N
N

N

HAL

open science

Biodiversity scenarios neglect future land-use changes
Nicolas Titeux, Klaus Henle, Jean-Baptiste Mihoub, Adrian Regos, Ilse R.
Geijzendorffer, Wolfgang Cramer, Peter H. Verburg, Lluis Brotons

» To cite this version:

Nicolas Titeux, Klaus Henle, Jean-Baptiste Mihoub, Adrian Regos, Ilse R. Geijzendorffer, et al..
Biodiversity scenarios neglect future land-use changes. Global Change Biology, 2016, 22 (7), pp.2505—

2515. 10.1111/gcb.13272 . hal-01444016

HAL Id: hal-01444016
https://hal.science/hal-01444016

Submitted on 12 Apr 2018

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-01444016
https://hal.archives-ouvertes.fr

Received Date : 20-Nov-2015s
Revised Date :25-Feb-2016
Accepted Date : 29-Feb-2016

Article type : Opinion

Title

Biodiversity scenarios neglect future land use changes

Running head

Land use changes and biodiversity scenarios

Authors

Nicolas Titeux"**", Klaus Henle*, Jean-Baptiste Mihoub*®, Adrian Regos™?, llse R. Geijzendorffer®,

Wolfgang Cramer®, Peter H. Verburg’ & Lluis Brotons™*®

Author affiliations

1. European Bird Census Council (EBCC) and Forest Sciences Centre of Catalonia (CEMFOR-
CTFC), InForest Joint Research Unit (CSIC-CTFC-CREAF), Ctra. Sant Lloren¢ de Morunys km
2, 25280 Solsona, Spain

2. Université catholique de Louvain (UCL), Earth and Life Institute, Croix du Sud 2, 1348 Louvain-
la-Neuve, Belgium

3. Centre de Recerca Ecologica i Aplicacions Forestals (CREAF), 08193 Cerdanyola del Vallés,
Spain

4. UFZ-Helmholtz Centre for Environmental Research, Department of Conservation Biology,
Permoserstr. 15, 04318 Leipzig, Germany

5. Université Pierre et Marie Curie, CESCO, UMR 7204 MNHN-CNRS-UPMC, Paris, France

This article has been accepted for publication and undergone full peer review but has not
been through the copyediting, typesetting, pagination and proofreading process, which may
lead to differences between this version and the Version of Record. Please cite this article as
doi: 10.1111/gch.13272

This article is protected by copyright. All rights reserved.



6. Institut Méditerranéen de Biodiversité et d’Ecologie marine et continentale (IMBE), Aix
Marseille Université, CNRS, IRD, Avignon Université, Batiment Villemin, Technopdle Arbois-
Meéditerranée, BP 80, 13545 Aix-en-Provence cedex 04, France

7. VU University Amsterdam, Department of Earth Sciences, De Boelelaan 1087, 1081 HV
Amsterdam, The Netherlands

8. Consejo Superior de Investigaciones Cientificas (CSIC), 08193 Cerdanyola del Vallés, Spain

*Corresponding author

Nicolas Titeux, Forest Sciences Centre of Catalonia (CEMFOR-CTFC), Ctra. Sant Lloreng de
Morunys, km 2, E-25280 Solsona, Spain. E-mail: nicolas.titeux@ctfc.es, fax: +34 973480431, phone:

+34 973481752

Keywords

Biodiversity projections, climate change, ecological forecasting, land cover change, land system

science, predictive models, species distribution models, storylines

Paper type

Opinion

Abstract

Efficient management of biodiversity requires a forward-looking approach based on scenarios that
explore biodiversity changes under future environmental conditions. A number of ecological models
have been proposed over the last decades to develop these biodiversity scenarios. Novel modelling
approaches with strong theoretical foundation now offer the possibility to integrate key ecological and
evolutionary processes that shape species distribution and community structure. Although biodiversity
is affected by multiple threats, most studies addressing the effects of future environmental changes on
biodiversity focus on a single threat only. We examined the studies published during the last 25 years

that developed scenarios to predict future biodiversity changes based on climate, land use and land
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cover change projections. We found that biodiversity scenarios mostly focus on the future impacts of
climate change and largely neglect changes in land use and land cover. The emphasis on climate
change impacts has increased over time and has now reached a maximum. Yet, the direct destruction
and degradation of habitats through land use and land cover changes are among the most significant
and immediate threats to biodiversity. We argue that the current state of integration between
ecological and land system sciences is leading to biased estimation of actual risks and therefore
constrains the implementation of forward-looking policy responses to biodiversity decline. We
suggest research directions at the crossroads between ecological and environmental sciences to face
the challenge of developing interoperable and plausible projections of future environmental changes
and to anticipate the full range of their potential impacts on biodiversity. An intergovernmental
platform is needed to stimulate such collaborative research efforts and to emphasize the societal and

political relevance of taking up this challenge.

