Appendix 1: Description of all feedback loops
	Loop Name
	Causal Pathway
	Time Most Influential in FRIDA
	Process Description

	R: core economic engine
	Investment →(+) Employment →(+) Wages →(+) Consumption →(+) Investment 
	Late 20th to Early 21st Century
	Reinforcing dynamic of economic growth, including both quantitative expansion (employment growth and capital accumulation) and qualitative development (innovation).

	B: inflation governor
	Investment →(+) Employment →(+) Wages →(+) Inflation →(-) Consumption →(+) Investment 
	Late 20th to Early 21st Century
	Stabilizing mechanism controlling demand-based drivers of economic growth, leading to inflation when income growth surpasses the growth of productive capabilities.

	B: overheated investment response
	Investment →(+) Loan Failure Rate →(+) Observed Defaults →(+) Lending Standards →(-) Investment 
	Late 20th to Early 21st Century
	Stabilizing process accounting for investment growth surpassing economic growth potential, leading to malinvestments, investment failures, and consequent adjustment of lending standards in response.

	B: credit cycle
	Loan Failure Rate →(+) Observed Defaults →(+) Lending Standards →(-) Loan Failure Rate
	Late 20th to Early 21st Century
	Stabilizing adaptation wherein banks adjust their lending behavior by adapting lending standards in reaction to defaults, chasing portfolio expansion during expansionary phases and minimizing risk during contractionary phases.

	R: learning by doing fossils
	Fossil Energy →(-) Attractiveness of Renewable Energy Investments →(-) Fossil Energy
	Late 20th to Early 21st Century
	Reinforcing process that entrenches fossil energy dominance via experience-driven cost reductions, decreasing the attractiveness of renewable energy relative to fossil energy, increasing investments into fossil energy and delaying the energy transition.

	R: learning by doing renewables
	Renewable Energy →(+) Attractiveness of Renewable Energy Investments →(+) Renewable  Energy
	Late 20th to Late 21st Century
	Reinforcing learning loop where increased investments reduce the costs of installing new renewable energy capacity, increasing the attractiveness of renewable energy relative to fossil energy, driving increased investments and accelerating adoption.

	R: investment spiral
	Investment →(+) Renewable Energy
→(+) Attractiveness of Renewable Energy Investments →(-) Fossil Energy →(+) Surface Temperature Anomaly & Sea-Level  Rise →(+) Climate Impacts →(+) Loan Failure Rate →(+) Observed Defaults →(+) Lending Standards →(-) Investment 
	Late 21st to Mid 22nd Century
	Reinforcing cycle where climate-induced financial damages result in tightened credit access, suppressing investment into mitigation and adaptation such as renewable energy transition and thereby reinforcing climate change. 

	B: climate driven consumption governor
	Investment →(+) Fossil Energy
→(+) Surface Temperature Anomaly & Sea-Level  Rise →(+) Climate Impacts →(+) Loan Failure Rate →(+) Observed Defaults →(-) Employment →(+) Wages →(+) Consumption →(+) Investment 
	Late 21st to Mid 22nd Century
	Stabilizing process wherein biophysical impacts limit growth in consumption due to the warming caused by investment into fossil energy, constraining further investments growth.  

	B: climate driven credit governor
	Investment →(+) Fossil  Energy
→(+) Surface Temperature Anomaly & Sea-Level  Rise →(+) Climate Impacts →(+) Loan Failure Rate →(+) Observed Defaults →(+) Lending Standards →(-) Investment 
	Late 21st to Mid 22nd Century
	Stabilizing process wherein climate damages induce unexpected bankruptcies, leading to tightening of lending standards, reducing investments growth. 

	R: fossil devaluation
	Attractiveness of Renewable Energy Investments →(+) Stranded Fossil Energy Assets→(+) Observed Defaults →(+) Lending Standards →(-) Investment →(+) Fossil Energy→(-) Attractiveness of Renewable Energy Investments
	Mid 21st Century
	Reinforcing process by which investments into renewables cause historical investments in fossil energy to no longer be productive, creating bankruptcies across the fossil energy industry, which raise lending standards, reducing further investment into fossil energy, thus increasing the attractiveness of renewable energy technology.

	R: interest caused failures
	Loan Failure Rate →(+) Observed Defaults →(+) Risk Premiums →(+) Loan Failure Rate
	Mid 21st Century
	Reinforcing process wherein additional loan failures raise risk premiums and therefore the cost of credit, causing additional loan failures and amplifying economic downturns under elevated climate risk.

	R: biofuel land use competition
	Renewable Energy →(+) Biofuel Production →(+) Usage of Arable Land & Agriculture Intensity →(+) Deforestation & Soil Carbon Depletion →(+) Surface Temperature Anomaly & Sea-Level Rise →(+) Loan Failure Rate →(+) Observed Defaults →(+) Lending Standards →(-) Investment →(+) Fossil Energy →(-) Attractiveness of Renewable Energy Investments →(+) Renewable Energy
	Mid 21st Century
	Reinforcing process wherein investments into biofuel expansion competes with food production, leading to the intensification of agriculture and worsening of climate change, thereby creating a further incentive to invest in biofuels for the energy transition.

	B: income driven behavior change
	Animal Product Consumption →(+) Usage of Arable Land & Agriculture Intensity →(+) Deforestation & Soil Carbon Depletion →(+) Surface Temperature Anomaly & Sea-Level Rise →(+) Loan Failure Rate →(+) Observed Defaults →(-) Employment →(+) Wages →(+) Animal Product Consumption
	Mid 21st Century
	Stabilization of the food system pressure as the macroeconomy leaves the high-income growth regime, wherein economic stress from climate damages dampens income-driven demand for animal products.

	B: climate driven behavior change
	Animal Product Consumption →(+) Usage of Arable Land & Agriculture Intensity →(+) Deforestation & Soil Carbon Depletion →(+) Surface Temperature Anomaly & Sea-Level Rise →(+) Climate Risk Perception →(-) Animal Product Consumption
	Mid 21st Century
	Stabilizing societal adaptation process wherein in rising climate risk perception counteracts income-driven preferences, easing animal product consumption and land use pressures.

	R: labor productivity spiral
	Surface Temperature Anomaly & Sea-Level Rise →(-) Labor Productivity →(-) Inflation →(-) Consumption →(+) Investment →(+) Renewable Energy →(+) Attractiveness of Renewable Energy Investments →(-) Fossil Energy →(+)  Surface Temperature Anomaly & Sea-Level Rise

	Late 21st Century to Mid 22nd Century
	Reinforcing process wherein climate change reduces labor productivity, reducing economic output available for consumption and investment, thereby reducing investments into adaptation and mitigation (i.e renewable energy) and reducing the pace of emissions mitigation.

	B: climate driven mortality
	Population →(+) Surface Temperature Anomaly & Sea-Level Rise →(-) Life Expectancy →(+) Population
	Late 21st Century to Mid 22nd Century
	Stabilizing process wherein increases in STA increase mortality, which reduces population and tempers future climate change.




