate biodiversity dynamics at and between all
these levels.

In practice, relationships between variables linking the three
main components of nature and nature’s benefits differ
greatly in the frequency and detail with which they are treated
in the scientific literature and assessments (Figure 1.4). For
example, models of ecosystem function, especially at large
spatial scales, typically represent biodiversity using a small
number of groups of species that have similar characteristics
(i.e. functional groups). A few models of ecosystem function
use species-level variables, but very few incorporate
variables related to genetic adaptation (but see Kramer et al.,
2010). Models of nature’s benefits typically rely on empirical
relationships between habitat type and ecosystem services
(arrow directly from habitat) or use inputs from variables
simulated by models of ecosystem function, but few account
for the contribution of species diversity to ecosystem
function (Cardinale et al., 2012), but note that some models
do account for a small set of key species interactions).

L~

Modelling of nature’s benefits to people can serve as a
key input to assessing human well-being, and therefore

good quality of life (Figures 1.3 and 1.4). Such
assessments will, however, typically require broader
consideration, and therefore modelling, of dimensions of
human well-being beyond those mediated primarily by
biodiversity or ecosystems, such as education, health and
energy.

Modelling of these other dimensions is most often
undertaken within domains or sectors largely external

to that of IPBES, and these models are therefore not
covered in any detail by this report. However, the report
does recognise the growing need for the cross-sectoral
integration of models, trade-offs and synergies between
these dimensions (e.g. Hilderink and Lucas, 2008),
particularly within the context of the United Nations’ recently
ratified Sustainable Development Goals (SDGs) (https://

sustainabledevelopment.un.org/; see also Section 1.4,
Chapters 2, 5 and 6).

As depicted in Figures 1.3 and 1.4, models of drivers,
nature and nature’s benefits can be implemented as a
linked chain, where the input for one model is derived
from the output of the previous model in the chain (e.g.
Bateman et al., 2013; Nelson et al., 2009). Increasingly,
however, models such as these are being integrated even
more strongly by treating them as components of a single
modelling framework, thereby enabling the more effective
consideration of interactions and feedbacks between these
components. Examples of this level of integration include
end-to-end ecosystem models (e.g. Fulton, 2010) and
integrated assessment models (e.g. Stehfest et al., 2014).

L~

Integrated assessment models (IAMs) combining
modelling of multiple environmental, social and economic
system components are increasingly being used in global
and regional assessment activities.

Integrating very different types of knowledge within IAMs

is particularly challenging (e.g. De Vos et al., 2013), but
necessary if these approaches are to provide an effective
foundation for assessing human well-being and quality of
life. While IAMs usually account for at least some ecosystem
functions and services, they often exclude key ecosystem
functions and omit cultural services, and generally lack
representation of biodiversity below the functional group or
habitat type level (Harfoot et al., 2014a), but see Alkemade
et al. (2009) for examples of including species diversity

in global integrated models). Regardless of the precise
approach used to link or integrate models, great care needs
to be taken to account for propagation of error, consistency
of variables, differences in spatial and temporal resolution,
and costs and benefits of increasing complexity (see
Chapter 6).
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1.2.2.2 How relationships are modelled

The relationship between input and output variables can
be represented or described by a model in many different
ways, both quantitative and qualitative (Bérner et al., 2012;
Ritchey, 2012).

L~
Three broad approaches to modelling relationships
between input and output variables are recognised
throughout this assessment (Figure 1.4, and see Chapter
4 for further explanation):

e Correlative models, in which available empirical data
are used to estimate values for parameters that do not
have a predefined ecological meaning, and for which
processes are implicit rather than explicit;

¢ Process-based models, in which relationships are
described in terms of explicitly-stated processes or
mechanisms based on established scientific
understanding and model parameters therefore have a
clear, predefined, ecological interpretation;

e Expert-based models, in which the experience of
experts and stakeholders, including local and indigenous
knowledge holders, is used to describe relationships.

Correlative modelling is probably the best known, and most
widely applied, of these three approaches, due largely to
the popularity of correlative species distribution modelling in
recent years (Elith and Leathwick, 2009).

Process-based modelling encompasses a wide range of
techniques, many of which represent underlying processes
using mathematical equations, for example the modelling
of population and meta-population dynamics (e.g. Brook et
al., 2000; Gordon et al., 2012) and of ecosystem function
(e.g. Harfoot et al., 2014b). Other techniques in this class
represent underlying processes as quantitative rules rather
than as equations, for example rule-based modelling to
inform extinction risk assessment (e.g. Mace et al., 2008).

Expert-based modelling also encompasses a wide variety
of techniques, in this case for capturing and representing
expert knowledge of relationships between variables of
interest (e.g. Priess and Hauck, 2014; Walz et al., 2007).

In this context, an ‘expert’ is considered to be anyone who
has acquired good knowledge of a subject through his or
her life experience (Kuhnert et al., 2010), including local or
indigenous knowledge holders in addition to scientists. It
is assumed, however, that the expert is a reliable source of
information within a specific domain (Burgman, 2005).

Some modelling techniques allow these different approaches
to be combined within a single model. For example, in

Bayesian Belief Networks, expert-based knowledge can be
combined with information derived through correlative or
process-based approaches (Haines-Young, 2011).

A variety of modelling approaches may often be available

for addressing a particular question. The position taken
throughout this methodological assessment is that there

is usually no single best modelling approach for any

given application. In particular, debates about the use of
models working with correlative versus process-based
versus expert-based models are frequently polluted by
misconceptions about the usefulness of these various types
of models. Many modelling exercises have clearly illustrated
the benefits of examining multiple model types in terms

of understanding of underlying processes, improving the
ability to simulate biodiversity and ecosystem functions,
providing complementary sets of variables and estimating
uncertainty (Cheaib et al., 2012; Gritti et al., 2013; van

Oijen et al., 2013). The use of multiple models does not
necessarily require quantitative comparisons among models.
However, in some cases IPBES may want to stimulate

work on quantitative multi-model comparisons since, as

the IPCC has amply demonstrated for climate models and
some models of impacts on ecosystems (IPCC, 2014a),
these can often carry more weight in decision making than
individual models. This does not mean that all models are
equally good. As such, models need to be thoroughly tested
with independent data and an evaluation of the strengths
and weaknesses of models should ideally be included

when presenting model outcomes. The following chapters
provide more specific guidelines for selecting models and for
evaluating their strengths and weaknesses.

1.2.3 Using models to assess
past-to-present status and trends

L~

This assessment focuses primarily on the use of models,

in conjunction with scenarios, to explore potential changes
in nature and nature’s benefits into the future. However,
before adopting this particular focus throughout the
remainder of this report, it is worth noting that modelling
can, and does, also play an important role in assessing
status and trends even in the absence of scenarios.

All of the approaches outlined above require, as input,
information on the state of one element of the IPBES
Conceptual Framework, which a model then uses to predict,
or project, the state of another element. These models

can therefore be applied either to future projections of

input variables (based on scenarios; see Section 1.3) or to
actual observations (data) for these same input variables
(Figure 1.5). The latter option can help to shed valuable
light on the present status of nature and its benefits, and on
changes or trends in this status past-to-present (Leadley
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et al., 2014). Several elements of the IPBES Conceptual
Framework align well with major categories of indicators
within the widely adopted ‘drivers-pressures-states-impacts/
benefits-responses’ (DPSIR) approach to status-and-

trend assessment (Feld et al., 2010; Sparks et al., 2011).
Modelling can add considerable value to such assessments
in two important ways:

0 Modelling can help to fill gaps in the data needed to
underpin key indicators. While ongoing data acquisition
is clearly of vital importance (see Section 1.6 and
Chapter 8), data are much easier and/or less costly
to obtain for some elements of the IPBES Conceptual
Framework than for others. For example, advances
in remote sensing have now made it possible to
track temporal changes in a number of direct drivers
(pressures), including habitat conversion and climate
change, at relatively fine spatial resolutions across
extensive regions (Hansen et al., 2013). On the other
hand, most components of biodiversity, particularly
at the species and genetic levels, are not detectable
through remote sensing, and changes in their state can
be observed only through direct field survey. Such data
therefore tend to be sparsely and unevenly distributed
across both space and time. Modelling offers a cost-
effective means of filling gaps in this coverage by
using remotely derived, and therefore geographically
complete, information on drivers to estimate changes
in the state of biodiversity (past to present) expected
across unsurveyed areas (Ferrier, 2011; Leutner et
al., 2012; Turner, 2014). Using modelling to fill gaps
in information can play an equally valuable role in
assessing status and trends in nature’s benefits to
people, for example by estimating changes in the
supply of ecosystem services, relative to the distribution
of people receiving these benefits, from remotely-
sensed land cover classes and structural or functional
ecosystem attributes (biomass, net primary production,
etc.) (Tallis et al., 2012; Andrew et al., 2014).

0 Modelling can provide a process-based alternative to
the use of composite indicators in integrating multiple
pressure-state-response indicators. Applications of the
DPSIR framework typically generate large numbers of
indicators (Butchart et al., 2010; Sparks et al., 2011),
distinguished not only by their focus on different high-
level components of this framework (e.g. pressure
indicators versus state indicators versus response
indicators) but also by differences in the focus of
indicators within each component (e.g. indicators of
habitat conversion pressures versus invasive alien
species pressures, or indicators of habitat protection
(reservation) responses versus invasive species control
responses). To provide a better sense of the overall
status of, and trends in, the condition or ‘health’ of
the system as a whole, these individual indicators are

sometimes aggregated to produce one, or a small
number of, composite indicators or indices (e.g.
Halpern et al., 2012). While aggregation will often be
most readily achieved through simple summation or
multiplication (Butchart et al., 2010), this may fail to
adequately address the often complex, non-linear
nature of interactions between multiple pressure,
state and response elements in real-world systems.
Modelling offers an alternative means of integrating data
and indicators, describing past-to-present changes
across multiple system elements, and thereby better
accounting for complexities and dynamics in these
interactions (Vackar et al., 2012; Pereira et al., 2013;
Tett et al., 2013).

1.3 COUPLING MODELS
WITH SCENARIOS TO
EXPLORE FUTURE
POSSIBILITIES AND
OPTIONS

1.3.1 Overview

Policy and decision-making processes often require looking
beyond the present to the future. Questions raised in

these processes might include: What is the risk of future
loss of nature, or nature’s benefits to people? How would
alternative policy or management interventions alter this
outcome? Using models to address questions relating

to possible changes in the future, rather than to actual
changes in the present or recent past, poses special
challenges. In this situation, observations of change (e.g.

in drivers) are not available to use as inputs to models
because these changes are yet to occur. Furthermore,
there is often considerable uncertainty associated with the
future trajectory of any given input variable because this
trajectory will be affected by events and decisions that have
also not yet occurred, and are often highly unpredictable.
Scenarios provide a useful means of dealing with the reality
that not just one, but many, futures are possible (Pereira et
al., 2010; Cook et al., 2014).

L~
Scenarios and models play different, but highly
complementary, roles in informing and supporting policy
and decision making (Figures 1.3 and 1.5). Scenarios are
used to describe plausible futures for drivers of change,
and options for altering the course of these drivers
through policy and management interventions. Models
then enable scenarios of change in drivers to be
translated into expected consequences for nature and
nature’s benefits to people.
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1.3.2 Types of scenarios relating
to different phases of the policy
cycle

What exactly is meant by ‘policy and decision making’?
The adoption of this term in Figure 1.3 follows its use in
various other IPBES documents including, for example,
documentation of the Conceptual Framework (Decision
IPBES-2/4, http://www.ipbes.net/). However, policy and
decision making can encompass a very broad range of
processes and activities conducted in a wide variety of
contexts across multiple scales.

Numerous frameworks have been proposed over recent
decades for conceptualising phases or elements of the policy
cycle, and similar frameworks have also been developed

FIGURE 1.5

for describing adaptive planning or management cycles.
There is considerable commonality between most of these
frameworks. For the purposes of this assessment, four broad
phases of the policy cycle are recognised (see Chapters 2
and 3 for further detail): 1) agenda setting, 2) policy design,
3) policy implementation (also referred to as ‘planning and
management’ in parts of the report), and 4) policy review.

Scenario analysis and modelling can inform and support
activities across all four of these phases. As depicted in
Figure 1.5, this involves using different types of scenarios
of drivers and policy interventions as inputs to a common
set of models for assessing the expected consequences
of these scenarios for nature and nature’s benefits. Various
terminologies and typologies for describing and classifying
these different types of scenarios have been proposed and

Major ways in which models and scenarios can be combined to inform agenda setting, policy design, policy implementation, and
policy review. Models estimate or project changes in nature and nature’s benefits as a function of: observed changes in drivers, for
status-and-trend assessment (depicted in blue-green); plausible trajectories of drivers, for exploratory scenario analysis (depicted in
red); possible policy interventions, for intervention scenario analysis (depicted in orange); or implemented policy interventions, for ex-

post scenario analysis (depicted in purple).
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used in the scenario literature (see for example van Notten
et al. (2003) and van Vuuren et al. (2012)).

L~

This assessment deals primarily with two broad types of
scenarios, referred to throughout this report as:

e Exploratory scenarios (also known in the literature as
‘explorative scenarios’ or ‘descriptive scenarios’) that
examine a range of plausible futures based on potential
trajectories of drivers — either indirect (e.g. socio-
political, economic and technological factors) or direct
(e.g. habitat conversion, climate change);

¢ Intervention scenarios (also known in the literature as
‘policy scenarios’) that evaluate alternative policy or
management options — either through target seeking
(also known as ‘goal seeking’ or ‘normative scenario
analysis’) or through policy screening (also known as
‘ex-ante assessment’).

