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KEY FINDINGS
There are significant gaps in data availability and data 
access for biodiversity and ecosystem services. The 
spatial, temporal and taxonomic coverage and resolution of 
monitoring of biodiversity change is heterogeneous. There 
are also gaps in information on social demand for ecosystem 
services and in high-resolution data of ecosystem properties 
relevant for ecosystem services. Much progress has been 
made in mobilising data on biodiversity and ecosystem 
services, but significant barriers remain to data sharing. 
More efforts are required to provide easier access to well-
documented data and models (Sections 8.2.2 and 8.2.3).

There are already many models available to assess 
the impacts of drivers on biodiversity change and 
ecosystem services; however, important gaps remain. 
These include gaps on (i) linkages between biodiversity and 
ecosystem services; (ii) ecological processes at temporal 
and spatial scales relevant to the Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem 
Services (IPBES) assessments, including species 
interactions and community dynamics; (iii) early warning 
systems to anticipate ecological breakpoints and regime 
shifts; and (iv) coupling of, and feedbacks between, social 
and ecological components of ecosystems (Section 8.3.1).

Scenarios can allow the effective use of data and 
models in decision making. Both short-term scenarios 
(10 years) examining alternative policy options and long-
term scenarios examining plausible futures are useful 
in assessing the impacts of drivers on biodiversity and 
ecosystem services. Exploratory scenarios foster creative 
thinking and the exchange of viewpoints between different 
stakeholders, but do not always provide clear actions 
that decision makers can implement to reach desirable 
outcomes. Normative scenarios are more likely to provide 
clear policy pathways but have been criticised for being 
value-laden (Section 8.4).

Scenarios can be improved through an iterative 
process that includes the steps of: engaging 
stakeholders, linking models to policy options, 
managing uncertainty, communicating the results 
and bringing scenario outcomes to policymaking. It is 
critical that assessments identify stakeholders relevant at the 
scale of the problem, including scientists, decision makers 
and people with indigenous and local knowledge (ILK), 
and engage them early on in the modelling and scenario 
analysis process (Section 8.4.1). Models and scenarios can 
improve the transparency of policymaking, by rendering 
the assumptions explicit and facilitating the comparison of 
multiple options (Section 8.4.2).

Purpose of this chapter: Adopts a more forward-
looking perspective than the previous seven chapters; 
and thereby identifies major directions, both in 
underpinning science and in practical application, 
that need to be pursued to ensure the future rigour 
and utility of scenarios and models of biodiversity and 
ecosystem services. 

Target audience: While less technical than most of 
the preceding chapters, this chapter is targeted mainly 
at readers seeking guidance on where best to direct 
future effort and support in developing and applying 
scenarios and models. 
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KEY RECOMMENDATIONS
IPBES could engage with existing processes on 
increasing data collection and data sharing. Key tasks 
are to identify common metrics for monitoring, modelling 
and reporting biodiversity and ecosystem services and to 
develop cost-effective approaches that are geared towards 
the needs of users at multiple scales (Sections 8.2.1 and 
8.2.2). The Task Force on Knowledge, Information and 
Data (Deliverable 1d) could adopt existing data and model 
documentation standards and expand those as needed, 
make use of existing central repositories, liaise with relevant 
organisations to develop new ones, and participate in 
ongoing efforts to assure proper credit to data and model 
providers. 

The IPBES Expert Group on Scenarios (Deliverable 
3c) is encouraged to develop guidelines for the 
verification and validation of models, and for 
assessing and managing uncertainty in scenario 
analysis and modelling. These guidelines need to be 
regularly updated based on scientific developments (Section 
8.3.2). Complementary to visual validation, statistical 
analyses and accuracy tests are pivotal to make model 
validation and model comparisons robust, general and 
quantitative. It is important for the IPBES regional and global 
assessments to use verified and validated models with a 
relevant pedigree and to adopt appropriate methods for 
incorporating and communicating uncertainties. Depending 
on the context and topical relevance, multiple models of 
differing complexities and types could be used to address 
structural uncertainties.

Thematic, regional and global assessments are 
encouraged to use both short-term (e.g. 10 years) 
and long-term scenarios (e.g. 50 years) to assess the 
future of biodiversity change and ecosystem services 
and their implications for human well-being. For the 
regional assessments, existing long-term scenarios from 
other initiatives can be adopted and downscaled to the 
regions. For the global assessment, a new set of long-term 
exploratory scenarios could be developed around key issues 
specific to biodiversity and ecosystem services (including 
those related to Sustainable Development Goals (SDGs)), as 
identified by the relevant stakeholder community. Short-
term scenarios comparing policy options using models and 
qualitative information can be developed both in regional 
and global assessments (Section 8.4.2).

The Task Force on Capacity Building (Deliverable 1a/b) 
could support the use of models and scenarios in 
assessments at different scales, as well as interaction 
among social and natural scientists and multiple 
stakeholders. This includes activities that give planners 
and policymakers a better understanding of models and 
scenarios, including limitations and uncertainties, and 

activities that assist modellers in engaging further with policy 
and planning processes. Further research is needed on 
developing robust methods to elicit ILK for the development 
of models and scenarios (Sections 8.4.2, 8.4.3 and 8.4.4). 
The Task Force on Indigenous and Local Knowledge 
(Deliverable 1c) may liaise with the Task Force on Capacity 
Building to foster this research.

The follow-up work to the assessment on scenarios 
and modelling (Deliverable 3c), conceptualisation of 
values (Deliverable 3d) and policy support (Deliverable 
4c) could ensure that the review of available policy-
support tools and methodologies for scenario analysis 
and modelling continues to reflect best available 
science. Because of ongoing research in and the rapid 
progress being made on many aspects of scenario analysis 
and biodiversity and ecosystem services modelling, there is 
a need to continually update the review of available policy-
support tools and methodologies for scenario analysis 
and the modelling of biodiversity and ecosystem services. 
Furthermore, the Task Force on Knowledge, Information 
and Data (Deliverable 1d) could develop a process of 
prioritisation of research needs, to encourage basic research 
that advances scenario analysis and modelling in contexts 
and at scales that are relevant to IPBES with the ultimate 
objective of decision support. This especially concerns 
research on including socio-cultural aspects in modelling 
and scenario development (Section 8.3.1.3).

8.1 INTRODUCTION
Previous chapters demonstrated the variety of approaches 
to scenario analysis and modelling that can be used to 
inform decisions and evaluate policy options. Scenario 
analysis and modelling can address issues ranging from 
the local scale, such as assessing consequences of 
municipal land-planning options for ecosystem services 
and biodiversity, to the global scale, such as the impacts 
of alternative pathways of population economic growth 
on biodiversity and ecosystem services. Although IPBES 
assessments range only from sub-regional to global 
scales, this chapter also provides information relevant for 
local scales. Previous chapters identified the problems or 
challenges, and reviewed existing solutions, for the use of 
models and scenarios in assessments of biodiversity and 
ecosystem services. The goal of this chapter is to chart the 
way forward for additional research and development that is 
required to take the use of models and scenarios to a whole 
new level of rigour and utility. 

This chapter is organised into three main sections. We 
first discuss approaches to improving the data used to 
calibrate and validate biodiversity and ecosystem services 
models, emphasising linkages to various existing initiatives 
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for biodiversity monitoring at national, regional and global 
scales. We then discuss basic and applied science research 
needed to improve models of biodiversity and ecosystem 
services, both by promoting the development of new 
models and by encouraging and facilitating functional 
linkages among existing models and modelling platforms. 
Finally, we discuss directions for improving the relevance 
of scenarios for policymaking. We consider four key steps 
of the iterative cycle of scenario development that are 
supported in models and data (Figure 8.1): (1) engaging 
actors and stakeholders, (2) linking policy options to models 
and scenarios, (3) communicating results, and (4) using 
the scenario results and analysis for decision making. 
In our discussions we take ‘ecosystem services’ to be 
synonymous with ‘nature’s benefits to people’, following the 
IPBES Conceptual Framework ( Diaz et al., 2015). 

This chapter emphasises quantitative approaches 
to measure and forecast biodiversity and ecosystem 
services. However, we also cover interdisciplinary and 
transdisciplinary approaches, involving the social sciences 
and stakeholders, and point out corresponding research 
needs and best practices.

8.2 IMPROVING DATA
8.2.1 Identifying common metrics

Biodiversity has multiple dimensions, including genetic 
diversity, species diversity, functional diversity and 
ecosystem diversity, and can be measured in a multitude 
of ways (Noss, 1990; Pereira et al., 2012). Similarly, there 
are many ecosystem services and each ecosystem service 
can be quantified using different approaches, including 
biophysical, cultural and economic measurements (Daily et 
al., 2009; Hauck et al., 2016). Important challenges remain 
in bridging towards the socio-cultural values of ecosystem 
services (Martín-López et al., 2012). The values of nature, 
nature’s benefits to people and good quality of life are plural 
and can be considered from diverse dimensions, some 
quantifiable and others not. Researchers often face the 
challenge of accessing adequate data for the calibration and 
validation of models, as different initiatives monitor differently 
and even have diverging epistemologies. There is a lack 
of harmonisation and integration of monitoring methods, 
datasets and approaches across observation communities 
(e.g. different research communities, governmental 
agencies, non-governmental organisations) and across 
countries (Pereira et al., 2013).

FIGURE 8.1
 
  

Scenario development and analysis process 
involving steps (in blue-green circles) such as 
engaging actors and stakeholders (including 
ILK), with each step interacting with the data and 
models (orange arrows) and with information flow 
between models and data (green arrows). The 
dashed arrow indicates that the policy assessment 
involves several instances and actions, repeatedly 
involving actors and stakeholders; hence the 
iterative nature of this process. 
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models

Data
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A key challenge is to identify common metrics that could 
be used by the modelling and observation communities. A 
common set of metrics for the observation and modelling 
of biodiversity and ecosystem services would foster 
collaboration between the modelling and observation 
communities. This would promote the integration of data 
from different sources, foster the development of 
approaches to fill data gaps, and facilitate the calibration 
and validation of models and scenarios and inter-model 
comparison. 

Two complementary approaches, at different levels of 
data abstraction, currently show promise (Table 8.1): the 
Essential Biodiversity Variables being promoted by the 
Group on Earth Observations Biodiversity Observation 
Network (GEO BON, www.geobon.org) (Pereira et al., 
2013), and the biodiversity indicators adopted by the 
Convention on Biological Diversity (CBD) and supported by 
the Biodiversity Indicators Partnership (www.bipindicators.
net) to assess progress towards the 2010 target and the 
2020 Aichi biodiversity targets (Butchart et al., 2010; sCBD, 
2010; Tittensor et al., 2014; sCBD, 2014). 

In recent years, scientific communities of different physical 
and biological phenomena have started to identify essential 
variables that are critical for monitoring and modelling. The 
first such effort was the identification of the Climate Essential 
Variables by the Global Climate Observing System. Similarly, 
GEO BON has developed a process to identify Essential 
Biodiversity Variables. The idea behind this concept is to 

identify, using a systems approach, the key variables that 
should be monitored to measure biodiversity change. The 
Essential Biodiversity Variables are an intermediate layer of 
abstraction between the raw data from in situ and remote 
sensing observations and the derived high-level indicators 
used to communicate the state and trends of biodiversity. 
These variables can be used as the main system variables 
in models of the whole biosphere or parts of it, and can 
then be used to compare model simulations with data. For 
example, the population abundance variable is defined 
as a three dimensional matrix of population abundances 
per species, per location, per time. A gridded dataset of 
population abundance for a group of species requires the 
integration of population estimates from different methods 
and observers, and the interpolation of gap areas with 
models. Models for interpolation can use as inputs climate 
variables and other environmental variables, including 
variables that can be remotely sensed. A list of 22 Essential 
Biodiversity Variable candidates has been identified and 
organised into 6 major classes (Pereira et al., 2013): genetic 
composition, species populations, species traits, community 
composition, ecosystem structure and ecosystem function 
(Table 8.1). Efforts are ongoing to identify appropriate 
monitoring schemes, propose data standards and develop 
global or regional datasets for each variable. 

Some Essential Biodiversity Variables measure directly the 
supply of ecosystem services such as nutrient retention 
or net primary productivity (a measure closely related to 
the carbon sequestration service). Essential Biodiversity 
Variables can also be used to measure the supply of 

TABLE 8.1
Examples of common metrics for observation, reporting and modelling for each class of Essential Biodiversity Variables. 
Some Essential Biodiversity Variables have related indicators that are used to assess progress towards the CBD 2020 targets. 
Essential Biodiversity Variables development focuses on how to monitor or model, while indicator development focuses on 
how to report or communicate. Examples of models that project the evolution of an Essential Biodiversity Variable metric or 
an Aichi indicator under different scenarios are also provided. References: 1Pereira et al., 2013; 2sCBD, 2015; 3Brook et al., 
2000; 4Christensen and Walters, 2004; 5Harfoot et al., 2014; 6Guisan and Thuiller, 2005; 7Visconti et al., 2016; 8Jetz et al., 2012 
9Newbold et al., 2015; 10Alkemade et al., 2009; 11Hurtt et al., 2011; 12Nemec and Raudsepp-Hearne, 2013; 13Sitch et al., 2008.

Essential Biodiversity 
Variable classes1

Essential Biodiversity Variable 
metrics1 Aichi indicators2 Models

Genetic composition Number of animals of each livestock 
breed and farmed area under each 
crop

Trends in genetic diversity of 
cultivated plants and of farmed 
animals

-

Species populations Population abundance of selected 
species or functional groups

Trends in species populations; 
Trends in proportion of fish stocks 
outside safe biological limits; Trends 
in species extinction risk

Population viability analysis3;  
Trophic models of ecosystems4,5

Species distribution of selected 
species

Trends in species extinction risk Species distribution models6;  
Habitat suitability models7,8

Species traits Leaf senescence for selected 
species

- -

Community 
composition

Species richness of a community Trends in degradation of forest and  
other habitats

Dose-response models9,10

Ecosystem structure Proportion of cover of each habitat 
type

Trends in extent of forest and other 
habitats

Integrated assessment models11

Ecosystem function Nutrient retention Trends in nutrient levels Ecosystem service models12 

Net primary productivity Trends in carbon stocks Dynamic global vegetation models13

http://www.geobon.org
www.bipindicators.net
www.bipindicators.net


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

8.
 I

M
P

R
O

V
IN

G
 T

H
E

 R
IG

O
U

R
 A

N
D

 U
S

E
FU

LN
E

S
S

 O
F 

S
C

E
N

A
R

IO
S

 A
N

D
 

 M
O

D
E

LS
 T

H
R

O
U

G
H

 O
N

G
O

IN
G

 E
VA

LU
AT

IO
N

 A
N

D
 R

E
FI

N
E

M
E

N
T

261

services dependent on the distribution of particular species, 
such as wild animals used for food or medicine (Díaz et 
al., 2015). However, for some of these and other nature’s 
benefits, it is important to look at the entire ecosystem 
service supply chain, and incorporate the role of human 
activities and social preferences in models (Tallis et al., 2012; 
Karp et al., 2015). 

For instance, supply for wood production can be assessed 
by standing biomass, demand by timber harvest, and 
benefit by the market value of timber products (Tallis et 
al., 2012). GEO BON has proposed a set of metrics to 
monitor ecosystem services globally at different stages of 
the supply chain (Tallis et al., 2012; Karp et al., 2015). The 
Mapping and Assessment of Ecosystem Services initiative 
has identified a wide range of indicators and measures 
for provisioning, regulating and cultural services tailored 
to each major category of ecosystem in Europe: forests, 
agro-ecosystems, freshwater and marine (EC, 2014). A set 
of ecosystem service measures has also been proposed 
by the Final Ecosystem Goods and Services Classification 
System (FEGS-CS) (Landers and Nahlik, 2013) and by the 
Experimental Ecosystem Accounting of the United Nations 
System of Environmental Economic Accounting (UN SEEA) 
(UN et al., 2014). Many ecosystem services (e.g. some 
regulating services) cannot be easily directly observed and 
models play a key role in their assessment (Table 8.1).

The identification of common metrics can also be based on 
aggregated indicators and indices (van Strien et al., 2012). 
Over the last decade, several biodiversity indicators have 
been used to report on biodiversity change at the national 
and global levels (Butchart et al., 2010; Tittensor et al., 
2014; sCBD, 2015). The Biodiversity Indicators Partnership 
(http://www.bipindicators.net) has played an important 
role in this process. Indicators condense a wealth of data 
into a few values. For instance, one specific indicator for 
trends in species populations (Table 8.1), the Living Planet 
Index (LPI), condenses information on population counts 
of several thousands of vertebrate populations into a single 
global value per year, which informs on global vertebrate 
population reductions relative to a base year. Another 
specific indicator for trends in species extinction risk (Table 
8.1), the Red List Index (RLI) (Butchart et al., 2004; Baillie 
et al., 2008), condenses assessments of species status 
of >20,000 species into a single value for a time point, 
which can be compared with values from previous time 
points to assess whether there has been an acceleration or 
deceleration in biodiversity loss. 

It is possible to model either the more disaggregated 
data of each Essential Biodiversity Variable or the more 
aggregated data of biodiversity indicators and indices. For 
instance, many models are available to develop scenarios 
for population abundances or occupancy across ranges 
of individual species or groups of species (Table 8.1). 

However, it is also possible to model the dynamics of 
aggregated indices such as mean species abundance or 
species richness at local to global scales (Nicholson et al., 
2012). A particular challenge of using species richness or 
species abundance indices rather than the disaggregated 
data is the choice of appropriate aggregated metric. 
A wide range of metrics is used to describe change 
in community composition, such as species richness, 
phylogenetic diversity, Simpson’s diversity index, geometric 
mean abundance and arithmetic mean abundance, 
just to name a few (van Strien et al., 2012; Buckland et 
al., 2005; Lyashevska and Farnsworth, 2012). It is also 
possible to focus on a subset of species, such as rare or 
endemic species versus abundant species, or threatened 
versus non-threatened species. The Essential Biodiversity 
Variables framework is particularly flexible in this regard, as 
calculating an index of an Essential Biodiversity Variable can 
result in another Essential Biodiversity Variable: for example 
using occupancy data for a set of species in a community 
to calculate species richness (Table 8.1). Furthermore, 
Essential Biodiversity Variables can be modelled globally, 
integrating in situ observations and remote sensing, 
and used as inputs to the calculation of spatially explicit 
indicators (GEO BON, 2015). 

Understanding the upstream drivers and pressures and 
the downstream impacts and management responses are 
crucial in assessing biodiversity and ecosystem services. 
The drivers-pressures-states-impacts/benefits-responses 
(DPSIR) indicator framework allows for the consistent 
assessment of the dynamics of social-ecological systems 
(Sparks et al., 2011), and it is used to develop scenarios for 
biodiversity and ecosystem services (Pereira et al., 2010). 
The CBD Aichi biodiversity targets for the year 2020 are 
organised into five strategic goals that closely follow the 
DPSIR framework and can be assessed by using indicators 
for each target component (Tittensor et al., 2014; Leadley et 
al., 2014b). The DPSIR framework also makes clear that the 
variables used as outputs of some models can be the inputs 
of other models. For example, a socio-economic model 
may project changes in the harvest pressure of fish stocks, 
leading to changes in the abundance of different species. In 
turn, this change in ecosystem state may lead to changes in 
fish provisioning from the ecosystem. Therefore, the choice 
of metrics has to take into account the interoperability of 
different models. Finally, metrics or indicators can be chosen 
so that they are able to detect biodiversity trends reflecting 
changes in pressures or policy and management (Nicholson 
et al., 2012). Indicators at regional scales or for specific 
groups of taxa (e.g. taxa vulnerable to a specific driver) may 
be more likely to do so than generic global indicators.

It is important for IPBES to engage in processes that aim 
to identify common metrics of biodiversity and ecosystem 
services, to guarantee that the metrics, associated monitoring 
methods and data standards serve the needs of assessment 

http://www.bipindicators.net
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users. Therefore, the participation of all IPBES stakeholders is 
important to ensure a balanced choice of metrics.

Regional and global IPBES assessments could report results 
of models and scenarios using a set of common metrics 
for biodiversity, including selected Essential Biodiversity 
Variables and/or Aichi indicators (Table 8.1). Models of 
nature’s benefits could use the standard classification of 
ecosystem services, such as the Common International 
Classification of Ecosystem Services (CICES) (EC, 2014), 
and common metrics such as the ones identified by GEO 
BON (Tallis et al., 2012) or the UN SEEA (UN et al., 2014). 
Indeed, the Task Force on Data and Knowledge has already 
proposed a list of indicators that could be used by regional 
IPBES assessments (IPBES/3/INF/4, http://ipbes.net). This 
set of indicators could be further explored by the Scenarios 
and Modelling Expert Group, which could also update 
regularly the guidelines presented in the current report. 

Regarding socio-cultural values, it is important to recognise 
the complexity of incommensurable values and, if possible, 
find practical ways to deal with this (IPBES/3/INF/7, http://
ipbes.net/). Assessments could be explicit about which 
value dimensions were included in the scenarios, which 
could not be included, and what the implications of this 
selection are (IPBES/3/INF/4, http://ipbes.net/).

8.2.2 Increasing data availability 
for model calibration and 
validation
Despite recent increases in the variety and amount of 
biodiversity-related data, there are significant gaps with 
respect to quantity and quality (Brooks and Kennedy, 2004) 
and significant biases in the availability of biodiversity and 
ecosystem services data (Box 8.1). Reasons for these gaps 
include lack of financial support for long-term monitoring, 
lack of local capacity, and limited international collaboration 
on developing globally representative monitoring 
programmes (Scholes et al., 2012).

Different technical and strategic approaches could be 
taken to overcome biases and gaps in data availability for 
biodiversity and ecosystem services. IPBES could identify 
critical gaps and promote (i) the enhancement of 
monitoring programmes, (ii) the mobilisation of data, and 
(iii) modelling for interpolation and other methods for filling 
data gaps.