Introduction

Biodiversity plays an important role in the provision of ecosystem functions and services (Mace et al.,
2012; Bennett et al., 2015; Oliver et al., 2015a). Yet, it is undergoing important decline worldwide
due to human-induced environmental changes (Collen et al., 2009; Pimm et al., 2014). Governance
and anticipative management of biodiversity require plausible scenarios of expected changes under
future environmental conditions (Sala et al., 2000; Pereira et al., 2010; Larigauderie et al., 2012). A
forward-looking approach is essential because drivers of biodiversity decline and their associated
impacts change over time. In addition, delayed mitigation efforts are likely more costly and time-
consuming than early action and often fail to avoid a significant part of the ecological damage (Cook
et al., 2014; Oliver & Roy, 2015). Hence, biodiversity scenarios are on the agenda of international
conventions, platforms and programmes for global biodiversity conservation, such as the Convention
on Biological Diversity (CBD) and the Intergovernmental Platform for Biodiversity & Ecosystem
Services (IPBES) (Leadley et al., 2010, 2014; Secretariat of the Convention on Biological Diversity,

2014; Diaz et al., 2015; Kok et al., 2016).
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An increasing number of ecological models have been proposed over the last decades to develop
biodiversity scenarios (Evans et al., 2013; Kerr & Dobrowski, 2013; Thuiller et al., 2013). They
integrate and predict the effects of the two main factors that will determine the future of biodiversity:
(1) the nature, rate and magnitude of expected changes in environmental conditions and (2) the
capacity of organisms to deal with these changing conditions through a range of ecological and
evolutionary processes (Figure 1). Most modelling approaches rely on strong assumptions about the
key processes that shape species distribution, abundance, community structure or ecosystem
functioning (Kearney & Porter, 2009; Evans, 2012; Thuiller et al., 2013), with only few studies
considering the adaptation potential of the species. Hence, recent work has mainly focused on
improving the theoretical foundation of ecological models (Evans et al., 2013; Thuiller et al., 2013;

Harfoot et al., 2014a; Zurell et al., 2016).

Yet, the credibility of developed biodiversity scenarios remains severely limited by the assumptions
used to integrate the expected changes in environmental conditions into the ecological models.
Biodiversity scenarios draw upon narratives (storylines) of environmental change that project
plausible socio-economic developments or particularly desirable future pathways under specific
policy options and strategies (van Vuuren et al., 2012; O’Neill et al., 2015) (Figure 1). Although
biodiversity is affected by multiple interacting driving forces (Millennium Ecosystem Assessment,
2005; Mantyka-Pringle et al., 2012; Settele & Wiemers, 2015), most biodiversity scenarios are based
on environmental change projections that represent a single threat only (Bellard et al., 2015). With a
literature survey on the biodiversity scenarios published during the last 25 years, we show here a
dominant use of climate change projections and a relative neglect of future changes in land use and
land cover. The emphasis on the impacts of climate change reflects the urgency to deal with this threat
as it emerges from studies, data and reports such as those produced by the Intergovernmental Panel on
Climate Change (IPCC) (Tingley et al., 2013; Settele et al., 2014). The direct destruction or
degradation of habitats are, however, among the most significant threats to biodiversity to date
(Millennium Ecosystem Assessment, 2005; Leadley et al., 2014; Newbold et al., 2015, 2016) and not

including them raises concerns for the credibility of biodiversity scenarios. Habitat destruction and
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degradation result from both changes in the type of vegetation or human infrastructures that cover the
land surface (i.e. land cover) and changes in the manner in which humans exploit and manage the land
cover (i.e. land use) (Verburg et al., 2012; van Asselen & Verburg, 2013). The lack of coherent and
interoperable environmental change projections that integrate climate, land use and land cover across
scales constitutes a major research gap that impedes the development of credible biodiversity
scenarios and the implementation of efficient forward-looking policy responses to biodiversity
decline. We identify key research challenges at the crossroads between ecological and environmental

sciences, and we provide recommendations to overcome this gap.