Scenarios of a third broad type depicted in Figure 1.5
receive less attention in this assessment. These are policy-
evaluation scenarios employed in ex-post assessments

of the extent to which outcomes actually achieved by

an implemented policy match those expected based on
modelled projections, thereby informing policy review (see
Chapter 3 for some further discussion of this scenario type).

1.3.2.1 Exploratory scenarios

L~
Exploratory scenarios are employed mostly in the
agenda-setting phase of the policy cycle. A sizeable
proportion of previous efforts in the scenario analysis and
modelling of biodiversity and ecosystem services have
used exploratory scenarios to identify and promote the
need for action and opportunities to address detrimental
changes in nature and its benefits.

This use of exploratory scenarios in agenda setting can

add considerable value to the assessment of status and
trends described in Section 1.2.3, by extending the focus of
assessment from changes that are known to have already
occurred past-to-present, to changes that might occur into
the future (Pereira et al., 2010; Cook et al., 2014). At its
most basic, this extension may simply involve the statistical
extrapolation of observed trends in the state of biodiversity
and ecosystem services into the future, assuming that levels
or rates of change in underlying drivers will remain constant
(e.g. Tittensor et al., 2014).

To more explicitly consider uncertainties in the future
trajectories of drivers, exploratory scenarios are most
commonly formulated as a discrete set of ‘plausible futures’,

specified as narratives or storylines of economic and socio-
political pathways, and including assumptions regarding,

for example, technological development (Spangenberg et
al., 2012). The formulation of plausible futures may involve
the use of techniques such as horizon scanning to help
identify future problems, threats and opportunities at the
margins of current thinking and planning (Cook et al., 2014).
Examples of this general approach are the IPCC’s Special
Reports on Emission Scenarios and similar sets of scenarios
employed in the Millennium Ecosystem Assessment and the
Global Environment Outlooks. In recent years, the plausible
futures approach has been increasingly complemented by
alternative approaches to the development of exploratory
scenarios. For example, ‘probabilistic scenarios’ can be
developed using similar process-based models to those
employed in modelling plausible futures, but using inputs
drawn from probability distributions for each parameter
based on best-available empirical data or expert knowledge,
in place of discrete ‘plausible’ combinations of parameter
values, thereby allowing probabilities to be attached to
resulting projections (e.g. Abt Associates, 2012).

1.3.2.2 Intervention scenarios

L~
Moving from assessing the need for action in agenda
setting to actual decision making around specific actions
in policy design and implementation shifts the focus of
scenario analysis and modelling from exploratory
scenarios to intervention scenarios.

While the boundary between policy design and
implementation is often rather fuzzy, the requirements

for intervention scenarios at either end of this spectrum
can be quite different, especially in terms of the level of
specificity and spatial explicitness with which potential
actions are defined. This is particularly the case for policies
allowing choice in the location of actions implemented
under these policies — for example the establishment of
new protected areas to meet a high-level target (e.g. 17%
of terrestrial area, as specified by Aichi biodiversity target
11), or the allocation of funding under various economic
instruments (e.g. an environmental stewardship scheme).
In such situations, lower-level decisions made during the
implementation of a high-level policy can have significant
implications for the effectiveness of the outcome actually
achieved by that policy — not just in biophysical terms, but
also in terms of implementation costs and socio-economic
consequences for people affected by these decisions. For
example, decision making around the precise location of
new protected areas or funded stewardship actions may
require spatially-explicit intervention scenarios at a much
finer spatial resolution than those needed to inform the initial
design of these high-level policies.
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Two quite different strategies can be used to develop and
evaluate intervention scenarios — target seeking, and policy
screening (van Vuuren et al., 2012). Target seeking, in which
a desired endpoint or goal is first defined and analytical
techniques such as backcasting (Dreborg, 1996) are then
used to search for intervention scenarios that fulfil this goal,
is increasingly being employed to inform high-level policy
design (see Box 1.1 in Section 1.5.2 for an example of the
application of this strategy, for the Rio+20 conference, by
PBL (2012)). Policy screening, in which options for policy
or management intervention are defined in advance and
the relative effectiveness of these options is then evaluated
through forecasting, is employed widely for both policy
design and implementation (see Box 1.2 in Section 1.5.2
for an example of this strategy). These two strategies are
discussed further in Section 1.4 and in Chapters 2 and 3.

L~
The distinction between exploratory scenarios and
intervention scenarios is often not as clear-cut as the
above descriptions might suggest. Scenario analyses of
biodiversity and ecosystem services are increasingly
integrating elements of both exploratory and intervention
scenarios within a single analysis.

The exploratory component of such analyses provides a
means of addressing uncertainties associated with drivers
that might affect the outcome of a given policy or decision-
making process but are external to, and therefore not
amenable to control or influence by, that process (Peterson
et al., 2003). These drivers are therefore viewed as being
‘exogenous’ to the particular policy or decision context
(Chermack, 2011). The intervention component then
focuses on drivers that can be influenced by this particular

FIGURE 1.6

Linking scenarios and models in four key dimensions: system components, scenario types, spatial scales and temporal scales, with
the thick grey arrows indicating linkages within each dimension. Panel A illustrates linkages between scenarios and models across the
different components of the IPBES Conceptual Framework (thick grey arrows) as well as between their sub-components (thin blue
arrows; for example linking biodiversity with ecosystem function sub-components of nature). Panel B shows ways in which different
types of scenarios, such as exploratory and intervention scenarios, can be linked. Panel C indicates linkages across spatial scales
from local to global. Panel D illustrates linking the past, present, and several time horizons in the future (dashed lines indicate a range
of exploratory scenarios). Two or more of these dimensions of linkages can be used in combination (e.g., linking different types of

scenarios across spatial scales).
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process and are therefore regarded as ‘endogenous’ or
‘policy-relevant’ (ibid.). Exogenous drivers typically operate
over broader spatial and temporal extents than those
targeted by policy interventions addressing endogeneous
drivers. For example, in developing a national policy to
protect or restore habitat to enhance the persistence of
biodiversity under climate change, modelling of outcomes
for biodiversity might be undertaken for integrated scenarios
that pair alternative protection or restoration options at the
national scale (the intervention component) with plausible
climate futures at global or regional scales (the exploratory
component). This approach would thereby account

for uncertainties associated with exogenous drivers of
climate change when assessing policy options addressing
endogenous drivers of habitat degradation. Considerable
potential now exists to further combine integration of
different types of scenarios across multiple spatial and
temporal scales with integration of models dealing with
multiple elements of the IPBES Conceptual Framework (e.g.
through IAMs; section 1.2.2.1) as depicted in Figure 1.6.

1.4 LINKING SCENARIOS
AND MODELS TO POLICY
AND DECISION MAKING
THROUGH ASSESSMENT
AND DECISION-SUPPORT
INTERFACES

1.4.1 Overview

L~
The interaction of policy and decision-making processes
with scenarios and models will usually be mediated by
some form of assessment or decision-support system or
process, here referred to generically as an ‘interface’
(Figure 1.3). It is through this interface that high-level
policy and decision-making needs are translated into
explicit scenarios for analysis by appropriate models and,
in turn, that outputs from this modelling are interpreted
and communicated back to the world of policy and
decision making.

The form and complexity of the interface needed for any
given application depends very much on the precise nature
of the policy or decision-making process being served,

and particularly on the phase of the policy cycle being
addressed (from Section 1.3.2 above). For processes
focused on agenda setting, this interface may simply involve
selecting and formulating any exploratory scenarios to be
assessed, managing the analysis of these scenarios using
an appropriate set of models, and reporting results from

these analyses in terms of projected outcomes for nature
or nature’s benefits to people. The interface employed

in such situations will therefore often take the form of an
‘assessment’, typically communicating results in technical
reports and/or published papers.

1.4.2 Decision-support interfaces

L~
Managing the application of intervention scenarios to
policy design and implementation, as opposed to agenda
setting, often requires a shift from relatively static
assessment to more dynamic, and interactive, decision
support (see Chapter 2).

This is because the number of potential options for
intervention can be very large, particularly in the policy
implementation phase. In terms of the examples from
Section 1.3.2.2, for example, this means a large number
of possible configurations of protected areas or of funded
stewardship actions.

If all possible options of interest are known at the outset

of a decision-making process then various forms of
mathematical (computer-based) optimisation might be

used to automate the search for an intervention or set of
interventions that either maximises the expected outcome
for nature or nature’s benefits, or maximises the robustness
of this outcome in the face of future uncertainties (Williams
and Johnson, 2013). However, many policy design and
implementation processes — especially at lower (more

local) levels of decision making — require consideration

of intervention options that are not necessarily known in
advance but instead arise dynamically from interactions

and negotiations within the process itself. This means that
intervention scenarios must be formulated, and analysed,
progressively throughout the decision-making process.
Searching for, and reaching agreement on, effective policy or
management interventions in such situations becomes more
a process of interactive trial and error, involving adaptive
evaluation and the modification of intervention scenarios
informed by feedback on the modelled consequences of
these options. Growing recognition since the 1970s (Holling,
1978) of this need for the more interactive, and inclusive,
involvement of decision makers and stakeholders in the
formulation and evaluation of intervention scenarios is
reflected in the recent proliferation of planning approaches,
both qualitative and quantitative, based around ‘participatory
scenarios’ (Walz et al., 2007; Sandker et al., 2010; Priess
and Hauck, 2014).

The basic idea of using models to evaluate consequences
of intervention scenarios as a foundation for decision
making is already well established within several existing
methodological paradigms or frameworks including, for
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example, ‘management strategy evaluation’ (De la Mare,
1998; Fulton et al., 2014), ‘structured decision making’
(Addison et al., 2013), ‘scenario planning’ (Peterson et

al., 2003) and ‘strategic foresight’ (Cook et al., 2014) (see
Chapter 2 for a comprehensive review of such approaches).
Tools associated with these, and related, paradigms are
often called upon to fulfil the decision-support interface role
depicted in Figure 1.3. Linking such tools with scenarios
and models offers a highly structured, and potentially very
effective, means of implementing the target-seeking and
policy-screening strategies introduced in Section 1.3.2.2 for
developing and evaluating options for policy or management
intervention.

1.4.3 Embedding scenarios and
models of nature and nature’s
benefits within broader cross-
sectoral assessment and decision
support

In many policy or decision contexts, the consequences

of exploratory and intervention scenarios will need to

be evaluated in terms of impacts on multiple values or
objectives. These might include different values associated
with nature (e.g. multiple biodiversity or ecosystem
attributes) or nature’s benefits (e.g. multiple ecosystem
services). If impacts on such values have been projected
using multiple models, the assessment and decision-
support interface (depicted in Figure 1.3) may also need
to play an important role in aggregating and synthesising
modelled outcomes across these values. Various levels

of rigour and sophistication can be employed in this
integration, ranging from relatively simple visualisation
techniques through to more mathematical approaches such
as multi-criteria analysis (Arhonditsis et al., 2002).

The breadth of values and objectives to be considered in
policy and decision making will often extend well beyond
those directly associated with, or mediated by, nature and
nature’s benefits. This is likely to be the case for many, if
not most, assessment and decision-support processes
addressing overall human well-being, and therefore quality
of life (e.g. Hatfield-Dodds et al., 2015). As already indicated
in Section 1.2.2.1, such processes may require results from
modelling of nature and nature’s benefits to be integrated
with modelling of other major dimensions of human well-
being (e.g. education, health or energy) undertaken within
other domains or sectors (as represented by the ‘cross-
sectoral integration’ element in Figure 1.3). Techniques
such as multi-criteria analysis can again play a crucial role
in aggregating modelled outcomes across broader sets of
values into composite indices of human well-being (e.g.
Ding and Nunes, 2014). However, it should be recognised
that this level of cross-sectoral integration may often be

driven and managed by assessment and decision-support
processes external to, or transcending, the domain of
IPBES.

L~
In many cases, modelling of consequences of scenarios
for nature and nature’s benefits, undertaken by
communities of practice associated with IPBES, will need
to feed into higher-level processes assessing implications
for human well-being across a broader range of values
and objectives.

Demand for this level of cross-sectoral integration is set

to escalate following the recent ratification of the United
Nations’ (UN) Sustainable Development Goals (https://
sustainabledevelopment.un.org/; see also Chapters 2, 5
and 6). The SDGs, now agreed to by Member States of
the UN, have ushered in a new set of universal goals and
targets ranging from poverty eradication to the sustainable
management of natural resources, to be achieved by 2030.
Unlike in the previous Millennium Development Goals,

both nature and nature’s benefits have been recognised as
making important contributions to human well-being in the
SDGs, and at least 6 of the 17 SDGs are directly linked to
aspects of biodiversity and ecosystem services. Scenario
analysis and modelling across multiple sectors are likely

to play a vital role in monitoring progress in relation to the
SDGs, and in ensuring that effective policy instruments
and institutional frameworks are put in place to meet the
associated targets.

L~
Any use of scenarios and models to inform policy and
decision making will typically take place within a much
broader — and often highly complex — social, economic
and institutional context (Figure 1.3). Policy design and
implementation will rarely, if ever, be driven by scenario
analysis and modelling alone.

