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Planetary Science 2014, 1:29

Building models with 

biology

Capturing the role of biological processes in 

Earth System models remains to be done

How biological interactions influence climate 

processes and the impacts of change within 

ecosystems is poorly understood

NASA



Innovation Challenge 3: To Advance Understanding of Ecological 

feedbacks in the Earth System

• Ecological processes are important in biophysical and biogeochemical processes.

• Ecological processes affect the development and stabilization of physical features of 

habitats.

• Ecological processes are also important in carbon budgets and greenhouse gases 

fluxes, thereby affecting future climate. 

• The biological, physical and chemical processes are linked, thereby providing the 

potential for feedbacks. 

• Understanding these dynamics and feedbacks at seasonal, interannual and decadal 

scales is important to interpreting and predicting, or projecting, marine ecological 

responses to global and local changes. 

• This Innovation Challenge provides important inputs for Grand Challenge II that is 

focused on improving scenarios, predictions and projections of future states.



• How do ocean ecosystem interactions with other components of the 

Earth System significantly affect climate processes and how are these 

interactions affected by change?

• What level of complexity is needed to represent these interactions and 

feedbacks?

• What approaches are needed for these interactions and feedbacks to be 

modelled and projected?

• How are ocean-human system interactions incorporated into Earth 

System models?

Priority Research Questions
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A broader understanding of ecological feedbacks at seasonal, interannual and decadal scales is critical to interpreting 

and predicting, or projecting, marine ecological responses to global and local changes. 

This session is aimed at advancing understanding of ecological feedbacks in the Earth System. We welcome reports 

of field, laboratory, data syntheses and modelling studies that address key research questions of this challenge:

• How do ocean ecosystem interactions with other components of the Earth System significantly affect climate 

processes and how are these interactions affected by change?

• What level of complexity is needed to represent these interactions and feedbacks?

• What approaches are needed for these interactions and feedbacks to be modelled and projected?

• How can ocean-human system interactions be incorporated into Earth System models?

Conference session

Ecological feedbacks in the Earth System

Conveners: Lester Kwiatkowski, Charlotte Laufkötter, Andrew 

Yool, Laurent Bopp and Eugene Murphy

Session





Ecological feedbacks in the Earth system

• Led by Eugene Murphy, Emma Cavan, Jess Williams

• Expanded to encompass marine and terrestrial processes

• Includes Laurent Bopp, Marion Gehlen, Lester Kwiatkowski, Charlotte 

Laufkötter and also Jess Melbourne-Thomas, Eileen Hofmann, 

Yadvindar Mahli, David Coomes + others

• Considering - feedbacks in ecosystems, ecological – abiotic 

feedbacks, ecological– climate feedbacks, scales of ecological 

feedbacks in the Earth system, implications and conclusions

• Draft is in circulation with co-authors – aim for submission in the next 
few months

Paper in development following session



• There have been some important individual pieces of work that continue to build the evidence base.  These relate to carbon budgets, models 

studies, studies of individual species (e.g. krill in biogeochemical cycles). 

• We have made progress and the community is active. There is a lot of interest but also major challenges. This is still a rapidly developing area 

but remains a topic that requires further development.

• There remains a role for IMBeR in developing syntheses and leading aspects of the development of these ideas because of the breadth of 

IMBeR science and expertise.

• It builds on GC2 modelling and projection activities – it can help improve projections and also potential consequences of policy decisions.  

• There are important links with: 

• GC1 - need for improved understanding of processes and feedbacks across scales local-regional to global

• GC3 – the importance of social-ecological feedbacks and there potential impacts in the Earth system is an increasing focus of interest and 

research. The potential secondary consequences of policy decisions and feedbacks between human activities and ecosystems is an 

increasing research focus. 

• The Innovation Challenge may be most appropriately be developed as a joint activity across the GCs led by GC2.

• It could contribute to IMBeR 3.0 as it requires an integration of scientific understanding and activity. 

• The IMBeR community is in a strong position to take a leading role in developing analyses of ecological feedbacks and particularly the potential 

for feedbackseffects in social-ecological interactions that may be important in developing a sustainable ocean.
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Thank you


