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Introduction
Socio-environmental issues are complex and evolving, requiring innovative methods for understanding decision-making and design pathways toward achieving rural landscape multifunctionality. Multifunctionality supports a wide range of ecosystem services (ES), land productivity, economic profitability, climate adaptation and mitigation, representing a holistic view of rural landscapes. Those multiple socio-eco-environmental challenges can only be tackled by well-designed and well-integrated policy mixes.
Our research explores the use of a new-generation agent-based model (ABM), SMARTscape-AI, to simulate land-use change in rural agricultural areas, considering those socio-environmental challenges. Our aim is to explore pathways toward achieving multifunctionality, i.e., sustainable and profitable food system maximising ES. 
ABM is the only model framework combining spatial analysis and explicit agent decision-making process, mimicking human/environment interactions. Traditional ABMs are powerful but limited by over-parameterisation, making them less adaptable to unplanned changes, innovations or unforeseen events. Our approach introduces a new paradigm by integrating Large Language Models (LLMs) into ABMs to enhance decision-making simulations. 

Objectives
Our research envisions developing a generalisable ABM enhanced by LLMs to simulate land use decision-making, providing New Zealand (NZ) with innovative solutions to develop integrated mixed policy and tackle complex socio-environmental challenges.

Methodology
SMARTscape-AI builds on a classical ABM of socio-environmental responses of landscapes to multiple combination of decision-making mechanisms and landowner behaviours (Vannier et al., submitted). A Generative-AI component has been added using LLMs to dynamically role-play decision-makers, factoring in economic, cultural, and personal drivers that universally influence land management choices. This method provides a flexible, adaptable tool that responds to new situations, unlocking insights into land use change in ways traditional models cannot. 
An experiment using the New Ecological Paradigm (NEP) psychometric scale (Dunlap et al., 2000), measuring ecological beliefs and behaviours, was conducted. AI’gents represented NZ sheep farmers, were given knowledge of their average profit and conversion costs to native forest. They were asked whether they would consider converting to native forest, given a particular economic incentive. For every agent, prompts included opinions based on NEP groups (a- strongly anti-ecological scores, b- strongly pro-ecological scores, c- moderate scores). Agents were asked every time step at varying incentive levels about the area of their farm that they would convert to native forest. A multifunctionality score synthesising 10 ES was computed at the end of each simulation.
 
Findings
AI’gents made decisions consistent with economic theory and our expectation of the NEP roles assigned to them. Anti-ecological agents made purely economic decision. The moderate agents deviated from the economic optimal to be more generous to nature, with the pro-ecological agents almost completely giving up sheep farming, even for a small incentive. This demonstrates sub-optimal economic behaviour based on environmental opinions. It would have been hard to parameterise this in a classical ABM.

Significance of the work for policy and practice 
Our goal is to empower decision-makers with science-driven solutions that support multifunctional rural landscapes. 
This research addresses immediate needs that is being proofed in NZ and overseas, adapting to various socio-environmental contexts thanks to AI super-human knowledge.
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