In many cases, existing databases can be improved with 
concerted and coordinated efforts to increase spatial 
(regional) coverage, spatial resolution (e.g. smaller grid size 
or denser sampling points), temporal resolution (regular 
and frequent observations), and temporal coverage 

(long-term, sustainable monitoring for the future; historical 
reconstruction for the past). For example, the Projecting 
Responses of Ecological Diversity In Changing Terrestrial 
Systems (PREDICTS) database collected data from the 
existing literature relating to 78 countries representing 
over 28,000 species (Hudson et al., 2014), including 
invertebrates, vertebrates and plants in terrestrial ecoregions 
around the world. However, the areas covered by the 
database are not balanced, but representative of the data 
availability (see also Figure 8.2), indicating a need for 
improvements in existing data. Monitoring programmes 
could implement a data strategy that supports intelligent 
choices about what and how to measure (Section 8.2.1) 
and be cost-efficient, sustainable through space and time, 
and effective, avoiding duplication (Box 8.2). For instance, 
in terms of taxonomic coverage, adding large numbers of 
species in poorly studied taxonomic groups may not be cost 
effective. However, a taxonomically sampled approach, as 
used in the Sampled Red List Index (Baillie et al., 2008), can 
provide taxonomic coverage in a cost-effective way. It would 
also be beneficial if monitoring programmes were to expand 
their efforts in observations of the ecosystem services of 
most importance to human well-being, and if the data were 
more accessible (see Section 8.2.3).

New and promising approaches to obtaining data and 
building and curating datasets include citizen science 
and crowd-sourcing (Silvertown, 2009, Wiggins and 
Crowston, 2011), as well as new technological tools such 
as automated data collectors and sensor networks that 
are embedded in the environment (Collins et al., 2006; 
Porter et al., 2009; Rundel et al., 2009; Benson et al., 
2009). The new field of eco-informatics envisions building 
ecological datasets in the context of a ‘data life cycle’ that 
encompasses all facets from data generation to knowledge 
creation, including planning, collecting and organising data, 
quality assurance and quality control, metadata creation, 
preservation, discovery, integration, and analysis and 
visualisation (Michener and Jones, 2012). Eco-informatics 
tools that support and assist various steps of the data life 
cycle include data management planning tools (e.g. http://
dmp.cdlib.org/); metadata standards and tools; relational 
databases that allow the specification of constraints on the 
types of data that can be entered (i.e. data typing), assuring 
data integrity; scientific workflow systems such as Kepler, 
Taverna, VisTrails and Pegasus (see Section 8.3.1.2); and 
cloud-computing resources.

In some cases, gaps in datasets can be filled using 
quantitative approaches such as statistical and modelling 
methods. One approach is imputation, which is often used 
when analysing large datasets of demographic traits (e.g. Di 
Marco et al., 2012; Penone et al., 2014), but this relies on 
the assumption that relationships that exist in the data are 
also valid for the missing data. Another option for filling data 
gaps is to make inferences based on allometric relationships 

http://ipbes.net
http://ipbes.net/
http://ipbes.net/
http://ipbes.net/
http://dmp.cdlib.org/
http://dmp.cdlib.org/
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between biological variables such as body size, metabolic 
rates, population density, generation time and maximum 
population growth rate (e.g. Damuth, 1987). Although 
allometric relationships have been used, for example, in 
size-structured food web models (Blanchard et al., 2009) 
and in models of energy budgets (Simoy et al., 2013), large 
uncertainties in the predicted values limits their usefulness 
in estimating parameters of predictive dynamic models 
at the species level. However, they may be useful, even 
in this context, if limited to groups of functionally related 
species (such as herbivorous mammals). A third approach 
involves sampling demographic parameters of population 
models using a ‘generic life history modelling’ approach. 

Although linking ecological niche and population models 
gives more realistic predictions of the effects of changing 
environmental conditions on species (Keith et al., 2008), the 
widespread application of such coupled niche-population 
models is hampered by the availability of species-specific 
demographic data. Generic life history modelling (Pearson 
et al., 2014; Stanton et al., 2015) gets around this problem 
by using ensembles of population models designed 
to encompass the full set of life history parameters 
characteristic of a particular group of species. This approach 
avoids the need to obtain species-specific demographic 
parameters, which are rarely known, and enables the 
generalisation of results beyond the well-studied species; 

BOX 8.1
Biases and gaps in data availability of biodiversity and ecosystem services

• Regional biases in coverage: Historically, ecologists 
have studied non-urban but relatively accessible areas 
in wealthy countries, resulting in a very uneven global 
distribution of study areas (Figure 8.2). The disparity 
among terrestrial, freshwater and marine realms is also 
noteworthy (Loh et al., 2005).

• Taxonomic biases in coverage: Ecological studies 
have focused disproportionately on conspicuous 
species. Vertebrates, particularly birds and mammals, 
are much more often the focus of ecological studies than 
invertebrates and plants (Pereira et al., 2012). One of the 
most popular indices for measuring global biodiversity 
change, the Living Planet Index (LPI), is based on 
vertebrate populations only (Loh et al., 2005).

• Spatial and temporal resolution: Most ecological 
studies either have a high spatial resolution and small 

spatial extent, focusing in detail on small areas, or have 
a low spatial resolution and focus on larger regions. For 
some scenario analysis and modelling approaches, high 
resolution data with global coverage are needed (Pereira 
et al., 2010). Such data exist for some biodiversity-related 
variables (such as forest cover data available at http://
earthenginepartners.appspot.com), but this is rare.

• Thematic gaps: There is a lack of regional and global 
consensus on what to monitor. Some Essential Biodiversity 
Variable classes such as species traits and genetic 
composition have received less attention from monitoring 
programmes than others such as species populations. 
Regulating and cultural ecosystem services and particularly 
their benefits for populations are not monitored or only 
partially monitored in most places (Tallis et al., 2012).

BOX 8.2
Data strategy (modified from Scholes et al. (2012) and other sources). Desirable properties of IPBES-relevant data

1. Data that are aligned with the needs of scenario analysis 
and modelling at global, regional and local scales are 
relevant and useful for decision making.

2. Global in coverage, but with sufficient resolution and 
accuracy at subnational scales to be useful to the main 
decision makers at this scale.

3. Statistically sound basis for repeated measurements of 
biodiversity. 

4. Following best practices for metadata specification.
5. Provisions for coordinating and managing data that are 

collected by disparate institutions and individuals for 
different purposes.

6. Sufficiently comprehensive in terms of taxonomic coverage. 
7. Quality controlled, with well-defined standards for formats, 

codes, measurement units and metadata; traceability of 

the observation (including place and time of origin, the 
techniques used to make the observation, and methods 
used to modify the data); enforced data typing.

8. Cost efficient. Avoiding duplicate work in recording or 
analysing the same observations for the same time period.

9. Sustained. Ensuring data continuity and comparability over 
time, including provisions for long-term storage and data 
management. 

10. Adaptive. Responsive to new technical possibilities, 
emerging societal needs and changing system states.

11. Interoperable. Data available to (and discoverable by) other 
parts of the system, with tools to enable the analysis of 
data from different parts together. Requires metadata (see 
above) and the harmonisation of observations, analysis and 
data exchange standards and protocols.

http://earthenginepartners.appspot.com
http://earthenginepartners.appspot.com
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however, this is achieved at the cost of not being able to 
make species-specific predictions of population dynamics 
(Pearson et al., 2014). 

Remote sensing and in situ data are vital for modelling and 
monitoring environmental parameters relevant for biodiversity 
conservation (Buchanan et al., 2009; Kogan et al., 2011; 
Skidmore et al., 2015). Satellite remote sensing is useful 
for collecting data across different spatial and temporal 
scales. However, many users still lack the capability to deal 
with these data. Access to training and education in using 
satellite-based observations will be essential in the future to 
address this issue (Turner et al., 2015). Some initiatives for 
increasing access to remote sensing data globally are the 
GEO (www.earthobservations.org), the European Space 
Agency’s Climate Change Initiative (Bontemps et al., 2011), 
the EU Copernicus Programme, and the Committee on Earth 
Observation Satellites (ceos.org).

Metrics and indicators of the quantity and quality of ecosystem 
services are essential for knowing if these services are being 
sustained or lost or how they need to be managed in order 
to sustain human well-being and biodiversity (Layke et al., 
2012). While some ecosystem services (e.g. providing goods) 
can be directly quantified, most regulating, supporting and 

cultural services are less straightforward to quantify, requiring 
indicators or proxy data (Egoh et al., 2012). The development 
of robust indicators is an important step towards mapping 
ecosystem services and meeting biodiversity targets (Egoh 
et al., 2012). In recent years, ecosystem services modelling 
has improved with governmental demand for standardised 
practices to measure, value and map ecosystem services 
(Waage and Kester, 2014).

8.2.3 Facilitating data access for 
model calibration and validation

Good practices in sharing data, developing open source 
databases and platforms, and documenting data access 
procedures need to be encouraged within the scientific 
community.

8.2.3.1 Improving data sharing

There is currently a major movement towards ‘open data’, 
reflecting an increasing interest in and demand for data to 
be made publicly available (Reichman et al., 2011; Molloy, 

FIGURE 8.2
 
 

Number of observations per square kilometre calculated for each terrestrial biome (Olson et al., 2001). Red: Living Planet Index (LPI) 
study sites for 10,000 vertebrate populations with population trends collected between 1970 and 2010 (Collen et al., 2009). Blue: 
Ecological studies (ECO) reported in the literature for 2,573 sites between 2004 and 2009 (Martin et al., 2012). 
See also Figure 7.2 for another illustration of regional bias in biodiversity studies.
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2011). CBD Aichi biodiversity target 19 emphasises that 
biodiversity information needs to be ‘widely shared and 
transferred, and applied.’ In coming years, data release is 
expected to be more often required by funding sources 
and research journals, and it will become a common 
norm of conduct of scientific societies. Note that this is 
not just a response to increasing calls for transparency 
from stakeholders; archiving data in public domains can 
potentially yield multiple benefits to the scientific community 
and the data providers. The opening-up of data not only 
helps reduce the duplication of work needed for data 
collection but also facilitates scientific exploration (Rüegg 
et al., 2014; Hobern et al., 2013) and helps address 
conservation problems. Considering that combining past 
inventory data with present data can serve as a surrogate for 
long-term monitoring (e.g. estimating a temporal change in 
species distribution in response to climate change; (Moritz et 
al., 2008), the digital mobilisation of existing data is crucial. 
This applies not only to data on natural systems, but also 
to social data on all aspects of human activities relevant to 
the status of, and pressures on, biodiversity and ecosystem 
services. Similarly, local and indigenous communities are 
sometimes the only repositories of historical data, and 
it is important to promote the uptake and publication of 
traditional knowledge (see Sections 7.3.2, 7.4.2 and 7.6.5).

Creating large datasets spanning several temporal, 
geographical and biological scales – essential for global 
assessments – requires numerous inputs from a large 
number of contributors. However, such broad-scale sharing 
can present challenges. Field data, which are the crucial 
part for the majority of models, need enormous effort to 
be collected. Therefore, data are undoubtedly precious 
and some people may feel reluctant to submit their data 
to public domains. Local communities may fear sharing 
their traditional knowledge because of concerns about 
knowledge misuse and loss of intellectual property (see 
Section 4.2.3). 

For scientists, incentives for data sharing, including career 
rewards, are important to ensure the further development 
of data archives (Borgman, 2012; Costello et al., 2013; 
Hobern et al., 2013). While the potential benefits of open 
data have been extensively discussed in the literature, 
not enough emphasis has been placed on crediting and 
rewarding aspects of providing data. Advocates for opening 
up data tend to stand on the side of the ‘data user’, and 
do not necessarily view the issue from the side of the ‘data 
collector’. According to a survey, the most dominant answer 
from data collectors regarding a condition for the use of 
data is formal citation (Michener et al., 2012). Importantly, 
the advent of the Digital Object Identifier for data and the 
encouragement to list data sources in reference lists are 
major factors that promote the release of data. Despite this, 
some data collectors may instead prefer to openly publish 
only the metadata. However, conflicts exist as raw data are 

often required by the data users. Archiving data as metadata 
requires users to resort to multiple, sometimes lengthy, 
procedures to access raw data.

Given the ‘top-down pressure’ (Molloy, 2011) for open data, 
the development of additional incentives and initiatives 
will be necessary for shortening the time for data to 
become available for models and scenarios. In this regard, 
inviting data collectors to be involved in data analysis 
may potentially help, as data collectors have first-hand 
knowledge about the strengths and weaknesses of the 
data. This co-development and collaboration between data 
collectors and users may benefit both, leading to ‘win-win 
solutions’. This is one possible way of overcoming the issue, 
but it will not provide an ultimate solution because it may 
not be feasible to include all data collectors as co-authors, 
or possible to coordinate an analysis with potentially large 
numbers of people. In summary, data collectors should be 
encouraged to publish their data on open repositories. 

Lastly, those who are involved in constructing and 
maintaining web interfaces and large-scale repositories have 
not always been well acknowledged. However, they are a 
critical part in scientific communities for supporting data 
accessibility and facilitating data users. Importantly, a rapid 
expansion in policy and requirements for data publishing 
may come with the heterogeneity in data quality. To prevent 
noisy or poor-quality data from being archived, database 
managers are likely to play more important roles in the 
future. While a stringent set of criteria and protocols will be 
also required to maintain data quality, those who contribute 
to this process need further recognition. 

8.2.3.2 Accessing and using data

Both biodiversity and ecosystem services data are 
increasingly being made publicly available (e.g. Boxes 8.3 
and 8.4). In using such data, an important issue is data 
standardisation. Models and scenarios often require 
multiple data types, sourced from different databases. 
Combining data from multiple sources may be difficult; for 
example, biodiversity information such as taxonomic names 
are often stored in different ways or following different 
published taxonomies. Work has been ongoing to create 
a comprehensive formal taxonomic classification and to 
create architectures that can handle multiple taxonomies 
(Hobern et al., 2013). A number of tools are available to 
unify data from different sources, such as the Global Names 
Architecture, which can help match and integrate names of 
species from different sources (http://globalnames.org).

The licensing form of data also needs to be considered. For 
instance, many institutions make data available as open 
access for non-commercial use; however, data licensing 
policies for commercial use may have some restrictions or 

http://globalnames.org/
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require a fee for usage (e.g. Creative Commons multiple 
licensing modes). New frameworks that help retain currency 
and attribution back to the original data sources will also 
be important to strengthen the direct linkage between data 
collectors and users. Another issue is that the operability 
of data is different between databases and between data 
types, largely limiting the direct application of existing 
data for model calibration and validation. Considering the 
increasing visibility of data, platforms that facilitate user 
access will play a crucial part in the coming years (Box 8.3). 
While biodiversity information such as that archived in the 
Global Biodiversity Information Facility (GBIF; www.gbif.org), 
in the International Union for Conservation of Nature (IUCN) 
Red List of Threatened Species (http://www.iucnredlist.org) 
and in the Ocean Biogeographic Information System (http://
www.iobis.org) are widely recognised and relatively well 
organised, data for ecosystem services tend to be collected 
individually and more diversely. The difficulty of coordinating 
the development of repositories for large databases for 
ecosystem services results from the lack of common and 
agreed language, definitions and framework on ecosystem 
services.

Generally, ecosystem services data are produced by 
combining datasets sourced from multiple databases into 
a focal type of data (Tallis et al., 2012; EC, 2014). These 
datasets are diverse and can be physical, biological and 

social, such as satellite images, digital elevation models, 
Light Detection and Ranging (LiDAR) data, land/ocean-use 
information, crowd-sourced data (e.g. for taxa distribution 
and phenology), meteorological data, human health 
statistics, cultural/religious information and economic/
financial statistics. Another reason why these diverse 
datasets are required is that, in real-world decision making, 
it is important to identify trade-offs and synergies between 
multiple services (e.g. Brandt et al., 2014; Bateman et al., 
2013). Although some tools to facilitate data use are now 
becoming open and available (Chapter 7), handling such 
different datasets needs multidisciplinary and interdisciplinary 
skills and knowledge that are not owned by the majority of 
users. At the local scale, the shortage of human resources 
can be as serious as data incompleteness. Another issue 
that needs to be addressed is that of cultural values, which 
are heterogeneously distributed across the globe. Localised 
information such as traditional knowledge, which would be 
tightly associated with cultural ecosystem services, has not 
been well archived. 

Some synthesised information that would potentially 
facilitate the non-expert use of ecosystem services 
information is currently available online. For example, the 
Ecosystem Service Valuation Database of The Economics of 
Ecosystems and Biodiversity (TEEB) (http://www.teebweb.
org/) gives a global overview of the estimates of monetary 

BOX 8.3
Examples of good practices in sharing biodiversity data at the species level 

A. Databases of occurrences, trends and threats 
• GBIF: occurrence data – http://www.gbif.org
• IUCN Red List: threat category, range map and information 

on population, trends, ecology, distribution, threats and 
conservation measures – http://www.iucnredlist.org/

• Global Population Dynamics Database: time series of 
population abundances or indices – http://www3.imperial.
ac.uk/cpb/databases/gpdd

• North American Breeding Bird Survey: population trends 
and relative abundances of North American bird species – 
https://www.pwrc.usgs.gov/bbs/

• Map of Life: trends and occurrence data – http://mol.org
• Global Invasive Species Database: native and invaded 

ranges – http://www.issg.org/database/welcome/
• WoRMS: taxonomy and distribution of marine species – 

http://www.marinespecies.org
• OBIS: Ocean biogeographic information system: 

occurrence data – http://www.iobis.org
• EOL: Encyclopedia of Life – http://eol.org
• AlgaeBASE: taxonomic and distribution data on algae 

species – http://www.algaebase.org

B. Databases of demography and life history 
characteristics 

• TRY: Plant Trait Databases – https://www.try-db.org/
• COMPADRE: matrix (demographic) models for plant and 

animal species – http://www.compadre-db.org
• MAPS: Monitoring Avian Productivity and Survivorship – 

http://www.birdpop.org/pages/maps.php
• BROT: plant trait database for Mediterranean Basin 

species – http://www.uv.es/jgpausas/brot.htm
• AnAge: database of traits such as longevity, body size, age 

of first reproduction, etc. for animal species –  
http://genomics.senescence.info/species/

• PanTHERIA: life history, ecology and geography of extant 
and recently extinct mammals (Jones et al., 2009;  
http://esapubs.org/archive/ecol/E090/184/)

• FishBase: size and other biological information on fish – 
http://www.fishbase.org/home.htm

• SeaLifeBase: size and other biological information on 
marine species – http://www.sealifebase.org

• EltonTraits (Wilman et al., 2014): foraging ecology of birds 
and mammals – http://www.esapubs.org/archive/ecol/
E095/178/

http://www.gbif.org
http://www.iucnredlist.org
http://www.iobis.org
http://www.iobis.org
http://www.teebweb.org/
http://www.teebweb.org/
http://www.gbif.org
http://www.iucnredlist.org/
http://www3.imperial.ac.uk/cpb/databases/gpdd
http://www3.imperial.ac.uk/cpb/databases/gpdd
https://www.pwrc.usgs.gov/bbs/
http://mol.org
http://www.issg.org/database/welcome/
http://www.marinespecies.org
http://www.iobis.org
http://eol.org
http://www.algaebase.org
https://www.try-db.org/
http://www.compadre-db.org
http://www.birdpop.org/pages/maps.php
http://www.uv.es/jgpausas/brot.htm
http://genomics.senescence.info/species/
http://esapubs.org/archive/ecol/E090/184/
http://www.fishbase.org/home.htm
http://www.sealifebase.org
http://www.esapubs.org/archive/ecol/E095/178/
http://www.esapubs.org/archive/ecol/E095/178/
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values of ecosystem services, potentially benefiting local 
stakeholders who are unfamiliar with environmental 
economics. Another example is the Global Forest Change 
(http://earthenginepartners.appspot.com), which makes 
it possible for groups without remote sensing expertise to 
visualise and assess the changing status of forest coverage 
in a specific region of interest (Hansen et al., 2013). Although 
such frameworks for increasing the availability of ecosystem 
services data are currently emerging, a comprehensive 
ecosystem services database would require collaboration 
among relevant organisations, including IPBES.

In addition to open data, open tools are also becoming 
increasingly numerous and available. However, it is crucial 
to assist different users in the use of diverse datasets. In this 
regard, it is desirable to expand opportunities for learning 
how to handle different types of data, including online 
learning modules and webinars that can be accessible 
worldwide. Many organisations, universities and research 
institutes now provide various databases; in addition to 
the information regarding the types of available data, they 
could also be encouraged to provide documentation and 
tools on how to use these data (also see Chapter 7). The 
growing appreciation of the need to communicate science 
and access information in all fields is likely to make such 
developments easier.

8.3 IMPROVING MODELS
8.3.1 Basic research to fill thematic 
gaps and build functional linkages

A wide variety of approaches to scenario analysis and 
modelling can now be used to inform the assessment of 
status and trends, to assess future risks, and to evaluate 
policy options (Chapters 3, 4 and 5). Despite recent 
advances in these approaches, there are significant gaps, 
both in the types of models for analysing and forecasting 
different ecological processes (at all levels of organization, 
from individual to ecosystem) and in linkages between 
different types of models.

This section focuses on basic science needs, in other 
words research directed towards the further development 
of theoretical and conceptual underpinnings of ecological 
and social-ecological systems.

Most research of this type is included in the basic science 
research carried out by academic scientists in various 
disciplines. This section gives examples of research that 
would advance scenario analysis and modelling in contexts 
and at scales of interest to IPBES.