It is therefore important to recognise from the outset of

this assessment that guidance provided by scenarios and
models will nearly always constitute just one of a number of
inputs and considerations shaping policy and management
decisions. In addition, the relationships between scenarios,
modelling and decision making are often more complex
than Figure 1.3 depicts, and can involve highly dynamic
interactions and feedbacks between scenario and model
development, knowledge and data generation, and
engagement with decision makers (see Chapter 8 for a more
detailed discussion).
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1.5 COMBINING
SCENARIOS, MODELS AND
INTERFACES IN DIFFERENT
WAYS TO SERVE DIVERSE
POLICY AND DECISION-
MAKING NEEDS

1.5.1 Tailoring approaches for
particular policy or decision
contexts

It is clear from the scene-setting introductions to models,
scenarios and decision-support interfaces provided in
Sections 1.2, 1.3 and 1.4 that a considerable diversity of
approaches — and of options for applying these approaches
— exists across all of these components. How can policy
practitioners and scientists seeking to use scenarios and
models to inform policy and decision making around nature
and nature’s benefits choose an appropriate solution from
the many alternatives on offer?

L~
An important message emerging from this assessment,
and recurring across all chapters of this report, is that the
appropriateness of different methodological approaches
and options depends very much on the characteristics and
needs of any particular policy or decision-making process
—in other words on the ‘policy or decision context’.

It is therefore vital that approaches employed in different
contexts are tailored carefully to the needs of those
contexts. No single solution can serve all needs, and
different contexts will often require very different solutions.

Figure 1.7 depicts important characteristics and needs

of policy and decision-making processes that are likely to
vary markedly between contexts. This figure also depicts
choices in the selection or design of scenarios, models and
decision-support interfaces that depend on these policy
context characteristics. While many of these dependencies
have already been touched on in previous sections, they
are synthesised in Figure 1.7, and further summarised
below, to provide readers with a better sense of the overall
challenge in ensuring that the employed approaches are
well matched to the needs of particular policy or decision
contexts.

Phase of the policy cycle

Activities aligned with different phases of the policy cycle
require the use of different types of scenarios, and different
types of assessment or decision-support interfaces. For

example, processes focused on agenda setting typically
require the use of exploratory scenarios, whereas those
focused on policy design or implementation are instead
likely to require intervention scenarios (see Section 1.3

and Chapter 3). The interfacing of scenarios and models
with agenda setting will often take the form of a relatively
simple, static assessment in which expected outcomes for
nature or nature’s benefits are modelled for a discrete set
of exploratory scenarios, then documented in a report or
publication. On the other hand, the interfacing of scenarios
and models with policy design and implementation is more
likely to require the use of structured, and often dynamic,
decision-support tools to help manage and evaluate large
numbers of intervention options (see Section 1.4; Chapter 2).

Policy goals and options

The way that goals and options are defined in any given
policy design or implementation process has a strong
bearing on the appropriateness of target-seeking versus
policy-screening strategies for developing and evaluating
intervention scenarios (see Sections 1.3 and 1.4; Chapters
2 and 3). Processes focused on identifying possible policy
pathways for achieving a clearly defined target or set of
targets (e.g. the Convention on Biological Diversity’s (CBD)
Aichi biodiversity targets, or targets associated with the
Sustainable Development Goals) are likely to be best served
through the employment of a target-seeking strategy. Other
processes may, however, simply involve choosing between
a set of predefined policy or management options, and are
therefore better served through policy screening.

Spatial and temporal scale

Activities across all policy-cycle phases can occur at a
wide range of spatial scales — global, regional, national,
sub-national and local. The spatial extent (coverage)

and resolution (grain or detail) of scenarios and models
employed in any policy or decision-making process must
therefore be aligned carefully with the scale of interest

for that process. Such processes can also address quite
different temporal scales of concern — ranging from
processes focused on short-term outcomes (changes made
over a few years) through to those focused on achieving
longer-term change (e.g. over several decades) — which
again has strong implications for the temporal scale of any
scenarios and models employed (see Sections 1.2 and 1.3;
Chapters 2 to 8).

Values of interest

The focus placed on different values associated with nature
or nature’s benefits to people varies markedly across policy
and decision contexts. The IPBES Conceptual Framework
(Diaz et al., 2015) recognises that such values can be of
many different types, and this diversity is further described
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and explored in the draft ‘Preliminary guide regarding
diverse conceptualisation of multiple values of nature and
its benefits, including biodiversity and ecosystem functions
and services’ prepared by IPBES Deliverable 3d. That guide
defines several major types of values of relevance to IPBES
activities: instrumental, non-instrumental, anthropogenic,
anthropocentric, non-anthropocentric, relational, intrinsic,
biophysical, economic and socio-cultural values. It

also highlights the importance of future-oriented values
associated with nature, and particularly with biodiversity,
including bequest, insurance and option values. Any

particular policy or decision-making process is likely to
focus on a subset, and often a very narrow subset, of all
these possible values. Models used to translate exploratory
and intervention scenarios into expected consequences for
nature and nature’s benefits therefore need to be chosen
carefully to ensure that response (output) variables projected
by these models align well with the values of concern in

a given process (see Section 1.2; Chapters 2, 4 and 5).
The type and number of values being considered also has
implications for the form of assessment or decision-support
interface employed — for example whether multiple values

FIGURE 1.7

Dependencies between the characteristics and needs of policy and decision-making processes in different contexts, and the selection
or design of scenarios, models, and decision-support interfaces to serve these needs. Each coloured arrow indicates that the
selection or design of a particular attribute of ‘Assessment & decision-support interface’, ‘Scenarios’, or ‘Models’ (right side of figure)
is dependent on a particular characteristic or need of the ‘Policy or decision context’ (left side of figure).
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TABLE 1.1

Selected examples of previous applications of scenarios and models of biodiversity and ecosystem services to agenda setting,

policy design and implementation at global, regional and national scales.

Spatial scale

Time horizons

Position in policy
cycle

Authorising
environment

Issues
addressed using
scenarios

& models

Scenarios and
models of direct
and indirect
drivers

Models of
impacts on
nature

Models of
impacts on
nature’s benefits

Participation of
stakeholders

IPCC 5th Millennium UK National SEA of
Global Biodiversity Assessment Ecosystem Ecosystem hydropower South African
Outlook 4 (2014) - Report, WG Il & lll Assessment Assessment (2011) on the Mekong fisheries
GBO4 (2014) (2005) - MA - UK NEA mainstream management
Global Global Global National: United Regional: Analysis | National: Coastal
Kingdom covers Cambodia, | fisheries of South
(242,000 km?) China, Laos, Thailand | Africa
and Vietnam
Present-2020, 2050 | 2050, 2090 2050 2060 2030 Present-2034
updated every
2-4 years
Agenda setting, Agenda setting Agenda setting Agenda setting Policy formulation Policy
Policy formulation and implementation | implementation
Assessment Assessment Initiated by Assessment Strategic Evaluation carried
requested by requested by scientific recommended Environmental out by South
member countries member countries community, then by UK House of Assessment (SEA) African Dept. of

of the Convention of the IPCC welcomed by UN Commons as a carried out for Agriculture, Forestry
on Biological follow-up to the MA | the Mekong River & Fisheries
Diversity (CBD) Commission (MRC)
e Are the Aichi How might future What are What changes Evaluate social Implementation
Targets likely to climate change plausible futures might occur in and environmental of policy on
be attained by impact biodiversity, | of biodiversity ecosystems, impacts of dam sustainable
20207 ecosystems and and ecosystem ecosystem services | construction, management of
¢ What is needed to | society? services? and values of these | especially in the fisheries

achieve the CBD
strategic vision for
20507

services over the
next 50 years in
the UK?

main stream of the
Mekong river

Statistical
extrapolations of
trends in drivers
up to 2020*
Goal-seeking
scenarios &
models for
analyses up to
2050 (“Rio+20~,
see Figure SPM.3)
Analysis of

wide range

of published
exploratory and
policy screening
scenarios at local
to global scales

* Emphasis on
exploratory
scenarios (IPCC
SRES)*

® Strong focus on
models of climate
change as direct
drivers, some
use of associated
land-use
scenarios*

* Some use of goal-
seeking scenarios
(IPCC RCP)*

¢ Exploratory
scenarios using
four storylines*

* Models of direct
drivers from the
IMAGE integrated
assessment
model*

® Exploratory
scenarios using
six storylines™

- Emphasis on land
use and climate
change drivers

 Policy screening
scenarios using
several dam
development
schemes

- Emphasis on
economic growth
and demand
for electricity
generation as
main indirect
drivers

 Climate change
scenarios also
assessed

* Goal-seeking
scenarios

— Focus on
identifying robust
pathways for
sustainable catch

Statistical
extrapolations
of trends in
biodiversity
indicators up to
2020*

Analysis of
wide range

of published
correlative and

* Analysis of a
wide range
of published
correlative and
process-based
models

- Emphasis on
impacts of
climate change
on biodiversity

¢ Correlative
models (e.g.
species-area
relationships)

- Emphasis on
impacts of a broad
range of drivers
on biodiversity

¢ Correlative
model of species
response (birds)
to land use

* Qualitative
evaluation of
impacts of
land use and
climate change
on ecosystem

® Estimates of
habitat loss based
on dam heights,
habitat maps and
elevation maps
 Estimates
of species-
level impacts
based on dam
obstruction of fish

* Population
dynamics models
of economically
important fish
Recently

added models

of indirectly
impacted species
(e.g. penguins)
Use of

process-based and ecosystem functions migration and on ecosystem-based
models functions - Emphasis on species-habitat models under

- Emphasis on habitat change relationships consideration
impacts of a broad as an indicator
range of drivers of environmental
on biodiversity impacts

® Analysis of * Analysis of ¢ Estimates of ¢ Qualitative and * Empirical ¢ Estimates of total
published studies wide range of some ecosystem correlative models estimates of allowable catch

- Focus on published studies. services (e.g. of ecosystem fisheries impacts (TAC) based on
ecosystem - Little evaluation crop production, services based on reduced fish population
services of direct links fish production) ® Focus on migration, and models
from forests, to biodiversity from the IMAGE correlative changes in habitat
agricultural except in marine integrated methods for  Diverse methods
systems and ecosystems assessment estimating to estimate
marine fisheries model monetary value changes in water

- Little evaluation - Emphasis flow & quality,

of direct links to
biodiversity

on monetary
valuation, except
for biodiversity
value

sediment capture,
cultural services,
etc

® Debate and
approval by CBD
member countries
Dialogs between
scientists and
CBD secretariat &
delegates during
assessment
process

® Debate and
approval by IPCC
member countries
o Little involvement
of stakeholders
in scenarios
development

* Dialogues with
stakeholders
during scenario
development

* Consultation of
stakeholders
during scenario
development

* Adopted by
“Living With
Environmental
Change”
partnership of
government and
non-government
stakeholders

* Extensive
dialogue
involving multiple
governments,
expert workshops,
and public
consultations

Consultation
between
government,
scientists and
stakeholders
during
development of
management
strategy and
setting of TAC
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Selected examples of previous applications of scenarios and models of biodiversity and ecosystem services to agenda setting,

policy design and implementation at global, regional and national scales.

Decision support
tools

Strengths

Weaknesses

References

IPCC 5th Millennium UK National SEA of
Global Biodiversity Assessment Ecosystem Ecosystem hydropower South African
Outlook 4 (2014) - Report, WG Il & lll Assessment Assessment (2011) on the Mekong fisheries
GBO4 (2014) (2005) - MA - UK NEA mainstream management
None None None None, but tools Strategic Management
under development | Environmental Strategy Evaluation
Assessment (see Chapter 2)
methods (see
Chapter 2)
Extrapolations may | Key documents Increased Contributed to MRC recommended | Fisheries widely
have contributed underlying awareness of Natural Environment | a ten-year considered to
to CBD member negotiations the potential for White Paper and moratorium on be sustainably
countries making of UNFCCC. substantial future influenced the mainstream dam managed. Hake

non-binding
commitments in
2014 to increase
resources for
biodiversity
protection

Commitments of
countries to climate
mitigation to be
discussed Dec
2015

degradation of
biodiversity and
ecosystem services

development of
the biodiversity
strategy for England

construction. One
of 11 planned
dams is under
construction in
Laos despite this

fishery is MSC
certified

* Novel use of
extrapolations
for near-term
projections
Clear decision
context and
authorizing
environment

* Reliance on
common
scenarios and
models of
drivers provides
coherence
Clear decision
context and
authorizing
environment

One of the first
global scale
evaluations of
future impacts of
global change on
biodiversity

Focus on synergies
and tradeoffs
between ecosystem
services and on
monetary evaluation

 Clear decision
context and
authorizing
environment

® Strong
involvement of
stakeholders

 Clear decision
context &
authorizing
environment

* Policy and
management
advice clear and
updated regularly

Focus on global
scale limits
applicability to
many national
and local decision
contexts

Lack of common

Emphasis on
climate change,
large spatial
scales and distant
time horizons
limits usefulness
for policy and

® Very limited set
of scenarios and
models explored
® Decision context
unclear and
authorizing
environment weak

* Heavy reliance
on qualitative
estimates of
impacts of drivers

 Biodiversity
at species
level weakly

* Highly context
specific,
especially the
empirical models
used, and
therefore difficult
to generalise or

* Highly context
specific

® Several key
drivers (e.g.
climate change)
not considered

scenarios and management represented (only extrapolate to
models of drivers concerning birds) larger scales
makes analysis biodiversity and * MRC
across targets ecosystems recommendations
difficult non-binding
SCBD (2014), IPCC AR5 WGl MA (2005) UK NEA (2011), ICEM (2010), Plaganyi et al.
Kok et al. (2014), (2014), IPCC AR5 Watson (2012), Chapter 2 of this (2007), Rademeyer
Leadley et al. WGIII (2014) Bateman et al. assessment, ngm. (2014), Chapter 2
(2014), Tittensor (2013) nationalgeographic.
et al. (2014) com/2015/05/
mekong-dams/
nijhuis-text
*Methods *Developed in *Developed for MA | *Developed for UK
developed for support of IPCC NEA
GBO4 assessment process

need to be combined through multi-criteria analysis or
visualisation (see Section 1.4; Chapter 2).

