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Presenter Notes
Presentation Notes
My name is Madisen Fuller and I am a second-year PhD student at NC State. My research here is focused on the quantification of forest carbon, particularly in the southern US. Today, though, I’m going to be looking at things from a higher level, discussing forest carbon modeling in general and the approach that our group is working on to better connect the ecological and economic spheres of this modeling space. 
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So, as we know, there is a ton of interest in increasing the role that forestry plays in climate change mitigation. For this reason, there has been massive growth in research attempting to quantify forest carbon using modeling frameworks. We are using these models to answer questions about the size of this carbon sink, how it changes over time, and the impact on humans and our environment. This research is also used to assess the effects of policy implementation, simulate environmental and economic futures, and find mitigation tactics that have the greatest carbon benefit at the lowest costs. 
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The modeling of forest carbon typically starts with ecological models that take information on factors like nutrients and the water and carbon cycle and produce output on forest biomass and carbon. Then, this output is used as parameters in economic models that optimize for market factors like prices, supply and demand, and land-use change. And then that information is used to inform additional research and policy. The process typically ends here, but we want to better capture the nuances between these two types of models by connecting the ecological and economic models in an iterative approach that feeds economic output back into the ecological models. 

To put this idea into context, I’m going to use an example of modeling soil carbon and land-use change. 
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There are many ways that land use and soil are connected. If a forest is converted to cropland, the loss of canopy cover results in the erosion of soil and changes in the cycles of nutrients, water, and carbon. These changes will certainly impact the estimates on soil carbon. On the other hand, reduction in agricultural soil quality often makes forestland more profitable, incentivizing a change in management for forestland. This, in turn, will also change the characteristics and carbon capacity of the soils. 

These dynamics are clear in the science, but poorly captured within the commonly used frameworks. Typically, the economic models are using static estimates of soil carbon as inputs but making projections for factors that end up impacting soil carbon. Ideally, forest carbon models would capture these feedbacks and encourage communication between these economic and ecological models. 
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We are in the process of creating a framework for modeling that is highly interdisciplinary and takes the economic outputs, feeds them back into the ecological models, and continues this process to continually update our model parameters. In the soil carbon context, this would mean starting with an ecological model like Biome BGC, using the soil estimates in an economic spatial allocation model such as LURA, then continuing to use economic output as updated parameters in BiomeBGC. We want to continue doing this until the estimates have reached some convergence criteria and the error between models has been minimized. 

This concept of multi-disciplinary convergence modeling is becoming prevalent in many fields that involve highly dynamic and connected systems, from molecular biology to food and water security. Given how complex the systems of forest carbon are, there is a huge need for better communication across disciplines. This is a simple concept in theory but has not yet been widely applied to forest carbon. The approach will take a lot of computing power and will require an interdisciplinary effort in two fields which are typically siloed. 
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The researchers on this team have a vast understanding of the different fields of economics and ecology, allowing us to fully incorporate each topic into our modeling framework. This application of convergence modeling opens the idea of using this approach in estimating not only forest carbon, but in many other contexts as well. 

As the forest carbon modeling becomes more precise, the policies that rely on these studies will also become more accurate, making them more effective and efficient. Another benefit that I’m particularly interested in is the increased ability to do high quality spatial analyses of forest carbon and forest carbon policy. Answering questions on environmental justice and equity require high quality spatial datasets that this type of modeling can produce. 
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We believe this approach is going to be highly contributive to the body of research on forest carbon quantification, but there are some big factors that will need to be considered in our implementation, as well as future applications. 

Within the ecological and economic disciplines, there are many varying perspectives and approaches used, which all need to be considered. For example, there is still debate on whether wood products should be included in carbon estimates because of their non-permanent qualities. Even just sorting out what “permanent” carbon storage means is a large debate. 

There are also tons of trade-offs that we are having to discuss when building this model. Do we choose a spatial scale that allows for direct inferences to be made for policy purposes? Or do we aggregate things more to allows for application in broader ways. The existence of these trade offs is a reason that this type of research does not exist on a large scale, especially in this context. But we are trying to think of these trade offs as a benefit of this approach, rather than a preventative limitation, by using our differing forest carbon backgrounds to really hash these things out in this context.  
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Thank you all for being here and a particular thanks to my advisors, my ecological counterpart (Manaswini), and the Jordan Family for their generous funding of this project. 
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