BOX 8.4
Examples of good practices in sharing ecosystem services and biodiversity data at the ecosystem level 

A. Biodiversity, ecosystems and environmental databases 
• BISE: Biodiversity information system for Europe; collection 

of databases on biodiversity and habitat types –  
http://biodiversity.europa.eu

• EcoDB numerical data of gas fluxes and micrometeorology 
in agricultural fields, wetlands and grasslands –  
http://ecomdb.niaes.affrc.go.jp

• NOAA National Centers for Environmental Information – 
https://www.ncei.noaa.gov/ 

• Sea Around Us: information about fisheries and fisheries-
related data – http://www.seaaroundus.org

• EDGAR: Emissions Database for Global Atmospheric 
Research – http://edgar.jrc.ec.europa.eu/

• ACP Environmental observatory – http://acpobservatory.
jrc.ec.europa.eu/

• EFDAC: Europe Forest resources database – http://forest.
jrc.ec.europa.eu/efdac/

• TreeBASE: a database of phylogenetic information –
  http://treebase.org/treebase-web/
• Global Land Cover Characterization – https://lta.cr.usgs.

gov/GLCC

B. Ecosystem services and management databases
• MESP Marine Ecosystem Services Partnership: information 

on the human uses of marine ecosystems around the world 
– http://www.marineecosystemservices.org

• Ecosystem-based management tools: information about 
coastal and marine planning and management tools – 
http://www.ebmtools.org

• FAOSTAT: time-series and cross-sectional data relating to 
food and agriculture – http://faostat3.fao.org/

• ESP: The Ecosystem Services Partnership: a database on 
monetary values of ecosystem services – http://www.fsd.nl

http://earthenginepartners.appspot.com
http://biodiversity.europa.eu
http://ecomdb.niaes.affrc.go.jp
https://www.ncei.noaa.gov/
http://www.seaaroundus.org
http://edgar.jrc.ec.europa.eu/
http://acpobservatory.jrc.ec.europa.eu/
http://acpobservatory.jrc.ec.europa.eu/
http://forest.jrc.ec.europa.eu/efdac/
http://forest.jrc.ec.europa.eu/efdac/
http://treebase.org/treebase-web/
https://lta.cr.usgs.gov/GLCC
https://lta.cr.usgs.gov/GLCC
http://www.marineecosystemservices.org
http://www.ebmtools.org
http://faostat3.fao.org/
http://www.fsd.nl
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8.3.1.1 Thematic gaps

There is a need for research that leads to the development 
of new types of models to analyse and forecast ecological 
processes and ecosystem services that have so far not 
been the focus of much research. In this section, we give a 
few examples of these ‘thematic gaps’.

Species interactions and community 
dynamics

Models for performing scenario analyses and projecting 
regional biodiversity dynamics under IPBES will need to 
incorporate species interactions and community dynamics 
(including, for example, trophic interactions and disease 
dynamics). There is already much progress in this area 
in marine systems, especially at the community and 
ecosystem levels (Fulton, 2010). For example, the Ecopath 
with Ecosim (EwE) model (Christensen and Walters, 2004) 
combines trophic relationships, environmental indicators and 
biomass dynamics in the marine environment at a range of 
scales, from local to global. The model also incorporates 
the spatial and temporal dynamics primarily designed for 
exploring the impact and placement of protected areas. It 
can be used to evaluate past and future impacts of fishing 
and environmental disturbances as well as management 
and policy options. The mechanistic General Ecosystem 
Model (Harfoot et al., 2014) is a process-based model that 
facilitates consideration of the ecological implications of 
human activities and decisions on both marine and terrestrial 
ecosystems. The model uses biological and ecological data 
of functional groups to explore the interactions between 
them and with the environment, and to make predictions 
about the ecosystem structure and function, ranging from 
the local to the global scales.

Although there is also much theoretical and empirical 
research on species interactions and disease dynamics 
in terrestrial systems and at the species level, these 
developments have not been translated into predictive tools 
at large temporal and spatial scales (Thuiller et al., 2013). For 
instance, while it is generally acknowledged that much of 
the impact of climate change will be through the disruption 
of existing species interactions and the emergence of new 
ones (Van der Putten et al., 2010), most large-scale models 
that project impacts of climate change on biodiversity 
either exclude such interactions or incorporate them only 
implicitly or under simplifying assumptions (Albouy et al., 
2014). When species interactions are explicitly included 
in predictive models of biodiversity, they are often limited 
to only two or a few species, such as one-predator-one-
prey (Fordham et al., 2013) and predator-prey-pathogen 
(Shoemaker et al., 2014); or they are limited to specific types 
of well-studied interactions such as pollination (Bascompte 
et al., 2006). Part of the reason for this thematic gap is 
that, in the context of projecting the effects of particular 

policy or management actions on specific systems, the 
challenges in community ecology are even greater than in 
the population ecology of single species. In other words, our 
understanding of the dynamics of communities is less than 
that of populations of single species, thus making it difficult 
to develop models that have sufficient skills to directly inform 
policies and management. 

Basic science investments that lead to the incorporation of 
species interactions and community dynamics in scenario 
analysis and modelling at large spatial and temporal scales 
would benefit global and regional IPBES assessments. 
Research needs include large-scale experiments (e.g. 
experimental translocations), long-term and large spatial 
scale monitoring of the effects of conservation or policy 
actions (e.g. monitoring following the establishment of 
protected areas and invasive species control measures), 
and studies designed to translate measurable properties 
(such as a comparison of ecological niche models of 
potentially interacting species) into parameters commonly 
used in theoretical models of species interactions (such as 
interaction coefficients or partial derivatives of population 
growth equations).

Recent studies have attempted to improve the mechanistic 
understanding of the relationship between species 
diversity and ecosystem functioning by using a functional 
group (trait) approach instead of species richness. In 
terrestrial environments, a comparison between a trait-
based approach and a taxonomic approach indicated 
that ecosystem functioning was predicted better by the 
trait composition than by the number or abundance of 
species (Gagic et al., 2015). However, a review of over 
110 experimental studies has shown that richness is 
positively associated with ecosystem function (Cardinale 
et al., 2006). An increase in species richness increases 
the ability of that functional group to exploit and deplete 
resources, such as primary space, food or nutrients, which 
has usually been considered an indication of ‘ecological 
performance’ (Wieters et al., 2012). The diversity of these 
results would suggest that new modelling approaches that 
integrate biodiversity composition and ecosystem function 
are required, to achieve an improved understanding of 
ecological systems and provide more accurate predictions 
of future states and management outcomes.

Early warning of regime shifts

Another research need is the development of practical 
early warning systems to anticipate ecological breakpoints, 
tipping points and regime shifts (Leadley et al., 2014a). 
Although much research has been done on regime shifts in 
ecosystems, there are significant gaps, with the result that 
no practical early warning system for regime shifts (i.e. a set 
of generally agreed-upon measurable indicators) is currently 
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available for adoption by IPBES. While generally agreed-upon 
indicators may be desirable, they may not be possible given 
system specificity. Practical limitations include dependence 
on long-term time-series data (which are not as practical as 
static measures, such as spatial patterns often used at the 
species level), the difficulty of determining critical thresholds 
for a specific ecosystem, the difficulty of predicting the timing 
of the transition and the nature of the altered state. 

At the species level, warning systems based on current 
status and recent trends of populations have been in use for 
decades (Mace et al., 2008), and have been recently tested 
under scenarios of climate change (Stanton et al., 2015). 
At community or ecosystem levels, warning systems based 
on statistical properties of time series – such as increasing 
temporal variance and autocorrelation, and slowdown of 
system recovery from small perturbations – have been 
proposed (Scheffer et al., 2009) and empirically tested 
(Carpenter et al., 2011). For example, Mumby et al. (2013) 
used ecological models and field data to show that coral 
reef systems are likely to have multiple attractors and that 
they can shift to and get stuck in an undesirable (degraded) 
alternative stable state. A promising research direction is 
linking theoretical research on network robustness and 
empirical research on indicators of resilience, which have 
been largely unconnected so far (Scheffer et al., 2012). A 
related, and also promising, research direction is using time-
series data of ecological variables to infer causal drivers of 
ecological change. Regime shifts may be more predictable 
if the underlying ecological processes are understood. 
Methods such as maximum likelihood (Wolf and Mangel, 
2008), convergent cross-mapping (Sugihara et al., 2012) 
and Bayesian model selection (Shoemaker and Akçakaya, 
2015) have been used to infer causes of species decline 
and to separate causality from correlation.

The further development and refinement of existing 
approaches will help advance the use of mechanistic 
models for building early warning systems as well as for 
evaluating the effect of policy options on biodiversity and 
ecosystem services.

Response to variability and extreme events

One critical research need related to regime shifts, at 
both species and ecosystem levels, involves the effects 
of changes in environmental variability and environmental 
regimes, and biodiversity responses to extreme events 
(Zimmermann et al., 2009). In particular, global climate 
change is expected to result in the increased frequency and 
intensity of extreme weather events. 

Predicting the effects of projected weather variability on the 
properties of biological systems (including their persistence 

and variability) requires multidisciplinary collaboration 
among climatologists and ecologists, as well as the 
integration of information from demographic models, 
physiological models and predictions of climatic variability.

Developing models for projecting biodiversity 
indicators 

Many of the currently used or proposed indicators (see 
Section 8.2.1) are useful for assessing current status and 
recent trends of components of biodiversity and ecosystem 
services, but few can be projected into the future. Research 
that links indicators and modelling can fill this gap. 

Such research would allow for the simulation testing of 
indicators to evaluate their reliability and information content, 
which also supports the identification of indicators that can 
be used to not only measure the current status, but also 
to forecast the future state of biodiversity and ecosystem 
services, based on scenario analysis and modelling. One key 
research direction is developing models that can project future 
values of biodiversity indicators for alternative policy options. 
For instance, in marine systems, size-based models generate 
simulated size distributions, abundance and productivity of 
multiple species, which are then used to calculate size-based 
indicators and characterise potential future ecosystem states 
under alternative management options (Blanchard et al., 
2014). Another example is the IUCN Red List threat category, 
a biodiversity indicator of species-level extinction risk, which 
has been projected under scenarios of climate change using 
coupled niche-demographic models (Stanton et al., 2015).

IPBES-relevant scales

Most basic ecological research involves short time periods 
and small spatial scales, which would be relevant to 
short-term scenarios and local scales. However, they may 
not be relevant to the long-term scenarios for the global 
and regional assessments to be undertaken by IPBES. 
There is a need for investment in research on ecological 
processes at the spatial and temporal scales relevant to 
IPBES assessments. This is especially important for regional 
assessments, both because IPBES will undertake them first, 
and because global assessments will need data and model 
support from sub-global assessments to fill knowledge 
gaps. In addition, there is a bias in the taxonomic and 
regional coverage of basic research, with a disproportionate 
amount of research involving the populations of a few 
groups (such as birds and mammals) and focusing on 
certain regions (such as northern temperate regions). There 
is also a need for academic modellers and ecologists to 
become more familiar with applied fields such as forestry, 
fisheries and agriculture, where policy-relevant models have 
been used at scales relevant to IPBES (e.g. Platts et al., 
2008; Blanchard et al., 2012; Kok et al., 2014).
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8.3.1.2 Functional linkage gaps between 
biodiversity, ecosystem services and 
human well-being

There is a research need to develop linkages concerning 
functionality between biodiversity and ecosystem function, 
human well-being and natural systems. 

Coupling social and ecological models

One type of linkage that is needed is between human 
socio-economic systems and natural systems. Improving 
the coupling of the social and ecological components of 
models and scenarios requires well developed, specific 
feedbacks from the ecological to the social systems and 
vice versa (Carpenter et al., 2009; Figueiredo and Pereira, 
2011). Research on these matters requires not only an 
understanding of how people make decisions to enhance 
their well-being, but also an understanding of the context 
in which they make those choices. Moreover, it is important 
to consider whether information about the effects or 
consequences of these decisions is available and, if it is, 
whether it is used in making decisions. These decision 
processes are poorly understood but remain essential. 

Linkages between human and natural systems may have 
complex structures and may form cascades. For example, 
the effect of human activities on the world’s climate is fairly 
well studied. There are also studies on the second link, the 
effects that climate change have on human activities, such 
as shifts in agriculture and urbanisation. The third link is the 
effect of these changes in human activities on biodiversity 
and ecosystem services, compounding the direct effects of 
climate change on natural systems. Other examples include 
the linkages among human population growth, land-cover 
change and ecosystem services (Pereira et al., 2010; Brock 
et al., 2009). Such cascades of causal connections are often 
difficult to predict (Chapman et al., 2014; Watson, 2014). 

Understanding the linkages between the ecological and the 
social components and identifying the underlying feedbacks 
and cascades are vital to understanding the dynamics of 
the coupled system. Understanding how people perceive 
that their well-being is affected by environmental conditions, 
how policies are designed and accepted, and how people 
may change their behaviour as their environment changes 
are essential components of scenario modelling (Perrings, 
2014). Moreover, an understanding of how values vary 
between individuals and groups, how they relate to context 
and scale and how they change with time is crucial for 
assessing nature’s benefits to people and human well-being. 

The modelling communities in the natural and social sciences 
are relatively isolated from each other, and a substantive 
collaboration effort is needed. Model co-design will promote 
intellectual fusion between communities, helping them to 

formalise and integrate different discourses into a consistent 
framework (Rindfuss et al., 2004). Such an effort will 
necessitate overcoming linguistic, epistemological, technical 
and other hurdles between the modelling communities. 
Moreover, in order to increase the policy relevance, including 
problem framing, and the transparency relating to aspects 
such as social justice and equality, modelling and qualitative 
cultural research need to be brought into the conversation.

It is therefore critical to encourage research on the 
coupling of human and ecological systems that focuses 
on these causal chains and feedbacks as well as on other 
relations, and on the scale at which these linkages 
operate, to help modellers make more adequate 
projections of future changes in biodiversity and 
ecosystem services.

Other types of coupling that are needed include those 
between ecosystem types, such as between terrestrial 
and freshwater ecosystems. A greater understanding of 
the functional connectivity within and between terrestrial, 
freshwater and marine ecosystems would help address 
a variety of questions related to ecosystem services, 
for instance in the design of diffuse pollution mitigation 
measures to prevent downstream eutrophication.

Linking biodiversity and ecosystem services

A critical research need involves the functional linkages 
between biodiversity and ecosystem services (Mace et 
al., 2012; Díaz et al., 2007). As the previous chapters 
have emphasised (e.g. see Chapters 4 and 6), only a 
limited number of models attempt to predict the impact 
of ecological changes on human well-being (for some 
examples see Pattanayak et al., 2009 and Bauch et al., 
2015). Furthermore, many models and spatial assessments 
of ecosystem services rely on land cover and other 
biophysical variables such as topography, but have a 
limited treatment of the effect of biodiversity at the species 
and community levels, including much of the regional-
scale work carried out in Europe (Schulp et al., 2014), or 
at the global scale (Karp et al., 2015). There is a need to 
demonstrate the role of biodiversity and ecosystem health 
in underpinning ecosystem services and for reinforcing 
the understanding of the relationships between ecological 
mechanisms and ecosystem services to create realistic 
end products for managers (Wong et al., 2015). One of 
the few well-developed connections is between pollinators 
and human well-being (see IPBES thematic assessment 
of pollinators, pollination and food production). A particular 
challenge is modelling not only the supply or potential 
supply of ecosystem services, but also the service actually 
used or enjoyed by people, which often requires assessing 
the demand for the service and the social preferences of 
communities (Tallis et al., 2012; see IPBES Deliverable 
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3d on the diverse conceptualisation of values). Another 
significant challenge is that existing models are usually one-
way linked, which may not capture the non-linear dynamic 
linkages between different components of biodiversity and 
ecosystem services (e.g. see Chapter 6). 

Developing such integrated models, tools and methods 
will require basic research involving multidisciplinary 
teams of scientists (including economists and social 
scientists, in addition to natural scientists), as well as 
policymakers and other stakeholders (see Section 8.4).

Integrating process-based and correlative 
approaches

Development of the types of functional linkages between 
different types of models of biodiversity and ecosystem 
services discussed above can be facilitated by research 
into process-based (mechanistic) as well as statistical 
(e.g. correlative) relationships.

For example, the analysis of statistical relationships between 
environmental drivers (climate, land-cover) and biodiversity 
components (e.g. species occurrence) allows some predictive 
ability. Such an approach has been successfully implemented 
as ecological niche models and used to project the future 
potential distribution of species in response to environmental 
change (e.g. Guisan and Thuiller, 2005). However, to 
predict beyond current conditions, and to evaluate the 
impact of management and conservation options, a deeper 
understanding of ecological processes is needed. This need 
has led to the development of more mechanistic models 
that incorporate ecological processes such as dispersal and 
demography (e.g. Keith et al., 2008) and the coupling of 
correlative and process-based approaches (Boulangeat et 
al., 2014). Similarly, the development of linkages discussed 
in this section is likely to benefit from coupling correlative or 
statistical methods with mechanistic models of ecological 
and socio-economic processes, such as some of the models 
incorporated in the Integrated Valuation of Ecosystem 
Services and Trade-offs (InVEST) package (Daily et al., 2009) 
or integrated assessment and system models.

Platforms for model linkage

On the technological side of developing these linkages, there 
is a need to encourage the development of models that can 
communicate with (or that can be embedded in) software 
platforms that are designed for linking different models. 

Two main types of such platforms are ‘scientific workflow 
managers’ and ‘integrated environmental modelling 
frameworks’. Both of these approaches allow users to 

assemble and run a system composed of existing simulation 
models that can exchange data at run time. Examples 
of scientific workflow managers include Kepler (https://
kepler-project.org), with applications in areas such as 
ecological niche modelling (Pennington et al., 2007) and 
environmental sensor data analysis (Barseghian et al., 2010); 
VisTrails (vistrails.org), recently applied to habitat modelling 
(Morisette et al., 2013); and Taverna (http://www.taverna.
org.uk), recently applied to mapping potential distribution 
patterns (Leidenberger et al., 2015). The integrated 
modelling frameworks include OpenMI (openmi.org), 
Object Modelling System (www.javaforge.com/project/oms) 
and Metamodel Manager (www.vortex10.org/MeMoMa.
aspx), which have been applied to models of hydrology 
(Butts et al., 2014), sediment transport (Shrestha et al., 
2013), trophic interactions (Prowse et al., 2013) and solar 
radiation (Formetta et al., 2013). An important difference 
between these systems is that the workflow managers are 
mainly designed for the infrequent, unidirectional transfer of 
data among component models, whereas the integrated 
modelling frameworks are designed for among-component 
interactions (i.e. feedbacks) and for the frequent exchange of 
data among modules (e.g. passing key information at every 
time step), thereby allowing two-way interactions between 
two linked models.

Other technological improvements required for integrated 
or coupled models include compatible spatial and temporal 
scales (coverage and resolution; see Chapter 6); data-based 
and region- or system-specific functional relationships; and 
interacting drivers (see Chapter 2).

8.3.1.3 Evolving methodological reviews 
and research prioritisation

Research on many aspects of scenario analysis and 
biodiversity and ecosystem services modelling is 
progressing at a rapid rate. Many of the approaches 
reviewed in this report will be further developed in the near 
future; others may become obsolete. Therefore, there is 
a need to ensure – through ongoing updates and new 
evaluations – that the review of available policy-support tools 
and methodologies for scenario analysis and biodiversity 
and ecosystem services modelling continues to reflect best 
available science. Similarly, there is a need for the ongoing 
prioritisation of research needs. Some of the research and 
development directions and needs identified in this chapter 
will have already matured in the next few years, while others 
will not be pursued, or will be proven to be not beneficial.

Therefore, it is critical that IPBES develops mechanisms for 
research prioritisation, to encourage basic research that 
advances scenario analysis and modelling in contexts and at 
scales that are relevant to IPBES.

https://kepler-project.org
https://kepler-project.org
https://www.vistrails.org/index.php/Main_Page
http://www.taverna.org.uk
http://www.taverna.org.uk
http://openmi.org
http://www.javaforge.com/project/oms
http://www.vortex10.org/MeMoMa.aspx
http://www.vortex10.org/MeMoMa.aspx
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This could be through the IPBES Expert Group on 
Scenarios and Modelling (Deliverable 3c), Conceptualisation 
of Values (Deliverable 3d) and Policy Support (Deliverable 
4c) and the Task Force on Knowledge and Data (Deliverable 
1d), which could make recommendations to research 
funding agencies about the significant gaps that remain 
in our understanding of the fundamental processes that 
are the subject of scenario analysis and modelling used 
in IPBES assessments. Such recommendations would 
benefit from input from policymakers, resource managers 
and planners, both applied and academic natural resource 
modellers and researchers, and ecological, economic and 
social scientists.

8.3.2 Verifying and validating 
models

To be of any use for IPBES and other applications such as 
conservation planning or decision making, models and 
ultimately scenarios need to have a full treatment and report 
of uncertainty, together with a proper and sound validation.

In biodiversity and ecosystem modelling, the heterogeneity 
of data and the range of factors influencing the results mean 
that the tasks of analysis and validation can be complex. 
Model validation covers different approaches and goals, 
but the overall idea is to use a set of criteria to classify 
and identify an acceptable model. Agreement between 
model output and observed/experimental data of any sort 
can be analysed qualitatively using appropriate graphical 
design to visualise model performance. In addition, and 
complementary to visual validation, statistical analyses and 
accuracy tests are pivotal to make model validation and 
model comparisons robust, general and quantitative. Model 
validation (or assessment of model skill) is a growing topic 
area with existing precedents in biophysical, climate and 
weather modelling (e.g. for the Intergovernmental Panel on 
Climate Change (IPCC) see Flato et al., 2013). However, 
there is a lack of standardised terminology and approaches 
to validate biodiversity and ecosystem service models and 
their application for scenario building. IPBES could be the 
driving force to prepare such guidelines, as they are critical 
for users to trust models and scenarios and for developing 
global or regional syntheses. In this development, model 
pedigrees could be highly valuable tools to build trust in 
the output of existing and used biodiversity and ecosystem 
service models. Model pedigree is the measure of 
confidence the research community has in a given model 
and is influenced by factors such as the testing and 
verification of internal model processes; the quality of the 
data used; acceptance and use of the model by a large 
part of the community; applications of the model to a wide 
variety of cases, questions and taxa; the transparency and 
documentation of the model structure, assumptions and 

functions; and the scientific and technical credibility of the 
model developers. 

A model may be general (can be useful in many different 
situations), realistic (parameters and variables are based 
on true cause-effect relationships) and precise (accurate 
quantitative output), but it is impossible to have a perfect 
model that can maximise all three of these attributes 
simultaneously (Levins, 1966). Models are often built to 
gain a deeper understanding of the interactions between 
system components and to respond to questions about the 
functioning of the systems (thus increasing ‘reality’). Hence, 
the limitations of a model need to be assessed from the start 
and adequately communicated to the stakeholders who 
will be using the outputs. There is a need for appropriate 
guidelines for validation that could be applicable to a large 
range of biodiversity, ecosystem process and ecosystem 
service models. The difficulty in creating such protocols is that 
the variety of existing models is large and will require different 
strategies. The Expert Group on Scenarios and Modelling 
could be the leading force for such standardisation. 