Drivers of relevance

The drivers, both indirect and direct, that need to be
considered in a given policy or decision-making process will
depend partly on the policy goals and options, spatial scale,
temporal scale and particular values of nature or nature’s
benefits being addressed by that process. Some processes
may also choose to focus attention on a subset of drivers,
or just one particular driver — such as climate change,
habitat loss or invasive species — rather than attempting to
address all drivers of potential relevance in a given context.
This clearly has important implications for the choice of
drivers to be projected by scenarios and in turn used as
inputs to models translating these scenarios into expected
consequences for nature and nature’s benefits (see Sections
1.2 and 1.3; Chapters 3, 4 and 5).

Sectoral breadth of process

Some policy and decision-making processes will focus
exclusively on objectives relating to nature or nature’s
benefits to people. However, many other processes will
consider a broader range of environmental, social and
economic objectives, of which only a subset relates directly
to nature or its benefits. Such processes are likely to require
that the results of any scenario analysis and modelling of
nature and nature’s benefits are integrated with modelling of
other dimensions of human well-being, undertaken across
multiple sectors (e.g. health, education or energy) (see
Section 1.4; Chapters 2, 3, 5, 6 and 8).

Governance of process

Differences in the governance of policy and decision-making
processes can also have important implications for the
appropriateness of alternative approaches to scenario analysis
and decision support. For example, the appropriateness of
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participatory approaches will depend on the extent to which
the policy process is itself participatory, or instead top-down,
in nature (see Section 1.4; Chapters 2, 7 and 8).

Constraints on available time, funding,
expertise, knowledge and data

Finally, all policy and decision-making processes are bound,
to varying degrees, by constraints relating to the availability
of time, funding and expertise for undertaking associated
assessment or decision-support activities, and of knowledge
and data to inform these activities. Such constraints can
place strong limits on the level of rigour and sophistication
that can be achieved in developing and using scenarios and
models in any given context, including for example: potential
scope to develop new scenarios, as opposed to making

use of existing scenarios from previous processes; level of

BOX 1.1
Case study — Rio+20 scenarios

involvement of stakeholders in any such development (e.g.
through participatory approaches); and employment of highly
integrated process-based modelling techniques, as opposed
to simple correlative or expert-based models (see Sections
1.2, 1.3 and 1.4; Chapters 2 to 8).

1.5.2 Effective use of scenarios
and models in previous
assessments and decision-
support activities

L~
Scenarios and models of biodiversity and ecosystem
services have already been employed effectively in a wide
range of assessments informing agenda setting and in

Project title Rio+20 scenarios

Type of value

Global terrestrial and aquatic biodiversity

Driver Human pressures
Temporal extent Current to 2050

Spatial extent Global

Model use IMAGE, GLOBIO3

Client CBD, national governments

Multiple challenges, multiple targets

In 1992, governments worldwide agreed to work towards
a more sustainable development that would eradicate
poverty, halt climate change and conserve ecosystems.
Although progress has been made in some areas, actions
have not been able to alter the trends in other critical areas
of sustainable development, such as providing access to
sufficient food and modern forms of energy, preventing
dangerous climate change, conserving biodiversity and
controlling air pollution. Without additional effort, these
sustainability objectives will not be achieved by 2050.

Different pathways towards the targets

To jointly reach the long-term targets on human well-being
(eradicating hunger and ensuring full access to modern
energy sources), climate change (temperature rise of less
than 2°C) and biodiversity conservation (no further loss by
2050), three scenarios were developed. The long-term targets
for sustainability were the objective set for 2050 in these
target-seeking scenarios (van Vuuren et al., 2012). The three
scenarios were based on different strategies of sustainable
development, as follows (PBL, 2012):

Global Technology: focus on large-scale technologically
optimal solutions, such as intensive agriculture and a high
level of international coordination, for instance through trade
liberalisation;

Decentralised Solutions: focus on decentralised solutions,
such as local energy production, agriculture that is interwoven
with natural corridors, and national policies that regulate
equitable access to food;

Consumption Change: focus on changes in human
consumption patterns, most notably by limiting meat intake
per capita, by ambitious efforts to reduce waste in the
agricultural production chain and through the choice of a less
energy-intensive lifestyle.

These pathways towards the 2050 targets use different mixtures
of policies to enhance productivity and reduce biodiversity loss
(Figure Box 1.1), as well as different mixtures to enhance the
use of modern energy and reduce climate change.

Models

The scenarios were evaluated up to 2050 using the IMAGE
3.0 (Integrated Model to Assess the Global Environment)
modelling framework (Stehfest et al., 2014) (http://themasites.
pbl.nl/models/image) combined with the GLOBIO 3.0 model
(Alkemade et al., 2009) (http://www.globio.info/). IMAGE is an
integrated assessment model of global environmental change
and enables assessment of the impacts of socio-economic
development on the environment, including land use, climate
and water flow and pollution. GLOBIO is linked to IMAGE and
calculates the impacts of environmental changes on some
biodiversity indicators by using cause-effect relationships.
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Global agenda setting and policy design

Policy and decision making @ @ g&aﬁggzglan ogbict ety

Convention on Biological Diversity (CBD)

Assessment and decision-support interface
Global Biodiversity Outlook 4 assessment

@ Multiple sustainability
goals can be achieved
by various combinations 5
of options

@ Can the 2050 biodiversity vision
be achieved as part of all
sustainable development goals?

GLOBIO:
modelling consequences
for biodiversity and
ecosystem services

O IMAGE integrated

assessment model:

modelling effects on
direct drivers

@ Use of target-seeking

scenarios

@ Use of models to explore policy
options within pathways
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HEPRI=OS PN The bottom left-hand graph illustrates

the differences between these pathways and a “business-as-
usual” scenario in terms of impacts on global biodiversity (as
measured by Mean Species Abundance). The right-hand
graph indicates the contributions of different components of
the three pathways. ‘Policy gap’ refers to the challenge for
policymakers to achieve the goal (PBL, 2012).

The bottom left-hand graph illustrates how these scenarios
differ from a “business-as-usual” scenario in terms of impacts
on global biodiversity. The bottom right-hand graph shows the
relative contributions of indirect drivers to halting biodiversity
loss by 2050 compared to the “business-as-usual” scenario.
The Global Biodiversity Outlook 4 report was an important
factor in discussions at the 12" meeting of the Conference of
the Parties to the Convention on Biological Diversity (CBD),
which ended with additional commitments to action and
funding to achieve the Aichi biodiversity targets.

The results of scenario analyses show that different
combinations of policy actions, grouped in the three
scenarios, may lead to achieving the multiple sustainability

Data and knowledge
Observed relationships between species
abundance and direct drivers

Mean species abundance (%)

targets. These quantitatively coherent scenarios indicate

that eradicating hunger as well as providing full access to
modern energy on the one hand, and achieving environmental
sustainability on the other, is possible. However, marginal
improvements will not suffice; large, transformative changes
are needed to realise sustainable development.

The role of the Rio+20 scenarios in policy support
Initially a contribution to the Rio+20 conference held in Rio de
Janeiro in 2012, the scenarios and their main messages were
taken up in the 4" Global Biodiversity Outlook (GBO4) (sCBD,
2014). The parties to the CBD adopted the conclusions of
the GBO4 and committed to step up actions to achieve

the Aichi biodiversity targets, including a pledge by national
governments to double funding for necessary actions (CBD,
http://www.cbd.int/doc/press/2014/pr-2014-10-17-cop-12-
en.pdf). Additional initiatives were launched to enhance the
biodiversity perspective in sustainable commodity production
(CBD, http://www.cbd.int/doc/press/2014/pr-2010-10-
16-commodities-en.pdf). The outcomes from the scenario

analyses provided underlying arguments for these decisions
and initiatives.
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decision-support activities informing policy design and
implementation. Table 1.1 provides details of selected
examples of these applications at global, regional and
national scales.

|
Two contrasting case studies are presented in more detalil
in Boxes 1.1 and 1.2, illustrating how scenarios and
models have been combined effectively to address
real-world assessment and decision-support needs at
different scales and in different policy contexts.

The first of these (Box 1.1) employs target-seeking
(backcasting) scenario analysis, combined with modelling of
mean species abundance, to assess development pathways
for achieving global sustainability goals. The second study
(Box 1.2) was implemented at the watershed scale in
Thailand and uses policy-screening scenario analysis to
evaluate the consequences of alternative land-use scenarios
for the provision of ecosystem services, through the
modelling of impacts on water yield and sediment load.

BOX 1.2
Case study — Thadee watershed, Thailand

1.6 RECOGNISING AND
ADDRESSING CURRENT
LIMITATIONS OF
SCENARIOS AND MODELS

Previous sections of this chapter have outlined the many
ways in which scenarios and models of biodiversity and
ecosystem services can contribute significantly across all
phases of the policy cycle. But what are the challenges that
need to be overcome to achieve the broader application

of these approaches? Identifying these challenges, and
suggesting effective means of overcoming them, are
themes that run through all the chapters of this report.
Some of the most important challenges relate to a general
lack of understanding among policy and decision-making
practitioners regarding the benefits of using scenarios and
models (see Chapter 2), and a shortage of the human and
technical resources needed to enable this use in many parts
of the world (see Chapter 7). Various forms of capacity
building that could be used to address challenges of this
type are described in Chapter 7. Other challenges are

more technical in nature and concern limitations in currently
available scenarios and models. While these limitations are

Project title Thadee watershed, Thailand

Type of value Watershed services

Driver Land-use change

Temporal extent 2009-2020

Spatial extent Catchment (112 km?)

Model use CLUEs, InVEST, RIOS

Client Local stakeholders, local government

The Thadee watershed located in southern Thailand

covers approximately 112 km?. Water from the watershed

is mainly used for agriculture by upstream farmers and
household consumption by downstream people in the
Nakhon Srithammarat municipality. However, natural forests

in the watershed have been degraded and transformed to
monocultures (fruit trees and rubber plantations) due to a
governmental subsidy programme. The ECO-BEST project,
co-funded by the EU, German government (GlZ) and Thailand
(Department of National Parks, Wildlife and Plant Conservation
and Kasetsart University), worked with scientists to quantify
water yield and sediment load according to different land-use
and rainfall scenarios between 2009 and 2020 (Trisurat, 2013).
The CLUE-s (Conversion of Land Use and its Effects) model
(Verburg and Overmars, 2009) was used to allocate future land
demands based on two scenarios — agriculture development
and conservation. In addition, INVEST (Integrated valuation of
ecosystem services and trade-offs) (Nelson et al., 2009) and

USLE (Universal Soil Loss Equation) models were employed

to estimate water yield and soil erosion respectively. The
modelling results clearly show that intensifying land-use change
due to the rapid expansion of rubber plantations and extreme
rainfall will generate a high risk of major sediment loadings and
overland water flows due to the force of rainfall and decreased
evapotranspiration from vegetation. Applying the economic
model RIOS (Resource Investment Optimization System) (RIOS,
Vogl et al. (2013)), the project team together with stakeholders
could identify which conservation activities (e.g. protection,
reforestation and the promotion of mixed-cropping systems)
should be implemented — and where — to yield the highest
return on investments and to enhance watershed services. The
municipality has agreed in principle to find the best practical
mechanism for collecting payments from tap water clients and
downstream (‘payment for watershed services’) to implement
the above activities.
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BOX 1.2

Case study — Thadee watershed, Thailand

Local policy design and implementation

@ Implementation
of ecosystem
restoration and
conservation fee

Policy and decision making
Municipality and Watershed Committee

Assessment and decision-support interface

Consultation workshop and RIOS tools

@ Projection of

Use of policy-screening
scenarios

economic
consequences
of land-use options

Models

RIOS:
economic model

Scenarios:
Alternative
land-use
options:
agricultural

O InVEST, USLE:
ecosystem service
models

development,

(2) Land-use modelling

Alternative land-use scenarios for 2030,
Thadee watershed

a. Development scenario

@ Modelling of conservation
impacts on CLUE-s: O
water supply spatially explicit
and land-use change models,

sedimentation

. Nakhon
Asrithammarat
Province

traditional knowledge

. 7
Data and knowledge
= Watershed management & land-use data,

Predicted sediment load for 2030 (tons/year)
35,000

30,000
25,000
20,000
15,000
10,000
5,000
0

a. Development b. Conservation
scenario scenario

Plausible rainfall
levels

Average rainfall

(2,800 mm/year)

Drought

(1,900 mm/year)
B Extreme rainfall

(3,800 mm/year)

- Evergreen forest
|| Degraded forest
M Muitilayer cropping
B Rubber
|| Fruit

Water
- Settlement

|:| Others
Numbers indicate
sub-watershed

b. Conservation scenario

RICVSIEN=O)G P B Results from an integrated scenarios

and modelling assessment of ecosystem services for the
Thadee watershed in Nakhon Srithammarat Province, Thailand.
The right figure shows the expansion of agriculture under the
agricultural development scenario, as compared to the

also examined in depth throughout the remainder of the
report (Chapters 2 to 6 and 8), three issues cutting across
this discussion warrant introduction at this point.