Climate and land use/cover changes are important drivers of biodiversity decline

Biodiversity decline results from a number of human-induced drivers of change, including land
use/cover change, climate change, pollution, overexploitation and invasive species (Pereira et al.,
2012; Leadley et al., 2014). Ostberg et al. (2015) have recently estimated that climate and land
use/cover changes have now reached a similar level of pressure on the biogeochemical and
vegetation-structural properties of terrestrial ecosystems across the globe, but during the last three
centuries land use/cover change has exposed 1.5 times as many areas to significant modifications as
climate change. The relative impacts of these driving forces on biodiversity have also been assessed at
the global scale. In its volume on state and trends, the Millennium Ecosystem Assessment (2005)
reported that land use/cover change in terrestrial ecosystems has been the most important direct driver
of changes in biodiversity and ecosystem services in the past 50 years. Habitat destruction or
degradation due to land use/cover change constitute an on-going threat in 44.8% of the vertebrate
populations included in the Living Planet Index (WWEF, 2014) for which threats have been identified,
whereas climate change is a threat in only 7.1% of them. A query performed on the website of the
IUCN Red List of Threatened species (assessment during the period 2000-2015) indicates that more
than 85% of the vulnerable or (critically) endangered mammal, bird and amphibian species in
terrestrial ecosystems are affected by habitat destruction or degradation (i.e. residential and
commercial development, agriculture and aquaculture, energy production and mining, transportation

and service corridors, and natural system modification) and less than 20% are affected by climate
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change and severe weather conditions (see also Pereira et al., 2012). Interactions between multiple
driving forces, such as climate, land use and land cover changes, may further push ecological systems
beyond tipping points (Mantyka-Pringle et al., 2012; Oliver & Morecroft, 2014) and are key to
understanding biodiversity dynamics under changing environmental conditions (Travis, 2003; Forister

et al., 2010; Staudt et al., 2013; Mantyka-Pringle et al., 2015).

Emphasis on climate change impacts in biodiversity scenarios

Available projections of climate and land use/cover changes (van Vuuren et al., 2012; O’Neill et al.,
2015) are used to inform on future environmental conditions for biodiversity across a variety of
spatial and temporal scales (de Chazal & Rounsevell, 2009) (Figure 1). Many studies have predicted
the consequences of expected climate change on biodiversity (Bellard et al., 2012; Staudinger et al.,
2013; Pacifici et al., 2015). For instance, future climate change is predicted to induce latitudinal or
altitudinal shifts in species ranges with important effects on ecological communities (Maes et al.,
2010; Barbet-Massin & Jetz, 2015), to increase the risks of species extinction (Thomas et al., 2004;
Urban, 2015) or to reduce the effectiveness of conservation areas (Aradjo et al., 2011). Projections of
land use/cover change have been used to predict future changes in suitable habitats for a number of
species (Martinuzzi et al., 2015; Newbold et al., 2015), to predict future plant invasions (Chytry et al.,
2012), to estimate potential future extinctions in biodiversity hotspots (Jantz et al., 2015) or to
highlight the restricted potential for future expansion of protected areas worldwide (Pouzols et al.,
2014). Visconti et al. (2015) estimated the coverage of suitable habitats for terrestrial mammals under
future land use/cover change and based on global protected areas expansion plans. They showed that
such plans might not constitute the most optimal conservation action for a large proportion of the
studied species and that alternative strategies focusing on the most threatened species will be more

efficient.

Climate and land use/cover change projections have also been combined in the same modelling
framework to address how climate change will interplay with land use/cover change in driving the
future of biodiversity (Jetz et al., 2007; Martin et al., 2013; Ay et al., 2014; Saltré et al., 2015;

Visconti et al., 2016). For instance, future refuge areas for orang-utans have been identified in Borneo
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under projected climate change, deforestation and suitability for oil-palm agriculture (Struebig et al.,
2015). Alkemade et al. (2009) used land use/cover change, climate change and projections of other
driving forces to predict the future impacts of different global-scale policy options on the composition
of ecological communities. Recently, it has been shown that the persistence of drought-sensitive
butterfly populations under future climate change may be significantly improved if semi-natural

habitats are restored to reduce fragmentation (Oliver et al., 2015b).

