N

N

Global scenarios for biodiversity need to better integrate
climate and land use change
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..
Global scenarios for biodiversity need to better integrate climate and land use change. Diversity and
Distributions, 2017, 23 (11), pp.1231-1234. 10.1111/ddi.12624 . hal-01681581

HAL Id: hal-01681581
https://hal.science/hal-01681581
Submitted on 19 Apr 2018

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01681581
https://hal.archives-ouvertes.fr

DOI: 10.1111/ddi.12624

BIODIVERSITY LETTER

Global scenarios for biodiversity need to better integrate

climate and land use change

Nicolas Titeux®%34

lise R. Geijzendorffer’”'® | Wolfgang Cramer’ | Peter H.Verburg!'? | Lluis Brotons

| Klaus Henle® | Jean-Baptiste Mihoub>® | Adrian Regos’® |

1,2,13

Forest Sciences Centre of Catalonia (CEMFOR-CTFC), InForest Joint Research Unit (CSIC-CTFC-CREAF), Solsona, Spain

2Centre de Recerca Ecoldgica i Aplicacions Forestals (CREAF), Cerdanyola del Vallés, Spain

SUFZ - Helmholtz Centre for Environmental Research, Department of Community Ecology, Halle, Germany

4German Centre for Integrative Biodiversity Research (iDiv), Halle-Jena-Leipzig, Leipzig, Germany

SUFZ-Helmholtz Centre for Environmental Research, Department of Conservation Biology, Leipzig, Germany

Sorbonne Universités, Université Pierre et Marie Curie, CESCO, UMR 7204 MNHN-CNRS-UPMC, Paris, France

7Research Center in Biodiversity and Genetic Resources (CIBIO/InBIO), Predictive Ecology Group, Campus Agrario de Vairo, Vairo, Portugal

8Universidade de Santiago de Compostela, Departmento de Zooloxia, Xenética e Antrolopoxia Fisica, Santiago de Compostela, Spain

?Institut Méditerranéen de Biodiversité et d’Ecologie marine et continentale (IMBE), Aix Marseille Université, CNRS, IRD, Avignon Université, Batiment

Villemin, Technopodle Arbois-Méditerranée, Aix-en-Provence, France

1%Tour du Valat, Research Institute for the Conservation of Mediterranean Wetlands, Arles, France

VU University Amsterdam, Department of Earth Sciences, Amsterdam, The Netherlands

125wiss Federal Research Institute WSL, Birmensdorf, Switzerland

13Consejo Superior de Investigaciones Cientificas (CSIC), Cerdanyola del Vallés, Spain

Correspondence

Nicolas Titeux, Forest Sciences Centre of Catalonia (CEMFOR-CTFC), Solsona, Spain.

Email: nicolas.titeux@ctfc.es

Funding information

EU BON, Grant/Award Number: 308454 and FP7-ENV-2012; Xunta de Galicia, Grant/Award Number: ED481B2016/084-0; Labex OT-Med, Grant/Award Number:
ANR-11-LABX-0061; French Government, Grant/Award Number: ANR-11-IDEX-0001-02; GLOLAND, Grant/Award Number: 311819 and FP7-IDEAS-ERC

Editor: Alexandra Syphard

It is now widely recognized that climate and land use changes are
among the most important threats to biodiversity and ecosystem
services (Maxwell, Fuller, Brooks, & Watson, 2016; Scheffers et al.,
2016). Biodiversity models and scenarios are developed to explore the
possible future impacts of these threats (Thuiller et al., 2013; Urban
et al., 2016). Such approaches are needed to inform decision-makers
on conservation or management options that anticipate the response
of biodiversity to future climate and land use change.

From the 1990s to the early 2000s, biodiversity models and sce-
narios based on climate change simulations accumulated in the scien-
tific literature at a rate similar to that of scenarios assessing the future
impacts of land use change on biodiversity. Since the early 2000s, the
number of scenarios based on climate change simulations has shot up
while those addressing the effects of land use change have increased

only slightly (Titeux et al., 2016). The research focus on the future

impacts of climate change on biodiversity is now stronger than ever
before (Figure 1).

The steep increase in the consideration of climate change in biodi-
versity models and scenarios coincides with the release of the special
report on emission scenarios (SRES) by the Intergovernmental Panel
on Climate Change (IPCC) in 2000 (Nakicenovic et al., 2000) and its
use in the Third Assessment Report in 2001 (Figure 1). The IPCC has
played a key role in assessing the scientific information available from
research co-ordinated at the global level. The SRES provided an over-
arching framework for the development of climate change simulations
that are used as a reference and made widely accessible through ded-
icated data distribution centres. Through its endeavour to provide
decision-makers with scientifically credible information on climate
change and its effects on the environment and the society, the IPCC

has also raised public awareness and impacted policy (Zhao, 2017).
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FIGURE 1 Effect of the activities of
the Intergovernmental Panel on Climate
Change (IPCC) on the ecological research
agenda. The estimated yearly number

of scientific studies reflects the trend in
the research effort to address the future
impacts of climate and/or land use changes
on biodiversity over the period 1990-
2014—see Titeux et al. (2016) for details
on the extensive review of the scientific
literature. The amount of climate change
impact studies has increased abruptly since
2002 after some of the most important
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Climate change has become part of a large number of research pro-
grammes and funding instruments within, but also beyond, the scope
of climate research. The whole scientific community has been increas-
ingly stimulated to examine the impacts of climate change as an issue
of societal concern.

