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A useful thought process

www.nrs.fs.fed.us/pubs/52760 and www.AdaptationWorkbook.org

A flexible workbook and menu to 
address diverse needs

• Designed for a variety of land 
owners with diverse goals

• Does not make recommendations

• Menu of adaptation strategies  
for forest management

• New versions – online and print! 



The Adaptation Workbook

www.nrs.fs.fed.us/pubs/52760 and www.AdaptationWorkbook.org

1. DEFINE 
management 

goals. 

2. ASSESS 
climate change 

impacts.

3. EVALUATE 
management 

goals.

4. IDENTIFY 
adaptation 

tactics. 

5. MONITOR 
and evaluate 

effectiveness.



Real-world examples

www.forestadaptation.org/demonstration-projects

Case studies to help the 
whole community learn
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Forest vulnerability assessments

Place-based, transparent,
useful
• Examine a range of 

future climates 
• Do not make 

recommendations
• Sources of information: 

• Models
• Published research
• Local managers and 

experts

Download: http://climateframework.org/vulnerability-assessment



Climate change impacts on forests

Sources: Handler et al. 2014, Janowiak et al. 2014

• Longer growing season
• CO2 fertilization
• Altered soil moisture
• Extreme weather events
• Less frozen ground
• Increased fire risk
• Species range shifts
• Increased stressors



Altered soil moisture

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



Altered soil moisture

Frequency of 3”+ rainstorms

Minnesota MichiganWisconsin

Saunders et al. 2012



Altered soil moisture

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



Increased Stressors

More drought leads to more damage from pests and 
diseases

Two-lined chestnut 
borer, WI

Oak Wilt Map, 2016 



A menu of adaptation ideas

www.nrs.fs.fed.us/pubs/52760 and www.AdaptationWorkbook.org
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A menu of adaptation ideas

www.nrs.fs.fed.us/pubs/52760 and www.AdaptationWorkbook.org



Real-world examples

www.forestadaptation.org/demonstration-projects

Case studies to help the 
whole community learn



Project Location

Florence County Forest
 36,000+ acres in 

northeastern 
Wisconsin

 Multiple uses: timber 
production, hunting, 
fishing, camping, and 
other recreation

 Dual certification – SFI 
and FSC



The Problem

Observed Precipitation Change, 1901-2010



Project Purpose

1. Look at the current condition of the county 
forest and make decisions based on 
anticipate future conditions.

2. Provide for sustainability of timber on the 
Florence County Forest, while providing for 
multiple uses.

3. Look for options to increase survivability and 
increase growth on seedlings through soil 
amendments.



Project Planning

1. Develop a strategy based on 
NIACS Adaptation Workbook

2. Develop a project based on 
major climate risks

A. Drought risk
B. Pests and diseases

3. Apply for grant funding

Oak Wilt Map 



Carrying out the Project

1. Site Preparation for planting.  Approx 400 acres 
disc trenched fall of 2014

2. Order Trees- 435,000 Red and Jack Pine
3. Coordinate ash & biochar delivery and 

application 
4. Baseline soil tests
5. Conduct tree planting through a contractor



Carrying out the Project
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Carrying out the Project



Progress and Next Steps

• 435,000 red and jack pine planted
• Soil and tree monitoring underway

– 1st-year publication submitted to Jour. of Forestry

• Replanted one site in 2016
• Continue monitoring 



Soil Amendments: Experimental Plot Design 
and Initial Results

• Robbie Richard1, Lynette Potvin2, and Evan Kane1,2

• 1School of Forest Resources and Environmental Science, Michigan Tech University, 
Houghton MI

• 2Northern Research Station, USDA Forest Service, Houghton MI



Summer Undergraduate Research Fellowship 
(SURF)

• Research Proposal
• Funding
• Training



SURF Research Objectives

• Evaluate short term 
effects of soil 
amendments in droughty 
soils

• Establish long term 
monitoring plots



Project Location



Biochar Experimental Design



Wood Ash Experimental Design

• Three transects, 100 meters length
• Soil sampling pre- (December 2014) 

and post-application (July 2015)



Methods

Soils were analyzed for:
• pH
• Water volume
• Bulk density
• Cation exchange capacity 

(CEC)



Results - Biochar
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Results – Biochar (cont.)

pH
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Results – Wood Ash
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Other results
• No significant 

difference in Bulk 
Density

• CEC not analyzed (yet)
• Water volume not 

calculated



Discussion – Management Implications

• Wood-ash

• Increased pH

• Biochar
• Increased water holding 

capacity and cation 
exchange capacity

• Lowered soil bulk 
density

• Need for improved 
application method



Discussion – Management Implications (cont.)

• Diversity of biochar
• Destructive sampling 

issues

https://www.researchgate.net/profile/David_Clay/publication/263804114/figure/fig
1/AS:293198372716544@1446915347754/Fig-1-Scanning-electron-microscope-SEM-
images-of-biochar-materials-at-various.png



Discussion – Future research & USFS 
application studies

• Northern Minnesota, 
similar project using 
biochar in the works across 
3 different soil types

• USFS Rocky Mountain 
Research Station and 
Missoula Technology 
Development Center –
Biochar Spreader
– https://youtu.be/Ro5wgtoX

UUs

 Long term monitoring 
to continue at 
Florence County

https://youtu.be/Ro5wgtoXUUs


Discussion – Future application research



References

• Allen, C. D., A. K. Macalady, H. Chenchouni, D. Bachelet, N. McDowell, M. Vennetier, T. Kitzberger, A. Rigling, D. D. Breshears, and E. T. Hogg. 2010. A global overview of drought and heat-
induced tree mortality reveals emerging climate change risks for forests. Forest Ecology and Management 259:660-684.