There are several issues modellers and users should 
consider when validating a biodiversity or ecosystem service 
model and associated scenarios.

The goal of the validation: There are several ways of 
validating a model and the appropriate approach depends 
on the overall purpose of the validation. The purpose of 
validation should therefore always be clearly defined and 
reported since the subsequent tests, whether they are 
qualitative or quantitative, will be linked to that specific 
validation purpose. The output of the validation procedure 
gives important feedback to the modeller on how the 
models could be improved, but also to the end users on 
whether the model can be used, or with what confidence it 
can be used for a specific purpose. In biodiversity modelling, 
one may want a model that correctly predicts the equilibrium 
range of a species, in which case a visual inspection of 
observed and predicted maps and associated statistics 
would be sufficient. However, such a validation procedure 
will not give any information to the end user or stakeholder 
on the ability of the model to simulate the transient dynamics 
of species in response to a given environmental change. For 
such purposes, modellers require dynamic models and time 
series of data for validation.

Model and scenario comparison: Model and scenario 
comparisons should also be part of the validation 
procedure. For any given phenomena, several alternative 
models and scenarios can be developed, for instance at 
different levels of complexity. Comparing several models 
or scenarios built or calibrated for the same system and 
purpose allows us to: (i) understand their respective 
behaviour, (ii) choose the best one if needed, (iii) understand 
the effects of structural uncertainty on model outputs, (iv) 
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average the models, or (v) build an ensemble forecast to 
visualise and apprehend the overall variation of the models 
and scenarios given the data and system (Araújo and New, 
2007). Species range modelling is one of the areas in which 
statistical models and process-based models of increasing 
complexity can be benchmarked against observed data. 
Cheaib et al. (2012) compared eight different species 
distribution models, from purely statistical models to highly 
complex individual-based models, under current and future 
conditions. While varying the effects of environmental 
drivers, they singled out the assumptions made, the 
drawbacks therein, and the ability of these models to project 
the potential distribution of species (Cheaib et al., 2012). 
Although such evaluations and comparisons have been 
done in a number of studies for modelling the distribution 
of species (Kearney et al., 2010; Morin and Thuiller, 2009), 
of dynamic vegetation processes (Cramer et al., 2001), or 
of resulting ecosystem services (Bagstad et al., 2013), we 
argue that the systematic comparison of different models 
and scenarios and the building of model ensembles to 
project both trends and uncertainties should be a golden 
standard, as is currently the case in climate change 
research. Such comparisons, together with an analysis of 
uncertainties, are critically important if the outputs of such 
models are to be used for decision making or conservation 
planning. Ensemble modelling or ensemble forecasting is the 
appropriate method in this regard if paired with appropriate 
validations and a formulation of uncertainty. 

Model predictions and scenarios: Most biodiversity and 
ecosystem services models are built to provide predictions 
based on scenarios, for instance under changing climate 
and land use. As such, these predictions can be compared 
with expert knowledge, experimental data, observed data 
and virtual data. A plethora of approaches and statistical 
techniques exist (e.g. residual mean square errors) and 
have already been thoroughly compared and discussed. 
Clear predictions, using robust statistical methods, and 
the generation of enough data (either experimental or 
observational), are pivotal elements for reaching the level of 
quality needed for validation. Biodiversity and ecosystem 
services models are often subject to data limitations 
because of the difference between the scale of prediction 
and the scale of measurement. For instance, most dynamic 
vegetation models use growth curves that are calibrated 
over dozens of individuals (e.g. trees) measured in situ 
with precise climate measurements. These curves are then 
extrapolated over large spatial scales and with resolutions 
such as 20x20 km for which climate is highly smoothed. The 
outcome can then no longer be directly compared with the 
growth of single individual trees. To overcome this limitation, 
cross-scale validation has been proposed (using data 
generated at a finer scale to validate models built for a larger 
scale). But even here, the question of interchangeability of 
processes between scales has not been truly addressed 
(Morozov and Poggiale, 2012). 

Predictions involving future conditions pose special problems 
for validation, since the temporal scales are such that we 
often cannot test the validity of models in the future, which 
could be populated with previously unobserved phenomena. 
In this regard, biodiversity and ecosystem service models 
can be considered validated if they successfully predict 
past events (retrospective testing; e.g. Brook et al., 2000). 
However, the probability of making meaningful projections 
decreases with the length of the time period into the future.

A continuous exchange of validation data among developers 
and test teams should either ensure a progressive validation 
of the models with time, or highlight the need for updated 
interpretations of the analysed system (population, 
ecosystem, community or landscape). To this end, spatially 
and temporally dynamic models of biodiversity or ecosystem 
services must be validated against monitoring data. 

8.3.3 Managing uncertainty in 
models

Linguistic and scientific uncertainty in models can be 
reduced by developing new technical approaches and by 
engaging stakeholders and local populations in the model 
development process.

With the rise of statistical and mechanistic predictive 
models of biodiversity and ecosystem services, quantifying, 
incorporating and propagating uncertainty have become key 
issues. Regan et al. (2002) recognised two main types of 
uncertainty in environmental science: scientific (also called 
epistemic) and linguistic (Table 8.2). As seen in Chapter 4, 
scientific uncertainty relates to the knowledge of the system 
and includes data bias and limitations, structural uncertainty, 
parameter uncertainty, extrapolation and interpolation, while 
linguistic uncertainty comes from the vague, ambiguous, 
imprecise and context-dependent vocabulary. The definition 
of a species as a unit and its general use is one simple 
example, and the word biodiversity is another. Although 
integrating linguistic uncertainty is not new in conservation 
biology where policy and decision making are part of the 
process, it is generally ignored in most cases, and only 
scientific uncertainty is considered. 

A model is as good as the assumptions behind its 
construction, in other words, what is accepted as true or as 
certain to occur. Structural uncertainty is a key consideration 
when sub-models or assumptions are likely to be wrong 
or uncertain (see Chapter 4) and can be addressed using 
validation (Section 8.3.2) and by using multiple models with 
alternative structures.

Data are essential for developing conceptual models that 
will later translate into quantitative or qualitative models, and 
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also for calibrating and evaluating those models. When the 
information is incomplete, unreliable, imprecise, fragmented, 
contradictory or in any way deficient, it is fundamental that 
stakeholders understand that even a simple model based 
on very general data can be useful for providing insight into 
the possible effects of different alternatives. In addition, 
there are diverse mathematical or statistical techniques 
that can deal with information deficiencies, including fuzzy 
inference systems and uncertainty-based information theory 
(Klir and Bo, 1995; Cao, 2010). One advantage of fuzzy 
inference systems is that they allow for the incorporation of 
qualitative information that local experts and stakeholders 
may volunteer to provide. This information may then 
be integrated into a more rigorous framework of model 
construction. Qualitative reasoning helps in the construction 
of knowledge models that capture insights from domain 
experts about the structure and functioning of the system 
(Recknagel, 2006). Artificial neural network models may also 
be helpful in situations in which a response variable should 
be estimated or its behaviour predicted as a function of one 
or several predictor variables. Artificial neural network models 
have been conceptualised as non-parametric statistical 
techniques because they do not require the fulfilment of the 
theoretical assumptions of parametric statistics. They are 
also considered as non-linear regression techniques.

The input data for biodiversity and ecosystem services 
models and scenarios are often uncertain and specified as 
a range of values or as statistical distributions. Uncertainty 
analysis aims to quantify the overall uncertainty of model 
results in order to estimate the range of values that the 
output could take (Regan et al., 2002). In recent years, there 
has been an increasing interest in uncertainty analyses, 
partly motivated by the goal of keeping imperfect data in 
data-poor model environments instead of discarding them. 
Uncertainty and dependence modelling, model inferences, 
sampling design, screening and sensitivity analysis and 

probabilistic inversion are among the most active research 
areas (Kurowicka and Cooke, 2006). To date, despite 
few positive examples and the awareness that different 
algorithms are likely to result in different projections, 
biodiversity and ecosystem services models are too often 
used without the clear reporting of the underlying uncertainty 
in parameter estimation or the uncertainty resulting from the 
input data (see Section 4.6.1).

The better integration of statistical analyses into the 
parameter estimation of mechanistic models could 
foster the appropriate characterisation and reporting of 
uncertainty. Promising approaches for doing so include 
inverse modelling or Bayesian computation, which produce 
a probability distribution of the estimated parameters (the 
posterior distribution) that are relevant for the reporting 
of uncertainty (Hartig et al., 2012). So far, however, a full 
treatment of uncertainty has been considered too time-
consuming and complex to be achieved in biodiversity 
and ecosystem services models, and the full integration 
and partitioning of the uncertainty originating from different 
sources (such as climate or land-use models) is difficult 
to achieve. To meet this challenge, there is a need for 
mathematical, statistical and computational skills that 
extend beyond the range of standard ecological expertise, 
and that include novel techniques mixing deterministic 
and random concepts that are usually considered as 
independent skills and expertise. For instance, Bayesian 
calibration, comparison and averaging can be used in 
biodiversity and ecosystem service models to be used 
in IPBES assessments. These methods require the 
capacity to integrate process and parameter uncertainty 
and incorporate prior, even qualitative, knowledge. These 
approaches have mostly been tested with forest-gap 
models (Van Oijen et al., 2011, 2013), but they could 
certainly be extended to many other types of biodiversity 
and ecosystem service models.

TABLE 8.2
Sources of uncertainty and potential treatment (Modified from Elith et al., 2002 and Regan et al., 2002. A taxonomy and treatment of 
uncertainty for ecology and conservation biology. Copyright © 2002 by John Wiley Sons, Inc. Reprinted by permission of John Wiley & Sons, Inc)

Source of uncertainty General treatments

Scientific 
uncertainty

Measurement error Statistical techniques; use of intervals

Systematic error Recognize and remove bias

Natural variation Probability distributions, intervals

Inherent randomness Probability distributions

Model uncertainty Validation, revision of theory based on observation, discussion with end-user, 
prediction

Subjective judgment Degree of belief, imprecise probabilities

Linguistic 
uncertainty

Numerical vagueness Sharp delineation, fuzzy sets, rough sets, superevaluations

Non-numerical vagueness Use multidimensional measures than treat them as numerical

Context dependence Specify context

Ambiguity Clarify meaning

Indeterminacy in theoretical terms Make decision about future usage of term when need arises

Underspecificity Provide narrowest bounds
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Pragmatic approaches are encouraged, for instance by 
sub-sampling alternative climate projections for the same 
scenario to obtain a basic representation of the uncertainty; 
or by considering that parameters in mechanistic models 
should not be fixed to one value but rather sampled from 
probability distributions representing uncertainty. While 
climate research has been producing such ensemble 
projections for some time (e.g. the World Climate Research 
Programme’s (WCRP) Inter-Sectoral Impact Model 
Intercomparison Project (ISI-MIP)), this is not often done in 
biodiversity models (e.g. land-use models). This situation 
poses serious challenges when modellers have an ensemble 
of climatic data and only a few discrete scenarios of land use 
as input for deriving biodiversity scenarios into the future. 

8.4 IMPROVING 
SCENARIOS AND POLICY 
SUPPORT
Scenarios play a major role in assessments by helping 
decision makers explore the impact of a broad range of 
policy options and socio-economic pathways on biodiversity, 
ecosystem services and human well-being. Quantitative 
models are one of the main tools used in scenarios to 
assess such impacts. In this section, we identify areas for 
improving scenarios in biodiversity and ecosystem services 
assessments at each step of the scenario development 
iterative cycle (Figure 8.1). We first examine how best to 
engage stakeholders in scenario development. Next, we 
discuss how to improve the links between models and policy 
options in scenarios. We then examine how the results of 
scenarios can be better communicated to policymakers 
and other stakeholders and, finally, we propose avenues for 
improving the impact of scenarios in decision making.

8.4.1 Engaging stakeholders and 
identifying policy needs

Identifying and engaging stakeholders in the scenario 
development process is essential to identify policy options. 
Encouraging stakeholders to participate in models and 
scenarios from an early stage fosters mutual understanding 
and trust and empowers participants with respect to the 
assessment goal. A key policy issue is to manage trade-offs 
and also opportunities for synergies between biodiversity 
conservation, food security and livelihoods across 
contrasting social-ecological regions.

‘Stakeholders’ are any individuals, groups or organisations 
that affect, or could be affected by (whether positively or 
negatively), a particular issue and its associated policies, 

decisions and actions (Grimble and Wellard, 1997; Lucas 
et al., 2010). ‘Actors’ are active stakeholders who influence 
the process, while ‘users’ are stakeholders who use the 
products of an assessment, such as decision makers. The 
early engagement of stakeholders in scenario development 
is crucial to enhance the legitimacy, salience and credibility 
of an assessment (Cash et al., 2003; UNEP et al., 2009). 
Legitimacy means that the relevant stakeholders are 
included in the assessment and perceive the process as 
unbiased and meeting standards of political and procedural 
fairness (Cash et al., 2003; UNEP et al., 2009; Lucas et 
al., 2010; TEEB – The Economics of Ecosystems and 
Biodiversity, 2013). Salience means that the assessment 
must be relevant by addressing problems relevant to the 
users (instead of, for instance, questions mainly relevant 
to the researchers), and that it takes into account the 
ecological, governance or legal context of the issues. 
Credibility means that the stakeholders are willing to accept 
the results of the assessment. 

As the number and/or variety of stakeholders increases, 
conflicts of interest are more likely to occur, especially with 
regard to the engagement of private sectors (Hochkirch 
et al., 2014). The inappropriate selection of stakeholders 
causes loss of legitimacy by excluding agents of interest 
groups, and decreases relevance and credibility. ‘User needs 
assessment’ and ‘stakeholder analysis’ are recommended 
methods to adopt at the beginning of the assessment for 
this purpose (Hesselink et al., 2007; Grimble and Wellard, 
1997). Stakeholder analysis is especially useful to ensure 
that under-represented categories are included, such as 
the ‘chronic absentees’ or ‘hard-to-reach’ stakeholders 
(Padovani and Guentner, 2007). Stakeholder analysis can 
be structured according to five steps: (1) define the context 
affected by a decision or action (see Section 2.2), (2) identify 
all stakeholders at the different scales of the assessment, 
(3) identify their interests, (4) differentiate and categorise the 
stakeholders, and (5) investigate the relationship between 
stakeholders. In identifying and recruiting stakeholders, 
transparency of the process should be maintained such 
that all stakeholders have the opportunity to be heard and 
to participate (TEEB – The Economics of Ecosystems and 
Biodiversity, 2013).

A range of participatory methods and tools have been 
proposed to engage stakeholders in co-designing scenarios 
(Box 8.5). Participatory scenario development can be used 
to improve the transparency and relevance of policymaking, 
by incorporating the demands and information provided 
by each stakeholder, and to negotiate outcomes between 
stakeholders. Models allow for the comparison of multiple 
options and the easy substitution of alternative assumptions, 
while also making trade-offs and potential conflicts of 
interests between stakeholders explicit (TEEB – The 
Economics of Ecosystems and Biodiversity, 2013). Cultural 
diversity among stakeholders, including indigenous and local 
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communities, may bring up multiple possible interpretations 
of a situation (Sections 2.2.1 and 7.4.3; Brugnach and 
Ingram, 2012). Stakeholder interactions become essential 
to create a shared understanding of a situation. In this way, 
decision choices become the direct product of shared 
rules, agreements and practices developed from working 
together (Section 5.3; Brugnach and Ingram, 2012). Hence, 
research efforts need to be oriented towards integrating and 
producing knowledge in an inclusive manner. 

A key policy issue is how to manage trade-offs and 
opportunities for synergies between biodiversity 
conservation, food security and livelihoods across 
contrasting social-ecological regions. In particular, the 
research community needs to: i) identify the nature of these 
trade-offs and synergies across social-ecological systems 
and regions of the world; ii) identify the key ecosystem 
services that are at stake in these trade-offs; iii) identify 
the biophysical and societal drivers that contribute to 
exacerbating the trade-offs and those that contribute to 
reducing them; and iv) identify opportunities for synergies 
between biodiversity conservation, food security and 
livelihoods that are most suitable for particular social-
ecological contexts (Klapwijk et al., 2014; Smith et al., 2013; 
McCarthy et al., 2012).

Local communities and indigenous peoples have a wealth 
of traditional knowledge and are valuable sources of 
information (see Sections 4.2.3 and 7.3.2; Pert et al., 2015). 
In these communities, the knowledge of the ecosystems 
and their resource use and conservation practices are 
related to cultural aspects and religious beliefs (Section 

7.4.3; Gadgil et al. (1993). This means that people in these 
communities may not trust persons outside their community 
sufficiently to share their knowledge. Overcoming this 
requires the development of participation channels through 
the work of anthropologists and social scientists, and efforts 
should be made to systematically gather and organise such 
information. There are some lessons to be learned from 
climate science and efforts to include traditional ecological 
knowledge in mitigation and adaptation strategies (Dewulf 
et al., 2005; Smith and Sharp, 2012; Brugnach et al., 
2014). IPBES Deliverable 1c is set to provide guidance 
on procedures, approaches and participatory processes 
for working with ILK systems, while IPBES Deliverable 
1c considers different approaches as well as procedures 
for working with ILK in assessments of biodiversity and 
ecosystem services. It is clear that research is needed on 
developing robust methods to elicit ILK that is, in many 
situations, key to the development of models and scenarios 
(Hesselink et al., 2007). 

8.4.2 Linking models to policy 
options in scenarios

Short-term scenarios can be used to assess policies that act 
on direct drivers. Long-term scenarios are needed to assess 
policies that act on indirect drivers or to assess long 
trajectories of direct drivers. Regional IPBES assessments 
can use short-term scenarios or existing long-term socio-
economic scenarios, while the global IPBES assessment 
could foster a new generation of long-term scenarios.

BOX 8.5
Participatory scenario development

Participatory scenario development allows for the integration 
of stakeholders’ values and visions in the scenario formulation 
as well as in the framing of scenario assumptions (Börjeson et 

al., 2006; Shaw et al., 2009; Forrester et al., 2015). There are 
different approaches for implementing participatory scenarios, 
ranging from time-demanding truly bottom-up processes 
of storyline development (Carvalho-Ribeiro et al., 2010; 
Sheppard, 2005) to more expedited approaches such as 
‘confronting’ stakeholders with a storyline already developed 
as a prompt for discussion (Van Berkel et al., 2011). 
Independent of the method used, stakeholders must have the 
opportunity to represent their own interests and knowledge in 
the scenario storylines in such a way that they feel rewarded 
by their engagement in the scenario development process 
(Flyvbjerg, 2001). Because, in general, stakeholders can judge 
trade-offs and assess the ways in which land change affects 
their livelihoods, participatory scenarios can play an important 
role in addressing the linkage gaps between biodiversity, 

ecosystem services and human well-being (Section 8.3.1.2). 
Local and regional stakeholders can also provide insights 
into the role of spatial variation in the delivery of multiple 
ecosystem services (Van Berkel et al., 2011). Participatory 
scenarios are therefore particularly well suited for gaining a 
richer understanding of trade-offs among possible biodiversity 
futures (Carpenter et al., 2006). Despite wide agreement on 
the advantages of participatory processes, there are also 
shortcomings related to the effects of ‘powerful’ stakeholders 
who may strongly influence participatory processes. 
Implementing participatory scenarios also requires time for 
resolving conflicts, to account for possible shifts in policy and 
economic conditions as the participatory process evolves. 
One of the tools that has proven useful for comprehensive 
stakeholder engagement is visualisation techniques (Vervoort 
et al., 2010; Appleton and Lovett, 2003), which can improve 
communication efficacy by ensuring that everyone is operating 
in the same context (see Section 8.4.3.1).
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Scenarios can be developed using a variety of approaches 
(Kok et al., 2011; Alcamo, 2001) and can be categorised 
in two broad classes: exploratory scenarios and policy 
intervention scenarios (Sections 1.3.2 and 3.2.2). In 
exploratory scenarios, the analysis starts in the present 
and different plausible future trajectories are explored by 
stakeholders, often across major axes of uncertainty on 
social-ecological dynamics, and using associated narratives 
for the unfolding of events from the present to the future 
(Kok et al., 2011; Alcamo, 2001). Exploratory scenarios are 
often associated with the problem identification stage of 
the policy cycle (Section 3.2.2), and examples include the 
MA and the IPCC Special Report on Emissions Scenarios. 
In policy intervention scenarios, the goal is to assess how 
specific policy interventions will change the social-ecological 
trajectories or futures (Van Vuuren et al., 2012b). These 
can be further divided into target-seeking scenarios and 
policy-screening scenarios. In target-seeking scenarios, 
stakeholders agree on a desirable future and then perform 
a backcasting analysis to identify policy interventions that 
may lead to the target future (Kok et al., 2011). For example, 
the Roads from Rio+20 scenarios (Van Vuuren et al., 2012a) 
defined a vision for biodiversity in 2050, then examined three 
pathways, each with its own set of policy options, that can 
lead to that vision. In policy-screening scenarios, a policy, 
or set of policies, is applied and an assessment of how the 
policy modifies the future is carried out. For instance, the 
Rethinking Global Biodiversity Strategies scenarios (Ten 
Brink et al., 2010) consider a set of policy options aimed at 
reducing biodiversity loss, such as an increase in protected 
areas, changes in diet and improved forest management. 
The effects of implementing those options on biodiversity 
are then assessed over time.

Exploratory scenarios foster creative thinking and the 
exchange of viewpoints between different stakeholders, 
but do not always provide clear actions for implementation 
by decision makers to reach desirable outcomes. Policy 
intervention scenarios are more likely to provide clear policy 
pathways but have been criticised for being value-laden. 
Some scenario exercises have tried to combine elements 
of both approaches (Kok et al., 2011). The scenarios used 
in the 5th Assessment Report of the IPCC defined plausible 

relative concentration pathways of greenhouse gases to 
achieve different target levels of radiative forcing for the end 
of the century (Moss et al., 2010; Van Vuuren and Carter, 
2014). Then, emission pathways and a range of exploratory 
socio-economic pathways (SSP) were developed (Van 
Vuuren and Carter, 2014).