Section 1.5.1 stressed the importance of matching

the types and characteristics of scenarios and models
employed in any given policy or decision-making process to
the needs of that process. Different processes often require
very different types of scenarios and models, operating at
different spatial and temporal scales, focusing on different
ecosystems, addressing different sets of drivers and, in

the case of models, projecting changes relating to different
values of nature or nature’s benefits

conservation scenario. The bottom-left figure shows that
sediment load to the river depends on the amount of rainfall
and that sediment load is much less under the conservation
scenario (Trisurat, 2013).

Published studies of scenarios and models (as accessed
for the graph presented in ) show a strong bias
towards terrestrial ecosystems and towards climate change
as the driver of interest. Nearer-term drivers such as habitat
loss and modification, invasive species, pollution and
overexploitation have received insufficient attention (FRB,
2013). Marine ecosystems are reasonably well represented,
with many studies focusing on fisheries management

or climate-change impacts on marine biodiversity and
ecosystems (e.g. Dunstan et al., 2011; Sumaila et al., 2011).
However, freshwater ecosystems are under-represented

in existing analyses compared with terrestrial ecosystems.
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Biodiversity models are heavily biased towards the species
level followed by community-level studies, with relatively
few models addressing the genetic level. Animals and
plants are represented roughly equally, but micro-organisms
are infrequently addressed. There is also a strong bias of
scenarios and models towards mid- and end-21s century
outcomes (FRB, 2013), whereas many managers and
policymakers are more focused on nearer-term goals

(e.g. Aichi biodiversity targets for 2020, sCBD, 2014).
Comparisons between modelled outcomes in the past

and observations are also rare, even though these could
strengthen confidence in future projections. Spatial scales
of scenarios and models employed in assessments typically
focus on national to global scales. Few assessments
account for the vast amount of information from scenarios
and models applied at the sub-national scale, which is

a more pertinent spatial scale for many decision-making
processes. Finally, in relation to ecosystem services, the
scenarios and models employed in most assessments have
rarely dealt with services outside of food production and
carbon storage (but see UK NEA, 2011; PBL, 2012), even
though other types of ecosystem services are often key
considerations in decision making.

1.6.2 Deficiencies in underpinning
knowledge and data

Most models build on established knowledge and data to
describe relationships of interest. Data are used to guide the
design of models, calibrate model parameters and validate
predicted outcomes.

L~
The effectiveness of scenario analysis and modelling in
informing policy and decision making depends on the
relevance, quality, quantity and availability of data and
knowledge (scientific, indigenous and local). Modelling
does not replace the need for good data and knowledge,
but instead provides a means of extracting maximum value
from the best-available information at any point in time.

The quality of modelled outputs for use in assessments

and decision support will always be constrained by the
quality and quantity of the underpinning information. The
importance of linking future applications of scenario analysis
and modelling with ongoing efforts and initiatives around
gap-filling data collection and knowledge acquisition is
addressed in depth in Chapter 8. The importance placed by
IPBES on this issue is also reflected by the establishment

of two key activities under the IPBES Work Programme: the
Task Force on Knowledge and Data Generation; and the
Task Force on Indigenous and Local Knowledge (ILK).

This methodological assessment includes particular
consideration (in Chapters 5 and 7) of the contribution

that indigenous and local knowledge can make to filling
information gaps, and to enabling the successful application
of scenarios and models to policy and decision making,
including through the use of participatory approaches

to scenario and model development. For example, the
mobilisation of ILK through participatory approaches can
help to ensure that indigenous peoples have an integral

and meaningful role in making decisions and in contributing
to natural resource management that affects their future,
either directly or indirectly (Emery, 2000). In terms of
scenarios and models, this knowledge is crucial in order to
accommodate fundamental aspects of day-to-day life and
cultural complexes that also encompass language, systems
of classification, resource-use practices, social interactions,
ritual and spirituality. Combining ILK with scientific
knowledge will, in many cases, lead to greater benefits

than can be achieved by treating these knowledge sources
separately (Thaman et al., 2013).

1.6.3 Challenges in dealing with
uncertainty

The term ‘uncertainty’ appears repeatedly throughout the
remaining chapters of this assessment report. To properly
appreciate the importance, and varied implications, of

this issue for the discussion and use of scenarios and
models, it is vital to first recognise that uncertainty can take
a diversity of forms, arising from very different sources.
Various typologies of uncertainty have been proposed in the
environmental sciences literature (e.g. Regan et al., 2002;
Skinner et al., 2014). For the purposes of this report, four
major sources of uncertainty are recognised:

¢) Linguistic uncertainty - imprecise meaning of words,
including vagueness and ambiguity;

¢) Decision uncertainty - variation in subjective human
judgments, preferences, beliefs and world views;

() Stochastic uncertainty (also known as ‘aleatoric
uncertainty’) — the random behaviour or unpredictability
of complex natural, social and economic systems,
particularly in relation to future states;

Q) Scientific uncertainty (also known as ‘epistemic
uncertainty’) — imperfect knowledge or data on the
system being described.

Each of these sources of uncertainty has particular
implications for the description and use of scenarios and
models. Throughout this report, linguistic uncertainty is
addressed largely through the careful definition of terms,
including in the report’s glossary. Previous sections of this
chapter have already introduced strategies for dealing with
decision uncertainty, for example by ensuring that employed
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scenarios and models are well matched to different policy
and decision contexts, and that assessment and decision-
support interfaces enable the effective analysis of synergies
and trade-offs between multiple values and objectives.

L~
Stochastic uncertainty is the very challenge that
exploratory scenarios are designed to address. The use of
exploratory scenarios accepts that future trajectories of
drivers of change in nature and nature’s benefits will
depend on events and actions that are yet to occur, and
that are highly unpredictable. This uncertainty is therefore
accommodated through the construction of a set of
plausible futures rather than a single future (see Chapter 3).

The purpose of exploratory scenarios is not to reduce
stochastic uncertainty (which, by definition, cannot be reduced),
but rather to convey realistic estimates of this source of
uncertainty to policy and decision making (Enserink et al., 2013).

L~
Scientific uncertainty associated with models used to
translate scenarios into expected consequences for nature
and nature’s benefits needs to be minimised as much as
possible. However, all models have limitations, and no
model can generate perfect predictions. It is therefore highly
desirable that levels of scientific uncertainty associated with
model outputs are estimated, and accounted for effectively
in decision making (see Chapter 2).

Scientific uncertainty is an unavoidable outcome of the
very nature of models being simplifications of reality and
condensations of current knowledge. In the remainder of
this report, many shortcomings and gaps in models will

be addressed. The most important of these gaps relate

to deficiencies in knowledge about key variables and
relationships; loss of information when simplifying complex
real-world systems to models; uncertainty in estimating the
values of parameters and variables; lack of sufficient data of
the right quality to validate models; and error propagation,
especially within complex models.

1.7 STRUCTURE OF THIS
REPORT

Methods for modelling different components of socio-
ecological systems (i.e. elements of the IPBES Conceptual
Framework) are increasingly being integrated within

a single modelling framework (e.g. through so-called
‘Integrated Assessment Models’). Likewise, the boundary
between methods for modelling and methods for scenario
development, assessment and decision making is becoming
increasingly fuzzy as a result of the closer coupling of
approaches across these domains. However, in the interests
of breaking the overall challenge down into manageable
pieces, Chapters 2 to 5 each focus on a particular aspect
or component of this challenge (Figure 1.8). Linkages and

FIGURE 1.8

Relationship of chapters to the components depicted in Figure 1.3.
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dependencies between these topics, and the need for any
given application of scenarios and models to consider these
issues together, rather than sequentially, are emphasised
throughout.

CHAPTER 2 examines issues around ‘using scenarios and
models to inform decision making in diverse policy, planning
and management contexts’. It provides an overview

of policy, planning and management contexts in which
scenarios and models can aid assessment and decision
making, and considers lessons learnt from established
decision-support paradigms and frameworks that make
strong use of scenarios and models. Particular emphasis is
placed on the importance of aligning the design of scenarios
and models with the particular needs of assessment and
decision-making processes associated with different
phases of the policy cycle, and of dealing with uncertainty in
scenarios and models employed in decision making.

CHAPTER 3 addresses challenges associated with
‘building scenarios and models of indirect and direct drivers
of change in biodiversity and ecosystems’ to address the
assessment and decision-making needs identified in Chapter
2, and presents a typology of exploratory and intervention
scenario sub-classes linked to major phases of the policy
cycle. It reviews approaches to developing plausible
scenarios of indirect drivers and lessons learnt from the
previous development and application of such scenarios in
assessments at global and regional scales. It then reviews
methods for modelling expected consequences of indirect-
driver scenarios for direct drivers of change in biodiversity
and ecosystems across terrestrial, freshwater and marine
systems (as input to models of biodiversity and ecosystem
responses considered in Chapter 4).

CHAPTER 4 deals with ‘modelling impacts of drivers

on biodiversity and ecosystems’. It explores existing and
emerging approaches (both correlative and process-based)
to modelling impacts of a broad range of direct drivers
(from Chapter 3) on biodiversity across multiple levels

(e.g. population, species and community) and dimensions
(e.g. composition, structure and function) of biological
organisation, and ecosystem properties and processes (e.g.
biomass and primary production).

CHAPTER 5 focuses on ‘modelling consequences

of change in biodiversity and ecosystems for nature’s
benefits to people’. It explores challenges associated with
translating modelled biophysical changes in biodiversity and
ecosystems (from Chapter 4) into expected consequences
for benefits to people (including ecosystem services),
human well-being and good quality of life. It emphasises the
importance of recognising that different decision-making
processes may require careful consideration of differences in
the values that people involved in these processes place on,
or derive from, nature.

The remaining chapters of the report explore, in greater
depth, three particularly important cross-cutting challenges
facing the ongoing development and application of
scenario analysis and modelling from an IPBES perspective
(Figure 1.8).

CHAPTER 6 articulates the need for better ‘linking and
harmonising scenarios and models across scales and
domains’ and proposes practical strategies and solutions
for achieving this in both the short and longer term. These
include approaches to more closely linking and harmonising
scenarios and models across different scales of assessment
and decision making, and to achieving the closer coupling
of scenarios dealing with different drivers and models
focusing on different dimensions or levels of biodiversity or
on different ecosystem functions or services (as covered
separately in Chapters 3, 4 and 5).

CHAPTER 7 addresses the challenge of ‘building capacity
for developing, interpreting and using scenarios and models’
by proposing practical strategies that account for regional
and cultural diversity in perspectives on, and capacity for,
scenario analysis and modelling. These include approaches
to improving regional and national access to, and training
in, appropriate data sets and software tools; developing
methods for better incorporating local data and knowledge;
and developing effective strategies for mainstreaming
scenarios and models into assessment and decision-
making processes across scales and across different policy,
planning and management contexts.

CHAPTER 8 adopts a forward-looking perspective in
addressing the challenge of ‘improving the rigour and
usefulness of scenarios and models through ongoing
evaluation and refinement’. It lays out a comprehensive
vision and strategy for taking scenario analysis and
modelling of biodiversity and ecosystem services to a
whole new level of rigour, credibility and utility by more
closely linking this field to parallel initiatives in biodiversity/
ecosystem data acquisition and thereby establishing a
rigorous foundation for ongoing model evaluation and
calibration, and advancing the fundamental science
underpinning the development and application of scenarios
and models through carefully prioritised research activities.

Each of the chapters includes a set of ‘Key findings’ and
‘Key recommendations’ at the start of the chapter. Key
findings are general messages that arise from the critical
analyses in this assessment and are aimed at a broad
audience. Key recommendations are based on the key
findings and more specifically address IPBES and experts
involved in its deliverables. The key recommendations
provide explanations of a wide range of actions that could
be undertaken or stimulated by IPBES.
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CHAPTER 2

USING SCENARIOS AND MODELS TO

INFORM DECISION MAKING IN POLICY

DESIGN AND IMPLEMENTATION

Purpose of this chapter: Provides an overview
and typology of policy and decision-making contexts;
sets the scene for Chapters 3, 4 and 5 to identify

the scenarios and models needed in these different
contexts; and critically reviews major decision-support
approaches for interfacing scenarios and models with
policy and decision making.

Target audience: A broader, less technical audience
for the overview of policy and decision-making
contexts but a more technical audience for the review
of particular decision-support approaches.

KEY FINDINGS

The decision context determines the most appropriate
decision-support tool for any situation. Decision
context can be defined in terms of multiple attributes
such as cultural and ecological complexity, temporal
scale and complexity of governance. A multitude of
decision-support tools and approaches exist that

can be utilised at the decision-support interface to
integrate information, address divergent stakeholder
objectives and beliefs, and help deal with the

many challenges and complexities facing decision
makers. For every decision context, there are several
decision-support approaches and tools that may

be appropriate. Decision-support tools include
scenarios, models of biodiversity and ecosystem
services, and decision-making protocols, frameworks
and approaches such as multi-criteria decision
analysis, numerical optimisation and integrative
frameworks such as management strategy evaluation
and structured decision making. Scenarios, models

and decision-support frameworks and protocols are used
to help set the policy agenda and support policy design,
implementation and review. However, their influence on
decisions is not always well documented.

