
Complexity and Uncertainty 
of Human Feedbacks to 

Climate Change
Brian Beckage

Plant Biology & Computer Science University of Vermont



Brian Beckage, University of Vermont
Louis Gross, University of Tennessee

Katherine Lacasse, Rhode Island College
Eric Carr, University of Tennessee

Sara Metcalf, State University of New York 
Jonathan Winter, Dartmouth College

0:00-:30

Peter Howe, Utah State University
Nina Fefferman, University of Tennessee

Travis Franck, Climate Interactive
Asim Zia, University of Vermont

Ann Kinzig, Arizona State University
Forrest Hoffman, Oak Ridge National Lab

Supported by NSF Awards EF-0832858, DBI-1300426 
to NIMBioS, DBI-1052875 to SESYNC 

Integrating Human Risk 
Perception of Global Climate 

Change into Dynamic Earth 
System Models



Feedbacks

• Reinforcing
–Positive feedback: 

Change leads to 
more change

• Balancing
–Negative feedback: 

Change leads to 
pushback against 
change



Feedbacks

Balancing -> Stabilizing

Reinforcing ->Destabilizing

Perturbation

Perturbation



Feedbacks
to climate 
change

Earth System



Ocean 
Feedback
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-> Reinforcing



Albedo 
Feedback

-> Reinforcing

��������	
�
�
�

������
�����	���	�

����������
����	

������

�

�

�

��
� �	�
�!

"���

�



Forest 
Feedback
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-> Weakly Balancing?



Human
feedbacks
to climate

change 

-> Complex set of potential
feedback loops
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Biased 
Assimilation

and
Habituation 

-> Reinforcing? Malleable?
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Climate Social Model (CSM)



Interaction of 
perceived social 
norm (PSN) and 

perceived 
behavioral 

control (PBC) 
on global 

temperature 
change
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Further Steps

Beckage, B., K. Lacasse, J. M. Winter, L. J. Gross, N. Fefferman, F. M. Hoffman, S. S. Metcalf, 
T. Franck, E. Carr, A. Zia, and A. Kinzig. 2020. The Earth has humans, so why don’t our climate 
models? Climatic Change: https://doi.org/10.1007/s10584-020-02897-x



• Social conformity
• Cognition
• Political interest
• Credibility-enhancing display
• Expressive force of law
• Endogenous cost reduction

Some Processes to consider in Human 
Feedback Loops

Feedbacks, Tipping-Points, and Future Emissions Pathways in the Coupled 
Climate-Social System. Frances C. Moore, Katherine Lacasse, Katharine J. Mach, 
Yoon Ah Shin, Louis J. Gross, Brian Beckage. Science. In review.



• Natural feedbacks to climate change are 
predominately reinforcing at human time scales

• Identify reinforcing and balancing feedbacks of 
human system to climate change

• Which feedbacks may be malleable? How to shift 
the feedbacks to be balancing?

• How does structure of the coupled human 
natural system constrain behaviors and feedbacks 
that can occur?  Is it malleable?

Conclusions


