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Temperature Change - Observed



Temperature Change - Observed



Growing Season - Projected

Sources: http://ccr.aos.wisc.edu/resources/data_scripts/dyndown

http://ccr.aos.wisc.edu/resources/data_scripts/dyndown


Precipitation Change – Observed



• Large rain events (2”+) have become more frequent

Saunders et al. 2012

Heavy Precipitation - Observed

NOAA, www.statesummaries.ncics.org/chapter/wi/



Heavy Precipitation - Projected



More Drought Stress



More Drought Stress

Water loss from soils 
(evaporation)

Greater uncertainty about future precipitation, but great risk of 
summer moisture stress

Water loss from trees 
(transpiration)

Groundwater 
recharge

Runoff

Precipitation Intense precipitation
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Climate Change Tree Atlas Results

www.fs.fed.us/nrs/atlas



Climate Change Tree Atlas Results

https://forestadaptation.org/sites/default/files/2021-06/Driftless_TreeAtlas_Handout.pdf

Increasing Habitat
Black walnut
Bur oak (+/0)
Silver maple
Sugar maple
White ash
White oak (+/0)

New Migrants
Black hickory
Blackjack oak
Common persimmon
Mockernut hickory
Osage-orange
Pignut hickory
Scarlet oak
Sycamore
Virginia pine
Yellow-poplar

Deceasing Habitat
American basswood (0/-)
Bigtooth aspen
Eastern white pine
Northern red oak (0/-)
Red maple
Yellow birch



Climate Change Tree Atlas: Get the Info

https://forestadaptation.org/sites/default/files/2021-06/Driftless_TreeAtlas_Handout.pdf



Changes in Forest Composition

= species X 
quality habitat

50% Reduction in Habitat:

Habitat reduced equally Best habitats remain



Changes in Forest Composition
• Many common tree species are projected 

to have reduced suitability in the future
• Changes will occur slowly—not instant 

dieback
• Mature and established trees should fare 

better
• Immense lags to occupy habitats
• Critical factors: competition, 

management, & disturbance
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NEW: Southern WI Field Guide
§ Based on WICCI vulnerability assessments
§ Organized around WI Natural Communities
§ Climate impacts, site-level considerations, + adaptation 

actions
§ www.wicci.wisc.edu/forestry-working-group/ 



Southern Dry-Mesic Forest



Southern Dry-Mesic Forest
Climate Change Impacts: Disruptive
§ Northern red oak, white oak, and shagbark and bitternut hickory are expected 

to maintain or gain suitable habitat. 
§ Red maple is currently common but expected to decline in suitable habitat, 

while sugar maple is often common and expected to increase slightly. 
§ Disturbances in these forests without fire will likely hasten the conversion to 

mesic species. 
§ Invasive species such as buckthorn and honeysuckle readily invade dry-mesic 

stands and may benefit from longer growing seasons.



Southern Dry-Mesic Forest
Adaptive Capacity: Moderate-Low 
• Many dry-mesic forests will be degraded because they haven’t had regular fire. Sites 

that have been managed with fire may have more favorable conditions to perpetuate 
oak. 

• Past high-grading may have damaged some stands and made them less resilient to 
future change. 

• Oak regeneration is limited by competition with mesic species, deer herbivory, and 
other factors. Oaks may not be able to capitalize on projected suitable habitat gains. 

• Sites that have been grazed often have degraded understory plant communities. 
• Stands with several tree species may be more able to adapt to changing conditions. 
• Sites with high earthworm activity will have less leaf litter and it will be harder to 

conduct prescribed burns. 
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A “Threat Multiplier”

Bartlett Tree Experts

Drought

Injury

Pests and 
Disease

§ Interactions can trigger big 
changes
• Stress

• Disturbance
• Invasive species

• Insect pests
• Forest diseases



Wildfire Risk

Guyette et al. 2014, Tang et al. 2014, Miranda et al. 2012, Moritz et al. 2012, Nowacki et al. 2014, Kerr et al. 2017

Fire may increase, because:
§ Warmer/drier summers
§ Increased mortality from 

stress, pests, events
§ More frequent weather 

conditions that promote large 
fires

FWI = Fire Weather Index values



Wildfire Risk
Fire may increase, because:
§ Warmer/drier summers
§ Increased mortality from 

stress, pests, events
§ More frequent weather 

conditions that promote large 
fires

…or maybe not, because:
• Fire suppression will continue
• Spring/early summer moisture
• Current regeneration of more 

mesic species
• Spatial patterns of land use 

and fragmentation



Prescribed Fire Application
Will it be easier or harder to use this tool?
§ Warmer, drier conditions may support prescribed fire 

and lengthen the window of opportunity for burning. 
§ Conversely, widespread tree mortality, wetter 

conditions, and on-going mesophication could limit 
local prescribed fire implementation. 

§ Prescribed fire depends on advanced planning and 
staff availability, so erratic conditions will be a serious 
challenge.



Extreme Wind Events

Gastineau and Soden 2009, Kumar et al. 2015, Karnauskas et al. 2018 

• Extreme events are rare and hard to 
model. 

• Uncertainty is very high

• High wind events may increase in 
northern latitudes (above 40-50⁰)

• Average wind speeds may decrease 
slightly across the central US

• Regeneration may not follow the 
usual pattern



Invasive Species

• Stress and disturbance creates more 
opportunity.

• Invasive species may be better able to 
take advantage of new conditions 
(expanded ranges, elevated CO2, etc.)



Pests and Diseases
• Existing pests and diseases 

cause more damage

• Pests and diseases may 
expand to new locations

• Seasonal timing may shift



Thank you! Climate Hubs

Climate Change Resource 
Center

Climate Change Atlas

Forestadaptation.org
AdaptationWorkbook.org

www.climatehubs.oce.usda.gov

www.fs.usda.gov/ccrc

www.fs.fed.us/nrs/atlas/

Stephen Handler
stephen.handler@usda.gov



Climate Change: It’s everywhere you look

G
LI

FW
C



Precipitation Change – Observed



More Drought Stress

4th National Climate 
Assessment, 2018


