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Main Points:
Physical earth system scientists can no longer easily ignore human factors, because human-driven climate change and land-use/land-cover change impacts the earth system everywhere
These 2 topics are the best-recognized ways in which our field connects with social science, because these human effects have become the boundary conditions for our physical models. 
These topics have been pushing forward our science. They provide us contexts for understanding interfaces, reconciling scaling issues, and assessing complex dynamics. Further, our most advanced earth system computer models have been largely developed around the urgency to project future climate change.


Image Credits
Climate change:
https://climate.nasa.gov/resources/global-warming-vs-climate-change/ 
Land-use change:
https://quantis-intl.com/quantis-introduces-new-land-use-guidance-slash-global-supply-chain-emissions/
https://en.wikipedia.org/wiki/Mining#/media/File:Kalgoorlie_open_cast_mine.jpg
https://borgenproject.org/urbanization-in-developing-countries/
https://en.wikipedia.org/wiki/Effluent#/media/File:Discharge_pipe.jpg
Earth System Science:
https://www.cesm.ucar.edu/models/clm/
https://www.cesm.ucar.edu/models/cesm1.2/
http://icemr.ru/institute-for-nonlinear-dynamical-inference/
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Main points:
Emerging problem: A one-time hand-off of boundary conditions from social scientists is not sufficient, because people change their climate and land-use/land-cover policies based on how the earth system is being affected. 
To understand these feedbacks, we need to redraw our earth system box to include people. 
Quantitative proxies are being used to represent people as new variables within our Earth system models. 
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Main points:
The next 3 emerging problems (numbers 2-4) take a different approach than incorporating humans as quantitative variables in computer models. 
Environmental justice is becoming a major research driver in earth system science. Environmental inequities have always permeated our societies, but recent events have propelled issues of justice to the forefront of our consciousness. 
Example from my work: understanding how multiple environmental factors influence wild rice is a matter of Indigenous food, cultural, and political sovereignty for tribes in the Upper Great Lakes region (you can learn more at our project website: http://manoominpsin.umn.edu).


Image credits:
Justice
https://inthesetimes.com/article/the-rights-of-wild-rice-winona-laduke-white-earth-rights-of-nature
https://ccednet-rcdec.ca/en/event/2018/06/19/indigenous-food-sovereignty-summit
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Main points:
Especially for (but not limited to) justice problems, affected communities should be included in the research as full and equal partners, and not simply reduced to model variables without their involvement. This is Community-Based Participatory Research (CBPR).
Not only is CBPR a matter of ethics, but can more fully incorporate the complexity of human / social dimensions in earth system science. A recent review of coupled human-earth system computer models showed that these models currently show substantial uncertainty (Calvin and Bond-Laberty, 2018, ERL). I argue that this reveals the inadequacies of reducing people to computer model variables. 
Example from my wild rice project: given the ongoing marginalization of tribes in resource management, reducing tribal communities to computer model variables without their involvement would perpetuate their exploitation in Western science research and would represent continued colonization.

Reference:
Calvin, K., & Bond-Lamberty, B. (2018). Integrated human-earth system modeling - State of the science and future directions. Environmental Research Letters, 13(6). https://doi.org/10.1088/1748-9326/aac642
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Main points:
Non-academic community engagement can benefit earth system science research in 2 ways. First is the most obvious: community members have observations that can help fill data gaps. 
Second is more revolutionary (for physical scientists): communities can bring in diverse worldviews and new perspective that can improve our understanding of earth system science. As noted previously by the major uncertainties in current coupled human-earth system computer models, we have many unresolved problems, especially when it comes to connections with social science.
There is quantitative support for the fact that “diversity makes our science better”: Hofstra et al., 2020, PNAS.
Example from my wild rice project: tribal partners conceptualize the environment differently. While we as Western scientists have chopped up the human and earth system into many different sub-disciplines and are trying to put them back together, our tribal partners think about the world holistically and start out with a systems approach. By integrating our different ways of knowing, we can better understand interfaces, scaling issues, and complex dynamics within the earth system.  

Reference:
Hofstra, B., Kulkarni, V. V., Munoz-Najar Galvez, S., He, B., Jurafsky, D., & McFarland, D. A. (2020). The Diversity–Innovation Paradox in Science. Proceedings of the National Academy of Sciences, 117(17), 9284–9291. https://doi.org/10.1073/pnas.1915378117
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Main points:
Examples of noteworthy starts: A handful of earth system intensive study sites have included major human-impacts, and earth system models have begun to incorporate quantitative human dimension sub-models. These represent more standard efforts to incorporate social science into earth system science by quantifying humans as boundary conditions or as another model variable.
Examples of environmental justice (EJ), community-based participatory research (CBPR), and knowledge integration:
In the past few years, Native scientists have convened sessions at the American Geophysical Union (AGU) conference that showcase cutting-edge work in these 3 areas.
About 4 years ago, AGU launched its Thriving Earth Exchange program to bring together communities and scientists to collaborate on solving local challenges related to natural resources, climate change and natural hazards. 
SESYNC facilitates interdisciplinary collaborations between physical and natural scientists and social scientists. 
New session at  AGU 2020 Meeting: Convergence, Collaboration, Justice, and the Future of the Sciences.
Opportunities
Need for culture shift. Past/current paradigm: recent editorial on socio-hydrology commented on “well-intentioned papers that… seek to learn lessons… from… stakeholder engagement” but “struggle to meet the standard of rigor” of premiere hydrology journals. (Hall et al., 2019, WRR). EJ, CBPR, and knowledge integration are dismissed as not rigorous.
Shift is already starting with the explosion of JEDI initiatives - these should be supported.
For culture shift to occur, education needs to start early for students and early career scientists. 
For all the resources put into intensive study sites that mostly ignore humans, we need those efforts matched by intensively studying examples that involve people.
Doing anything new will always be slower. It will be important to fund collaboration incubators for interdisciplinary and community partners. 
Once trust and relationships are painstakingly established, there should be resources to sustain such efforts so that the trust is not then suddenly shattered at the end of a 3-year funding period. 

Reference:
Hall, J. W. (2019). Socio‐Hydrology in Perspective—Circa 2018. Water Resources Research, 55(3), 1776–1777. https://doi.org/10.1029/2019WR024870
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