Scenarios can also be classified according to their temporal 
horizon into short-term (e.g. up to a decade) and long-
term (decades to a century), addressing different policy 
development needs (Leadley et al., 2014b). Long-term 
scenarios are useful for assessing policies that act on 
indirect drivers, such as population growth, with dynamics 
that play out over large time scales and which impact 
direct drivers, such as land-use change. For instance, a 
change in fertility rates today will have the most noticeable 
demographic impacts in a generation. Those changes will 
then impact the long-term future trajectory of land-use 
requirements to feed the population, which in turn will 
impact biodiversity and nature’s benefits over those long 
time scales (Pereira et al., 2010). In some instances, it is the 
biophysical system that has slow dynamics or time lags. 
For instance, the dynamics of the climate system are so 
slow that only long-term analysis can provide meaningful 
projections of the climate impacts of current policy changes 
in fossil fuel use (see Table 8.3).

We can envision two different approaches to developing 
long-term scenarios in IPBES assessments (Table 8.3). One 
approach is to develop novel socio-economic scenarios 
and carry out the complete modelling cycle from indirect 
to direct drivers, to biodiversity and finally to ecosystem 
services (Pereira et al., 2010). The socio-economic 
scenarios could be developed around uncertainties on 
drivers that are relevant to biodiversity and ecosystem 
services (corresponding to exploratory scenarios), or 
with specific policies on indirect drivers with impacts on 
biodiversity and ecosystem services, including those related 
to SDGs (corresponding to policy intervention scenarios). 
This approach would be feasible for global assessment, 
but the scenario development would probably start before 
the beginning of the global assessment as the full scenario 
development cycle can take up to five years, a bit longer 

TABLE 8.3
Policy applications and development pathways for long-term and short-term scenarios

Type of scenario Policy application Options available for development

Long-term scenarios a.  Assessing policies that act on indirect 
drivers

b. Exploring possible futures

i.   Use existing indirect driver and/or direct drivers scenarios, and project 
impacts on biodiversity and ecosystem services. Feasible for regional 
assessments

ii.  Develop scenarios for indirect drivers associated with uncertainties 
or specific policies and carry out full modelling cycle. Feasible for the 
global assessment

Short-term scenarios Assessing short-term policies on direct 
drivers

Model direct driver impacts on biodiversity and ecosystem services 
under different policies. Users may only want to know endpoints, not the 
trajectories
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than the length planned for a global assessment. This 
approach would also allow for the closing of the feedback 
loop from ecosystem services to human well-being to 
indirect drivers in the scenario development (Pereira et 
al., 2010).

A simpler and faster approach that could be used by 
regional assessments is to resort to existing long-term 
scenarios for indirect drivers or socio-economic pathways 
(e.g. MA, IPCC SSP). Policies to be assessed could be 
matched to the different pathways (e.g. a policy promoting 
low fertility could be matched with an MA or IPCC scenario 
where fertility is low). In some cases, existing projections 
of direct drivers (e.g. land-use change or climate change) 
associated with those pathways can be used to assess 
impacts on biodiversity and ecosystem services using 
models or expert knowledge and downscaling techniques 
(Sleeter et al., 2012; Walz et al., 2014). Downscaling existing 
global projections to the regional scale can improve the 
spatial resolution of the projections and their relevance for 
the analysis of biodiversity impacts and decision support 
(Section 6.4.1).

Short-term scenarios can also be useful for assessing how 
policies on direct drivers affect biodiversity and ecosystem 
services in the short term (Leadley et al., 2014b). Short-
term scenarios do not require modelling the temporal 
dynamics of indirect drivers or of their impacts on direct 
drivers. Instead, they use simple projections of direct 
drivers under different policies or actions (corresponding to 
target-seeking or policy-screening scenarios) and assess 
alternative futures for biodiversity and ecosystem services. 
Trajectories can be irrelevant as users may only want to 
know the endpoints of direct drivers and to assess their 
impacts on biodiversity and nature’s benefits. Short-term 
scenarios can use optimisation tools to find the best actions 
to achieve a given target, models to assess the biodiversity 
and ecosystem services consequences of different land-use 
configurations, or simple statistical extrapolations under 
different policies. For instance, in systematic conservation 
planning, optimisation tools are used to find the minimum 
number of protected sites needed to achieve a given target 
scenario for biodiversity conservation (Sarkar et al., 2006). 
Ecosystem service models can be used to assess the 
impacts of short-term land-use scenarios on ecosystem 
services (Nemec and Raudsepp-Hearne, 2013). Short-term 
land-use scenarios can be developed through participatory 
exercises, using maps, photographs and Geographic 
Information System (GIS) tools (Carvalho Ribeiro et al., 
2013; Van Berkel et al., 2011). Finally, simple extrapolations 
for future values of biodiversity or ecosystem services 
indicators under a specific action relative to current trends 
can be made (Leadley et al., 2014b). This range of short-
term scenario techniques can be useful for global, regional 
and sub-regional assessments.

8.4.3 Improving the 
communication of results

The effective communication of model limitations, 
assumptions and uncertainties, as well as the implications of 
model outputs, especially probabilistic ones, is essential for 
the constructive use of models in decision making.

8.4.3.1 Understanding model outputs 
and limitations in their scope

Model results need to be understood within the context 
of the data and the assumptions. Keohane et al. (2014) 
identified five plausible principles to guide communication: 
honesty, precision of scientific findings, audience relevance, 
process transparency, and specification of uncertainty about 
conclusions. It is particularly important that the process 
of constructing a dialogue between scientists/modellers 
and stakeholders/decision makers explicitly involves 
communicating the weaknesses that inevitably appear 
regarding present knowledge and the way in which it can be 
used. Being clear about what the shortcomings are should 
permit an increase in confidence between interlocutors.

Making it clear to users what the uncertainties in the output 
are, what the implications are, and also all that is not 
implied (Janssen et al., 2005), may have a deep effect on 
the decision-making process. When users participate in the 
scenario and model development, they are able to better 
comprehend the relative value of the output and its meaning 
because of their previous understanding and involvement 
in the process. However, if the intended audience was not 
engaged in the model construction process, much more 
attention needs to be given to communicating the outputs 
in a way that minimises misinterpretation and that does 
not generate confusion or mistrust. In all cases, the results 
need to be presented in a clear, consistent and precise 
way, giving preference to graphic forms or to tables that 
summarise the main points. 

New technologies in computer science and design have 
made it easier to represent information on processes and/
or data in a graphical form, creating a visual image – usually 
a chart or diagram but also video clips, movement effects 
and interactive visualisations. These can be efficient means 
of communicating complex concepts in a clear and simple 
way, particularly among actors with different cultural 
backgrounds. Although scientists usually use sketches 
and graphs to explain ideas and results in their work 
environment, they do not normally have any training on 
how to use these visualisation techniques to better report 
findings to a wider, less specialised audience (McInerny, 
2013; McInerny et al., 2014). Infographics and visual 
representations could be valuable tools to be used from 
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the very beginning of the iterative process of scenarios and 
model construction and assessment involving scientists 
and stakeholders, facilitating the understanding of complex 
processes and identifying uncertainties, and thus building 
confidence and empowering participants. Moreover, the 
planning of final visual outputs can be embedded into 
the development and production stage of modelling and 
scenario activities. 

The process of constructing models, proposing scenarios 
and analysing them as a means of learning in advance 
about the effects and implications of policies on biodiversity 
and ecosystem services is not only a technical matter. 
The whole process is embedded in the cultural setting of 
the societies that are part of those ecosystems and that 
use their resources. Communicating effectively with these 
stakeholders requires the participation of interdisciplinary 
professionals with diverse skills and broad intellectual 
capabilities, in particular social scientists who understand 
the institutions and the social structure in the region, helping 
modellers to notice relevant issues, but who can also 
contribute to helping society better understand and solve 
environmental problems. The Task Forces on Capacity 
Building and on Indigenous and Local Knowledge could 
consider the proper ways to train and involve interdisciplinary 
professionals in these communication processes.

8.4.3.2 The importance of communicating 
uncertainty

A critical challenge in communicating the results of scientific 
research arises when those results contain uncertainties. 
It is highly important that the various types of uncertainties 
that will necessarily appear in the modelling process, as 
well as in the scenario analysis, be clearly communicated 
to all stakeholders and decision makers so that there is 

full understanding of the relative weight of the output, the 
implications and the risks involved. Uncertainties need to 
be set in the context of the key messages that are being 
conveyed, and the implications of the uncertainties need to 
be explained. It may also be important to offer information on 
how the uncertainties can be treated or dealt with. However, 
decisions can be made even when gaps in information 
appear, data are not totally reliable, or ample variability is 
observed and risks are identified (see Section 8.3.2).

Recent experience, mostly related to the communication 
of uncertainties related to climate change (Box 8.6) or 
to potential pandemics, has opened the way to a more 
systematic analysis of how people perceive the uncertainty 
inherent in scientific research. These problems have 
captured the attention of both climate and social scientists 
(Janssen et al., 2005; Handmer and Proudley, 2007; 
Kloprogge et al., 2007; Pidgeon and Fischhoff, 2011). 
Research communities have emerged in which people from 
different fields, such as climate and environmental scientists, 
historians, social scientists and philosophers, examine 
issues of uncertainty with respect to global environmental 
problems with the purpose of improving the capacity to 
discuss and weigh related policy recommendations.

The IPCC has provided guidance on the consistent 
treatment of uncertainties in a unified language (Mastrandrea 
et al., 2010; https://www.ipcc.ch/pdf/supporting-material/
uncertainty-guidance-note.pdf), consisting of two metrics 
for communicating the degree of certainty in key findings. 
Firstly, theory, data, models and expert judgment can 
be presented qualitatively in terms of confidence in their 
validity (‘limited’, ‘medium’, or ‘robust’) and in terms of the 
degree of agreement (‘low’, ‘medium’, or ‘high’). Secondly, 
uncertainty in a finding can be expressed quantitatively, in 
terms of probabilities. Following the ‘Guide on production 
and integration of assessments from and across all 

BOX 8.6
An example of the importance of communicating uncertainty in a science-policy interface

Keohane et al. (2014) focused on the ethics of communication 
between scientists and policymakers on issues such as 
climate change. As a case study, they analysed the treatment 
of possible sea-level rise as a result of the melting of ice sheets 
in Antarctica and Greenland in the 4th Assessment of the IPCC. 
Sea-level rise can be projected using computer simulations 
of global climate models and by focusing on three processes: 
thermal expansion of the oceans, mountain glacier melt, and 
ice sheet disintegration via melting and dynamical loss (or the 
sliding of ice sheets into the ocean). Sliding is considered the 
major contributing factor in Antarctica; however, scientists did 
not have models to estimate future changes in sliding which 

resulted in a high degree of uncertainty in the projections. 
The IPCC Working Group I assessing the physical scientific 
aspects of the climate system and climate change (IPCC, 
2007) gave an uneven treatment to this third factor relative 
to the other two, creating confusion with projections lacking 
clarity and transparency. This led to significant differences in 
the estimation of sea-level rise to be used in infrastructure 
planning by coastal communities, making it difficult to take 
practical, long-term steps under a risk-based approach. It 
can also be noted that Working Group I and Working Group 
II (assessing impacts, vulnerability and adaptation) chose 
different approaches to dealing with uncertainty.

https://www.ipcc.ch/pdf/supporting-material/uncertainty-guidance-note.pdf
https://www.ipcc.ch/pdf/supporting-material/uncertainty-guidance-note.pdf
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scales’ (IPBES Deliverable 2a), IPBES assessments are 
encouraged to express their findings using a four-box model 
of confidence based on evidence and agreement that 
gives four main confidence terms: ‘well established’ (much 
evidence and high agreement), ‘unresolved’ (much evidence 
but low agreement), ‘established but incomplete’ (limited 
evidence but good agreement) and ‘speculative’ (limited or 
no evidence and little agreement).

8.4.3.3 The need to improve the 
communication of probabilistic results

All biological dynamical systems evolve under stochastic 
forces. In a stochastic or random process there is some 
indeterminacy, which is a third type of uncertainty differing 
from scientific and linguistic uncertainty. Even if the initial 
condition or starting point is known, there are several 
directions in which the process may evolve. Translating 
the meaning of output from stochastic models to persons 
without professional or specialised knowledge in the subject 
often generates confusion because there is a whole set 
of possible outcomes and the results are given in terms 
either of averages or probabilities. As mentioned earlier, and 
depending on the context, it is advisable to use multiple 
models of differing complexities and types to compare the 
outputs and help comprehend their meaning.

Information involving probabilities is often susceptible 
to bias and misinterpretation, as people have different 
perceptions of what is really meant. For instance, different 
levels of comprehension of weather forecasts given in 
probabilistic terms were detected depending on gender 
and age (Handmer and Proudley, 2007). Social and cultural 
factors may influence the interpretation of the probability 
of occurrence of a given outcome and the perception of 
the seriousness of possible non-desirable consequences. 

Research on cognitive bias and prospect theory (behavioural 
economic theory that describes the way in which people 
choose between probabilistic alternatives that involve risk) 
indicates that people have difficulty in correctly interpreting 
risk because they are more likely to act to avoid a loss 
than they are to achieve a gain (Kahneman and Tversky, 
1979; Kahneman et al., 1982; Kahneman, 2011). IPBES 
Deliverable 2a takes this into account when pointing to 
the fact that the way in which a statement is framed will 
have an effect on how it is interpreted; for instance, a 
10% chance of dying is interpreted more negatively than 
a 90% chance of surviving. Hence, when assessing and 
communicating confidence for executive summaries and 
summaries for policymakers, it recommends considering 
reciprocal statements to avoid value-laden interpretations. 
It is advisable that the Task Force on Capacity Building 
encourages further research on cognitive processes 
that may help improve the communication of more 
precise information regarding uncertainties and risks in a 
probabilistic format.

8.4.4 From scenarios to decision 
making
The process whereby stakeholders engage in a scenario 
assessment includes the definition of the relevant variables, 
assumptions, methods and parameterisation, all the way 
to communicating results, uncertainties and caveats, in the 
appropriate language and to different audiences (Cash et 
al., 2003; Folke et al., 2005). There is a variety of science-
policy interfaces that enable the two-way communication 
between scientists and stakeholders needed for a scenario 
assessment (Chapason and van den Hove, 2009). The most 
successful of these science-policy interfaces have some 
institutional way of facilitating or enabling the aforementioned 
functions over the long periods of time that are often 

BOX 8.7
Summary of key issues to improve scenarios

To increase the uptake of models and scenarios in decision-
making processes, assessments should:
• identify key global biodiversity and ecosystem services 

problems and questions to which they can develop 
effective and robust answers; 

• overcome disciplinary barriers in modelling, data collection, 
selection and management;

• identify the co-design and co-development of best 
practices that respond to policy needs;

• define, develop and improve modelling and scenario 
development methodologies appropriate to the different 
social contexts and policy needs;

• identify robust model integration and validation techniques 
that respond to current and future development requirements;

• establish a permanent dialogue between modellers, 
scenario developers and decision makers to address 
issues such as common understanding of concepts, 
transdisciplinarity and infrastructure for resource and 
knowledge sharing;

• encourage transdisciplinary research leading to a clearer, 
more effective and broader communication of model 
and scenario outputs as well as the communication of 
uncertainties within the cultural context of the human 
societies involved.
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necessary for effective communication. Such institutions 
have been called boundary or bridging institutions (Cash et 
al., 2003; Folke et al., 2005; Cash et al., 2006). 

The role of bridging institutions in facilitating the science 
to policy process is crucial, given the multi-scale features 
of most realistic biodiversity-governance problems, the 
variety of stakeholders (Section 8.4.1), and the serious 
problem of communicating the assumptions and the results 
of ‘boundary objects’ (Section 8.4.3) such as scenarios. 
Boundary objects are collaborative products that are both 
adaptable to different viewpoints, and therefore commonly 
recognised, and relevant for different actors and robust 
enough to maintain their identity across these (Clark et al., 
2011). In addition to scenarios, other examples of boundary 
objects are conceptual frameworks, models and reports 
(Hauck et al., 2014). 

Boundary objects resulting from a science to policy process 
should be communicated actively using the right translation 
of terms and concepts and, if needed, mediation between 
stakeholders with different languages, usages and histories 
(Cash et al., 2003). Such demanding and complicated tasks 
are better performed institutionally as an institution is more 
likely than individuals to develop the credibility, memory and 

experience needed to facilitate the process of developing 
appropriate boundary objects. Bridging institutions such as 
IPBES and IPCC can create the conditions not only for the 
development of boundary objects but also for the uptake 
of those boundary objects by decision makers and other 
stakeholders. Bridging institutions can also demonstrate the 
benefits and use of scenario assessments, so that models 
and scenarios are more widely used in decision making in a 
variety of contexts.

In this chapter, we have provided an overview of the 
multiple aspects of the scenario development cycle and 
the underlying dialogue between data and model that is 
amenable for improvement (see summary in Box 8.7). 
Ultimately, it is up to scientists and all stakeholders to bring 
these ideas to fruition in order to improve decision-making 
processes related to the management of biodiversity and 
ecosystem services.



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

8.
 I

M
P

R
O

V
IN

G
 T

H
E

 R
IG

O
U

R
 A

N
D

 U
S

E
FU

LN
E

S
S

 O
F 

S
C

E
N

A
R

IO
S

 A
N

D
 

M
O

D
E

LS
 T

H
R

O
U

G
H

 O
N

G
O

IN
G

 E
VA

LU
AT

IO
N

 A
N

D
 R

E
FI

N
E

M
E

N
T

282

Albouy, C., Velez, L., Coll, M., Colloca, 
F., Le Loc’h, F., Mouillot, D. and 
Gravel, D., 2014: From projected species 
distribution to food-web structure under 
climate change. Global Change Biology, 
20(3): 730-741.

Alcamo, J., 2001: Scenarios as 
tools for international environmental 
assessments. European Environment 
Agency, Environmental issue report 24, 
Luxembourg.

Alkemade, R., Van Oorschot, M., 
Miles, L., Nellemann, C., Bakkenes, 
M. and ten Brink, B., 2009: GLOBIO3: 
A Framework to Investigate Options for 
Reducing Global Terrestrial Biodiversity 
Loss. Ecosystems, 12(3): 374-390.

Appleton, K. and Lovett, A., 2003: 
GIS-based visualisation of rural 
landscapes: defining ‘sufficient’ realism 
for environmental decision-making. 
Landscape and Urban Planning, 65: 
117-131.

Araújo, M.B. and New, M., 2007: 
Ensemble forecasting of species 
distributions. Trends in Ecology & 
Evolution, 22(1): 42-47.

Bagstad, K.J., Semmens, D.J. 
and Winthrop, R., 2013: Comparing 
approaches to spatially explicit ecosystem 
service modeling: A case study from the 
San Pedro River, Arizona. Ecosystem 
Services, 5: 40-50.

Baillie, J.E.M., Collen, B., Amin, R., 
Akçakaya, H.R., Butchart, S.H.M., 
Brummitt, N., Meagher, T.R., Ram, M., 
Hilton-Taylor, C. and Mace, G.M., 2008: 
Toward monitoring global biodiversity. 
Conservation Letters, 1(1): 18-26.

Barseghian, D., Altintas, I., Jones, 
M.B., Crawl, D., Potter, N., Gallagher, 
J., Cornillon, P., Schildhauer, M., 
Borer, E.T., Seabloom, E.W. and 
Hosseini, P.R., 2010: Workflows and 
extensions to the Kepler scientific 
workflow system to support environmental 
sensor data access and analysis. 
Ecological Informatics, 5(1): 42-50.

Bascompte, J., Jordano, P. and 
Olesen, J.M., 2006: Asymmetric 
coevolutionary networks facilitate 

biodiversity maintenance. Science, 
312(5772): 431-433.

Bateman, I.J., Harwood, A.R., Mace, 
G.M., Watson, R.T., Abson, D.J., 
Andrews, B., Binner, A., Crowe, 
A., Day, B.H., Dugdale, S., Fezzi, 
C., Foden, J., Hadley, D., Haines-
Young, R., Hulme, M., Kontoleon, A., 
Lovett, A.A., Munday, P., Pascual, 
U., Paterson, J., Perino, G., Sen, 
A., Siriwardena, G., van Soest, D. 
and Termansen, M., 2013: Bringing 
Ecosystem Services into Economic 
Decision-Making: Land Use in the United 
Kingdom. Science, 341(6141): 45-50.

Bauch, S.C., Birkenbach, A.M., 
Pattanayak, S.K. and Sills, E.O., 2015: 
Public health impacts of ecosystem 
change in the Brazilian Amazon. 
Proceedings of The National Academy of 
Sciences, 112(24): 7414-7419.

Benson, B.J., Bond, B.J., Hamilton, 
M.P., Monson, R.K. and Han, R., 
2009: Perspectives on next-generation 
technology for environmental sensor 
networks. Frontiers in Ecology and the 
Environment, 8(4): 193-200.

Blanchard, J.L., Andersen, K.H., Scott, 
F., Hintzen, N.T., Piet, G. and Jennings, 
S., 2014: Evaluating targets and trade-
offs among fisheries and conservation 
objectives using a multispecies size 
spectrum model. Journal of Applied 
Ecology, 51(3): 612-622.

Blanchard, J.L., Jennings, S., Law, R., 
Castle, M.D., McCloghrie, P., Rochet, 
M.-J. and Benoît, E., 2009: How 
does abundance scale with body size 
in coupled size-structured food webs? 
Journal of Animal Ecology, 78(1): 270-280.

Blanchard, J.L., Jennings, S., Holmes, 
R., Harle, J., Merino, G., Allen, J.I., 
Holt, J., Dulvy, N.K. and Barange, M., 
2012: Potential consequences of climate 
change for primary production and fish 
production in large marine ecosystems. 
Philosophical Transactions of the Royal 
Society B: Biological Sciences, 367(1605): 
2979-2989.

Bontemps, S., Herold, M., Kooistra, 
L., van Groenestijn, A., Hartley, A., 
Arino, O., Moreau, I. and Defourny, P., 

2011: Revisiting land cover observations 
to address the needs of the climate 
modelling community. Biogeosciences 
Discussions, 8: 7713-7740.

Borgman, C.L., 2012: The conundrum 
of sharing research data. Journal of the 
American Society for Information Science 
and Technology, 63(6): 1059-1078.