We searched published literature from 1990 to 2014 to estimate the yearly number of studies that
developed biodiversity scenarios based on climate change projections, land use/cover change
projections or the combination of both types of projections. A list of 2,313 articles was extracted from
the search procedure described in Table 1. We expected a number of articles within this list would
only weakly focus on the development of biodiversity scenarios based on climate and/or land
use/cover change projections and therefore, we randomly sampled articles within this list (sample
size: N=300). We then carefully checked their titles and abstracts to allocate each of them to one of

the following categories:

1. Atrticle reporting on the development of biodiversity scenarios based only on climate change

projections

2. Atrticle reporting on the development of biodiversity scenarios based only on land use/cover

change projections

3. Atrticle reporting on the development of biodiversity scenarios based on the use of climate and

land use/cover change projections

4. Atrticle reporting on the development of biodiversity scenarios based on other types of

environmental change projections
5. Atrticle not reporting on the actual development of biodiversity scenarios

We considered that articles reported on the development of biodiversity scenarios when they

produced predictions of the response of biodiversity to future changes in environmental conditions.
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We calculated for each year between 1990 and 2014 the proportions of studies allocated to each of the
five categories among the random sample of articles. We used a window size of 5 years and we
calculated two-sided moving averages of the yearly proportions along the 25-year long time series.
With this approach, we smoothed out short-term fluctuations due to the limited sample size and we

highlighted the long-term trend in the proportions of articles allocated to the different categories.

We used these smoothed proportions estimated from the sample of articles and the total number of
2,313 articles extracted from the search procedure to estimate the yearly numbers of articles during
1990-2014 that reported on the development of biodiversity scenarios and that used climate change
projections (category 1), land use/cover change projections (category 2) and both types of

environmental change projections (category 3).

Our survey revealed that the number of studies that have included the expected impacts of future land
use/cover change on biodiversity falls behind in comparison with the number of studies that have
focused on the effects of future climate change (Figure 2). Among the studies published during the
period 1990-2014 and that drew upon at least one of these two driving forces to develop biodiversity
scenarios, we estimated that 85.2% made use of climate change projections alone and that 4.1% used
only projections of land use/cover change. Climate and land use/cover change projections were
combined in 10.7% of the studies. A sensitivity analysis was carried out and indicates that the number
of articles for which we checked the titles and abstracts was sufficient to reflect those proportions in a
reliable way (Appendix S1 and Figure S1). The imbalance between the use of climate and land
use/cover change projections has increased over time in the last 25 years and has now reached a

maximum (Figure 2).

Where biodiversity scenarios lack credibility

Disregarding future changes in land use or land cover when developing biodiversity scenarios
assumes that their effects on biodiversity will be negligible compared to the impacts of climate

change. Two main reasons are frequently brought forward when omitting to include the effects of land

use/cover change in biodiversity scenarios: (1) the available representations of future land use/cover
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change are considered unreliable or irrelevant for addressing the future of biodiversity (e.g. Stanton et
al., 2012) and (2) climate change could outpace land use and land cover as the greatest threat to
biodiversity in the next decades (e.g. Bellard et al., 2012). Here, we build on these two lines of
arguments to discuss the lack of credibility of assuming unchanged land use/cover in biodiversity

scenarios and to stress the need for further development of land use/cover change projections.

Available large-scale land use/cover change projections are typically associated with a relatively
coarse spatial resolution and a simplified thematic representation of the land surface (Verburg et al.,
2012). This is largely due to the fact that most of these projections have been derived from integrated
assessment models which simulate expected changes in the main land cover types and their impacts
on climate through emission of greenhouse gases (de Chazal & Rounsevell, 2009; Verburg et al.,
2012; Harfoot et al., 2014b). A strong simplification of the representation of land use and land cover
is inevitable due to the spatial extent and computational complexity of these models. Some studies
have implemented downscaling methods based on spatial allocation rules to improve the
representation of landscape composition in large-scale projections (Verburg et al., 2006). Because
their primary objective is to respond to the pressing need to assess future changes in climatic
conditions and to explore climate change mitigation options, such downscaled projections use,
however, only a small number of land cover types and are, consequently, of limited relevance for
addressing the full impact of landscape structure and habitat fragmentation on biodiversity (de Chazal

& Rounsevell, 2009; Verburg et al., 2012; Harfoot et al., 2014b).