Only a small proportion of decisions that impact on
biodiversity and ecosystem services are explicitly

Scope of this chapter

|_ Policy and decision making

_I‘ Assessment and decision-support interface |

- <<

Modelling
consequences
for nature’s
benefits

Modelling
changes in
direct drivers

Data and knowledge

Modelling
impacts on
biodiversity and
ecosystems

A /

considered environmental decisions, and a very low
proportion of such decisions utilise scenarios, biodiversity
and ecosystem services models and decision frameworks
and approaches. Barriers to the use of decision-support
tools in environmental policy agenda setting, design and
implementation range from a lack of appreciation among
decision makers about the potential benefits of using
models and scenarios, to a lack of willingness on the

part of some modellers to properly engage in real-world
decision making and undertake relevant analyses. Of the
case studies reviewed that successfully applied decision-
support tools, the dedication and continuity of facilitators
and modellers in close collaboration with decision makers
was a consistent feature throughout the decision-making
processes. Primary impediments to the widespread use of
models and scenarios in decision making include: a general
lack of trust in modellers, models and scenarios; a lack of
understanding and technical knowledge among decision
makers to allow them to understand outputs and appreciate
the positive role that models and scenarios can play; a
general lack of decision-support, modelling and scenario
analysis skills relative to the number of policy design and
implementation challenges; a lack of data to underpin the
models and scenarios of most interest to policymakers
and managers; a lack of willingness on the part of some
modellers to engage fully in real-world decision problems
and develop and communicate in a non-technical way

the most relevant scenarios and models for the problem

=
0@
o
L.
=
o
-
[7/]
-
w
[a]
o
=
[a]
2
<
[7/]
=]
©
<
4
[11]
(%]
7]
(]
=
7]
=]
o

=
<]
=
2
=
w
=
w
=
[Y
£
[=]
=
<
=
9
[72]
w
[=]
>
]
-
o
o
=
5]
£
4
<
=
=
=]
@
%]
w
[=]




=
o©
o
LL
=
o
-
["/]
=
w
[a]
]
=
[a]
F4
<
[7/]
e
4
<
4
w
(4]
(7]
(Y]
=
7]
=
o

=
<]
=
B
=
w
=
w
=1
[N
£
[=]
=
<
=
)
[72]
w
[=]
>
e
-l
o
o
=
&)
=
X
<
=
=
=]
@
(%]
w
[=]

THE METHODOLOGICAL ASSESSMENT REPORT ON SCENARIOS AND MODELS OF BIODIVERSITY AND ECOSYSTEM SERVICES

at hand; a lack of willingness of modellers to engage in
participatory processes involving other knowledge traditions
and the translation of model outcomes to other knowledge
traditions; a lack of transparency in approaches to modelling
and scenario development; and complex political agendas
that are not amenable to the transparency ideally associated
with good modelling and scenario analysis.

There is often a mismatch between the spatial

and temporal grain and extent of biodiversity and
ecosystem services models and the policy design and
implementation needs of decision makers. The cross-
scale, cross-sectoral and cross-ecosystem linkages
necessary for decision makers and stakeholders to
understand more fully the implications of decisions
are often absent. While significant progress has been
achieved in understanding impacts and feedbacks
between environmental variables across spatial
scales, the needs of policy and decision makers

are rarely paramount in determining data needs,
necessary model outputs, and the types of scenarios
and models that are developed. Knowledge about the
state of key biodiversity and ecosystem service variables
and how socio-ecological systems function and respond to
stressors and human interventions depends on collecting
new data at multiple organisational levels and monitoring
the impacts of decisions. Decisions will be best supported
if assessment and decision-support needs drive data
collection priorities and the choice of scenarios, models and
model outputs.

There are very few agreed standards of best

practice for some of the most important and widely
used assessment and decision-support tools,

such as strategic environmental assessment. As

a consequence, many assessments default to the
lowest common denominator, especially when it
comes to assessing the impacts of large, complex
development proposals on biodiversity and ecosystem
services. There is an opportunity for IPBES to raise the

bar on such assessments by promoting standards of best
practice in assessment and decision support that require
state-of-the-art scenario analysis and modelling approaches
be coupled with integrative, participatory decision-support
protocols and frameworks.

Uncertainty may contribute to poor decisions

with negative social, economic and environmental
outcomes. Decision-making processes are most
likely to be effective if important uncertainties are
characterised and addressed in policy, planning and
management. Environmental problems and the process
of finding technical and management solutions to these
are challenged by stochastic, linguistic, scientific and
decision uncertainties with various levels of complexity and
reducibility. Technical approaches to analysing the impacts

of uncertainties on decision outcomes, including analysing
the robustness of decision or planning options to various
uncertainties, can provide useful information to decision
makers. Socially acceptable trade-offs under uncertainty can
also be achieved through deliberation that allows feedback
and learning among decision makers and stakeholders.

Examples of the integration of indigenous and local
knowledge systems in models and scenarios and
improved decision outcomes through the participation
of indigenous and local people are rare, although
encouraging examples can be found. Ecological
systems are complex and difficult to interpret with only one
scientific discipline or knowledge tradition. The livelihoods

of traditional knowledge holders are highly dependent on
biodiversity and ecosystem services, but these people

are frequently explicitly and implicitly excluded from policy
decisions, particularly at and above the national level. In
order to make better use of indigenous and local knowledge
systems and encourage greater participation, efforts must
be made to enhance capacity of indigenous and local
peoples to allow them to participate in decision-making fora
and to understand, interpret and contribute to modelling and
scenario development.

KEY RECOMMENDATIONS

IPBES global and regional assessments can be an
important forum for fostering stronger links between
ecosystem services and biodiversity experts, social
scientists, modellers, decision-support experts,
decision makers, stakeholders and indigenous and
local peoples. This can be achieved by allowing global and
regional assessments to go beyond biophysical and socio-
ecological assessments of states and trends to become
fora in which policy options are expertly evaluated using a
broad range of relevant data, models, scenarios and policy-
evaluation (decision-support) methods and approaches.
Increased collaboration between modellers and decision
makers will lead to increased trust, better and more relevant
models and scenarios, and a culture of decision support
based on models and scenarios suited to complex policy
and political agendas.

The typology and evaluations presented in this
chapter provide a preliminary guide to which types
of decision-support frameworks, protocols and
approaches are relevant to any particular policy
design, implementation and review context. \When
considering which decision-support frameworks, protocols
and approaches are most relevant to a policy design,
evaluation or implementation problem, IPBES deliverables
(especially Deliverables 2b, 2c, 3b and 4c) could benefit
from using the decision-context typology and the decision-



THE METHODOLOGICAL ASSESSMENT REPORT ON SCENARIOS AND MODELS OF BIODIVERSITY AND ECOSYSTEM SERVICES

support tools strengths and weaknesses evaluation
presented in this chapter.

The IPBES Task Force on Capacity Building
(Deliverables 1a/1b) could build on this assessment
by seeking to foster and develop capacity in decision-
support expertise - including skills in biodiversity and
ecosystem services modelling, scenario development
and analysis - and improved understanding of and
expertise in the process of policy evaluation and
decision support. Policy evaluation and decision-support
processes should utilise a variety of tools, protocols

and frameworks such as multi-criteria decision analysis,
optimisation, structured decision making and other
approaches that are summarised and reviewed in this
chapter.

Outside of IPBES assessments, IPBES could promote
fora and networks that link ecosystem services and
biodiversity experts, social scientists, modellers,
decision-support experts, indigenous and local
peoples, stakeholders, and decision makers. The Task
Force on Capacity Building (Deliverables 1a/1b) and the
policy and decision tools catalogue (Deliverable 4c) could
use the decision-context typology and the evaluation of
decision-support tools strengths and weaknesses presented
in this chapter to help ensure that modelling and scenario
analysis tools recommended to decision makers and their
stakeholders are appropriate to their policy and decision
context.

The IPBES Task Force on Knowledge, Information
and Data, in combination with funding agencies and
data providers, could promote and facilitate data
collection targeted towards decision-making needs
and supporting the monitoring of the impacts of
decisions on the composition, structure and function
of biodiversity and ecosystem services. IPBES global,
regional and thematic assessments have the opportunity to
identify data collection priorities that best address decision
makers’ needs by engaging decision makers, indigenous
and local peoples, and stakeholders in IPBES assessments
and by utilising the decision-support frameworks,
approaches and tools described in this chapter to prioritise
data gap filling.

The IPBES deliverable on policy and decision tools
(Deliverable 4c) and the scenarios and models expert
group (Deliverable 3c) could promote standards of
best practice in assessment and decision support
that require state-of-the-art scenario and modelling
approaches be coupled with integrative, participatory
decision-support protocols and frameworks

when undertaking assessments of policies, plans
and programmes that impact on biodiversity and
ecosystem services. This can be achieved through the

establishment of networks of decision-making practitioners,
modellers and experts in biodiversity and ecosystem
services with the explicit aim of raising the bar on current
approaches to the assessment of policies, plans and
programmes.

Thematic, regional and global assessments could
identify capacity needs for dealing with scientific
uncertainties during decision making and work
with the Task Force on Capacity Building to foster
and facilitate improved capacity for characterising,
communicating and dealing with uncertainties that
impact on decisions in a way that is consistent and
based on agreed standards. IPBES assessments should
seek to identify the uncertainties that impact most heavily
on the capacity of decision makers to make decisions
that are beneficial to biodiversity and ecosystem services.
This will require discriminating between uncertainties that
are relatively benign, and uncertainties that are important
because they impair decision making.

Thematic, regional and global assessments, in
cooperation with the IPBES Task Force on Indigenous
and Local Knowledge (Deliverable 1c), could use
assessment and policy-support approaches that
integrate multiple spatial and temporal scales

and recognise the importance of multiple and

diverse knowledge systems. Formal participatory
mechanisms need to be established to ensure

local and indigenous participation and the effective
exchange of information between scientists and local
and indigenous peoples.

2.1 INTRODUCTION

Decision-support protocols have advantages over unaided
decision making because they provide and document the
logic behind decisions. Apart from buffering against cognitive
limitations and negative group dynamics, a documented and
traceable decision-support protocol will encourage decision
makers to be clear about judgments and assumptions
(Bedford and Cooke, 2001). Scenarios and models can play
several important roles within decision-making processes,
including: i) setting a policy agenda by highlighting previously
poorly-documented threats or opportunities; ii) transparently
representing assumptions about cause-effect pathways

that link policies and actions to outcomes; iii) reducing
complexity by synthesising, analysing and representing
multiple sources of information and evidence in a way that is
most appropriate for the decision at hand; iv) exploring and
identifying unforeseen consequences of policies and actions;
and v) providing a means to synthesise and interpret policy,
planning and management evaluation information, including
monitoring data.
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2.1.1 The policy cycle, knowledge
needs and the role of assessment
An extensive literature documents policy theory and

practice and processes that influence policy design and
implementation (e.g. Sabatier and Weible, 2014).

L~
While there are many competing models describing policy
processes, the simplicity and communication value of the
four-phase policy cycle (Howlett et al., 2009) is of value
here in providing a context for discussion about decision-
support tools relevant to decisions that impact on
biodiversity and ecosystem services. Under this model,
decision making occurs in four phases of the policy cycle:
agenda setting (including problem identification), policy
design, policy implementation and policy review
(Figure 2.1).

The four phases of the policy cycle have specific
knowledge needs that can be partly met by biodiversity
and ecosystem service models implemented under
scenarios exploring the implications of policy settings
(Figure 1.3 in Chapter 1). For example, problem
identification and problem scoping, including the
identification of the scope of assessments and stakeholders,
are all activities that take place under the broad banner of
agenda setting. In many situations, the modelling of direct
and indirect drivers of biodiversity and ecosystem services,
embedded in exploratory scenarios (Chapters 3 and 5), can

FIGURE 2.1

provide important insights into the nature and magnitude of
problems and opportunities that drive the development of
specific policy options. This type of exploration can trigger
new policy agendas. For example, Section 2.3.1 describes
how a series of agenda-setting scenario analyses starting
with the first Global Biodiversity Outlook (GBO) (sCBD,
2001) contributed to the development of, and agreement
on, the Aichi biodiversity targets (MA, 2005; Alkemade et
al., 2009; Leadley et al., 2014). Similarly, the policy design,
implementation and review phases have knowledge needs
that can be partly met through the use of scenarios,
models and decision-support methodologies. In policy
implementation, for example in land-use planning, scenarios,
models and other formal decision-support approaches are
often used to help identify which activities will be allowed

or encouraged in particular parts of the landscape in order
to achieve landscape-level objectives for a range of criteria
such as agricultural productivity, tourism service provision
and biodiversity conservation (FAO, 1993; SAPM, 2009).
Policy implementation often involves management decision
making in the face of uncertain benefits and costs due to
complex ecological or social system dynamics, and multiple
criteria for measuring success. In such cases, decision
support — including scenarios, models and structured
approaches for analysing trade-offs — can be extremely
useful for ensuring that management is transparent,
effective and efficient in meeting objectives for biodiversity,
ecosystem services and other criteria (Runge et al., 2011b).

A theoretical framework for agenda setting, policy
design, implementation and review (modified
from Howlett et al, (2009). Although empirical
evidence shows that real-world decision making
does not usually follow an idealised sequence of
discrete stages (Jann and Wegrich, 2007), the
policy cycle helps organise the discussion of the
role of scenarios, models and decision-support
approaches in decision making that occurs in
subsequent  chapters. published
frameworks exist that describe similar steps and
approaches for structuring and implementing
policy and decision making under uncertainty and
complexity, including adaptive management and
adaptive planning approaches (McFadden et al.,
2011; Walters, 1986).

