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Table S1. ODD+D description for the Agent-based Rural Land Use New Zealand (ARLUNZ) model, using the template as defined in 
Müller et al., [S1]. The ODD protocol was originally defined by Grimm et al., [S2] and subsequent updates as outlined in 
Grimm et al., [S3].
	Outline ( Template)
	Guiding Questions
	ARLUNZ ODD+D Model description

	(I) Overview
	I.i Purpose
	I.i.a What is the purpose of the study?
	To examine and resolve complex agro-environmental issues within the rural environment, provide information about how farmers will adapt (both economically and socially) to global change, and reduce vulnerability to resource scarcity.

	
	
	I.ii.b For whom is the model designed?
	Primarily for Scientists and Government decision makers, but it is also designed for key agricultural stakeholders in New Zealand.

	
	I.ii Entities, state variables, and scales
	I.ii.a What kinds of entities are in the model?
	There are three types of entities in the model that can be viewed in a hierarchical structure.
· One type of human agent—individual farmers who undertake decisions on the one or more farms that they own
· One type of cadastral entity—a farm which encapsulates each distinct farm owned by the individual farmers.
· One type of spatial unit—grid cells which constitute 25 hectares in size. Multiple adjacent grid cells form a single farm.

	
	
	I.ii.b By what attributes (i.e., state variables and parameters) are these entities characterized?
	Farmer: Farmer ID, age of farmer (as a nominal class in line with Burton’s life-cycle model [S4]), size of geographic network, size of social network, Boolean identifying if they have they found a successor, Boolean identifying if they have they failed to find a successor, farming enterprise currently undertaken by the farmer, number of owned farms (as a count of the farm agents owned by the farmer), size of their combined farm in the number of 25 Ha cells, level of profit (based on type of enterprise undertaken by the farmer, level of the potential outputs related to that enterprise and the size of the farm, and current commodity price for that type of enterprise), number of time steps of the model that the farmer has undertaken the same enterprise type.
Farm: Farm ID, ID of Farmer that owns the farm, Set of all cells that make up the farm
Cells: Initial land use as defined by input data, Current land use as defined by the model, Productivity zone that the cell is within, ID of the Farm that this cell is within.
Global Variables: List of absolute market values for each time step, List of percentage increases in market values for each time step, set of all dairy farmers, set of all sheep and beef farmers, set of all forestry farmers.

	
	
	I.ii.c What are the exogenous factors/drivers of the model?
	Commodity prices (Milk, Timber, Meat), Farmer succession rates, Environmental policy (Greenhouse Gas prices).
Note – Climate and available technology (hence farm productivity), are held constant over the entire model simulation.

	
	
	I.ii.d If applicable, how is space included in the model?
	Spatially explicit through the import of geospatial information in the form of initial land use maps, cadastral boundaries, and productivity zones. Farmer agents are allocated to an explicit farm cadastral parcel. Space is also incorporated within the two types of networks – a social network which finds the 10 closest farmers with a similar enterprise as the farmer; and a geographical network which consists of the 6 closest farmers regardless of the enterprise undertaken.




Table S1. Cont.
	Outline ( Template)
	Guiding Questions
	ARLUNZ ODD+D Model Description

	(I)←Overview
	I.ii Entities, state variables, and scales
	I.ii.e What are the temporal and spatial resolutions and extents of the model?
	One time step represents 5 years and the model was run for 10 time steps (or 50 years). Rationale for the 5 year time step used: land use change in New Zealand is typically a slow process, with minimal difference when measured on an annual basis [S5]. Second, it is aligned with the lengths of different life stages of a farmer as defined by Burton [S4]. This life stages approach is used to also implement an approach to account for succession.
For the current version of the model focused on the Huruni Waiau catchment in North Canterbury, we utilized a June 2010 land use map. For this catchment, the cellular landscape is 250 cells by 250 cells (62500 cells in total), but due to the irregular size of the catchment, the number of cells being actively modeled is 25275 cells. Each cell equates to a spatial resolution of 25 Ha for a total modeled catchment within the model of 631875 Ha.
Commodity prices are updated at the end of each 5 year time step with the compounded annual increase.

