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Introduction
Frequent tensions and trade-offs exist between water availability, greenhouse gas emissions mitigation (i.e., afforestation and/or conservation) and economic outcomes. Despite the hydrological and carbon cycles being intimately connected, carbon and water research are often done in isolation and poorly linked to resource management.  Practical strategies for carbon emissions mitigation and water management that also maintain economic value for landowners are urgently needed in our rapidly changing climate[1,2].

Aotearoa New Zealand (NZ) has committed to be carbon neutral by 2050[3] and heavily relies on afforestation to offset its carbon emissions. However, the implications for water resources of large-scale afforestation with exotic species have not been fully considered [4]. In addition to climate change mitigation, rural land use in NZ is driven by competing interests, such as agriculture, plantation forestry and environmental/biodiversity conservation. With the significant role of primary industries in NZ’s economy, economic returns are a strong driver of land use transitions, and environmental priorities are often perceived to be in conflict with maximising economic return.

Objectives
This project seeks to quantify feedbacks and interactions between climate change, carbon sequestration, water availability, and economic return in NZ. We aim to develop a framework for integrated modelling of impacts of climate and land-use change on carbon storage, groundwater potential and economic return that can be used by decision-makers to inform policy.

Methodology
We used two process-based biophysical models and a statistical economic model of profitability of rural land uses to model changes in carbon storage, groundwater recharge and economic outcomes under selected land-use and climate change scenarios for a case study in the Aupōuri Catchment in Northland, NZ. Stakeholder interviews with representatives from regional and national government were conducted to design scenarios that address current knowledge gaps. 

Findings
Our study finds that there is no one-fits-all solution to maximise carbon sequestration, water availability and economic return simultaneously. Projected climate change impacts are mixed, with changes in plant growth more favourable for pasture than for forest, which have subsequent implications for carbon sequestration as well as the profitability of pastoral agriculture vs plantation forestry. Stakeholder interviews revealed that more information on economic trade-offs is a priority. Our study emphasizes that local values and priorities must be taken into consideration when designing land-use management policies and incentives and regulation for climate adaptation at national scale. 

Significance of the work for policy and practice 
Our research aims to inform land use and resource management policy, enabling NZ to remain environmentally sustainable and resilient to climate change, while also considering economic returns and trade-offs of land-use choices. Importantly, our outputs are spatially resolved at a level that provides region- and catchment-specific information. Our work can, for example, assist regional councils in the setting of sustainable water allocation limits in afforested catchments[4] and guide decision-making to plant trees in optimised locations to maximize environmental and economic outcomes. Using this framework, stakeholders will be able to manage land use and water allocation sustainably under future climate to balance both environmental goals and economic return.  
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