Numerous

The Policy Cycle
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During policy review, the outcomes of previously adopted
policies can be compared to hypothetical counterfactual or
alternative scenarios (Chapter 3, Table 3.1). Scenarios and
models can be used to estimate biodiversity or ecosystem
service outcomes under hypothetical policy settings
alternative to the ones actually implemented. This sort of
analysis is often called post hoc or ex-post evaluation, and
can provide valuable information about how to adjust policy
settings with the aim to better achieve desired outcomes in
the future, or simply as a form of transparent reporting on
the performance of policies or programmes. For example,
Joppa and Pfaff, (2010) reviews a statistical technique
called ‘matching’ to compare observed forest conservation
status against counterfactual scenarios of forest loss in the
absence of protection to estimate the effectiveness of forest
conservation (Chapter 3).

L~
This chapter sets the assessment and decision-making
scene for the three other chapters of this deliverable that
provide more detail on scenario development and
modelling approaches relevant to particular decision
contexts (Chapters 3, 4 and 5).

It links to Chapter 3 by identifying types of scenarios
required to underpin decision making, and to Chapters 4
and 5 by identifying the role of biodiversity and ecosystem
service model outputs in agenda setting, policy design,
implementation and review. This chapter also provides the
foundation for Chapters 6 and 7 by highlighting the scales
and domains over which different types of decisions occur,
and the capacity-building needs in the area of model-
supported decision analysis. A view to the future of agenda
setting and decision making offers an entree to Chapter 8 by
highlighting future developments that may see the increased
use of scenarios and models in decision making.

2.1.2 Aims and audience

This chapter aims to inform readers about the possibilities
and opportunities for using scenarios, models and decision-
support protocols to support decisions in each phase of
the policy cycle, from agenda setting to policy design,
implementation and review. A decision-context typology

is provided that defines the range of decision contexts in
which scenarios and models may be useful. Decisions that
impact on biodiversity and ecosystem services are defined
according to decision-context attributes. The aim is

to try and reduce some of the complexity and confusion
about the range of tools and decision protocols that may
help to support decisions that impact on biodiversity

and ecosystem services. The chapter seeks to improve
understanding about the contexts in which decision-support
approaches may be useful, and demonstrate how they

may be enhanced with the use of scenarios and models.

Examples of where decision-support approaches have
been successfully integrated with scenarios and models to
improve decisions are described.

This chapter principally addresses the following activities
within the IPBES work programme: regional and global
assessments (Deliverables 2b/2c), thematic assessments
(Deliverable 3b), the scenarios and models expert group
(Deliverable 3c) and the deliverable on policy and decision
tools (Deliverable 4c), which will develop an online catalogue
of policy-support tools and methodologies relevant to
IPBES-related activities. Findings are also relevant to
Deliverables 1a/1b on capacity building, Deliverable 1¢
on indigenous and local knowledge, Deliverables 1d/4b
on knowledge information and data, Deliverable 3d on
valuation and Deliverable 4d on stakeholder mapping and
engagement.

2.2 DECISION-MAKING
CONTEXT

2.2.1 Attributes that define
decision context

L~
Almost every policy, plan and action in every sector from
health to manufacturing, and at every spatial and
organisational scale from the individual to the global,
impacts in some way on biodiversity and ecosystem
services.

The number and types of decisions made appear to

defy classification and are practically infinite (Fisher et al.,
2009). The bulk of decisions or choices made on a daily
basis that impact on biodiversity and ecosystem services
are seldom described or conceived of as environmental
decisions (a decision in which environmental considerations
are explicit). Aimost all are undertaken by people outside
the environmental sector with little or no consultation with
environmental professionals. The following paragraphs
describe attributes of the decision context (Table 2.1),
with a focus on decisions that are readily identified as
‘environmental decisions’.

The governance system under which decisions are made,
and the degree to which power over a given decision

is shared among actors or across different sectors,
contributes significantly to the types of decision support,
scenarios and models that are useful. For example, ‘top-
down’, ‘single-actor’ decision problems may be amenable
to the application of economic optimisation approaches,
while more ‘participatory’, ‘multi-actor’ decision processes
may be better supported by deliberative approaches such
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as multi-criteria mapping (Stirling and Mayer, 1999; De
Marchi and Ravetz, 2001). Other aspects of governance
that determine how a decision will play out include the
history and legitimacy of the governing institutions.

The time horizon for which a decision is expected to
hold and the frequency of decision making about a
particular issue have a large influence on the sorts of
scenario, modelling and decision-support approaches

that may apply. Sequential decision processes provide the

opportunity to value the role of learning and to establish
formal programmes of ‘continuous improvement’, often

invoking ideas embodied in adaptive management (Walters,

1986). However, with this opportunity comes complexity.
Many reasons have been proposed for the conspicuous
lack of working examples of adaptive management in
broad-scale, multi-objective decision problems, including

a reluctance to set measurable management objectives, a
reluctance to invest in long-term monitoring of management

outcomes, and a reluctance to formalise assumptions
about cause-effect pathways as testable hypotheses or

TABLE 2.1
Attributes that define a decision context and how they vary.

Decision context
attributes

Easier to decide

models (Walters, 2007; Wintle and Lindenmayer, 2008;
Westgate et al., 2013).

Most environmental decisions are characterised by multiple
competing views about what constitutes a good outcome
(Keeney, 2007). This arises because different stakeholders
hold different objectives, which imply different criteria by
which outcomes will be measured. Decisions that involve
multiple objectives will tend to be more difficult to make than
decisions for which there are few objectives. One of the
reasons why people hold different objectives for a particular
decision problem is that they share different values.
Decision problems characterised by multiple values tend to
be much trickier to resolve than when values are shared. A
common challenge to decision making in many parts of the
world arises because not all stakeholders share the same
knowledge system. \ery few analytical decision-support
approaches, including scenario development and modelling
approaches, are easily applied across multiple knowledge
systems, although more deliberative, participatory
processes tend to be favoured in such circumstances.

Decision strategies
for more difficult
decisions

More difficult to
decide

Decision strategies
for easier decisions

Governance Actors Single/executive Multiple/negotiated Optimisation, benefit Multi-criteria decision
cost analysis analysis (MVCDA)
History History of governance Novel governance Learning Assessment
Legitimacy Accepted Contested Executive Conflict resolution
Sectors Single Multiple Executive Negotiation and
bridging
Participation Consultation Decision Communication Participatory decision
making
Decision Decision time horizon Short-term (months) Longer-term (decades) | Optimisation Adaptive management
Decision frequency One-off Repeated Assessment Monitoring and learning
Objectives Single Multiple Optimisation MCDA, analytic
hierarchy process (AHP)
Stakeholders Values Homogenous Diverse Assumed Deliberation and
negotiated
Knowledge system Homogenous Diverse Single process Bridge multiple
processes
Information Scientific knowledge High Low Optimisation, benefit Adaptive management
cost analysis
Data availability High Low Optimisation, benefit Delphi, robustness,
cost analysis deliberation
Scientific capacity High Low Optimisation, benefit Deliberation,
cost analysis participation
Ecology Heterogeneity Single ecosystem Multiple ecosystems
Diversity Single species Multi species
Flows across landscape | Weak connections Strong connections
Stochasticity Low and predictable High and unpredictable
Scale Cross-scale dynamics Weak external influence | Strong external influence
Temporal extent Short-term Long-term
Temporal grain Seconds Millennia
Spatial extent Local Global
Spatial grain Metres/seconds Kilometres/degrees
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Differences in capacities and power determine the
effectiveness of stakeholder representation and the
acceptability of decision outcomes. Large and wealthy
organisations, including companies and national
governments, may have greater resources and better
access to information than other stakeholders, leading to

a greater influence over the decision process. Assessing
the impacts of policies, plans and management options

on livelihoods may require culturally-specific, local-level
understanding to properly evaluate costs and benefits to all
stakeholders (Nordstrém et al., 2010; Rowland et al., 2014;
Runge et al., 2011b). Cultural norms, values, practices,
ideologies and customs shape people’s understanding

of their needs, rights, roles and possibilities, and hence
influence their actions, including engagement in policy
design and implementation (Borrini-Feyerabend et al., 2004).
All stakeholders use their beliefs as the basis for determining
the range of options they will consider and the criteria by
which they will measure outcomes. The importance of
taking into account multiple belief systems during policy
formulation is being increasingly recognised, especially in
areas where indigenous people have consolidated their
property and representation rights (TEBTEBBA, 2010; UN,
2008; Runge et al., 2011b).

Uncertainty takes many forms (Regan et al., 2002) and
impacts on environmental decisions in a variety of ways
(Section 2.3.3, Ludwig et al. (2001)). Uncertainty can
arise due to a lack of information, either in the form of
traditional and scientific knowledge, data and/or
capacity, or simply due to high levels of environmental
and ecological stochasticity, as well as a variety of other
sources (Section 2.3.3, Regan et al. (2002)). The degree
and type of uncertainty inherent in a particular decision
problem determines the sorts of analytical and decision-
support approaches that can be applied (Peterson et al.,
2003; Regan et al., 2005) and partly motivates the need
for scenarios and models. The role and implications of
uncertainty in decision making, scenarios and modelling are
dealt with in Section 2.3.3.

A high level of decision complexity provides a strong
motivation to utilise decision-support approaches because
the complexity of many decisions exceeds the processing
capacity of the human brain. Aside from the social,
cultural and governance complexities already mentioned,
ecological complexities such as the heterogeneity

of ecosystems, the diversity of species involved and

the degree to which decisions have to address cross-
landscape flows and connections make for more or

less tractable decision contexts. Some ‘local’ decisions
take place within a particular ecosystem or geographical
domain that can be considered — for the purposes of the
decision process — discrete and sufficiently buffered from
the ecological processes playing out in other systems,

so as to simplify the characterisation of biodiversity and

ecosystem service values and dynamics. However, many
land-use planning and policy processes play out over
multiple ecosystems that are connected by complex flows
of biotic and abiotic resources, and that are subject to
multiple types of ecological and social dynamics that may
play out over multiple temporal scales. For example, some
integrated catchment management strategies must consider
simultaneously terrestrial, river, estuarine and near-shore
ocean ecosystems, each with unique economic drivers and
pressures such as agriculture, aquaculture and fishing (e.g.
Brodie et al., 2012).

Spatial and temporal scale, including the spatial and
temporal grain and extent relevant to a particular problem,
drive the level of modelling, scenario and decision-support
sophistication required to support decisions. Biodiversity
and ecosystem services have specific spatial and temporal
distributions that overlap with human management units
or jurisdictions in complex ways. Similarly, stakeholders
have rights, obligations and interests at a variety of spatial
scales, making cross-scale dynamics an important part
of the decision context. Global responses to ecosystem
problems are warranted when those problems potentially
affect all people and ecosystems. Multilateral, regional
and bilateral agreements require consensus by a group

of nations but implementation often requires action within
national boundaries. National policies exist independently
of agreements with other nations, highlighting the problem
of policies and plans that conflict across scales. The scale
at which human and biotic processes operate influences
the sorts of decision approaches, scenarios and models
relevant to a particular decision. The spatial scale partly
determines who will be represented in a decision problem
and whose interests are considered.

2.3 OVERVIEW OF
AGENDA-SETTING AND
DECISION-SUPPORT
APPROACHES

L~
Many methods, approaches and tools exist to support
activities in each phase of the policy cycle. A broad
distinction is drawn between tools that support policy
agenda setting (Section 2.3.1) and tools that support
actual decisions in the policy design, implementation and
review phases of the policy cycle (Section 2.3.2).

While the scenarios and models used in these two activities
may be similar or identical, there are important differences
in the way they are used that arise due to differences in the
agenda-setting versus policy-design, implementation and
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review contexts. A non-exhaustive overview of the main
families of agenda-setting and decision-support approaches

2.3.1 Policy agenda setting

is provided. Families of decision-support approaches L~

are described in rough order of complexity, ranging from Agenda setting is one of four phases in the policy cycle
relatively generic tools to more highly integrated frameworks  (Figure 2.1) that motivates and sets the direction for
(Section 2.3.2). Case studies of the application of several policy design and implementation. Scenarios and models
approaches are provided as boxed essays. A table often play a role in agenda setting.

documenting how each approach fits within the decision-
context typology is provided in Section 2.4. A database of
case studies documenting applications of each decision-
support approach according to decision-context variables
will be provided to the IPBES scenarios and models expert
group (Deliverable 3c) and the IPBES deliverable on policy
and decision tools (Deliverable 4c).