In addition, much of land system science has focused on conversions between land cover types (e.g.
from forest to open land through deforestation), but little attention has been paid to capture some of
the most important dimensions of change for biodiversity that result from changes in land use within —
and not only between — certain types of land cover (de Chazal & Rounsevell, 2009; van Asselen &
Verburg, 2013; Stiirck et al., 2015). Changes in land management regimes (e.g. whether grasslands
are mown or grazed) and intensity of use (e.g. through wood harvesting or the use of fertilizers,
pesticides and irrigation in cultivated areas) are known to strongly impact biodiversity (Pe’er et al.,

2014) and are expected to cause unprecedented habitat modifications in the next decades (Laurance,
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2001; Tilman, 2001). For instance, management intensification of currently cultivated areas
(Meehan et al., 2011) rather than agricultural surface expansion will likely provide the largest
contribution to the future increases in agricultural production (van Asselen & Verburg,
2013). These aspects of land use change remain poorly captured and integrated into currently
available projections (Rounsevell et al., 2012; Verburg et al., 2012; Stiirck et al., 2015). Furthermore,
the frequency and sequence of changes in land use and land cover, or the lifespan of certain types of
land cover, interact with key ecological processes and determine the response of biodiversity to such
changes (Kleyer et al., 2007; Watson et al., 2014). Although methods have become available to
represent the dynamics and the expected trajectories of the land system (Rounsevell et al., 2012),
these temporal dimensions of change are still rarely incorporated in land use/cover change projections

(de Chazal & Rounsevell, 2009; Harfoot et al., 2014b).

This lack of integration between ecological and land system sciences limits the ability to make
credible evaluations of the future response of biodiversity to land use and land cover changes in
interaction with climate change (de Chazal & Rounsevell, 2009; Harfoot et al., 2014b). In turn, this
makes it hazardous to speculate that the expected rate and magnitude of climate change will downplay
the effects of land use/cover change on biodiversity in the future. There is no consensus on how the
strength of future climate change impact should be compared to that of other threats such as changes
in land use and land cover (Tingley et al., 2013). Some of the few studies that included the combined
effect of both types of drivers in biodiversity scenarios have stressed that, although climate change
will severely affect biodiversity at some point in the future, land use/cover change may lead to more
immediate and even greater biodiversity decline in some terrestrial ecosystems (Jetz et al., 2007;
Pereira et al., 2010; Visconti et al., 2016). For example, considerable habitat loss is predicted in some
regions during the next few decades due to increasing pressures to convert natural habitats into
agricultural areas (Lambin & Meyfroidt, 2011). The rapid conversion of tropical forests and
natural grasslands for agriculture, timber production and other land uses (Laurance & Edwards, 2014)

is expected to have more significant impacts on biodiversity than climate in the near future

(Jetz et al., 2007; Laurance et al., 2012). Again, most of these studies focused on changes
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that will emerge from conversions between different types of land cover and only few of
them addressed the future impacts of land use change within certain types of land cover. For
instance, the distribution changes of broad habitat types were predicted under future climate, land use
and CO, change projections in Europe and it was shown that land use change is expected to have the
greatest effects in the next few decades (Lehsten et al., 2015). In this region, effects of land use
change might lead to both a loss and a gain of habitats benefitting different aspects of biodiversity.
This will likely happen through parallel processes of intensification and abandonment of agriculture
that offer potential for recovering wilderness areas (Henle et al., 2008; Queiroz et al., 2014). These
immediate effects of land use/cover changes on biodiversity deserve further attention with regard to
the ecological forecast horizon, i.e. how far into the future useful predictions can be made (Petchey et
al., 2015). Immediate changes in land use/cover may significantly alter the ability of ecological
systems to deal with the impacts of climate change that are expected to be increasingly severe in the
future (Tingley et al., 2013). Hence, ecological predictions that neglect the immediate effects of land
use/cover changes and only focus on the effects of climate change in a distant future may be largely
uncertain. It is therefore needed to identify appropriate time horizons for biodiversity scenarios, with
increased reliance on those associated with greater predictability and higher policy relevance (Petchey

etal., 2015).

