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Climate change is expected to have far-reaching impacts on the world's forests, including changes in the growth rates of trees, shifts in where species can grow, and changes in forest fire frequency (IPCC, 2014). Numerous studies to date have examined climate change impacts and potential pathways for adaptation.  Sohngen and Mendelsohn (1998) illustrate the importance of modeling the full dynamic adjustment pathway to measure welfare effects of climate change on forests.  Guo and Costello (2013) also use a dynamic approach and show how adaptation strategies will rely heavily on the extensive margins, finding that much of the effort on adaptation will occur when forests are harvested and regenerated rather than through management or the timing of harvests.  Sohngen et al. (2001), Perez Garcia et al. (2001) and Tian et al. (2016) use global models to account for the price effects of large-scale shifts in ecosystem productivity.  
None of the existing models of climate change impacts in forestry have explicitly factored in the role of uncertainty in forest sector decision making.  Uncertainty is important for a number of reasons. First, we do not know the future path of carbon emissions, and thus do not know the climate forcing factors that will affect ecosystems.  Second, we do not know exactly how ecosystems will respond to changes in climate.  Forest dieback, for instance, is currently an important source of uncertainty for forest managers.  It could increase or decrease with climate change, depending on relative changes in temperature versus precipitation and other factors, making future decisions about when to harvest trees and what to replant substantially more complex.  Third, timber prices are uncertain.  Nearly all studies in forestry that have considered uncertain timber prices, however, have treated prices as a function of some exogenous process, typically unrelated to climate change.  With climate change the process is not exogenous, and prices are determined endogenously with climate change impacts and uncertainty unfolding in multiple regions. 
To address these issues, we develop a dynamic-stochastic approach to modeling climate change impacts in forestry. We use Min-Max Regret (MMR) (Lempert et al. 2006, Cai and Sanstad 2016) which allows us to incorporate important elements of uncertainty into a dynamic global model of forests.  The MMR approach calculates a set of optimal intertemporal decisions in forestry across several states of nature by minimizing the maximum regret associated with making the "wrong" decision.  Regrets are the welfare consequences of making decisions consistent with a given state of nature (future climate condition) while in fact the world is under a different state of nature. The MMR approach allows us to determine a set of forest management decisions that minimize the potential adverse welfare consequences of assuming one climate future but experiencing another.
[bookmark: _GoBack]The forestry management decisions we consider involve choosing the optimal age class of harvesting trees, the intensity of investments in forest management at replanting time (which are fixed for the life of the tree), the type of trees to grow in a given area, the area of forests to manage for timber production, the area of forests to leave in a natural state, and the overall area of forest cover. These decisions are assessed in the context of a global dynamic model of land use. In the model, global land endowment is split into biomes, and competition for land among agriculture and forests (both managed and unmanaged) is modeled within each biome.  Representation of forests is based on the analysis and data in Tian et al. (2016). Climate impacts are derived from the MC2 model (Kim et al., 2016), which has been assessed across several climate scenarios. These scenarios have been linked to temperature and atmospheric carbon dioxide concentrations in the Shared Socioeconomic Pathways (SSPs) database (IIASA 2015). Thus we examine impacts across the five SSPs, characterized by SSP specific global population, income, change in global surface temperature and carbon dioxide concentrations, and then use the MMR approach to determine the set of decisions that minimize the maximum regret across these scenarios.
The results illustrate that investments in forest management should continue to increase in most regions of the world over the next 25-40 years. They are expected to increase most rapidly for the fastest growing forest types, for example Southern Pine in the US and other non-indigenous species in other regions of the world, with investments in forestry management in these types growing at roughly 3% per year.  Investments in management in slower growing species also increase, but less rapidly at 1.6% per year.  Beyond 2050, our model projects that investments in forest management slow down and decline in the US, while they continue to grow in other regions.  One reason for the slow-down in the US is the large increase in forest fire activity that occurs in this region, making investments in the US substantially more risky in the longer run. 
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