	
	I.iii Process overview and scheduling
	I.iii.a What entity does what, and in what order?
	Decision making within the model rests entirely with the farmer agent. 
At the beginning of each time step, farmer (e.g., age, succession, networks) and market (commodity prices) variables are updated. 
Using the market variables and the spatial and productivity attributes of each farm, the model returns the net revenue-maximising result for the specific farm along with the expected net revenue values for all of the potential enterprises that could be undertaken on that farm. This result is then compared with the farmer agent’s current enterprise. If these are the same, the net revenue value of the farmer agent is updated to the results provided by economic component of the model. If not, the decision to accept the information is dependent on a stochastic evaluation against the farmer agent’s likelihood of land use conversion. While initially set at 0.2 for all farmer agents, an agent’s likelihood of land use conversion is a function of the information received from the agent’s social and geographical networks, but also their current and the proposed enterprises. To simulate the decision to undertake a land-use conversion, we use a uniform (pseudo) random number generator to generate probabilities for evaluation against the farmer agent’s likelihood of land use conversion.
After all farmer agents have assessed their potential for a change in enterprise, the farmer agents who have reached the end of the farming life cycle without finding a successor sell the farms they own. This concludes a time step of the model. The model is run repeatedly until the specified time-step is reached where it halts operation and reports on changes in farmers, farms, economic values and land use.

	(II) Design Concepts
	II.i Theoretical and Empirical Background
	II.i.a Which general concepts, theories or hypotheses are underlying the model’s design at the system level or at the level(s) of the submodel(s) (apart from the decision model)? What is the link to complexity and the purpose of the model?
	Standard agricultural approaches, micro economic, partial equilibrium. The NZFARM submodel provides the detailed economic information that the farmer agents utilise in their decision making. Changes in commodity prices and/or environmental policy will effect that the submodel suggests.


Table S1. Cont.
	Outline ( Template)
	Guiding Questions
	ARLUNZ ODD+D Model Description

	(II)←Design Concepts
	II.i Theoretical and Empirical Background
	II.i.b On what assumptions is/are the agents’ decision model(s) based?
	Farmers within the model are bounded rational [S6] and use a simplified form of inductive reasoning [S7]. The decision model is based on a heuristic approach to simplify the decision making process. The decision model does not include fore or hindsight apart from a level of inertia locked into their land use decisions. Key example of this is that if a farmer choses to convert to forestry, they are locked into the enterprise for 25 years (5 time steps) in line with the required time for the forest to reach maturity. The decision model also relies on information from social and geographical networks via Endorsement [S8] and Imitation [S9] theory respectively. 

	
	
	II.i.c Why is a/are certain decision model(s) chosen?
	The decision model of the farmers is based on the real-world approaches outlined by sociologists who have examined New Zealand farmers. Some parts the decision making model (such as the scale of the impact of the social and geographic networks) were ad-hoc because there was no well-defined data on the scale/impact of these types of networks.

	
	
	II.i.d If the model/a submodel (e.g., the decision model) is based on empirical data, where does the data come from?
	Empirical data informing farmer agent behaviour are from the New Zealand Survey of Rural Decision Makers. The land-use map used in the model was captured in June 2010 and although the map includes seven different land uses, the model focuses on the three key enterprises that represent 94% of the productive land available within the catchment: Dairy, Sheep & Beef, and Plantation Forestry. The cadastral boundaries used are from Land Information New Zealand and represent the cadastral structure of the catchments as of August 2012, which was the closest database to the 2010 land use map. For this catchment, farmer agents are only created for farms in excess of 100 ha in size to focus on commercially operated enterprises and minimise the inclusion of lifestyle blocks in the model. Productivity zones are delineated by New Zealand’s Land Use Capability dataset [S10] to define Plains (LUC Classes 1–4), Foothills (LUC Classes 5–6) and Hills (LUC Classes 7–8) within the catchment. Any land owned by the Crown (e.g. native forest) is assumed to be non-productive in use and no farmer agents created [S11]. The model assumes a real annual increase in farm commodity prices (milk, meat, and timber) of 2%, which is in line with the last 50 years of commodity prices. Forecasts from the Ministry for Primary Industries are closely aligned with our assumed price growth trajectories [S12].