Climate change will exert severe impacts on the land system, but the way humans are managing the
land will also influence climatic conditions, so that both processes interact with each other. For
instance, deforestation and forest management constitute a major source of carbon loss with direct
impacts on the carbon cycle and indirect effects on climate (Putz et al., 2014; Naudts et al., 2016).
Climate change mitigation strategies include important modifications of the land surface such as the
increased prevalence of biofuel crops. This mitigation action may pose some conflicts between
important areas for biodiversity conservation and bioenergy production (Alkemade et al., 2009;
Fletcher et al., 2011; Meller et al., 2015). In integrated assessment models or other global land use
models, such interactions are often restricted to impacts of climate change on crop productivity and

shifts in potential production areas. These models neglect a wide range of human adaptive responses
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to climate change in the land system (Rounsevell et al., 2014), such as spatial displacement of
activities (Lambin & Meyfroidt, 2011) that may pose a significant threat to biodiversity (Estes et al.,
2014). Increased attention to the feedback effects between climate and land use/cover changes is
therefore needed to help assessing the full range of consequences of the combined impacts of these

driving forces on biodiversity in the future.

Both climate and land use/cover changes are constrained or driven by large-scale forces linked to
economic globalization, but the actual changes in land use/cover are largely determined by local
factors (Lambin et al., 2001; Lambin & Meyfroidt, 2011; Rounsevell et al., 2012). Modifications in
the land system are highly location-dependent and a reflection of the local biophysical and socio-
economic constraints and opportunities (Rounsevell et al., 2014). In Europe, observed changes in
agricultural practices in response to increased market demands and globalization of commodity
markets include the intensification of agriculture, the abandonment of marginally productive areas,
and the changing scale of agricultural operations. These processes occur at the same time but at
different locations across the continent (Henle et al., 2008; Stiirck et al., 2015; van Vliet et al., 2015).
Hence, land use/cover change and its impacts on biodiversity are highly scale-sensitive processes:
they show strongly marked contrasts from one location to the other (Tzanopoulos et al., 2013). Many
subtle changes that are locally or regionally significant for biodiversity may be seriously
underestimated in the available land use/cover change projections because they are occurring below
the most frequently used spatial, temporal and thematic resolution of analysis in large-scale land use
models (de Chazal & Rounsevell, 2009). Most statistical downscaling approaches based on spatial
allocation rules neglect such scale-sensitivity issues and therefore fail to represent landscape
composition and structure to appropriately address the local or regional impacts of land use/cover

changes on biodiversity (Verburg et al., 2012).

A multi-scale, integrated approach is therefore required to unravel the relative and interacting roles of
climate, land use and land cover in determining the future of biodiversity across a range of temporal

and spatial scales. A good example of this need is the prediction of the impacts of changes in
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disturbance regimes, such as fire, for which idiosyncratic changes may be expected in particular

combinations of future climate and land use/cover changes (Brotons et al., 2013; Regos et al., 2016).

A way forward for biodiversity scenarios

Most large-scale land cover change projections are derived from integrated assessment models. They
are coherent to some extent with climate change projections because they are based on the same
socio-economic storylines. This coherence is useful for studying the interplay between different
driving forces. Integrated assessment models capture human energy use, industrial development,
agriculture and main land cover changes within a single modelling framework. However, their
original, primary objective is to provide future predictions of greenhouse gas emissions. It is therefore
important to recognise that these models are not designed to describe the most relevant aspects of land
use and land cover changes for (changes in) biodiversity (de Chazal & Rounsevell, 2009; Harfoot et
al., 2014b). Here, we provide two recommendations to increase the ecological relevance of land
use/cover change projections: (1) reconciling local and global land use/cover modelling approaches

and (2) incorporating important ecological processes in land use/cover models.

Novel and flexible downscaling and upscaling methods to reconcile global-, regional- and local-scale
land use modelling approaches are critically required and constitute one of the most burning issues in
land system science (Letourneau et al., 2012; Rounsevell et al., 2012; Verburg et al., 2012). An
important part of the land use modelling community focuses on the development of modelling and
simulation approaches at local to regional scales where human decision-making and land use/cover
change processes are incorporated explicitly (Rounsevell et al., 2014). These models offer potential to
include a more detailed representation of land use/cover trajectories than integrated assessment
models. Beyond the classification of dominant land cover types, they inform on land use, intensity of
use, management regimes, and other dimensions of land use/cover changes (van Asselen & Verburg,
2013). An integration of scales will provide the opportunity to better represent the interactions
between local trajectories and global dynamics (Kok et al., 2016) and to deal more explicitly with
scale-sensitive factors such as land use/cover changes (Tzanopoulos et al., 2013). To achieve this

