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*We created climate change projection maps for Minnesota at a grid square resolution of 1/8o (degree 
latitude and longitude, approximately 8 miles on a side) for precipitation and temperature in the years 
2030-2039 and 2060-2069. These were produced by downscaling the 2o grid square resolution predic-
tions of Global Circulation Models to take into account local differences in historical temperature and 
precipitation as measured by weather stations throughout Minnesota. Thus, spatial patterns of precip-
itation and temperature (for example the effect of Lake Superior on temperature) that have occurred 
in Minnesota during the reference period of 1950-1999 are also assumed to persist into the future. To 
reduce the biases and take advantage of strengths that occur in individual Global Circulation Models, 
we averaged together the predictions from 16 models that were produced for the Intergovernmental 
Panel on Climate Change (IPCC) Fourth Assessment Report (AR4). 

Climate change adaptation planning for biodiversity involves planning for actions that may help ecosystems 
and species accommodate to climate change. Adaptation planning for biodiversity has received relatively little 
attention, despite the high likelihood of significant ecosystem change, even with mitigation to avoid further 
increases in greenhouse gas emissions. Using down-scaled climate projections from an ensemble of 16 mod-
els*, we conducted scenario planning for wetland, forest, and prairie ecosystems within the state of Minnesota 
(USA). 

Situated at the intersection of three major biomes (boreal forest, temperate deciduous forest, and Great Plains 
grasslands), Minnesota is likely to face significant challenges for sustaining biodiversity during climate transi-
tion.  We divided Minnesota into eight landscape regions and for each, developed climate change projections, 
assessed likely impacts, and proposed adaptation options. Climate change projections suggest that by 2069, 
average annual temperatures will increase approximately 5.8o F; annual precipitation will increase 6-8%, but 
summer precipitation will decline. Places with analogous climates currently prevail 310-440 miles to the SSW.  

Although the effects of climate change may be resisted through intensive management of invasive species, her-
bivores, disturbance regimes, and even water supplies, eventually conservation practices must shift to facilita-
tion and resilience strategies. Facilitation strategies help ecosystems move from current to new conditions and 
resilience strategies improve the capacity of ecosystems to rebound from disturbance.  Key resilience strategies 
for Minnesota landscape regions include providing buffers for small reserves, expanding reserves that lack ad-
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equate environmental heterogeneity, prioritizing protection of likely climate refuges, and managing forests for 
multi-species and multi-aged stands. Modifying practices of current restoration programs to rely on seeding 
(not plants), enlarge seed zones (especially in a southerly direction), and include common species from nearby 
southerly or drier locales is a logical low-risk facilitation strategy. Monitoring “trailing edge” populations of 
rare species should be a high conservation priority, to support decision-making related to assisted colonization. 
Despite uncertainties in climate projections and ecological responses, comprehensive climate change adapta-
tion planning is needed for Minnesota that coordinates with adjacent states/provinces, considers the full array 
of organisms and their interactions, and is linked to research to fill key knowledge gaps.

Figure 1. Predicted changes in average annual temperature and precipitation by 2039 and 2069 as compared to the 
1950-1999 reference period. Mean annual temperature currently varies from 34 o F (1.5 o C) in northeastern MN 
to 46 o F (7.5 o C) in the southwest. These temperatures are predicted to increase by 2.9-3.0 o F (1.60-1.68 o C) and 
5.7-5.9 o F (3.15-3.17 o C) by 2039 and 2069, respectively. Mean annual precipitation currently varies from 20 inches 
(1.4 mm/day) in the northwest to 35 inches (2.3 mm/day) in the southeast, and is predicted to increase by 0.9-1.7 
inches by 2039 and 1.1-2.3 inches by 2069.For temperature change maps (first row, right two columns), the color scale 
indicates relative degree of predicted temperature change from yellow (less change compared to current temperatures) to 
red (more change). For precipitation change maps (second row, right two columns), the color scale indicates relative degree 
of predicted increases in precipitation from brown (little increase) to green (areas with larger increases).
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