Börjeson, L., Höjer, M., Dreborg, K.-H., 
Ekvall, T. and Finnveden, G., 2006: 
Scenario types and techniques: towards a 
user’s guide. Futures, 38(7): 723-739.

Boulangeat, I., Georges, D., Dentant, 
C., Bonet, R., Van Es, J., Abdulhak, S., 
Zimmermann, N.E. and Thuiller, W., 
2014: Anticipating the spatio-temporal 
response of plant diversity and vegetation 
structure to climate and land use change 
in a protected area. Ecography, 37(12): 
1230-1239.

Brandt, P., Abson, D.J., DellaSala, 
D.A., Feller, R. and von Wehrden, H., 
2014: Multifunctionality and biodiversity: 
Ecosystem services in temperate 
rainforests of the Pacific Northwest, USA. 
Biological Conservation, 169: 362-371.

Brock, W.A., Finnoff, D., Kinzig, A.P., 
Pascual, U., Perrings, C., Tschirhart, 
J. and Xepapadeas, A., 2009: Modeling 
biodiversity and ecosystem services in 
coupled ecological-economic systems. 
In Biodiversty, Ecosystem Functioning, 
and Human Wellbeing-An Ecological 
and Economic Perspective, S. Naeem, 
D. E. Bunker, A. Hector, M. Loreau 
and Perrings, C., eds., Oxford, Oxford 
University Press, 263-277.

Brook, B.W., O’Grady, J.J., Chapman, 
A.P., Burgman, M.A., Akçakaya, H.R. 
and Frankham, R., 2000: Predictive 
accuracy of population viability analysis in 
conservation biology. Nature, 404(6776): 
385-387.

Brooks, T. and Kennedy, E., 2004: 
Conservation biology: biodiversity 
barometers. Nature, 431(7012): 1046-
1047.

Brugnach, M. and Ingram, H., 2012: 
Ambiguity: the challenge of knowing and 
deciding together. Environmental science 
& policy, 15(1): 60-71.

REFERENCES



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

8.
 I

M
P

R
O

V
IN

G
 T

H
E

 R
IG

O
U

R
 A

N
D

 U
S

E
FU

LN
E

S
S

 O
F 

S
C

E
N

A
R

IO
S

 A
N

D
 

 M
O

D
E

LS
 T

H
R

O
U

G
H

 O
N

G
O

IN
G

 E
VA

LU
AT

IO
N

 A
N

D
 R

E
FI

N
E

M
E

N
T

283

Brugnach, M., Craps, M. and 
Dewulf, A., 2014: Including indigenous 
peoples in climate change mitigation: 
addressing issues of scale, knowledge 
and power. Climatic Change: 1-14.

Buchanan, G.M., Nelson, A., Mayaux, 
P., Hartley, A. and Donald, P.F., 2009: 
Delivering a global, terrestrial, biodiversity 
observation system through remote 
sensing. Conservation Biology, 23(2): 
499-502.

Buckland, S.T., Magurran, A.E., 
Green, R.E. and Fewster, R.M., 
2005: Monitoring change in biodiversity 
through composite indices. Philosophical 
Transactions of the Royal Society B: 
Biological Sciences, 360(1454): 243.

Butchart, S.H.M., Stattersfield, A.J., 
Bennun, L.A., Shutes, S.M., Akçakaya, 
H.R., Baillie, J.E.M., Stuart, S.N., 
Hilton-Taylor, C. and Mace, G.M., 2004: 
Measuring Global Trends in the Status of 
Biodiversity: Red List Indices for Birds. 
PLoS Biology, 2(12): e383.

Butchart, S.H.M., Walpole, M., Collen, 
B., van Strien, A., Scharlemann, 
J.P.W., Almond, R.E.A., Baillie, J.E.M., 
Bomhard, B., Brown, C., Bruno, J., 
Carpenter, K.E., Carr, G.M., Chanson, 
J., Chenery, A.M., Csirke, J., Davidson, 
N.C., Dentener, F., Foster, M., Galli, 
A., Galloway, J.N., Genovesi, P., 
Gregory, R.D., Hockings, M., Kapos, 
V., Lamarque, J.-F., Leverington, F., 
Loh, J., McGeoch, M.A., McRae, L., 
Minasyan, A., Morcillo, M.H., Oldfield, 
T.E.E., Pauly, D., Quader, S., Revenga, 
C., Sauer, J.R., Skolnik, B., Spear, 
D., Stanwell-Smith, D., Stuart, S.N., 
Symes, A., Tierney, M., Tyrrell, T.D., 
Vie, J.-C. and Watson, R., 2010: Global 
Biodiversity: Indicators of Recent Declines. 
Science, 328(5982): 1164-1168.

Butts, M., Drews, M., Larsen, 
M.A.D., Lerer, S., Rasmussen, 
S.H., Grooss, J., Overgaard, J., 
Refsgaard, J.C., Christensen, O.B. and 
Christensen, J.H., 2014: Embedding 
complex hydrology in the regional climate 
system–dynamic coupling across different 
modelling domains. Advances in Water 
Resources, 74: 166-184.

Cao, B.-Y., 2010: Optimal models and 
methods with fuzzy quantities. Berlin 
Heidelberg, Springer.

Cardinale, B.J., Srivastava, D.S., 
Duffy, J.E., Wright, J.P., Downing, A.L., 

Sankaran, M. and Jouseau, C., 2006: 
Effects of biodiversity on the functioning of 
trophic groups and ecosystems. Nature, 
443(7114): 989-992.

Carpenter, S.R., De Fries, R., Dietz, T., 
Mooney, H.A., Polasky, S., Reid, W.V. 
and Scholes, R.J., 2006: Millennium 
ecosystem assessment: research needs. 
Science, 314: 257-258.

Carpenter, S.R., Cole, J.J., Pace, 
M.L., Batt, R., Brock, W.A., Cline, T., 
Coloso, J., Hodgson, J.R., Kitchell, 
J.F., Seekell, D.A. and others, 2011: 
Early warnings of regime shifts: a 
whole-ecosystem experiment. Science, 
332(6033): 1079-1082.

Carpenter, S.R., Mooney, H.A., Agard, 
J., Capistrano, D., Defries, R.S., Díaz, 
S., Dietz, T., Duraiappah, A.K., Oteng-
Yeboah, A., Pereira, H.M., Perrings, 
C., Reid, W.V., Sarukhan, J., Scholes, 
R.J. and Whyte, A., 2009: Science for 
managing ecosystem services: Beyond 
the Millennium Ecosystem Assessment. 
Proceedings of The National Academy of 
Sciences, 106: 1305-1312.

Carvalho-Ribeiro, S.M., Lovett, A. 
and O’Riordan, T., 2010: Multifunctional 
forest management in Northern Portugal: 
Moving from scenarios to governance 
for sustainable development. Land Use 
Policy, 27(4): 1111-1122.

Carvalho Ribeiro, S., Migliozzi, A., 
Incerti, G. and Pinto Correia, T., 2013: 
Placing land cover pattern preferences 
on the map: Bridging methodological 
approaches of landscape preference 
surveys and spatial pattern analysis. 
Landscape and Urban Planning, 114: 
53-68.

Cash, D.W., Clark, W.C., Alcock, F., 
Dickson, N.M., Eckley, N., Guston, 
D.H., Jäger, J. and Mitchell, R.B., 
2003: Knowledge systems for sustainable 
development. Proceedings of The National 
Academy of Sciences, 100(14): 8086-
8091.

Cash, D.W., Adger, W.N., Berkes, 
F., Garden, P., Lebel, L., Olsson, P., 
Pritchard, L. and Young, O., 2006: 
Scale and cross-scale dynamics: 
governance and information in a multilevel 
world. Ecology and Society, 11(2): 8.

sCBD, 2015: Report of the Ad-Hoc 
Technical Expert Group on Indicators for 
the Strategic Plan for Biodiversity 2011-

2020. Secretariat of the Convention on 
Biological Diversity, Montreal, Canada.

Chapason, L. and van den 
Hove, S., 2009: The Debate on an 
intergovernmental science-policy platform 
on biodiversity and ecosystem services 
(IPBES): Exploring gaps and needs. Iddri – 
Idées pour le débat, (01).

Chapman, S., Mustin, K., Renwick, 
A.R., Segan, D.B., Hole, D.G., Pearson, 
R.G. and Watson, J.E.M., 2014: 
Publishing trends on climate change 
vulnerability in the conservation literature 
reveal a predominant focus on direct 
impacts and long time-scales. Diversity 
and Distributions, 20(10): 1221-1228.

Cheaib, A., Badeau, V., Boe, J., Chuine, 
I., Delire, C., Dufrêne, E., François, 
C., Gritti, E.S., Legay, M., Pagé, C., 
Thuiller, W., Viovy, N. and Leadley, P., 
2012: Climate change impacts on tree 
ranges: model intercomparison facilitates 
understanding and quantification of 
uncertainty. Ecology Letters, 15(6): 533-
544.

Christensen, V. and Walters, C.J., 
2004: Ecopath with Ecosim: methods, 
capabilities and limitations. Ecological 
Modelling, 172(2-4): 109-139.

Clark, W.C., Tomich, T.P., van 
Noordwijk, M., Guston, D., Catacutan, 
D., Dickson, N.M. and McNie, E., 
2011: Boundary work for sustainable 
development: Natural resource 
management at the Consultative Group 
on International Agricultural Research 
(CGIAR). Proceedings of The National 
Academy of Sciences, 10: 1073.

Collen, B., Loh, J., Whitmee, S., 
McRae, L., Amin, R. and Baillie, J.E.M., 
2009: Monitoring Change in Vertebrate 
Abundance: the Living Planet Index. 
Conservation Biology, 23(2): 317-327.

Collins, S.L., Bettencourt, L.M.A., 
Hagberg, A., Brown, R.F., Moore, 
D.I., Bonito, G., Delin, K.A., Jackson, 
S.P., Johnson, D.W., Burleigh, S.C., 
Woodrow, R.R. and McAuley, J.M., 
2006: New opportunities in ecological 
sensing using wireless sensor networks. 
Frontiers in Ecology and the Environment, 
4(8): 402-407.

Costello, M.J., Michener, W.K., 
Gahegan, M., Zhang, Z.-Q. and 
Bourne, P.E., 2013: Biodiversity data 
should be published, cited, and peer 



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

8.
 I

M
P

R
O

V
IN

G
 T

H
E

 R
IG

O
U

R
 A

N
D

 U
S

E
FU

LN
E

S
S

 O
F 

S
C

E
N

A
R

IO
S

 A
N

D
 

M
O

D
E

LS
 T

H
R

O
U

G
H

 O
N

G
O

IN
G

 E
VA

LU
AT

IO
N

 A
N

D
 R

E
FI

N
E

M
E

N
T

284

reviewed. Trends in Ecology & Evolution, 
28(8): 454-461.

Cramer, W., Bondeau, A., Woodward, 
F.I., Prentice, I.C., Betts, R.A., Brovkin, 
V., Cox, P.M., Fisher, V., Foley, J.A., 
Friend, A.D., Kucharik, C., Lomas, 
M.R., Ramankutty, N., Sitch, S., Smith, 
B., White, A. and Young Molling, C., 
2001: Global response of terrestrial 
ecosystem structure and function to 
CO2 and climate change: results from six 
dynamic global vegetation models. Global 
Change Biology, 7(4): 357-373.

Daily, G.C., Polasky, S., Goldstein, J., 
Kareiva, P.M., Mooney, H.A., Pejchar, 
L., Ricketts, T.H., Salzman, J. and 
Shallenberger, R., 2009: Ecosystem 
services in decision making: time to 
deliver. Frontiers in Ecology and the 
Environment, 7(1): 21-28.

Damuth, J., 1987: Interspecific allometry 
of population density in mammals and 
other animals: the independence of 
body mass and population energy-use. 
Biological Journal of the Linnean Society, 
31(3): 193-246.

Dewulf, A., Craps, M., Bouwen, 
R., Abril, F. and Zhingri, M., 2005: 
How indigenous farmers and university 
engineers create actionable knowledge 
for sustainable irrigation. Action research, 
3(2): 175-192.

Di Marco, M., Cardillo, M., 
Possingham, H.P., Wilson, K.A., 
Blomberg, S.P., Boitani, L. and 
Rondinini, C., 2012: A novel approach for 
global mammal extinction risk reduction. 
Conservation Letters, 5(2): 134-141.

Díaz, S., Lavorel, S., de Bello, F., 
Quétier, F., Grigulis, K. and Robson, 
T.M., 2007: Incorporating plant functional 
diversity effects in ecosystem service 
assessments. Proceedings of The National 
Academy of Sciences, 104(52): 20684.

Díaz, S., Demissew, S., Carabias, 
J., Joly, C., Lonsdale, M., Ash, N., 
Larigauderie, A., Adhikari, J.R., Arico, 
S., Báldi, A., Bartuska, A., Baste, I.A., 
Bilgin, A., Brondizio, E., Chan, K.M.A., 
Figueroa, V.E., Duraiappah, A., Fischer, 
M., Hill, R., Koetz, T., Leadley, P., Lyver, 
P., Mace, G.M., Martin-Lopez, B., 
Okumura, M., Pacheco, D., Pascual, 
U., Pérez, E.S., Reyers, B., Roth, E., 
Saito, O., Scholes, R.J., Sharma, 
N., Tallis, H., Thaman, R., Watson, 
R., Yahara, T., Hamid, Z.A., Akosim, 

C., Al-Hafedh, Y., Allahverdiyev, R., 
Amankwah, E., Asah, S.T., Asfaw, 
Z., Bartus, G., Brooks, L.A., Caillaux, 
J., Dalle, G., Darnaedi, D., Driver, 
A., Erpul, G., Escobar-Eyzaguirre, 
P., Failler, P., Fouda, A.M.M., Fu, 
B., Gundimeda, H., Hashimoto, S., 
Homer, F., Lavorel, S., Lichtenstein, 
G., Mala, W.A., Mandivenyi, W., 
Matczak, P., Mbizvo, C., Mehrdadi, M., 
Metzger, J.P., Mikissa, J.B., Moller, H., 
Mooney, H.A., Mumby, P., Nagendra, 
H., Nesshover, C., Oteng-Yeboah, 
A.A., Pataki, G., Roué, M., Rubis, J., 
Schultz, M., Smith, P., Sumaila, R., 
Takeuchi, K., Thomas, S., Verma, M., 
Yeo-Chang, Y. and Zlatanova, D., 2015: 
The IPBES Conceptual Framework — 
connecting nature and people. Current 
opinion in environmental sustainability, 14: 
1-16.

EC, 2014: Mapping and Assessment of 
Ecosystems and their Services: Indicators 
for ecosystem assessments under Action 
5 of the EU Biodiversity Strategy 2020. 
European Commission, Technical Report 
080.

Egoh, B., Drakou, E.G., Dunbar, 
M.B., Maes, J. and Willemen, L., 
2012: Indicators for mapping ecosystem 
services: a review. European Commission, 
Joint Research Centre, Ispra, Italy.

Elith, J., Burgman, M.A. and 
Regan, H.M., 2002: Mapping epistemic 
uncertainties and vague concepts in 
predictions of species distribution. 
Ecological Modelling, 157(2): 313-329.

Figueiredo, J. and Pereira, H.M., 2011: 
Regime shifts in a socio-ecological model 
of farmland abandonment. Landscape 
Ecology, 26: 737-749.

Flato, G., Marotzke, J., Abiodun, B., 
Braconnot, P., Chou, S.C., Collins, W., 
Cox, P., Driouech, F., Emori, S., Eyring, 
V. and others, 2013: Evaluation of climate 
models. In Climate Change 2013: The 
Physical Science Basis. Contribution of 
Working Group I to the Fifth Assessment 
Report of the Intergovernmental Panel on 
Climate Change, Cambridge University 
Press, 741-866.

Flyvbjerg, B., 2001: Making social 
science matter: Why social inquiry fails 
and how it can succeed again. Cambridge 
university press.

Folke, C., Hahn, T., Olsson, P. and 
Norberg, J., 2005: Adaptive governance 

of social-ecological systems. Annu. Rev. 
Environ. Resour., 30: 441-473.

Fordham, D.A., Akçakaya, H.R., 
Brook, B.W., Rodríguez, A., Alves, 
P.C., Civantos, E., Triviño, M., Watts, 
M.J. and Araújo, M.B., 2013: Adapted 
conservation measures are required to 
save the Iberian lynx in a changing climate. 
Nature Climate Change, 3(10): 899-903.

Formetta, G., Rigon, R., Chávez, J.L. 
and David, O., 2013: Modeling shortwave 
solar radiation using the JGrass-NewAge 
system. Geosci. Model Dev., 6(4): 915-
928.

Forrester, J., Cook, B., Bracken, L., 
Cinderby, S. and Donaldson, A., 2015: 
Combining participatory mapping with 
Q-methodology to map stakeholder 
perceptions of complex environmental 
problems. Applied Geography, 56: 199-
208.

Fulton, E.A., 2010: Approaches to end-
to-end ecosystem models. Journal of 
Marine Systems, 81(1): 171-183.

Gadgil, M., Berkes, F. and Folke, C., 
1993: Indigenous Knowledge for 
Biodiversity Conservation. AMBIO: A 
journal of the human environment, 22(2-3): 
151-156.

Gagic, V., Bartomeus, I., Jonsson, 
T., Taylor, A., Winqvist, C., Fischer, 
C., Slade, E.M., Steffan-Dewenter, 
I., Emmerson, M., Potts, S.G., 
Tscharntke, T., Weisser, W. and 
Bommarco, R., 2015: Functional identity 
and diversity of animals predict ecosystem 
functioning better than species-based 
indices. Proceedings of the Royal Society 
of London B: Biological Sciences, 
282(1801): 20142620.

GEO BON, 2015: Global Biodiversity 
Change Indicators. Version 1.2. Leipzig, 
Germany, GEO BON Secretariat.

Grimble, R. and Wellard, K., 1997: 
Stakeholder methodologies in natural 
resource management: a review of 
principles, contexts, experiences and 
opportunities. Agricultural Systems, 55(2): 
173-193.

Guisan, A. and Thuiller, W., 2005: 
Predicting species distribution: offering 
more than simple habitat models. Ecology 
Letters, 8(9): 993-1009.



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

8.
 I

M
P

R
O

V
IN

G
 T

H
E

 R
IG

O
U

R
 A

N
D

 U
S

E
FU

LN
E

S
S

 O
F 

S
C

E
N

A
R

IO
S

 A
N

D
 

 M
O

D
E

LS
 T

H
R

O
U

G
H

 O
N

G
O

IN
G

 E
VA

LU
AT

IO
N

 A
N

D
 R

E
FI

N
E

M
E

N
T

285

Handmer, J. and Proudley, B., 
2007: Communicating uncertainty 
via probabilities: The case of weather 
forecasts. Environmental Hazards, 7(2): 
79-87.

Hansen, M.C., Potapov, P.V., Moore, 
R., Hancher, M., Turubanova, S.A., 
Tyukavina, A., Thau, D., Stehman, 
S.V., Goetz, S.J., Loveland, T.R., 
Kommareddy, A., Egorov, A., Chini, L., 
Justice, C.O. and Townshend, J.R.G., 
2013: High-Resolution Global Maps 
of 21st-Century Forest Cover Change. 
Science, 342(6160): 850-853.

Harfoot, M.B.J., Newbold, T., Tittensor, 
D.P., Emmott, S., Hutton, J., Lyutsarev, 
V., Smith, M.J., Scharlemann, J.P.W. 
and Purves, D.W., 2014: Emergent 
Global Patterns of Ecosystem Structure 
and Function from a Mechanistic General 
Ecosystem Model. PLoS Biology, 12(4): 
e1001841.

Hartig, F., Dyke, J., Hickler, T., Higgins, 
S.I., O’Hara, R.B., Scheiter, S. and 
Huth, A., 2012: Connecting dynamic 
vegetation models to data – an inverse 
perspective. Journal of Biogeography, 
39(12): 2240-2252.

Hauck, J., Albert, C., Fürst, C., 
Geneletti, D., La Rosa, D., Lorz, C. and 
Spyra, M., 2016: Developing and applying 
ecosystem service indicators in decision-
support at various scales. Ecological 
Indicators, 61, Part 1: 1-5.

Hauck, J., Görg, C., Werner, A., 
Jax, K., Bidoglio, G., Maes, J., 
Furman, E. and Ratamäki, O., 2014: 
Transdisciplinary Enrichment of a Linear 
Research Process: Experiences Gathered 
from a Research Project Supporting the 
European Biodiversity Strategy to 2020. 
Interdisciplinary Science Reviews, 39(4): 
376-391.

Hesselink, F., Goldstein, W., van 
Kempen, P.P., Garnett, T. and Dela, J., 
2007: Communication, Education and 
Public Awareness (CEPA) A toolkit 
for National Focal Points and NBSAP 
Coordinators. Secretariat of the 
Convention on Biological Diversity and 
IUCN, Montreal, Canada.

Hobern, D., Apostolico, A., Arnaud, 
E., Bello, J.C., Canhos, D., Dubois, G., 
Field, D., Alonso Garcia, E., Hardisty, 
A., Harrison, J. and others, 2013: 
Global biodiversity informatics outlook: 
delivering biodiversity knowledge in the 

information age. Global Biodiversity 
Information Facility (Secretariat).

Hochkirch, A., McGowan, P.J.K. and 
Van der Sluijs, J., 2014: Biodiversity 
reports need author rules. Nature, 
516(7530): 170-170.