integration, a strengthened connection between ecological and land use modelling communities is
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needed as it would ensure that the spatial, temporal and thematic representation of changes in land use
models matches with the operational scale at which biodiversity respond to these changes. Harfoot et
al. (2014b) recently suggested development needs for integrated assessment models and
recommended the general adoption of a user-centred approach that would identify why ecologists
need land use/cover change projections and how they intend to use them to build biodiversity
scenarios. Although we believe such an approach will also be needed to ensure the ecological
relevance of integrating the different scales of analysis in land use models, this will only be successful
if ecologists increase their use of already available land use/cover change projections and suggest
concrete modifications to improve their ecological relevance (de Chazal & Rounsevell, 2009; Martin
et al., 2013). To address the scale-sensitivity issue thoroughly, we should also move beyond the
current emphasis on large and coarse scale of analysis in global change impact research and increase

our recognition for studies examining the local and regional effects of climate and land use/cover

changes on biodiversity.

Ecological processes in marine, freshwater or terrestrial ecosystems remain poorly incorporated in
existing integrated assessment models and other land use models (Harfoot et al., 2014b). Ecological
processes in natural and anthropogenic ecosystems provide essential functions, such as pollination,
disease or pest control, nutrient or water cycling and soil stability, that exert a strong influence on
land systems through complex mechanisms (Sekercioglu et al., 2004; Klein et al., 2007).
Incorporating these processes at appropriate spatial and temporal scales in land use models constitutes
an important challenge, but it would considerably increase the ecological realism of these models and,
in turn, their ability to predict emergent behaviour of the future ecosystems and the related
biodiversity patterns (Harfoot et al., 2014b). Therefore, we urge the need for strengthened interactions
between different scientific communities to identify (1) which ecological processes are relevant in
driving land use/cover dynamics and (2) how and at which scales these processes could be

incorporated in land use models to predict the trajectories of socio-ecological systems.
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A successful implementation of our two recommendations does not solely depend on collaborative
scientific efforts, but it also requires societal agreement and acceptance. The dialogue with and
engagement of stakeholders, such as policy advisers and NGOs, within a participatory modelling
framework (Voinov & Bousquet, 2010) will be key to agreeing on a set of biodiversity-oriented
storylines and desirable pathways at relevant spatial and temporal scales for decision-making
processes in biodiversity conservation and management. An improved integration of the expertise and
knowledge from social science into the development and interpretation of the models may allow a
better understanding of likely trajectories of land use/cover changes. Moreover, such an integration
would provide a better theoretical understanding and practical use of social-ecological feedback loops
in form of policy and management responses to changes in biodiversity and ecosystem services,

which in turn will impact future land use decisions and trajectories.

The priority given to investigating future climate change impacts on biodiversity most likely reflects
how the climate change community has attracted attention during the last decades. The availability of
long-term time series of climatic observations in most parts of the world and the increasing amount of
science-based, spatially explicit climatic projections derived from global and regional circulation
models have clearly stimulated the development of studies focusing on the impacts of climate change
(Tingley et al., 2013; Harfoot et al., 2014b). Under the World Climate Research Programme (WCRP),
the working group on coupled modelling has established the basis for climate model diagnosis,
validation, inter-comparison, documentation and accessibility (Overpeck et al., 2011). The
requirements for climate policy, mediated through the IPCC, have further mobilized the use of a
common reference in climate observations and simulations by the scientific community. The set of
common future emission scenarios (SRES) released in 2000 (Nakicenovic et al., 2000), the more
recent representative concentration pathways (RCPs) (van Vuuren et al., 2011), and the fact that these
can be shared easily have played a major role in mobilizing the scientific community to use climate
change projections in biodiversity scenarios. Work is underway to facilitate open access to land

use/cover change time series and projections, but clear and transparent documentation of land use
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model representations, uncertainties and differences is also needed and should be understandable and

interpretable by a broad interdisciplinary audience (Harfoot et al., 2014b).