	
	
	II.i.e At which level of aggregation were the data available?
	The Survey of Rural Decision Makers provides a significant range of statistics for farmers in New Zealand. This data was available and used within ARLUNZ at a farmer group level by region and/or enterprise.

	
	II.ii Individual Decision Making
	II.ii.a What are the subjects and objects of decision-making? On which level of aggregation is decision-making modeled? Are multiple levels of decision making included?
	Decision making in relation to land use within the model rests entirely with the farmer agent. No other agent makes decisions within the model. Decisions are purely in relation to their choice to convert from one agricultural enterprise to another enterprise.

	
	
	II.ii.b What is the basic rationality behind agents’ decision-making in the model? Do agents pursue an explicit objective or have other success criteria?
	Bounded Rationality—The farmer agents are constrained to two choices, their existing enterprise or an enterprise that would provide profit maximisation (which in turn would be a rational profit maximisation choice). The way in which the agent’s likelihood of land use conversion is a form of satisficing between the two options using the information to them.


Table S1. Cont.
	Outline ( Template)
	Guiding Questions
	ARLUNZ ODD+D Model Description

	(II)←Design Concepts
	II.ii Individual Decision Making
	II.ii.c How do agents make their decisions?
	Utility function—Using the market variables and the spatial and productivity attributes of each farm, the model returns the net revenue-maximising result for the farmer’s farm along with the expected net revenue values for all of the potential enterprises that could be undertaken on that farm.
This result is then compared with the farmer agent’s current enterprise. If these are the same, the net revenue value of the farmer agent is updated to the results provided by economic component of the model. If not, the decision to accept the information is dependent on a stochastic evaluation against the farmer agent’s likelihood of land use conversion. To simulate the decision to undertake a land-use conversion, we use a uniform (pseudo) random number generator to generate probabilities for evaluation against the farmer agent’s likelihood of land use conversion. If the evaluation is successful, the farm is converted to the proposed land use and the associated values (such as revenue) are updated. If the evaluation is unsuccessful then the farmer decides to stay in their existing enterprise.
The likelihood of land use conversion probability controls the majority of the decision-making within the model. There are various ways that we define this likelihood of land use conversion, we could define it homogeneously across all farmer agents, which in a sense mimics a singular agent that is common in economic models of land use/land cover change.
To investigate the effects of information feedbacks through the farmers’ networks, we set the likelihood at 0.2 for all farmer agents, but then allow for the agent’s likelihood of land use conversion to be raised or lowered as a function of the information received from the agent’s social and geographical networks, but also their current and the proposed enterprises. 
Finally we also allow for the explicit definition of the farmer’s likelihood of land use conversion through a probability defined through the Survey of Rural Decision Makers. For this approach, the perceived likelihood of changing your current land use to more intensive or less intensive uses over the following five years was evaluated using an 11-point scale, with 0 representing “extremely unlikely” and 10 representing “extremely likely”. The average reported likelihood of intensification was 2.68, which we interpret to mean that there is a 26.8% probability of intensifying in the next five years, on average. Similarly, the average reported likelihood of de-intensification was 3.57, which we interpret to mean there is a 37.5% probability of de-intensifying in the next five years, on average.
Note: There are two enterprise level behavioural constraints implemented within the model. The first is when a farmer agent adopts either the Forestry or Carbon Forestry (i.e., forests planted for the sole purpose of receiving payments for carbon sequestration) enterprise type. The farmer agent who selects either of these enterprises is constrained to it for the minimal length of the stand age required for the economically feasible production of wood, which equates to 25 years or 5 time steps of the model. This is implemented by reducing the farmer agent’s likelihood of conversion to 0% prior to the evaluation of the agent’s options. 


Table S1. Cont.
	Outline ( Template)
	Guiding Questions
	ARLUNZ ODD+D Model Description

	
	
	II.ii.c How do agents make their decisions?
	The second enterprise level constraint is based on the proposed enterprise as identified by the economic component of the model. The costs of conversion and changes in the farmer agent’s lifestyle are not internalised in the model at this stage. Within the model we assume that the conversion costs and lifestyle changes between Sheep & Beef, Forestry, and Carbon Forestry are negligible. However, a conversion from one of these enterprises to Dairy (a significant up-front cost and change to their lifestyle) is only indirectly taken into account in the model. Consequently, if the model proposes a conversion to Dairy it reduces the farmer agent’s likelihood of conversion by 75% prior to the evaluation of their land use conversion options. This constraint accounts for the common economic and social costs that restrict conversions to Dairy in New Zealand.