The focus on climate change in biodiversity scenarios has not been
matched by similar attention to the consequences of land use change
(Sirami et al., 2017; Titeux et al., 2016), despite the publication of an
IPCC special report on this issue at the same time as the SRES (Watson
et al., 2000). Underrepresenting land use change in scenarios that ex-
plore possible futures for biodiversity is not a credible approach be-
cause the direct destruction and modification of habitats will remain a
significant conservation threat in the near future (Maxwell et al., 2016;
Pereira, Navarro, & Martins, 2012; Tingley, Estes, & Wilcove, 2013).
This imbalanced research agenda now imposes critical constraints
when it comes to guiding anticipative conservation actions and to
weighing the future outcomes of different policy or management op-
tions (Titeux, Henle, Mihoub, & Brotons, 2016).

Most of the few studies that project the combined impacts of
multiple threats such as climate and land use change on biodiversity
are based on integrated assessment models developed for the climate
change community and adopted by the IPCC. These models simulate
future changes in the main types of vegetation and their impacts on
climate (Verburg, van Asselen, van der Zanden, & Stehfest, 2012), but
they only capture a part of the key aspects of land use that impact
biodiversity (Harfoot et al., 2014; Martin, Van Dyck, Dendoncker, &
Titeux, 2013). For instance, changing land management and the in-
tensity of land use will cause unprecedented habitat modifications in
the future but are largely ignored in current integrated assessment
models, or they are represented in a highly aggregated and simplistic
manner (van Asselen & Verburg, 2013). These models are therefore
insufficient to properly predict the full range of responses of biodi-
versity to future land use change (Harfoot et al., 2014; Titeux et al.,
2016).

milestones of the IPCC. Studies examining
the effects of land use change on
biodiversity are lagging behind

Efforts are underway to achieve a more detailed representation of
future land use trajectories based on a more realistic representation
of (variations in) human decision-making than in current integrated
assessment models. Recently developed models simulate the inter-
actions between global forces and the diversity of local factors that
determine changes in the way humans will exploit the land surface
(Rounsevell et al.,, 2012; Sleeter et al., 2012; Verburg et al., 2016).
These models offer promising perspectives to increase our ability to
predict how the local impacts of land use change will scale up and
interplay with the effects of climate change to determine the future of
biodiversity at the global level.

Co-ordinated work at the international level is needed to com-
pare a wide range of models that simulate future land use change
beyond the current integrated assessment approaches. Previous in-
tercomparison studies have shown that a diverse set of models is
needed to capture the high degree of uncertainty associated with
future land use change, but these comparisons mainly focused on
the types of vegetation (e.g., cropland, pastures, forests) that impact
the climate system (Alexander et al., 2017; Prestele et al., 2016;
Schmitz et al., 2014). Similar studies with a strong and explicit focus
on biodiversity should now evaluate the relative potential of differ-
ent models for adequately representing the ways in which human
activities will impact those land use and landscape characteristics
that are critical to biodiversity at varying scales. Only if the different
ways that people manage and impact ecosystems are represented in
the models, it will be possible to use their outcomes in a manner that
allows anticipating the positive or negative impacts of human activi-
ties on biodiversity. Identifying the aspects of land management and
policies that are still poorly captured in the range of currently avail-
able models will also be needed to propose further data acquisition
and modelling efforts. We believe this is a first critical step for the
development of a roadmap to integrate climate and land use change
at multiple scales into models and scenarios that explore possible
futures for biodiversity.
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The Intergovernmental Platform on Biodiversity and Ecosystem
Services (IPBES) was established to help implement effective policies
for conserving biodiversity based on a strengthened dialogue between
the scientific community, governments and other stakeholders (Diaz
et al., 2015; Vohland & Nadim, 2015). This platform is in the process
of establishing a long-term research agenda for the development of a
new generation of models and scenarios that could contribute more
significantly to policy support for biodiversity conservation (IPBES,
2016). For moving towards novel management strategies and poli-
cies that could address the future and cross-scale impacts of climate
and land use change on biodiversity, we invite the expert group on
models and scenarios of the IPBES to facilitate and encourage new
model intercomparison approaches targeted to the specific needs of
the biodiversity community. The success of the IPCC has shown that
the effective implementation of an ambitious research agenda does
not solely depend on research efforts—it also requires a sufficient level
of societal acceptance to effect political change. As it focuses on rein-
forcing the science-policy interface for biodiversity and on improving
the connection between nature and people, the IPBES is offering a
suitable context and should play a central role in pushing the research
needs that we highlight here up in the programme of international and
interdisciplinary research funding instruments. We encourage all those
who are engaging in the IPBES to build on the experience and success
of the IPCC in mobilizing the scientific and non-scientific communities.
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