The first GBO (sCBD, 2001) presented information from
national reports and a global evaluation of biodiversity trends
(WCMC, 1992). These analyses were later augmented with
exploratory scenario analysis in the second GBO - the
Crossroads of Life on Earth study (sCBD and PBL, 2007).
This study used GLOBIO as a modelling framework to
assess the impact of environmental drivers on biodiversity

FIGURE 2.2

Commonly observed relationships between spatial scale, phase in the policy cycle and model or scenario type using Aichi biodiversity
targets and subordinate activities as an example. At the global scale, CBD and Aichi biodiversity targets were partly informed by
assessments, models and scenarios at that scale. Numerous subordinate processes at regional, national and local scales draw on
the CBD and Aichi biodiversity targets to motivate policies, plans and actions. Lower-level activities also draw on combinations of
global (and finer) scale analyses, in concert with decision-support protocols (Section 2.3.2) to design and implement policies. Both
top-down and bottom-up modelling and scenario analysis approaches can support decision making at regional, national and local
scales (Chapter 6). For example, the South Africa National Biodiversity Strategy and Action Plan (Deat, 2005) guides policy design and
implementation at finer scales and was informed by the National Biodiversity Assessment (Driver et al., 2012), which used bioclimatic
models to incorporate climate resilience into species and ecosystem planning. In New South Wales, Australia, correlative species
distribution models and forest growth models were combined using participatory decision-support software (C-Plan) to generate
spatial land-use options for forestry and conservation objectives in four regions during the comprehensive regional assessment that
preceded the regional forest agreements. It is acknowledged that, while there is no one-to-one correspondence between spatial
scale and policy cycle phase or scenario type, this scheme does provide some insight into commonly observed hierarchies of policy,
planning and action and some of the tools that are used at different levels in the hierarchy. For example, there could be a role for formal
decision-support protocols such as the Delphi or structured decision-making approaches (Section 2.3.2) in setting Aichi biodiversity
targets, but there is no documented evidence of this occurring in that process.

Global-scale
Spatial scale Regional/National-scale
Local-scale
Convention on Biological Diversity South Africa National Environmental New South Wales Regional Forest
Policy and Internationally agreed upon biodiversity Management: Biodiversity Act Agreements
decision

making
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and decision-
support
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Scenarios
and models

Science-policy
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Phase of policy
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Type of

scenarios used

goals,
Most recently the Aichi Biodiversity
Targets

National Biodiversity Strategic
Action Plan

Forestry and National Park Estate Act
(1998)

Global Biodiversity Outlook 2 (2006)
Global Biodiversity Outlook 3 (2010)
Global Biodiversity Outlook 4 (2014)

South Africa National Biodiversity
Assessment (2011)

New South Wales Comprehensive
Regional Assessments (1998)

C-Plan decision-support tool

* Global scale scenarios of direct and

indirect drivers (IMAGE Modelled climate)
 Climate, land use and nitrogen deposition

impacts on terrestrial biodiversity
(GLOBIO)

* Other scenarios and models

* Climate scenarios from IPCC
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models
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land use

* Species and community distribution
models, viable habitat area models,
future timber-yield models

Assessment

Agenda setting and

policy review

Exploratory

= Decision support

scenarios

> Policy design and
implementation

> Intervention

scenarios
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and explore policy options in the form of intervention
scenarios to reduce biodiversity loss and achieve the

2010 targets for biodiversity. The third GBO (sCBD, 2010)
also presented biodiversity scenarios and tipping points
contained in a study incorporating the results of the
Millennium Ecosystem Assessment (MA), the GBO 2 and
the Global Environment Outlook (GEO) 4, as well as the
Mini Climate Assessment Model (MiniCAM) (Leadley et al.,
2010). The fourth GBO provides a mid-term assessment of
progress towards the implementation of the Strategic Plan
for Biodiversity and achievement of the Aichi biodiversity
targets (Alkemade et al., 2009; Leadley et al., 2014). These
assessments have all contributed significantly to the current
policy agenda pertaining to biodiversity and ecosystem
services at multiple spatial scales across multiple jurisdictions
(Figure 2.2).

Global agendas play out at regional and national scales in
many ways. Referring directly to the Convention on Biological

BOX 2.1

Models and scenarios for policy agenda setting at a regional scale:

The European marine policy frameworks have adopted
ecosystem-based management, which requires indicators
that describe pressures affecting the ecosystem, the state

of the ecosystem, and the response of managers (Jennings,
2005; Figure Box 2.1). This adoption of ecosystem-based
management is due to a shift in research effort from single
species to ecosystem-based concerns, reflecting a growing
recognition that an ecosystem approach may help to underpin
improved management (Jennings, 2004). Numerous published
models describing the complexity of marine ecosystems (Baird
et al., 1991; Baird and Milne, 1981; Baird and Ulanowicz,
1989; Piroddi et al., 2015) underpin indicators that drive the
Marine Strategy Framework Directive (MSFD 2008/56/EC,

EU, 2008) that arose out of the Common Fisheries Policy
(1982) (European Parliament, 2009). The Marine Strategy
Framework Directive requires that EU Member States achieve

Diversity (CBD), the National Performance Assessment

and Sub-regional Strategic Environment Framework for

the Greater Mekong Sub-region (GMS; ADB, 2010) was
developed to guide the GMS Core Environment Programme,
through which the GMS governments create a vision and
framework for long-term investment in environmental
governance, institution building, environmental protection in
the main development sectors, and biodiversity conservation.
In this process, the GLOBIO3 model underpinned the
assessment of different policy options to reach biodiversity
targets in the region (Figure 2.2).

At a regional level, the European Commission developed the
European Union (EU) Biodiversity Strategy (EC, 2011), which
was informed by an assessment of the 2010 biodiversity
targets (EEA, 2009). These activities represent policy
formulation and evaluation, following from the agenda set by
CBD and MA (Figure 2.2). International fisheries policy in the
same region has been influenced by models and scenarios

European international fisheries policy

‘Good Environmental Status’ under 11 descriptors of the
marine environment by 2020. Of these 11, descriptor 4 (D4)
addresses marine food webs: ‘All elements of the marine food
webs, to the extent that they are known, occur at normal
abundance and diversity and levels capable of ensuring the
long-term abundance of the species and the retention of

their full reproductive capacity’. The D4 indicator stipulated

in the Commission Decision (EC, 2010; Rogers et al., 2010)
addresses three criteria related to food web structure and
energy transfer. Descriptor 1 on biodiversity also relates to
species distribution ranges, habitat extent, habitat condition
and ecosystem structure. Many of these measures are
dependent on habitat and ecosystem models, as few are
directly measurable at broad scales in the marine environment.

FIGURE BOX 2.1 Possible relationships between

pressure (P), state of the ecosystem (S) and response to a
management action (R). Figures (b)-(d) illustrate that indicators
of P, S and R are rarely expected to map one-on-one as in (a)
(Modified from Jennings (2005). Indicators to support an ecosystem
approach to fisheries. Copyright © 2005 by John Wiley Sons, Inc.
Reprinted by permission of John Wiley & Sons, Inc).
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at the same scale (Box 2.1). At a local scale, 20-year Forest
Agreements were signed between the Australian government
(responsible for implementing the Environment Protection
and Biodiversity Conservation Act (1999) and export
licencing) and the New South Wales state government

(NSW, responsible for land management) that set out new
forest conservation reserves and approved ecologically-
sustainable forest management systems in four regions
across the state. The negotiation of these agreements was
based in part on C-Plan (Pressey et al., 2009), a participatory
land-use planning decision support tool that utilises species
distribution models (Ferrier et al., 2002) and forest growth
and yield models (Vanclay, 1994) to identify trade-offs
between forestry production and species conservation
objectives.

2.3.2 Families of decision-support
tools

L~
A myriad of methods and approaches exist to support the
policy design, implementation and review phases of the
policy cycle. Methods and approaches exist within a
multi-dimensional ‘decision context’ (Figure 2.3), defined
in part by decision-context attributes (Table 2.1).

Tools and approaches range from technical tools within a
very specific domain of application such as mathematical
optimisation approaches, through to broad frameworks

such as ‘structured decision making’ (Gregory et al., 2012)
and adaptive management (Walters and Holling, 1990) that
provide flexibility for dealing with most challenges confronting
environmental policymakers and managers.

The following sections review a sample of decision-support
methods that occupy different parts of the decision-context
space (Figure 2.3). The case studies presented were
chosen from 91 examples found in grey and peer-reviewed
literature during a non-exhaustive search by the authors.
Consequently, this is not an exhaustive inventory of methods,
nor does it cover all parts of the decision-context space. The
aim is to provide an entree to a range of commonly used
decision-support methods, frameworks and approaches and
to discuss the role of scenarios and models in each.

2.3.2.1 Multi-objective approaches to
analyse trade-offs

Most decision making involves, either implicitly or explicitly,
the analysis of risk. Risk is generally considered to be the
product of likelihood and consequence (Burgman, 2005),
which is essentially an estimate of expected utility (Savage,

FIGURE 2.3

Three dimensions of decision context. Dashed
arrows indicate increasing complexity from a single
(one-off) decision made by a single group with a
single objective at a local scale, to a sequential
decision made by a group of decision makers with
multiple (usually competing) objectives at regional/
global scales. Numbered circles indicate individual
applications of a given decision-support method,
undertaken in different parts of the decision space.
For example, circle 1 represents a study (Joseph et
al., 2008) in which a single organisation (NZ DoC)
used a single objective criterion (maximise increase
in species persistence/$) at the national level.

Global
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Circle 5 identifies a conservation planning exercise,
undertaken by the Malagasy governments, with
the single objective of identifying the areas of

decision

Single ObjecCtiVe mmmmm————) Multi-objective

Madagascar that would most efficiently increase the representativeness of the Madagascar reserve system (Kremen et al., 2008).
There was no explicit consideration of sequentially increasing the reserve system or the multiple competing social or cultural objectives
in the structured part of the reserve design process, though these considerations would likely have played out in the less structured
political process. In contrast, study 2 reports on a decision process in which multiple cultural groups with multiple (incommensurable)
objectives participated in a decision about the control of non-native fish species in the Glen Canyon Dam in southern USA (Runge et
al., 2011b). Study 2 was described as a ‘structured decision-making’ exercise (Section 2.3.1.4; Gregory et al., 2012), supported by
MCDA with swing weighting to help identify dominated options. Study 3 provides an example of a once-off, multi-objective decision
problem at a local scale (Box 2.2; Mustajoki et al., 2004), while circle 6 could represent a global, multi-objective, one-off policy
decision, such as the establishment of the UN Sustainable Development Goals (https://sustainabledevelopment.un.org). No value
judgment is implied by this figure about where in decision space is the best place to be; the point to note is that different decision-
support approaches suit different parts of the space.
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1954). While consideration of adverse consequences

alone will often suggest the desirability of risk avoidance or
mitigation measures, conditioning estimates of consequence
with assessment of likelihood may lead to the conclusion
that risk avoidance or mitigation are not warranted (because
likelihoods are sufficiently low). If estimates of likelihood and
consequence are accurate, then decisions based on risk
should lead to the more efficient allocation of resources than
considering only consequences (Arrow and Lind, 1970). Risk
assessment approaches are used widely in environmental
decision making (Burgman, 2005). Risk analysis forms the
basis of Environmental Impact Assessments (EIA; Section
2.3.2.3) and many of the integrative decision-support
approaches reviewed in this chapter. Risk analysis is needed
anytime there is uncertainty that cannot be reduced, that is,
when decisions have to be made in the face of risk.

L~
The real-world challenges of decision making are seldom
simple, with high decision complexity being the norm in
most decision contexts (Table 2.1). Consequences are
seldom restricted to impacts that can naturally or readily
be described by a single criterion (e.g. monetary). Multiple
values imply multiple objectives each requiring estimates
of consequence.

Uncertainty about consequences and likelihoods brings into
play complex risk preferences that must be considered.
Most decisions involve alternatives and cause-and-effect
predictions of expected consequence, providing a natural
role for scenarios (to characterise alternatives) and models
(to predict consequences). When predictions are made
over multiple objectives, an additional element is required to
resolve the decision problem: the articulation of preferences
or trade-offs reflecting the relative importance of the different
objectives (Howard, 2012). Most environmental policy,
planning and management decisions involve trade-offs
(Keeney, 2007).

Single-attribute risk management tools do not directly treat
trade-offs among competing objectives. A subset of these

TABLE 2.2

The example below uses coarse verbal (negative) impact descriptors typically seen in a qualitative risk matrix approach. Trade-
offs involve consideration of the performance of each alternative against each objective. The top row represents six hypothetical

tools may be helpful in prompting exploration of cause-
and-effect relationships using models during the process of
estimating expected consequences for individual options or
objectives, but on their own they will generally be inadequate
for making most real-world decisions that tend to involve
trade-offs.

Consequence tables are the first of the multi-objective
decision-support tools described here to deal explicitly
with trade-offs. There are three core elements to any
multi-objective decision problem; alternatives, expected
consequences and trade-offs. These elements are
compactly reported in a consequence table. An example

is shown below (Table 2.2), where alternatives comprise
six hypothetical candidate options for reducing impacts

on a near-shore reef system resulting from nutrient outflow
from an agricultural catchment. The table can be populated
with qualitative or quantitative estimates of expected
consequence. Experts and non-expert stakeholders alike
are notoriously deficient in their capacity to make internally-
consistent probabilistic judgments (Hastie and Dawes,
2010). Modelling tools that assist in the coherent treatment
of probabilities include fault tree analysis, event tree analysis,
Markov analysis, Monte Carlo simulation and Bayes nets.
For example, Jellinek et al. (2014) developed a Bayes net
to predict the relative improvement in vegetation condition
resulting from a range of woodland management intervention
scenarios such as reducing stock grazing and undertaking
vegetation restoration.

The preparation of a consequence table itself offers
substantial insulation against the pitfalls of unaided decision
making. However, unless the decision problem can be
meaningfully simplified to two or three objectives and two

or three alternatives, the cognitive and emotional demands
on decision makers and stakeholders can lead to poor
outcomes such as environmental impacts that could

have been avoided at little cost to development. In many
instances, a consequence table can be simplified through the
identification of the strictly non-dominated set of alternatives
(options for which no single alternative is better according to

candidate management options, and the first column gives each objective (criteria) against which expected conseq