	(II)←Design Concepts
	II.ii Individual Decision Making
	II.ii.d Do the agents adapt their behavior to changing endogenous and exogenous state variables? 
And if yes, how?
	Yes, commodity prices change and this flows down to the options that are economically optimal. Indirectly, the information received through the networks will change over time which also shapes the way in which the farmer agents behave. Policy constrains what the farmer agents can potentially undertake.

	
	
	II.ii.e Do social norms or cultural values play a role in the decision-making process?
	No

	
	
	II.ii.f Do spatial aspects play a role 
in the decision process?
	Yes, through the social and geographic network effects, but also in relation to the productivity zone that they are within.

	
	
	II.ii.g Do temporal aspects play 
a role in the decision process?
	In an indirect way, yes. Certain industries require a significant investment of time, primarily forestry which requires a 25 year commitment for the timber to reach maturity. Consequently when a decision to convert to forestry is being considered it is a 25 year (or 5 time step) decision.

	
	
	II.ii.h To which extent and how is uncertainty included in the agents’ decision rules?
	Uncertainty is not included within the farmer agent’s decision-making process.

	
	II.iii Learning 
	II.iii.a Is individual learning included in the decision process? How do individuals change their decision rules over time as consequence of their experience?
	No

	
	
	II.iii.b Is collective learning 
implemented in the model?
	No

	
	II.iv Individual Sensing
	II.iv.a What endogenous and exogenous state variables are individuals assumed to sense and consider in their decisions? Is the sensing process erroneous?
	Individual farmer agent’s senses the current commodity prices; the average profitability/Ha from both their social and economic networks; the profitability of their farm, the nitrogen leaching from their farm; the phosphorus loss from their farm; the length of time they have been in their current enterprise. In all cases these values are known without error.
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	Outline ( Template)
	Guiding Questions
	ARLUNZ ODD+D Model Description

	
	
	II.iv.b What state variables of which other individuals can an individual perceive? Is the sensing process erroneous?
	The average profitability/Ha from of the farmers in both their social and economic networks. These values are known without error.

	
	
	II.iv.c What is the spatial scale of sensing?
	Network

	
	
	II.iv.d Are the mechanisms by which agents obtain information modeled explicitly, or are individuals simply assumed to know these variables?
	These variables are treated as being known by the agents.

	
	
	II.iv.e Are costs for cognition and costs for gathering information included in the model?
	No

	
	II.v Individual Prediction
	II.v.a Which data do the agents use to 
predict future conditions?
	There is no direct information used to predict future conditions. However there is a level of indirect information used. The information from their networks enables the agent to see the ‘success’ or ‘failure’ that other farmers and industries are having enabling them to stay or move into a more profitable enterprise.

	
	
	II.v.b What internal models are agents assumed to use to estimate future conditions or consequences of their decisions?
	No specific models.

	 (II)←Design Concepts
	
	II.v.c Might agents be erroneous in the prediction process, and how is it implemented?
	No the agent receives an accurate understanding of their evaluation of the farmers within their network. 

	
	II.vi Interaction
	II.vi.a Are interactions among agents and entities assumed as direct or indirect?
	Indirect through their land use and farm purchase decisions.

	
	
	II.vi.b On what do the interactions depend?
	Their location within the catchment and their membership within a farmer’s network

	
	
	II.vi.c If the interactions involve communication, how are such communications represented?
	N/A

	
	
	II.vi.d If a coordination network exists, how does it affect the agent behaviour? Is the structure of the network imposed or emergent?
	N/A

	
	II.vii Collectives
	II.vii.a Do the individuals form or belong to aggregations that affect, and are affected by, the individuals? Are these aggregations imposed by the modeller or do they emerge during the simulation?
	Yes, the farmer agents all have two types of networks which alter their likelihood of land use conversion. When reviewing these social interactions from both a conceptual and theoretical perspective, it is obvious that farmer’s information networks are framed around their social interactions. Distilling each of these networks further, they relate to two approaches that are implemented within the model: endorsements and imitation.
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	Outline ( Template)
	Guiding Questions
	ARLUNZ ODD+D Model Description

