1. Purpose
The model serves to approximate farmer land use decisions with respect to policy and climate scenarios. The primary purpose of the model, however, is to generate output data that is used to explore resilience theory by the creation of stability landscapes.

2. Entities, state variables, and scales
This model contains four primary entities: (1) farmer agents, (2) land parcels that represent field-scale divisions of the landscape, (3) a single policy agent that sets insurance reimbursement rates, and (4) a scenario manager that schedules the activity and climate perturbations.

Farmers
	Variable
	Brief Description

	farmerID
	identifier

	parcelList
	The list of parcels a farmer manages

	annualCosts
	Costs that accrue to farmers after they make a decision

	annualGross
	Income that accrues to farmers after they sell their product

	annualInsurance
	The amount of insurance a farmer consumes post-perturbation

	expectedAnnualNet
	Expected income based on land use decision

	inInBusiness
	A flag determining whether a farmer is currently in business

	isAdaptable
	A flag for changing farmer adaptability. Currently unused



LandParcel
	Variable
	Brief Description

	parcelID
	Id of parcel

	FarmerID
	ID of managing farmer

	xLoc
	Coordinate

	yLoc
	Coordinate

	potentialCornYield
	Potential yield of corn based on input data

	potentialBeanYield
	Potential yield of soybeans based on input data

	potentialWheatYield
	Potential yield of switchgrass (using wheat as a proxy) based on input data

	yrsInSwitch
	A counter for the number of consecutive years a land parcel has been in switchgrass

	yrsInCrp
	A counter for the number of consecutive years a land parcel has been in switchgrass

	cornSuitabilityRating
	Land suitability for corn based on input data

	Acres
	The number of acres in the land parcel

	Hel
	If the land parcel is considered highly erodible land

	inProduction
	If the land parcel is currently in production

	k_factor
	USLE term from input data

	Ls_factor
	USLE term from input data

	T_factor
	USLE term from input data

	P_factor
	USLE term from input data

	typicalUse
	Most common land use in last 10 years from input data

	luList
	List of past land uses from input data

	tillageList
	A list of possible tillage types (currently unused)

	luToPlant
	The land use decision made by farmers yet to be implemented

	inInsured
	If the parcel is insured. Currently always true, but initialized as false

	toBeClaimed
	If the insurance will be claimed on a parcel

	beenSubsidized
	If the growing of switchgrass has been subsidized

	cropInField
	Biomass in the landparcel

	valueInField
	Accrued cost currently in production

	expectedSales
	Sales expectation at the time of planting

	soldValue
	Sale value post-harvest

	cropProduced
	Biomass produced at harvest

	yieldList
	List of past yields

	profitList
	List of past profits



	PolicyMaker	
	Variable
	Brief Description

	switchGrassSubsidy
	Level of subsidy in start-up costs for switchgrass. Parameterized by scenario

	insurancePriceFactor
	The level of insurance reimbursement. Parameterized by scenario

	subsidyList
	List of past subsidy levels

	insuranceList
	List of past insurance payouts


The scheduler class (“Controller”) contains variables for various IO paths.

3. Process overview and scheduling
At each time step, each farmer agent makes a land use decision for each of the landParcels it manages. That land use is implemented, grows, and then is perturbed at a given time step by a perturbation parameterized by scenario input. This perturbation reduces the amount of biomass in a landParcel. Accumulated biomass is harvested, sold at market prices, and then farmers balance their ledgers. If farmers are unprofitable for a given amount of time, they can choose to take a particular land parcel out of production OR go out of business themselves.  The next iteration, representing a year, then begins. The simulation repeats until the end of the parameterized scenario.
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4. Design concepts
Emergence
This model was designed to explore resilience as an emergent property created from the interactions among bottom-up, individual decisions and top-down policy and climate. There are no emergent behaviors among the farmers themselves, but system-scale outcomes may be.

Adaptation
Behavioral rules of farmer agents do not adapt. However, agents learn about the land parcels they manage and change their land use according to experience. 

Fitness
	In the current version of this model, farmer agents do not change behavior or type.

Prediction
Farmer agents make predictions of yield and profitability based on market prices and land suitability, both parameterized by inputs.

Interaction
	Farmer agents do not directly interact.

Sensing
	Farmer agents are assumed to have perfect knowledge of the land parcels they manage.

Stoachasticity
This model uses stochastic variability to represent: (1) uncertainty in the timing and severity of perturbations. (2) uncertainty in future prices, (3) uncertainty in yields.

Observation
No observation is available during the model run, but metrics of land use, run-off, soil loss, and profitability are part of the output dataset.

5. Initialization
The modeling environment is created by the input of tabular data describing the land use parcels of the region. These data are created by the conversion of spatially explicit land use data to .csv. Actual farmer -> land parcel data were used to generate statistically representative distributions of land ownership.

6. Input data
As this is an exploratory model, this model requires substantial inputs specifically formatted. LandParcel characteristics, tillage types, price data, perturbation profiles (i.e., climate regimes), are all required to run the model. These data are highly sensitive to local context.

7. Submodels
Relevant biophysical sub-models are approximations of run-off and the refined universal soil loss equation (RUSLE) (Renard et al. 1991) in the watershed. Run-off is based on Budyko (1958). The Modified Simpson Diversity Index (Pielou 1975) is also calculated for the study area. 
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