Hudson, L.N., Newbold, T., Contu, S., 
Hill, S.L.L., Lysenko, I., De Palma, A., 
Phillips, H.R.P., Senior, R.A., Bennett, 
D.J., Booth, H., Choimes, A., Correia, 
D.L.P., Day, J., Echeverría-Londoño, 
S., Garon, M., Harrison, M.L.K., 
Ingram, D.J., Jung, M., Kemp, V., 
Kirkpatrick, L., Martin, C.D., Pan, Y., 
White, H.J., Aben, J., Abrahamczyk, 
S., Adum, G.B., Aguilar-Barquero, V., 
Aizen, M.A., Ancrenaz, M., Arbeláez-
Cortés, E., Armbrecht, I., Azhar, 
B., Azpiroz, A.B., Baeten, L., Báldi, 
A., Banks, J.E., Barlow, J., Batáry, 
P., Bates, A.J., Bayne, E.M., Beja, 
P., Berg, Å., Berry, N.J., Bicknell, 
J.E., Bihn, J.H., Böhning-Gaese, K., 
Boekhout, T., Boutin, C., Bouyer, 
J., Brearley, F.Q., Brito, I., Brunet, 
J., Buczkowski, G., Buscardo, E., 
Cabra-García, J., Calviño-Cancela, 
M., Cameron, S.A., Cancello, E.M., 
Carrijo, T.F., Carvalho, A.L., Castro, H., 
Castro-Luna, A.A., Cerda, R., Cerezo, 
A., Chauvat, M., Clarke, F.M., Cleary, 
D.F.R., Connop, S.P., D’Aniello, B., 
da Silva, P.G., Darvill, B., Dauber, J., 
Dejean, A., Diekötter, T., Dominguez-
Haydar, Y., Dormann, C.F., Dumont, B., 
Dures, S.G., Dynesius, M., Edenius, 
L., Elek, Z., Entling, M.H., Farwig, 
N., Fayle, T.M., Felicioli, A., Felton, 
A.M., Ficetola, G.F., Filgueiras, B.K.C., 
Fonte, S.J., Fraser, L.H., Fukuda, D., 
Furlani, D., Ganzhorn, J.U., Garden, 
J.G., Gheler-Costa, C., Giordani, 
P., Giordano, S., Gottschalk, M.S., 
Goulson, D., Gove, A.D., Grogan, J., 
Hanley, M.E., Hanson, T., Hashim, N.R., 
Hawes, J.E., Hébert, C., Helden, A.J., 
Henden, J.-A., Hernández, L., Herzog, 
F., Higuera-Diaz, D., Hilje, B., Horgan, 
F.G., Horváth, R., Hylander, K., Isaacs-
Cubides, P., Ishitani, M., Jacobs, C.T., 
Jaramillo, V.J., Jauker, B., Jonsell, M., 
Jung, T.S., Kapoor, V., Kati, V., Katovai, 
E., Kessler, M., Knop, E., Kolb, A., 
K�rösi, Á., Lachat, T., Lantschner, 
V., Le Féon, V., LeBuhn, G., Légaré, 
J.-P., Letcher, S.G., Littlewood, N.A., 
López-Quintero, C.A., Louhaichi, M., 
Lövei, G.L., Lucas-Borja, M.E., Luja, 
V.H., Maeto, K., Magura, T., Mallari, 
N.A., Marin-Spiotta, E., Marshall, 
E.J.P., Martínez, E., Mayfield, M.M., 
Mikusinski, G., Milder, J.C., Miller, 

J.R., Morales, C.L., Muchane, M.N., 
Muchane, M., Naidoo, R., Nakamura, 
A., Naoe, S., Nates-Parra, G., 
Navarrete Gutierrez, D.A., Neuschulz, 
E.L., Noreika, N., Norfolk, O., Noriega, 
J.A., Nöske, N.M., O’Dea, N., Oduro, 
W., Ofori-Boateng, C., Oke, C.O., 
Osgathorpe, L.M., Paritsis, J., Parra-H, 
A., Pelegrin, N., Peres, C.A., Persson, 
A.S., Petanidou, T., Phalan, B., Philips, 
T.K., Poveda, K., Power, E.F., Presley, 
S.J., Proença, V., Quaranta, M., 
Quintero, C., Redpath-Downing, N.A., 
Reid, J.L., Reis, Y.T., Ribeiro, D.B., 
Richardson, B.A., Richardson, M.J., 
Robles, C.A., Römbke, J., Romero-
Duque, L.P., Rosselli, L., Rossiter, 
S.J., Roulston, T.a.H., Rousseau, 
L., Sadler, J.P., Sáfián, S., Saldaña-
Vázquez, R.A., Samnegård, U., 
Schüepp, C., Schweiger, O., Sedlock, 
J.L., Shahabuddin, G., Sheil, D., Silva, 
F.A.B., Slade, E.M., Smith-Pardo, A.H., 
Sodhi, N.S., Somarriba, E.J., Sosa, 
R.A., Stout, J.C., Struebig, M.J., Sung, 
Y.-H., Threlfall, C.G., Tonietto, R., 
Tóthmérész, B., Tscharntke, T., Turner, 
E.C., Tylianakis, J.M., Vanbergen, 
A.J., Vassilev, K., Verboven, H.A.F., 
Vergara, C.H., Vergara, P.M., Verhulst, 
J., Walker, T.R., Wang, Y., Watling, 
J.I., Wells, K., Williams, C.D., Willig, 
M.R., Woinarski, J.C.Z., Wolf, J.H.D., 
Woodcock, B.A., Yu, D.W., Zaitsev, 
A.S., Collen, B., Ewers, R.M., Mace, 
G.M., Purves, D.W., Scharlemann, 
J.P.W. and Purvis, A., 2014: The 
PREDICTS database: a global database of 
how local terrestrial biodiversity responds 
to human impacts. Ecology and Evolution, 
4(24): 4701-4735.

Hurtt, G.C., Chini, L.P., Frolking, S., 
Betts, R.A., Feddema, J., Fischer, 
G., Fisk, J.P., Hibbard, K., Houghton, 
R.A., Janetos, A., Jones, C.D., 
Kindermann, G., Kinoshita, T., Klein 
Goldewijk, K., Riahi, K., Shevliakova, 
E., Smith, S., Stehfest, E., Thomson, 
A., Thornton, P., van Vuuren, D.P. 
and Wang, Y.P., 2011: Harmonization 
of land-use scenarios for the period 
1500–2100: 600 years of global gridded 
annual land-use transitions, wood harvest, 
and resulting secondary lands. Climatic 
Change, 109(1-2): 117-161.

IPCC, 2007: Summary for policymakers. 
Cambridge University Press, Climate 
Change 2007: The Physical Science 
Basis. Contribution of Working Group 
I to the Fourth Assessment Report 
of the Intergovernmental Panel on 
Climate Change [Stocker, T.F., D. Qin, 



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

8.
 I

M
P

R
O

V
IN

G
 T

H
E

 R
IG

O
U

R
 A

N
D

 U
S

E
FU

LN
E

S
S

 O
F 

S
C

E
N

A
R

IO
S

 A
N

D
 

M
O

D
E

LS
 T

H
R

O
U

G
H

 O
N

G
O

IN
G

 E
VA

LU
AT

IO
N

 A
N

D
 R

E
FI

N
E

M
E

N
T

286

G.-K. Plattner, M. Tignor, S.K. Allen, J. 
Boschung, A. Nauels, Y. Xia, V. Bex and 
P.M. Midgley (eds.)]. Cambridge, United 
Kingdom and New York, NY, USA.

Janssen, P.H.M., Petersen, A.C., 
van der Sluijs, J.P., Risbey, J.S. 
and Ravetz, J.R., 2005: A guidance 
for assessing and communicating 
uncertainties. Water science and 
technology, 52(6): 125-134.

Jetz, W., McPherson, J.M. and 
Guralnick, R.P., 2012: Integrating 
biodiversity distribution knowledge: toward 
a global map of life. Trends in Ecology & 
Evolution, 27(3): 151-159.

Kahneman, D., 2011: Thinking, fast and 
slow. New York, Farrar, Straus and Giroux.

Kahneman, D. and Tversky, A., 1979: 
Prospect theory: An analysis of decision 
under risk. Econometrica, 47(2): 263.

Kahneman, D., Slovic, P. and Tversky, 
A., 1982: Judgment under Uncertainty: 
Heuristics and Biases. New York, 
Cambridge University Press.

Karp, D.S., Tallis, H., Sachse, R., 
Halpern, B., Thonicke, K., Cramer, 
W., Mooney, H., Polasky, S., Tietjen, 
B., Waha, K., Walz, A. and Wolny, S., 
2015: National indicators for observing 
ecosystem service change. Global 
Environmental Change, 35: 12-21.

Kearney, M.R., Wintle, B.A. and Porter, 
W.P., 2010: Correlative and mechanistic 
models of species distribution provide 
congruent forecasts under climate 
change. Conservation Letters, 3(3): 203-
213.

Keith, D.A., Akçakaya, H.R., Thuiller, 
W., Midgley, G.F., Pearson, R.G., 
Phillips, S.J., Regan, H.M., Araújo, 
M.B. and Rebelo, T.G., 2008: Predicting 
extinction risks under climate change: 
coupling stochastic population models 
with dynamic bioclimatic habitat models. 
Biology Letters, 4(5): 560-563.

Keohane, R.O., Lane, M. and 
Oppenheimer, M., 2014: The ethics 
of scientific communication under 
uncertainty. Politics, Philosophy & 
Economics: 343-368.

Klapwijk, C.J., Van Wijk, M.T., 
Rosenstock, T.S., Van Asten, P.J.A., 
Thornton, P.K. and Giller, K.E., 2014: 
Analysis of trade-offs in agricultural 

systems: current status and way 
forward. Current opinion in environmental 
sustainability, 6: 110-115.

Klir, G.J. and Bo, Y., 1995: Fuzzy sets 
and fuzzy logic, theory and applications. 
Upper Saddle River, New Jersey, Prentice 
Hall.

Kloprogge, P., van der Sluijs, J. and 
Wardekker, A., 2007: Uncertainty 
Communication Issues and good practice. 
Copernicus Institute for Sustainable 
Development and Innovation Department 
of Science Technology and Society (STS), 
Utrecht, The Netherlands.

Kogan, F., Powell, A. and Fedorov, O., 
2011: Use of satellite and in-situ data to 
improve sustainability. Springer.

Kok, K., van Vliet, M., Bärlund, I., 
Dubel, A. and Sendzimir, J., 2011: 
Combining participative backcasting 
and exploratory scenario development: 
experiences from the SCENES project. 
Technological Forecasting and Social 
Change, 78(5): 835-851.

Kok, M., Alkemade, R., Bakkenes, 
M., Boelee, E., Christensen, V., Van 
Eerdt, M., Van der Esch, S., Karlsson-
Vinkhuyzen, S., Kram, T., Lazarova, T., 
Linderhof, V., Lucas, P., Mandryk, M., 
Meijer, J., Van Oorschot, M., L., T., Van 
Hoof, L., Westhoek, H. and Zagt, R., 
2014: How Sectors can Contribute to 
Sustainable Use and Conservation of 
Biodiversity. Secretariat of the Convention 
on Biological Diversity, Montreal, Canada.

Kurowicka, D. and Cooke, R.M., 2006: 
Uncertainty analysis with high dimensional 
dependence modelling. John Wiley & 
Sons.

Landers, D.H. and Nahlik, A.M., 2013: 
Final ecosystem goods and services 
classification system (FEGS-CS). In EPA 
United States Environmental Protection 
Agency. Report number EPA/600/R-13/
ORD-004914.

Layke, C., Mapendembe, A., Brown, 
C., Walpole, M. and Winn, J., 2012: 
Indicators from the global and sub-global 
Millennium Ecosystem Assessments: 
An analysis and next steps. Ecological 
Indicators, 17: 77-87.

Leadley, P., Proença, V., Fernández-
Manjarrés, J., Pereira, H.M., 
Alkemade, R., Biggs, R., Bruley, E., 
Cheung, W., Cooper, D., Figueiredo, 

J., Gilman, E., Guénette, S., Hurtt, G., 
Mbow, C., Oberdorff, T., Revenga, 
C., Scharlemann, J.P.W., Scholes, 
R., Smith, M.S., Sumaila, U.R. and 
Walpole, M., 2014a: Interacting Regional-
Scale Regime Shifts for Biodiversity and 
Ecosystem Services. Bioscience, 64(8): 
665-679.

Leadley, P.W., Krug, C.B., Alkemade, 
R., Pereira, H.M., Sumaila, U.R., 
Walpole, M., Marques, A., Newbold, 
T., Teh, L.S.L., Van Kolck, J., Bellard, 
C., Januchowski-Hartley, S.R. and 
Mumby, P.J., 2014b: Progress towards 
the Aichi Biodiversity Targets: An 
Assessment of biodiversity Trends, Policy 
Scenarios and Key Actions. Secretariat 
of the Convention on Biological Diversity, 
Technical Series 78, Montreal, Canada.

Leidenberger, S., De Giovanni, R., 
Kulawik, R., Williams, A.R. and 
Bourlat, S.J., 2015: Mapping present 
and future potential distribution patterns 
for a meso-grazer guild in the Baltic Sea. 
Journal of Biogeography, 42(2): 241-254.

Levins, R., 1966: The strategy of model 
building in population biology. American 
scientist, 54(4): 421-431.

Loh, J., Green, R.E., Ricketts, T., 
Lamoreux, J., Jenkins, M., Kapos, 
V. and Randers, J., 2005: The Living 
Planet Index: using species population 
time series to track trends in biodiversity. 
Philosophical Transactions of the Royal 
Society of London B: Biological Sciences, 
360(1454): 289-295.

Lucas, N., Raudsepp-Hearne, C. 
and Blanco, H., 2010: Stakeholder 
participation, governance, communication, 
and outreach. In Ecosystems and Human 
Well-being: A Manual for Assessment 
Practitioners, 33-70.

Lyashevska, O. and Farnsworth, 
K.D., 2012: How many dimensions of 
biodiversity do we need? Ecological 
Indicators, 18: 485-492.

Mace, G.M., Norris, K. and Fitter, 
A.H., 2012: Biodiversity and ecosystem 
services: a multilayered relationship. 
Trends in Ecology & Evolution, 27(1): 
19-26.

Mace, G.M., Collar, N.J., Gaston, 
K.J., Hilton-Taylor, C., Akçakaya, 
H.R., Leader-Williams, N., Milner-
Gulland, E.J. and Stuart, S.N., 2008: 
Quantification of Extinction Risk: IUCN’s 



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

8.
 I

M
P

R
O

V
IN

G
 T

H
E

 R
IG

O
U

R
 A

N
D

 U
S

E
FU

LN
E

S
S

 O
F 

S
C

E
N

A
R

IO
S

 A
N

D
 

 M
O

D
E

LS
 T

H
R

O
U

G
H

 O
N

G
O

IN
G

 E
VA

LU
AT

IO
N

 A
N

D
 R

E
FI

N
E

M
E

N
T

287

System for Classifying Threatened 
Species; Cuantificación del Riesgo de 
Extinción: Sistema de la UICN para la 
Clasificación de Especies Amenazadas. 
Conservation Biology, 22(6): 1424-1442.

Martín-López, B., Iniesta-Arandia, 
I., García-Llorente, M., Palomo, I., 
Casado-Arzuaga, I., Amo, D.G.D., 
Gómez-Baggethun, E., Oteros-Rozas, 
E., Palacios-Agundez, I., Willaarts, 
B., González, J.A., Santos-Martín, F., 
Onaindia, M., López-Santiago, C. and 
Montes, C., 2012: Uncovering Ecosystem 
Service Bundles through Social 
Preferences. PLoS ONE, 7(6): e38970.

Martin, L.J., Blossey, B. and Ellis, E., 
2012: Mapping where ecologists 
work: biases in the global distribution 
of terrestrial ecological observations. 
Frontiers in Ecology and the Environment, 
10(4): 195-201.

Mastrandrea, M.D., Field, C.B., 
Stocker, T.F., Edenhofer, O., Ebi, 
K.L., Frame, D.J., Held, H., Kriegler, 
E.M., Matschoss, P.R., Plattner, G.K., 
Yohe, G.W. and Zwiers, F.W., 2010: 
Guidance Note for Lead Authors of 
the IPCC Fifth Assessment Report on 
Consistent Treatment of Uncertainties. 
Intergovernmental Panel on Climate 
Change (IPCC).

McCarthy, N., Lipper, L., Mann, W., 
Branca, G. and Capaldo, J., 2012: 
Evaluating synergies and trade-offs among 
food security, development and climate 
change. In Climate Change Mitigation and 
Agriculture, Wollenberg, E., Tapio-Bistrom, 
M.-L., Grieg-Gran, M. and Nihart, A., eds., 
Routlegde, 39-49.

McInerny, G., 2013: Embedding visual 
communication into scientific practice. 
Trends in Ecology & Evolution, 1(28): 
13-14.

McInerny, G.J., Chen, M., Freeman, 
R., Gavaghan, D., Meyer, M., Rowland, 
F., Spiegelhalter, D.J., Stefaner, M., 
Tessarolo, G. and Hortal, J., 2014: 
Information visualisation for science and 
policy: engaging users and avoiding bias. 
Trends in Ecology & Evolution, 29(3): 
148-157.

Michener, W.K. and Jones, M.B., 2012: 
Ecoinformatics: supporting ecology as a 
data-intensive science. Trends in Ecology 
& Evolution, 27(2): 85-93.

Michener, W.K., Allard, S., Budden, A., 
Cook, R.B., Douglass, K., Frame, M., 
Kelling, S., Koskela, R., Tenopir, C. and 
Vieglais, D.A., 2012: Participatory design 
of DataONE—enabling cyberinfrastructure 
for the biological and environmental 
sciences. Ecological Informatics, 11: 5-15.

Molloy, J.C., 2011: The open knowledge 
foundation: open data means better 
science. PLoS Biol, 9(12): e1001195.

Morin, X. and Thuiller, W., 2009: 
Comparing niche- and process-based 
models to reduce prediction uncertainty in 
species range shifts under climate change. 
Ecology, 90(5): 1301-1313.

Morisette, J.T., Jarnevich, C.S., 
Holcombe, T.R., Talbert, C.B., Ignizio, 
D., Talbert, M.K., Silva, C., Koop, D., 
Swanson, A. and Young, N.E., 2013: 
VisTrails SAHM: visualization and workflow 
management for species habitat modeling. 
Ecography, 36(2): 129-135.

Moritz, C., Patton, J.L., Conroy, C.J., 
Parra, J.L., White, G.C. and Beissinger, 
S.R., 2008: Impact of a century of climate 
change on small-mammal communities 
in Yosemite National Park, USA. Science, 
322(5899): 261-264.

Morozov, A. and Poggiale, J.-C., 2012: 
From spatially explicit ecological models to 
mean-field dynamics: The state of the art 
and perspectives. Ecological Complexity, 
10: 1-11.

Moss, R.H., Edmonds, J.A., Hibbard, 
K.A., Manning, M.R., Rose, S.K., van 
Vuuren, D.P., Carter, T.R., Emori, S., 
Kainuma, M., Kram, T., Meehl, G.A., 
Mitchell, J.F.B., Nakicenovic, N., 
Riahi, K., Smith, S.J., Stouffer, R.J., 
Thomson, A.M., Weyant, J.P. and 
Wilbanks, T.J., 2010: The next generation 
of scenarios for climate change research 
and assessment. Nature, 463(7282): 
747-756.

Mumby, P.J., Steneck, R.S. and 
Hastings, A., 2013: Evidence for and 
against the existence of alternate attractors 
on coral reefs. Oikos, 122(4): 481-491.

Nemec, K.T. and Raudsepp-
Hearne, C., 2013: The use of geographic 
information systems to map and assess 
ecosystem services. Biodiversity and 
Conservation, 22(1): 1-15.

Newbold, T., Hudson, L.N., Hill, S.L.L., 
Contu, S., Lysenko, I., Senior, R.A., 

Börger, L., Bennett, D.J., Choimes, 
A., Collen, B., Day, J., De Palma, 
A., Díaz, S., Echeverria-Londoño, 
S., Edgar, M.J., Feldman, A., Garon, 
M., Harrison, M.L.K., Alhusseini, T., 
Ingram, D.J., Itescu, Y., Kattge, J., 
Kemp, V., Kirkpatrick, L., Kleyer, M., 
Correia, D.L.P., Martin, C.D., Meiri, 
S., Novosolov, M., Pan, Y., Phillips, 
H.R.P., Purves, D.W., Robinson, A., 
Simpson, J., Tuck, S.L., Weiher, E., 
White, H.J., Ewers, R.M., Mace, G.M., 
Scharlemann, J.P.W. and Purvis, A., 
2015: Global effects of land use on local 
terrestrial biodiversity. Nature, 520(7545): 
45-50.

Nicholson, E., Collen, B., Barausse, 
A., Blanchard, J.L., Costelloe, B.T., 
Sullivan, K.M.E., Underwood, F.M., 
Burn, R.W., Fritz, S., Jones, J.P.G., 
McRae, L., Possingham, H.P. and 
Milner-Gulland, E.J., 2012: Making 
Robust Policy Decisions Using Global 
Biodiversity Indicators. PLoS ONE, 7(7): 
e41128.

Noss, R.F., 1990: Indicators for 
Monitoring Biodiversity – a Hierarchical 
Approach. Conservation Biology, 4(4): 
355-364.

Olson, D.M., Dinerstein, E., 
Wikramanayake, E.D., Burgess, N.D., 
Powell, G.V.N., Underwood, J.A., Itoua, 
I., Strand, H.E., Morrison, J.C., Loucks, 
O.L., Allnut, T.F., Ricketts, T.H., Kura, 
Y., Lamoreux, J.F., Wettengel, W.W., 
Hedao, P. and Kassem, K.R., 2001: 
Terrestrial Ecoregions of the World: A New 
Map of Life on Earth. Bioscience, 51(11): 
933-938.

Padovani, L. and Guentner, S., 2007: 
Towards a new listening culture? The 
involvement of inhabitants in urban 
management. URBACT.

Pattanayak, S.K., Ross, M.T., Depro, 
B.M., Bauch, S.C., Timmins, C., 
Wendland, K.J. and Alger, K., 2009: 
Climate change and conservation in Brazil: 
CGE evaluation of health and wealth 
impacts. The BE Journal of Economic 
Analysis & Policy, 9(2): 6.

Pearson, R.G., Stanton, J.C., 
Shoemaker, K.T., Aiello-Lammens, 
M.E., Ersts, P.J., Horning, N., Fordham, 
D.A., Raxworthy, C.J., Ryu, H.Y., 
McNees, J. and others, 2014: Life 
history and spatial traits predict extinction 
risk due to climate change. Nature Climate 
Change, 4(3): 217-221.