	
	
	II.vii.b How are collectives represented?
	Defined by the modeller.
For the social network (based on endorsement theory) the farmer agent will incorporate information on the success of the farming operation of the ten closest farmer agents who undertake the same enterprise as the farmer agent. Each farmer agent requests the profitability/ha of each of the farmer agents within their social network. Using these values, a mean profitability/ha value is derived for the farmer agent’s network and is then compared with farmer agent’s profitability/ha value. If the farmer agent’s profitability/ha is higher than the mean profitability/ha of the farmer agent’s social network, their likelihood of land use conversion is decreased by 0.1, making it less likely that the farmer agent will change land use. If lower, their likelihood of land use conversion is increased by 0.1, making it more likely that the farmer agent will change land use. The model assumes that the stature of each agent within the social network is equally weighted.
For the geographic network (based on imitation theory) the farmer agent will incorporate information from the farms that are geographically adjacent to their own farm regardless of the enterprise undertaken. If the economic component of the model proposes a change in land use, each farmer agent within their geographic network that does undertake the proposed land use is queried to return their profitability/ha value. Using these values, a mean profitability/ha value is derived for the farmer agent’s network and is then compared with farmer agent’s profitability/ha value. If the farmer agent’s profitability/ha is higher than the geographic network, their likelihood of land use conversion is decreased by 0.05, making it less likely they will change land use. If lower, the agent’s likelihood of land use conversion is increased by 0.05 making it more likely they will change land use.

	
	II.viii Heterogeneity
	II.viii.a Are the agents heterogeneous? If yes, which state variables and/or processes differ between the agents?
	Yes, the agents are heterogeneous. Values that differ are: farmer age; level of farming experience; education level; the importance of productivity; network size; risk level of the farmer. These values (and the feedback effects from their networks) combine to develop a unique ‘likelihood of land-use conversion’ that shapes the farmer agents’ behaviour.

	 (II)←Design Concepts
	
	II.viii.b Are the agents heterogeneous in their decision-making? If yes, which decision models or decision objects differ between the agents?
	The farmer agents are not heterogeneous in their process of decision making however each farmer agent calculates their likelihood of land-use conversion independently. This value is heterogeneous across the farmer agents. 

	
	II.ix Stochasticity
	II.ix.a What processes (including initialization) are modeled by assuming they are random or partly random?
	Variables that are modelled through a random draw from a normal distribution: farmer age; level of farming experience; education level; the importance of productivity; network size; risk level of the farmer. Means and Standard Deviation for these variables are defined through the Survey of Rural Decision Makers.
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	Outline ( Template)
	Guiding Questions
	ARLUNZ ODD+D Model Description

	
	II.x Observation
	II.x.a What data are collected from the ABM for testing, understanding, and analyzing it, and how and when are they collected?
	Two sets of outputs, images of the visual changes in land use at each time step of the model, and tabular data collected at each time step.
Data collected through the tabular approach covers: number of farmers; number of farmers in each of the four industries; number of 25 Ha cells being farmed in each of the four industries (Sheep and Beef, Dairy, Forestry, Carbon Forestry); within each of the three productivity zones (Hills, Foothills, Plains) what are the number of farmers in each enterprise; within each of the three productivity zones (Hills, Foothills, Plains) what are the number of 25 ha cells in each enterprise; number of farmers that were recommended to covert land use; number of farmers who were recommended to change land use that actually did after the farmer evaluated their likelihood to convert; within each of the four industries the sum of the total profit; within each of the four industries the sum of the total greenhouse gas emissions; within each of the four industries the sum of the total nitrogen leaching; within each of the four industries the sum of the total phosphorus loss.

	
	
	II.x.b What key results, outputs or characteristics of the model are emerging from the individuals? (Emergence)
	A pattern of changes in land use, profit, and environmental outputs that emerges based on changes in either policy, social, or economic values.