The IPCC has also clearly demonstrated that an independent intergovernmental body is an appropriate
platform for attracting the attention of the non-scientific community. Many actors now perceive
climate change as an important threat to ecosystem functions and services. This emphasis can be
heard in the media and among policy makers, such as during the United Nations conferences on
climate change. As a response to the increasing societal and political relevance of climate change,
research efforts have been mostly directed towards climate change impact assessments (Herrick et al.,
2013). From this observed success of the IPCC and the climate change community, it becomes
evident that an independent body is needed for mobilizing the scientific and non-scientific
communities to face the significant challenge of developing biodiversity-oriented references for land
use and land cover change projections. With its focus on multi-scale, multi-disciplinary approaches,
the working programme of the Intergovernmental Platform on Biodiversity and Ecosystem Services
(IPBES) (Inouye, 2014; Diaz et al., 2015; Lundquist et al., 2015) is offering a suitable context to
stimulate collaborative efforts for taking up this challenge. In line with Kok et al. (2016), we therefore
encourage IPBES to strengthen its investment in the development and use of interoperable and
plausible projections of environmental changes that will allow to better explore the future of

biodiversity.

Conclusion

Neglecting the future impacts of land use and land cover changes on biodiversity and focusing on
climate change impacts only is not a credible approach. We are concerned that such an overemphasis
on climate change reduces the efficiency of identifying forward-looking policy and management
responses to biodiversity decline. However, the current state of integration between ecological and
land system sciences impedes the development of a comprehensive and well-balanced research
agenda addressing the combined impacts of future climate, land use and land cover changes on
biodiversity and ecosystem services. We recommend addressing two key areas of developments to

increase the ecological relevance of land use/cover change projections: (1) reconciling local and
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global land use/cover modelling approaches and (2) incorporating important ecological processes in
land use/cover models. A multi-disciplinary framework and continuing collaborative efforts from
different research horizons are needed and will have to build on the efforts developed in recent years
by the climate community to agree on a common framework in climate observations and simulations.
It is now time to extend these efforts across scales in order to produce reference environmental change
projections that embrace multiple pressures such as climate, land use and land cover changes. IPBES
offers a timely opportunity for taking up this challenge, but this independent body can only do so if

adequate research efforts are undertaken.
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Supporting Information captions

Appendix S1. Sensitivity analysis to examine the effect of sample size in the literature survey.

Figure S1. Effect of sample size in the literature survey.

Tables

Table 1. Search procedure implemented in the literature survey carried out on the 1st of July 2015 in
Web of Science Core Collection (SCI expanded).

Query Field Parameters Motivation

#1 Year (1990-2014) Restricts the

time period of the results to the last 25 years

#2 Topic (scenari* OR projecti* OR predicti* OR simulati* Captures
studies addressing predictions in the future

OR forecast* OR foresight* OR storyline*) AND future*

#3 Topic ("climat* chang*" OR "chang* climat*") OR ("land use Identifies
studies focusing on climate or land use/cover changes

chang*" OR "land cover chang*" OR "land* chang*")

We used Boolean operators “AND” to combine the different queries and we refined the obtained
results using “Articles” as Document Type and using “Ecology” or “Biodiversity conservation” as
Web of Science Categories. We also tested if the parameters that we used in the query #3 might
potentially underestimate the number of studies focusing on land use/cover change. To do so, we tried
to capture land use/cover change in a broader sense and we included additional parameters in the
query #3 as follows: ("climat* chang*" OR "chang™* climat*") OR ("land use chang*" OR "land cover
chang*" OR "land* system* chang*" OR "land* chang*" OR "habitat loss*" OR "habitat
degradation*" OR "habitat chang*" OR "habitat modification*"). We refined the results as described
above and we obtained a list of 2,388 articles, that is, only 75 additional articles compared to the
search procedure with the initial query #3 (see main text). Hence, the well-balanced design of the
search procedure as described in the table does not underestimate the use of land use/cover change
projections compared to climate change projections in biodiversity scenarios studies.
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Figure captions

Figure 1. Biodiversity scenarios: a predictive tool to inform policy-makers on expected biodiversity
responses (after Bellard et al., 2012 with minor modifications) to future human-induced
environmental changes. A great variety of ecological models integrate the nature, rate and magnitude
of expected changes in environmental conditions and the capacity of organisms to deal with these

changing conditions to generate biodiversity scenarios (Thuiller et al., 2013).

Figure 2. Relative neglect of future land use and land cover change in biodiversity scenarios.
Temporal trend in the estimated yearly number of studies that reported on the development of
biodiversity scenarios during 1990-2014 and that drew upon climate change projections alone, land
use/cover change projections alone or the combination of both climate and land use/cover change

projections.
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