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

8.
 I

M
P

R
O

V
IN

G
 T

H
E

 R
IG

O
U

R
 A

N
D

 U
S

E
FU

LN
E

S
S

 O
F 

S
C

E
N

A
R

IO
S

 A
N

D
 

M
O

D
E

LS
 T

H
R

O
U

G
H

 O
N

G
O

IN
G

 E
VA

LU
AT

IO
N

 A
N

D
 R

E
FI

N
E

M
E

N
T

288

Pennington, D., Higgins, D., Peterson, 
A.T., Jones, M., Ludäscher, B. and 
Bowers, S., 2007: Ecological Niche 
Modeling Using the Kepler Workflow 
System. In Workflows for e-Science, 
Taylor, I., Deelman, E., Gannon, D. and 
Shields, M., eds., Springer London, 91-
108.

Penone, C., Davidson, A.D., 
Shoemaker, K.T., Di Marco, M., 
Rondinini, C., Brooks, T.M., Young, 
B.E., Graham, C.H. and Costa, G.C., 
2014: Imputation of missing data in life-
history trait datasets: which approach 
performs the best? Methods in Ecology 
and Evolution, 5(9): 961-970.

Pereira, H.M., Navarro, L.M. and 
Martins, I.S., 2012: Global biodiversity 
change: the bad, the good, and the 
unknown. Annual Review of Environment 
and Resources, 37(1): 25-50.

Pereira, H.M., Leadley, P.W., Proenca, 
V., Alkemade, R., Scharlemann, 
J.P.W., Fernandez-Manjarres, J.F., 
Araújo, M.B., Balvanera, P., Biggs, R., 
Cheung, W.W.L., Chini, L., Cooper, 
H.D., Gilman, E.L., Guénette, S., Hurtt, 
G.C., Huntington, H.P., Mace, G.M., 
Oberdorff, T., Revenga, C., Rodrigues, 
P., Scholes, R.J., Sumaila, U.R. and 
Walpole, M., 2010: Scenarios for Global 
Biodiversity in the 21st Century. Science, 
330(6010): 1496-1501.

Pereira, H.M., Ferrier, S., Walters, 
M., Geller, G.N., Jongman, R.H.G., 
Scholes, R.J., Bruford, M.W., 
Brummitt, N., Butchart, S.H.M., 
Cardoso, A.C., Coops, N.C., Dulloo, 
E., Faith, D.P., Freyhof, J., Gregory, 
R.D., Heip, C., Höft, R., Hurtt, G., 
Jetz, W., Karp, D.S., McGeoch, M.A., 
Obura, D., Onoda, Y., Pettorelli, N., 
Reyers, B., Sayre, R., Scharlemann, 
J.P.W., Stuart, S.N., Turak, E., Walpole, 
M. and Wegmann, M., 2013: Essential 
Biodiversity Variables. Science, 339(6117): 
277-278.

Perrings, C., 2014: Our Uncommon 
Heritage: Biodiversity Change, Ecosystem 
Services, and Human Well-Being. 
Cambridge University Press.

Pert, P.L., Ens, E.J., Locke, J., Clarke, 
P.A., Packer, J.M. and Turpin, G., 2015: 
An online spatial database of Australian 
Indigenous Biocultural Knowledge 
for contemporary natural and cultural 
resource management. Science of The 
Total Environment, 534: 110-121.

Pidgeon, N. and Fischhoff, B., 2011: 
The role of social and decision sciences 
in communicating uncertain climate risks. 
Nature Climate Change, 1(1): 35-41.

Platts, P.J., McClean, C.J., Lovett, J.C. 
and Marchant, R., 2008: Predicting tree 
distributions in an East African biodiversity 
hotspot: model selection, data bias and 
envelope uncertainty. Ecological Modelling, 
218(1): 121-134.

Porter, J.H., Nagy, E., Kratz, T.K., 
Hanson, P., Collins, S.L. and 
Arzberger, P., 2009: New eyes on the 
world: advanced sensors for ecology. 
Bioscience, 59(5): 385-397.

Prowse, T.A.A., Johnson, C.N., Lacy, 
R.C., Bradshaw, C.J.A., Pollak, J.P., 
Watts, M.J. and Brook, B.W., 2013: 
No need for disease: testing extinction 
hypotheses for the thylacine using multi-
species metamodels. Journal of Animal 
Ecology, 82(2): 355-364.

Recknagel, F., 2006: Ecological 
Informatics. Berlin, Heidelberg, Springer.

Regan, H.M., Colyvan, M. and 
Burgman, M.A., 2002: A taxonomy 
and treatment of uncertainty for ecology 
and conservation biology. Ecological 
Applications, 12(2): 618-628.

Reichman, O.J., Jones, M.B. and 
Schildhauer, M.P., 2011: Challenges and 
Opportunities of Open Data in Ecology. 
Science, 331(6018): 703-705.

Rindfuss, R.R., Walsh, S.J., Turner, 
B.L., Fox, J. and Mishra, V., 2004: 
Developing a science of land change: 
challenges and methodological issues. 
Proceedings of The National Academy of 
Sciences, 101(39): 13976-13981.

Rüegg, J., Gries, C., Bond-Lamberty, 
B., Bowen, G.J., Felzer, B.S., McIntyre, 
N.E., Soranno, P.A., Vanderbilt, K.L. 
and Weathers, K.C., 2014: Completing 
the data life cycle: using information 
management in macrosystems ecology 
research. Frontiers in Ecology and the 
Environment, 12(1): 24-30.

Rundel, P.W., Graham, E.A., Allen, 
M.F., Fisher, J.C. and Harmon, T.C., 
2009: Environmental sensor networks 
in ecological research. New Phytologist, 
182(3): 589-607.

Sarkar, S., Pressey, R.L., Faith, D.P., 
Margules, C.R., Fuller, T., Stoms, D.M., 

Moffett, A., Wilson, K.A., Williams, 
K.J., Williams, P.H. and Andelman, S., 
2006: Biodiversity conservation planning 
tools: Present status and challenges for 
the future. Annual Review of Environment 
and Resources, 31: 123-159.

sCBD, 2010: Global biodiversity Outlook 
3. Secretariat of the Convention on 
Biological Diversity, Montreal.

sCBD, 2014: Global Biodiversity Outlook 
4. Secretariat of the Convention on 
Biological Diversity, Montreal.

Scheffer, M., Bascompte, J., Brock, 
W.A., Brovkin, V., Carpenter, S.R., 
Dakos, V., Held, H., Van Nes, E.H., 
Rietkerk, M. and Sugihara, G., 
2009: Early-warning signals for critical 
transitions. Nature, 461(7260): 53-59.

Scheffer, M., Carpenter, S.R., Lenton, 
T.M., Bascompte, J., Brock, W., Dakos, 
V., Van De Koppel, J., Van De Leemput, 
I.A., Levin, S.A., Van Nes, E.H. and 
others, 2012: Anticipating critical 
transitions. Science, 338(6105): 344-348.

Scholes, R.J., Walters, M., Turak, E., 
Saarenmaa, H., Heip, C.H.R., Tuama, 
É.Ó., Faith, D.P., Mooney, H.A., Ferrier, 
S., Jongman, R.H.G., Harrison, I.J., 
Yahara, T., Pereira, H.M., Larigauderie, 
A. and Geller, G., 2012: Building a global 
observing system for biodiversity. Current 
opinion in environmental sustainability, 
4(1): 139-146.

Schulp, C.J.E., Burkhard, B., Maes, J., 
Van Vliet, J. and Verburg, P.H., 2014: 
Uncertainties in Ecosystem Service Maps: 
A Comparison on the European Scale. 
PLoS ONE, 9(10): e109643.

Shaw, A., Sheppard, S., Burch, S., 
Flanders, D., Wiek, A., Carmichael, 
J., Robinson, J. and Cohen, S., 
2009: Making local futures tangible—
synthesizing, downscaling, and visualizing 
climate change scenarios for participatory 
capacity building. Global Environmental 
Change, 19(4): 447-463.

Sheppard, S.R.J., 2005: Participatory 
decision support for sustainable forest 
management: a framework for planning 
with local comunities at the landscape 
level in Canada. Sustainable forestry in the 
balance. Journal of Forestry, 4: 187-195.

Shoemaker, K.T. and Akçakaya, 
H.R., 2015: Inferring the nature of 
anthropogenic threats from long-term 



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

8.
 I

M
P

R
O

V
IN

G
 T

H
E

 R
IG

O
U

R
 A

N
D

 U
S

E
FU

LN
E

S
S

 O
F 

S
C

E
N

A
R

IO
S

 A
N

D
 

 M
O

D
E

LS
 T

H
R

O
U

G
H

 O
N

G
O

IN
G

 E
VA

LU
AT

IO
N

 A
N

D
 R

E
FI

N
E

M
E

N
T

289

abundance records. Conservation Biology, 
29(1): 238-249.

Shoemaker, K.T., Lacy, R.C., Verant, 
M.L., Brook, B.W., Livieri, T.M., 
Miller, P.S., Fordham, D.A. and 
Akçakaya, H.R., 2014: Effects of prey 
metapopulation structure on the viability 
of black-footed ferrets in plague-impacted 
landscapes: a metamodelling approach. 
Journal of Applied Ecology, 51(3): 735-
745.

Shrestha, N.K., Leta, O.T., De 
Fraine, B., Van Griensven, A. and 
Bauwens,  W., 2013: OpenMI-based 
integrated sediment transport modelling 
of the river Zenne, Belgium. Environmental 
Modelling & Software, 47: 193-206.

Silvertown, J., 2009: A new dawn for 
citizen science. Trends in Ecology & 
Evolution, 24(9): 467-471.

Simoy, M.V., Fernández, G.J. and 
Canziani, G.A., 2013: An Individual-Based 
Model to Estimate the Daily Energetic Cost 
of Greater Rheas and Its Contribution on 
Population Recruitment. Natural Resource 
Modeling, 26(3): 435-454.

Sitch, S., Huntingford, C., Gedney, N., 
Levy, P.E., Lomas, M., Piao, S.L., Betts, 
R., Ciais, P., Cox, P., Friedlingstein, 
P., Jones, C.D., Prentice, I.C. and 
Woodward, F.I., 2008: Evaluation of 
the terrestrial carbon cycle, future plant 
geography and climate-carbon cycle 
feedbacks using five Dynamic Global 
Vegetation Models (DGVMs). Global 
Change Biology, 14(9): 2015-2039.

Skidmore, A.K., Pettorelli, N., Coops, 
N.C., Geller, G.N., Hansen, M., 
Lucas, R., Mücher, C.A., O’Connor, 
B., Paganini, M., Pereira, H.M., 
Schaepman, M.E., Turner, W., Wang, 
T. and Wegmann, M., 2015: Agree on 
biodiversity metrics to track from space. 
Nature, 523(7561): 403-405.

Sleeter, B.M., Sohl, T.L., Bouchard, 
M.A., Reker, R.R., Soulard, C.E., 
Acevedo, W., Griffith, G.E., Sleeter, 
R.R., Auch, R.F., Sayler, K.L., Prisley, 
S. and Zhu, Z., 2012: Scenarios of 
land use and land cover change in the 
conterminous United States: Utilizing the 
special report on emission scenarios at 
ecoregional scales. Global Environmental 
Change, 22(4): 896-914.

Smith, H.A. and Sharp, K., 2012: 
Indigenous climate knowledges. Wiley 

Interdisciplinary Reviews: Climate Change, 
3(5): 467-476.

Smith, P., Haberl, H., Popp, A., Erb, 
K.-h., Lauk, C., Harper, R., Tubiello, 
F.N., Siqueira Pinto, A., Jafari, M., 
Sohi, S. and others, 2013: How much 
land-based greenhouse gas mitigation can 
be achieved without compromising food 
security and environmental goals? Global 
Change Biology, 19(8): 2285-2302.

Sparks, T.H., Butchart, S.H.M., 
Balmford, A., Bennun, L., Stanwell-
Smith, D., Walpole, M., Bates, N.R., 
Bomhard, B., Buchanan, G.M., 
Chenery, A.M., Collen, B., Csirke, J., 
Diaz, R.J., Dulvy, N.K., Fitzgerald, C., 
Kapos, V., Mayaux, P., Tierney, M., 
Waycott, M., Wood, L. and Green, R.E., 
2011: Linked indicator sets for addressing 
biodiversity loss. Oryx, 45(03): 411-419.

Stanton, J.C., Shoemaker, K.T., 
Pearson, R.G. and Akçakaya, H.R., 
2015: Warning times for species 
extinctions due to climate change. Global 
Change Biology, 21(3): 1066-1077.

Sugihara, G., May, R., Ye, H., Hsieh, 
C.-h., Deyle, E., Fogarty, M. and 
Munch, S., 2012: Detecting causality in 
complex ecosystems. Science, 338(6106): 
496-500.

Tallis, H., Mooney, H., Andelman, S., 
Balvanera, P., Cramer, W., Karp, D., 
Polasky, S., Reyers, B., Ricketts, T., 
Running, S., Thonicke, K., Tietjen, B. 
and Walz, A., 2012: A Global System for 
Monitoring Ecosystem Service Change. 
Bioscience, 62(11): 977-986.

TEEB – The Economics of Ecosystems 
and Biodiversity, 2013: Guidance Manual 
for TEEB Country Studies. Version 1.0. 

Ten Brink, B., Van der Esch, S., Kram, 
T., Van Oorschot, M., Alkemade, 
J.R.M., Ahrens, R., Bakkenes, 
M., Bakkes, J., Van den Berg, M., 
Christensen, V., Janse, J., Jeuken, M., 
Lucas, P., Manders, T., Van Meijl, H., 
Stehfest, E., Tabeau, A., Van Vuuren, D. 
and Wilting, H., 2010: Rethinking global 
biodiversity strategies: exploring structural 
changes in production and consumption 
to reduce biodiversity loss. Netherlands 
Environmental Assessment Agency (PBL), 
The Hague, the Netherlands.

Thuiller, W., Münkemüller, T., Lavergne, 
S., Mouillot, D., Mouquet, N., Schiffers, 
K. and Gravel, D., 2013: A road map for 

integrating eco-evolutionary processes 
into biodiversity models. Ecology Letters, 
16: 94-105.

Tittensor, D.P., Walpole, M., Hill, S.L.L., 
Boyce, D.G., Britten, G.L., Burgess, 
N.D., Butchart, S.H.M., Leadley, P.W., 
Regan, E.C., Alkemade, R., Baumung, 
R., Bellard, C., Bouwman, L., Bowles-
Newark, N.J., Chenery, A.M., Cheung, 
W.W.L., Christensen, V., Cooper, 
H.D., Crowther, A.R., Dixon, M.J.R., 
Galli, A., Gaveau, V., Gregory, R.D., 
Gutierrez, N.L., Hirsch, T.L., Höft, R., 
Januchowski-Hartley, S.R., Karmann, 
M., Krug, C.B., Leverington, F.J., Loh, 
J., Lojenga, R.K., Malsch, K., Marques, 
A., Morgan, D.H.W., Mumby, P.J., 
Newbold, T., Noonan-Mooney, K., 
Pagad, S.N., Parks, B.C., Pereira, H.M., 
Robertson, T., Rondinini, C., Santini, 
L., Scharlemann, J.P.W., Schindler, 
S., Sumaila, U.R., Teh, L.S.L., van 
Kolck, J., Visconti, P. and Ye, Y., 2014: 
A mid-term analysis of progress toward 
international biodiversity targets. Science, 
346(6206): 241-244.

Turner, W., Rondinini, C., Pettorelli, 
N., Mora, B., Leidner, A.K., Szantoi, 
Z., Buchanan, G., Dech, S., Dwyer, 
J., Herold, M. and others, 2015: Free 
and open-access satellite data are key 
to biodiversity conservation. Biological 
Conservation, 182: 173-176.

UN, EU, FAO, OECD and WBG, 2014: 
System of Environmental-Economic 
Accounting 2012—Experimental 
Ecosystem Accounting. United Nations, 
European Union, Food and Agriculture 
Organization of the United Nations, 
Organisation for Economic Co-operation 
and Development, World Bank Group, ST/
ESA/STAT/Ser.F/112, New York.

UNEP, IOC and UNESCO, 2009: An 
Assessment of Assessments, findings of 
the Group of Experts. Start-up Phase of 
a Regular Process for Global Reporting 
and Assessment of the State of the Marine 
Environment including Socio-economic 
Aspects. United Nations Environmental 
Programme, 

Van Berkel, D.B., Carvalho-Ribeiro, 
S., Verburg, P.H. and Lovett, A., 2011: 
Identifying assets and constraints for rural 
development with qualitative scenarios: A 
case study of Castro Laboreiro, Portugal. 
Landscape and Urban Planning, 102: 
127-141.



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

8.
 I

M
P

R
O

V
IN

G
 T

H
E

 R
IG

O
U

R
 A

N
D

 U
S

E
FU

LN
E

S
S

 O
F 

S
C

E
N

A
R

IO
S

 A
N

D
 

M
O

D
E

LS
 T

H
R

O
U

G
H

 O
N

G
O

IN
G

 E
VA

LU
AT

IO
N

 A
N

D
 R

E
FI

N
E

M
E

N
T

290

Van der Putten, W.H., Macel, M. and 
Visser, M.E., 2010: Predicting species 
distribution and abundance responses 
to climate change: why it is essential to 
include biotic interactions across trophic 
levels. Philosophical Transactions of the 
Royal Society B: Biological Sciences, 
365(1549): 2025-2034.

Van Oijen, M., Cameron, 
D.R., Butterbach-Bahl, K., 
Farahbakhshazad, N., Jansson, P.E., 
Kiese, R., Rahn, K.H., Werner, C. 
and Yeluripati, J.B., 2011: A Bayesian 
framework for model calibration, 
comparison and analysis: application to 
four models for the biogeochemistry of 
a Norway spruce forest. Agricultural and 
Forest Meteorology, 151(12): 1609-1621.

van Oijen, M., Reyer, C., Bohn, 
F.J., Cameron, D.R., Deckmyn, G., 
Flechsig, M., Härkönen, S., Hartig, 
F., Huth, A., Kiviste, A., Lasch, P., 
Mäkelä, A., Mette, T., Minunno, F. and 
Rammer, W., 2013: Bayesian calibration, 
comparison and averaging of six forest 
models, using data from Scots pine 
stands across Europe. Forest Ecology and 
Management, 289: 255-268.

van Strien, A.J., Soldaat, L.L. and 
Gregory, R.D., 2012: Desirable 
mathematical properties of indicators for 
biodiversity change. Ecological Indicators, 
14(1): 202-208.

Van Vuuren, D.P. and Carter, T.R., 2014: 
Climate and socio-economic scenarios for 
climate change research and assessment: 
reconciling the new with the old. Climatic 
Change, 122(3): 415-429.

Van Vuuren, D.P., Kok, M.T.J., Girod, 
B., Lucas, P.L. and de Vries, B., 2012a: 
Scenarios in Global Environmental 
Assessments: Key characteristics 

and lessons for future use. Global 
Environmental Change, 22(4): 884-895.

Van Vuuren, D.P., Bayer, L.B., Chuwah, 
C., Ganzeveld, L., Hazeleger, W., van 
den Hurk, B., Van Noije, T., O’Neill, 
B. and Strengers, B.J., 2012b: A 
comprehensive view on climate change: 
coupling of earth system and integrated 
assessment models. Environmental 
Research Letters, 7(2): 024012.

Vervoort, J.M., Kok, K., van 
Lammeren, R. and Veldkamp, T., 
2010: Stepping into futures: Exploring 
the potential of interactive media for 
participatory scenarios on social-
ecological systems. Futures, 42(6): 
604-616.

Visconti, P., Bakkenes, M., Baisero, 
D., Brooks, T., Butchart, S.H.M., 
Joppa, L., Alkemade, R., Di Marco, M., 
Santini, L., Hoffmann, M., Maiorano, 
L., Pressey, R.L., Arponen, A., Boitani, 
L., Reside, A.E., van Vuuren, D.P. and 
Rondinini, C., 2016: Projecting Global 
Biodiversity Indicators under Future 
Development Scenarios. Conservation 
Letters, 9: 5-13.

Waage, S. and Kester, C., 2014: Global 
Public Sector Trends in Ecosystem 
Services: 2009–2013. Business for Social 
Responsibility, San Francisco, CA, USA.

Walz, A., Braendle, J.M., Lang, 
D.J., Brand, F., Briner, S., Elkin, C., 
Hirschi, C., Huber, R., Lischke, H. and 
Schmatz, D.R., 2014: Experience from 
downscaling IPCC-SRES scenarios to 
specific national-level focus scenarios 
for ecosystem service management. 
Technological Forecasting and Social 
Change, 86: 21-32.

Watson, J.E.M., 2014: Human responses 
to climate change will seriously impact 
biodiversity conservation: it’s time we start 
planning for them. Conservation Letters, 
7(1): 1-2.

Wieters, E.A., McQuaid, C., Palomo, 
G., Pappalardo, P. and Navarrete, S.A., 
2012: Biogeographical boundaries, 
functional group structure and diversity 
of Rocky Shore communities along the 
Argentinean coast. PLoS ONE, 7(11): 
e49725.

Wiggins, A. and Crowston, K., 2011: 
From Conservation to Crowdsourcing: 
A Typology of Citizen Science. 2011 
44th Hawaii International Conference on 
System Sciences (HICSS), 1-10.

Wilman, H., Belmaker, J., Simpson, J., 
de la Rosa, C., Rivadeneira, M.M. and 
Jetz, W., 2014: EltonTraits 1.0: Species-
level foraging attributes of the world’s birds 
and mammals: Ecological Archives E095-
178. Ecology, 95(7): 2027-2027.

Wolf, N. and Mangel, M., 2008: Multiple 
hypothesis testing and the declining-
population paradigm in Steller sea lions. 
Ecological Applications, 18(8): 1932-1955.

Wong, C.P., Jiang, B., Kinzig, A.P., 
Lee, K.N. and Ouyang, Z., 2015: 
Linking ecosystem characteristics to final 
ecosystem services for public policy. 
Ecology Letters, 18(1): 108-118.

Zimmermann, N.E., Yoccoz, N.G., 
Edwards, T.C., Meier, E.S., Thuiller, 
W., Guisan, A., Schmatz, D.R. and 
Pearman, P.B., 2009: Climatic extremes 
improve predictions of spatial patterns of 
tree species. Proceedings of The National 
Academy of Sciences, 106(Supplement 2): 
19723-19728.