	(III) Details
	II.i Implementation Details
	III.i.a How has the model been implemented?
	ARLUNZ is written in Version 5.0.5 of NetLogo and uses the GIS, String, and Shell extensions for NetLogo. Python 2.7 is used to facilitate a loose coupling between ARLUNZ and a modified version of the New Zealand Forest and Agriculture Regional Model (NZFARM) that provides economic information within the model. The modified version of the New Zealand Forest and Agriculture Regional Model runs on GAMS version 23.7. The ARLUNZ model was run on Windows 7 (64-bit).

	(IV) 
	
	III.i.b Is the model accessible and if so where?
	As at time of publication—no, although we intend to move the ABM code online and at this stage it will be made available on request. 

	
	III.ii Initialization
	III.ii.a What is the initial state of the model world, i.e., at time t = 0 of a simulation run?
	Farmer agents (numbers depend on the number of farms found within the cadastral parcel geospatial data imported) along with a corresponding number of farm agents. 

	
	
	III.ii.b Is initialization always the same, or is it allowed to vary among simulations?
	The initialisation process will provide identical results for the landscape, but because some farmer attributes are defined based on a random draw from a distribution defined through a survey, when the random-seed is changed these values will differ.
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	Outline ( Template)
	Guiding Questions
	ARLUNZ ODD+D Model Description

	(III)←Details
	III.ii Initialization
	III.ii.c Are the initial values chosen arbitrarily or based on data?
	In most cases the data used to define the farmer agents are derived through the input data (Cadastral boundaries for the region of interest, Initial Land Use data for the region of interest, and productivity sub-zone data split into Plains, Foothills, and Hills) or through information defined through a large scale survey of rural decision makers undertaken in New Zealand in 2013 (http://www.landcareresearch.co.nz/science/portfolios/enhancing-policy-effectiveness/srdm).
Some farmer agent values in relation to the feedback effect caused by the social (endorsements) and geographic (imitation) networks have been defined in an ad-hoc and/or arbitrary way based on the lack of information in relation to the effect that these networks have on changing farmer’s land use decisions. While the presence of endorsements and imitation effects within farming social networks are understood, the scale and impact that these process have on the decisions being undertaken difficult to quantify within a farming context. 
This provides challenges when defining the impact on an agent’s decision. Studies have found that the proximity to the people in your network is not as important as the stature of the person [S13,S14]. The scale of impact for both processes within the ARLUNZ model is defined in line with expert opinion and experimentation, although with imitation an explicitly spatial process, we define imitation as having a reduced impact compared with endorsements.

	
	III.iii Input Data
	III.iii.a Does the model use input from external sources such as data files or other models to represent processes that change over time?
	No

