Innovation Challenge 3
To advance understanding of ecological feedbacks in the Earth System

Perspective piece on Ecological Feedbacks

The planned Perspective paper has developed to encompass both marine and terrestrial
ecosystems. The authorship includes a number of IMBeR community scientists, and also
specialists in aspects of terrestrial and freshwater ecosystem science, modelling and climate
change impacts. As part of the development of the paper we have commissioned a series of
figures.

The Perspective paper has been generated and submitted for review.

Ecological feedbacks in the Earth System

Eugene J Murphy?’, Jessica J Williams?*, Isla H Myers-Smith3, Vivienne P Groner?, David
MP Jacoby?, Lester Kwiatkowski®, Jess Melbourne-Thomas®, Emma Ransome?, Cristina
Banks-Leite?, Laurent Bopp’, Marion Gehlen?, Eileen E Hofmann®, Babette Hoogakker??,

Nadine M. Johnston?, Yadvinder Malhi'! and Emma L Cavan?

1Ecosystems, British Antarctic Survey, Cambridge, UK. 2Silwood Park Campus, Imperial College London, London,
UK. 3Department of Forest & Conservation Sciences, Faculty of Forestry, University of British Columbia,
Canada. *Lancaster Environment Centre, Lancaster University, UK. SLaboratoire d’Océanographie et du Climat,
Institut Pierre-Simon Laplace, Sorbonne Université, CNRS, IRD, MNHN, Paris, France. ®CSIRO Environment,
Tasmania, Australia. ’Laurent Bopp, Laboratoire de Météorologie Dynamique / Institut Pierre Simon Laplace,
CNRS, Ecole normale supérieure - PSL, Sorbonne Unviersité, Ecole Polytechnique, Paris, France. 8Institut Pierre-
Simon Laplace, Université Paris Saclay, France. °0Old Dominion University, Norfolk, Virginia, US. °The Lyell
Centre, Heriot-Watt University, Edinburgh, UK. 'Yadvinder Malhi, Leverhulme Centre for Nature Recovery,

Environmental Change Institute, School of Geography and the Environment, University of Oxford, UK.

Abstract

Ecological feedbacks are fundamental features of the Earth system, affecting physical
processes and chemical cycles. Our understanding of the interactions underlying these
feedbacks at different spatial and temporal scales and the extent to which feedbacks affect
Earth system functioning remains limited. Climate change and other anthropogenic

pressures are already negatively affecting ecological processes in marine, freshwater, and



terrestrial ecosystems. These will most likely be amplified in the coming decades under our
current warming and socioeconomic pathways. The knock on impacts on ecological
feedbacks have the potential to cause rapid perturbations to the Earth system, and may
significantly impact the structure and functioning of ecosystems. Yet, the role of our planet’s
diverse ecological feedbacks in Earth system process and the impacts of perturbations are
major knowledge gaps. Here we review and synthesise current understanding of ecological
feedbacks, and how they affect physical and chemical processes. We then consider the
implications of ecological feedbacks for analyses of anthropogenically-driven change,
development of scientific understanding and models, and provision of scientific advice for
policymakers. Finally, we identify three key future research area for the rapid assessment
and integration of ecological feedbacks in Earth system science. Overall, this review
presents an urgent call to the scientific community for the rapid development of

understanding of ecological feedbacks and integrated ecosystem — Earth system research.

We are grateful to IMBeR and ICED for the support in the generation of the manuscript and
in the publication process. Once the publication process is complete, we will consider the
next stage in the development of this activity. The paper makes a number of
recommendations that could form the basis for future discussions within the IMBeR
community on the development of approaches to improve understanding of ecological
feedbacks in the ocean and their role in the Earth system.
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