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PROJECT TITLE: “Climate-Smart” Trees and Forests for Minnesota
I. PROJECT STATEMENT 
Minnesota’s forests face unprecedented challenges from climate change and other pressures. Given the ≈17 million acres of forestland and their value to the forest products and recreation/tourism industries, and to the environment more broadly, maintaining forest growth and health is vitally important to our state. As temperatures will almost certainly increase, and rainfall patterns will likely vary, in the decades ahead, it would be smart to learn how different tree species growth varies with temperature and moisture supply, and to use that information to manage forests to favor species likely to grow well under future conditions. We will thus fill a key knowledge gap by identifying tree species likely to be ‘winners’ and ‘losers’ under future climate in each region of Minnesota. By using this evidence-based strategy, rather than opinion, to manage for those likely to be winners, we can make our trees and forests “Climate-Smart”.

This project will: 

· Better inform public and private land managers about likely changes to trees and forests that can help them adopt resilient management strategies. 

· Directly enhance management of Minnesota forests by helping managers choose species to promote in their region that will grow well under projected future climate.  
· Contribute to sustained economic yield and forest health for forest-based industries, as well as enhanced forest and wildlife health, biodiversity and habitat, and carbon sequestration.
Responses to climate change are not simple; for example, the same degree of warming might increase growth of a species in cooler or moister regions of the state or in cooler, wetter years, but reduce its growth in warmer and/or drier times and places. Moreover, different species will respond to our changing climate in different ways. Thus, understanding when and where climate change will be negative, neutral, or positive for tree growth is critical to developing flexible region-specific plans given anticipated climate. This project will use field measurements and complementary experiments to identify tree species likely to grow well under anticipated future temperatures and rainfall. We will focus on young trees, as they are destined to become tomorrow’s forests; moreover, early growth is also a good indicator of future growth. Our project will use this critical knowledge to develop a tool for ‘climate smart’ management. The project goals are to: 

(1) Identify tree growth responses to climate. This will be done with measurements of growth of young trees of 15 important Minnesota tree species (i) across carefully selected climate gradients, and (ii) within a unique world-class facility that allows experimental tests in the field of responses to future climate. Together these results will identify climate-resilient species to promote through management. Direct measurement of young trees is essential to assessing Minnesota’s future tree growth, as the inventory data from agencies does not allow assessment of growth of individual young trees in relation to a changing climate.
(2) Develop an on-line forest management tool for climate change adaptation. This will include a user-friendly interface to a web-based, information system that will provide land managers and the public guidelines and strategies for ‘climate-smart’ management (e.g. what to plant or manage for, depending on the region of the state, type of site, past land use history, etc.). 
II. DESCRIPTION OF PROJECT ACTIVITIES
Activity 1: Assess responses of native tree species to past and future climate. 
In addition to longer-term trends associated with a changing climate, temperature and rainfall vary from year to year, and also across MN; hence by comparing juvenile tree growth responses to recent regional and year-to-year differences in climate, as well as experimental future climates, we can characterize sensitivity of growth of 
important tree species to potential future climate variation. First, we will use tree rings and bud scars as a record of recent growth in relation to both spatial (statewide) and temporal (past decade) conditions and gradients. We will compare young trees (≈8-12 feet tall) of 15 different species (including aspen, birch, cedar, larch, maple, oak, pine, and spruce species), accounting for variation in soil and light conditions at numerous sites across Minnesota. Radial and leader/branch growth data associated with the past ≈10 years will be correlated to local weather station data from those same years, and growth patterns across the state will be related to spatial gradients in climate.  Second, we will use state-of-the-art open-air climate change facilities, called B4WarmED, located at two sites in northern MN to directly test responses of the same 15 tree species to future climates over two growing seasons (2021 and 2022). We will test responses of juvenile trees to both elevated temperature (raised by 1.5 and 3 °C) and reduced summer rainfall (by 40%), using 72 7-m2 plots at sites near Cloquet and Ely, MN. In both studies we will focus on young trees, which are destined to become tomorrow’s forests; moreover, early growth is a good indicator of future growth. We have proven that both our observational and experimental approaches are effective tools for such research; thus, the project will build on a strong preliminary foundation and has a high likelihood of success. 
	ENRTF BUDGET: $438,000
	


	Outcome
	Completion Date

	1. Characterize sensitivity of juveniles of native tree species to recent spatial and temporal variation in climate
	6/30/2023

	2. Assess capacity of native tree species to grow and survive under potential future climate in northern Minnesota
	6/30/2023


Activity 2: Develop forest management tool and user interface. 

We will use knowledge from Activity 1 to build a tool that projects tree growth under anticipated future climate; and identifies good candidates for ‘climate smart’ management. This tool will project (at a regional scale) for each species whether it is likely to grow better or worse in a given future time frame given projected climate change, and thus identify tree species likely to regenerate, grow and survive well or poorly under future climate. The online “Climate-Smart Management” tool will provide region-specific information useful in developing adaptive management strategies (e.g., whether and what to plant, what silvicultural treatments to use). Three workshops held around MN will introduce the tool to managers and train them in its use. 

	ENRTF BUDGET: $56,000
	


	Outcome
	Completion Date

	1. Documented climate – growth relations generalized for simple management tools
	6/30/2023

	2. Online "Forest Adaptation Management" tool
	6/30/2023


III. PROJECT PARTNERS AND COLLABORATORS
Receiving funds: P Reich (U. of Minnesota). Not receiving funds: R Montgomery, L Frelich (U. of Minnesota), S Handler (U.S. Forest Service), A Pierce (Division of Ecological and Water Resources, MN DNR). 

IV. LONG-TERM IMPLEMENTATION AND FUNDING: Field sites are maintained by a long-running research team at the University of Minnesota in collaboration with University field stations at Cloquet and Ely.  
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