	
	III.iv Submodels
	III.iv.a What, in detail, are the submodels that represent the processes listed in ‘Process overview and scheduling’?
	NZFARM
New Zealand Forest and Agriculture Regional Model (NZFARM) is an economic land use model developed by Landcare Research. The model is a non-linear, partial equilibrium mathematical programming model of New Zealand land use, capable of operating at the regional, sub-catchment or farm scale [S15]. Its primary use is to provide decision-makers with information on the economic impacts of environmental policy, agribusiness or farm policy, and/or climate change. It can be used to assess how changes in climate, technology, commodity supply or demand, resource constraints, or farm, resource, or environmental policy could affect a host of economic or environmental performance indicators that are important to decisions-makers and rural landowners. 
The model’s objective function is to estimate the level of agricultural production that maximizes the total net revenue of production across the entire management area (e.g., catchment), subject to land use and land management options, agricultural production costs and output prices, and environmental factors such as soil type, water available for irrigation, and any regulated environmental outputs (e.g., nutrient leaching limits) imposed on the landowners. Catchments can be disaggregated into sub-regions (e.g., sub-catchments or productivity zones) and even individual farms or paddocks based on different criteria, e.g., Land Use Capability assessments, irrigation schemes, geographical or geopolitical boundaries, etc.
While the NZFARM model was originally designed as a neo-classical economic LULCC model for an entire catchment (i.e., a single profit maximising agent). For use with ARLUNZ it has been altered to provide for all individual farms, the profitability for all enterprises and to also the enterprise that provides the greatest return Total net revenue for each landowner in the catchment ( is specified in the model as:
	(S1)
The objective function for each is mathematically specified as:
	(S2)
where P is the product output price, Q is the product output, Y is other gross income earned by landowners (e.g., grazing leases), X is the farm-based activity, ωlive, ωvc, ωfc are the respective livestock, variable, and fixed input costs, τ is an environmental tax (if applicable), γenv is an environmental output coefficient, ωland is a land-use conversion cost, and Z is the area of land-use change from the initial (baseline) allocation. Summing the revenue and costs of production across all landowners (r), soil types (s), land uses (l), enterprises (e), and management options (m) yields the total net revenue for the catchment. 
The level of net revenue that can be obtained is limited not only by the output prices and costs of production but also by a number of production, land, technology and environmental constraints. The production in the catchment is constrained by the product balance equation by a processing coefficient (αproc) that specifies what can be produced by a given activity in on a particular parcel of land:
	(S3) 
Landowners are allocated a specified level of irrigation (γwater) for their farming activities, provided that there is sufficient water (W) available:
 	(S4)
Land use is constrained by the amount of land available (L) on a particular soil type on a given parcel:
 	(S5)
and landowners are constrained by their initial land-use allocation (Linit) and the area of land that they can feasibly change:
 	(S6)
The level of land use change on a farm is constrained to be the difference in the area of the initial land-based activity (Xinit) and the new activity:
 	(S7)
and we assume that it is feasible for all managed land uses to change, with the exception of native forestland and tussock grassland under conservation land protection: 
	(S8)
In addition to estimating economic output from the agriculture and forest sectors, NZFARM also tracks a series of environmental factors including nitrate (N) leaching, phosphorus (P) loss and greenhouse gas (GHG) emissions. In the event that central government or a regional council in New Zealand regulates farm-based nutrient leaching or greenhouse gas emissions (γenv) by placing a cap on a given environmental output from land-based activities (E), landowners could also face an environmental constraint:
	(S9)
Finally, the variables in the model are constrained to be greater or equal to zero such that landowners cannot feasibly use negative inputs such as land and fertiliser to produce negative levels of goods: 
	(S10)
Farmer Life Cycle
The model implements a farmer/farm life-cycle as discussed in Burton [S4]. This lifecycle approach is used to incorporate the dynamics of succession within the model. Stages 1 and 5 instigate an assessment of the ongoing nature of the farm through an assessment of the likelihood of a successor joining the farming operation (Stage 1). Stage 5 will enable transition of the farm to the successor, although there is a process to enact the sale of the farm to a new or existing farmer agent if there is no successor by this stage.
If a successor is found in Stage 1, the likelihood is that the successor is groomed to operate the farm in a similar manner to the incumbent and life-cycle of the existing agent is reset to stage 1 to replicate the takeover of the farm by the successor. If a successor is not found, the farm is sold to a new or existing farmer agent. This disposal behaviour also provides an opportunity for a shift in land use in line with the preferences of the new owner. Constraining the decision-making process around a farm-based life-cycle process enables a more realistic expansion, succession, and disposal processes in relation to the farm to be examined and explored in relation to the wider land-use change that occurs.
[image: C:\Dropbox\Work\Geo & Eco ABM's - CapFund\Paper\Images for Publication\Fig1.tiff]
Figure S1. Farm generational model based on Burton [S4]. The model highlights the dual life-cycle stages between an incumbent farmer (bottom) and their chosen successor (top). The five key life cycle stages are highlighted with the stages being colour coded to show the likelihood of change in the farming operation at each stage of the farmer’s life with red being high likelihood and green low likelihood.

	
	III.iv Submodels
	III.iv.b What are the model parameters, their dimensions and reference values?
	NZFARM
The NZFARM submodel only utilises data that comes directly from ARLUNZ. There are no parameters, dimensions, or reference values inherent in NZFARM.
Farmer Life Cycle
Five stages, the farmer agent holds the current state of the life cycle as a number between 1 and 5. The farm succession rate is defined by the user and is currently set at 75%.

	
	
	III.iv.c How were submodels designed or chosen, and how were they parameterized and then tested?
	NZFARM
The model was parametrised and tested through the comparison of modelled outputs with representative New Zealand farm budgets from the area of interest [S16,S17].
Farmer Life Cycle
A succession success rate of 75% is implemented within the model. This value is in line with the expected rate as determined through a survey to assess the current state of succession planning on New Zealand farms [S18].
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