• Ameloot, N., E. R. Graber, F. G. Verheijen, and S. De Neve. 2013. Interactions between biochar stability and soil organisms: review and research needs. European Journal of Soil Science 
64:379-390.

• Atkinson, C. J., J. D. Fitzgerald, and N. A. Hipps. 2010. Potential mechanisms for achieving agricultural benefits from biochar application to temperate soils: a review. Plant and Soil 337:1-
18.

• Augusto, L., M. R. Bakker, and C. Meredieu. 2008. Wood ash applications to temperate forest ecosystems—potential benefits and drawbacks. Plant and Soil 306:181-198.
• Jeffery, S., F. G. Verheijen, M. Van Der Velde, and A. C. Bastos. 2011. A quantitative review of the effects of biochar application to soils on crop productivity using meta-analysis. 

Agriculture, Ecosystems & Environment 144:175-187.
• Kahl, J. S., I. J. Fernandez, L. E. Rustad, and J. Peckenham. 1996. Threshold application rates of wood ash to an acidic forest soil. Journal of environmental quality 25:220-227.
• Lehmann, J. and S. Joseph. 2015. Biochar for environmental management: science, technology and implementation. Routledge.
• Magdoff, F., R. Bartlett, and D. Ross. 1987. Acidification and pH buffering of forest soils. Soil Science Society of America Journal 51:1384-1386.
• Mehlich, A. 1976. New buffer pH method for rapid estimation of exchangeable acidity and lime requirement of soils 1. Communications in Soil Science & Plant Analysis 7:637-652.
• Omondi, M. O., X. Xia, A. Nahayo, X. Liu, P. K. Korai, and G. Pan. 2016. Quantification of biochar effects on soil hydrological properties using meta-analysis of literature data. Geoderma

274:28-34.
• Page-Dumroese, D. S., N. M. Anderson, K. N. Windell, K. Englund, and K. Jump. 2016. Development and use of a commercial-scale biochar spreader. U.S. Department of Agriculture, Forest 

Service, Rocky Mountain Research Station, Fort Collins CO.
• Pathan, S., L. Aylmore, and T. Colmer. 2002. Reduced leaching of nitrate, ammonium, and phosphorus in a sandy soil by fly ash amendment. Soil Research 40:1201-1211.
• Pitman, R. M. 2006. Wood ash use in forestry–a review of the environmental impacts. Forestry 79:563-588.
• Reid, C. and S. A. Watmough. 2014. Evaluating the effects of liming and wood-ash treatment on forest ecosystems through systematic meta-analysis. Canadian Journal of Forest Research 

44:867-885.
• Robertson, S. J., P. M. Rutherford, J. C. Lopez-Gutierrez, and H. B. Massicotte. 2012. Biochar enhances seedling growth and alters root symbioses and properties of sub-boreal forest soils. 

Canadian Journal of Soil Science 92:329-340.
• Schwartz, K. M. and M. C. Demchik. 2013. Stump sprouting of northern pin oak on nutrient-poor sandy soils in central Wisconsin. Pages 447-455 in 18th Central Hardwood Forest 

Conference. Newtown Square, PA: U.S. Department of Agriculture, Forest Service, Northern Research Station, Morgantown, WV.
• Scott, D. A. and D. S. Page-Dumroese. 2016. Wood Bioenergy and Soil Productivity Research. BioEnergy Research 9:507-517.
• Siegel-Issem, C. M., J. Burger, R. Powers, F. Ponder, and S. Patterson. 2005. Seedling root growth as a function of soil density and water content. Soil Science Society of America Journal 

69:215-226.
• Silkworth, D. and D. Grigal. 1982. Determining and evaluating nutrient losses following whole-tree harvesting of aspen. Soil Science Society of America Journal 46:626-631.
• Soil Survey Staff, N. 2014. Soil Survey Field and Laboratory Methods Manual. U.S. Department of Agriculture, Natural Resources Conservation Service.
• Spokas, K. A., K. B. Cantrell, J. M. Novak, D. W. Archer, J. A. Ippolito, H. P. Collins, A. A. Boateng, I. M. Lima, M. C. Lamb, and A. J. McAloon. 2012. Biochar: a synthesis of its agronomic 

impact beyond carbon sequestration. Journal of environmental quality 41:973-989.
• Swanston, C. and M. Janowiak. 2012. Forest adaptation resources: climate change tools and approaches for land managers. Gen. Tech. Rep. NRS-87, U.S. Department of Agriculture, 

Forest Service, Northern Research Station, Newtown Square, PA.
• Swanston, C., M. Janowiak, L. Iverson, L. Parker, D. Mladenoff, L. Brandt, P. Butler, M. S. Pierre, A. Prasad, and S. Matthews. 2011. Ecosystem vulnerability assessment and synthesis: a 

report from the climate change response framework project in northern Wisconsin.
• Vance, E. D. 1996. Land application of wood-fired and combination boiler ashes: an overview. Journal of environmental quality 25:937-944.
• von Glisczynski, F., R. Pude, W. Amelung, and A. Sandhage‐Hofmann. 2016. Biochar‐compost substrates in short‐rotation coppice: Effects on soil and trees in a three‐year field 

experiment. Journal of Plant Nutrition and Soil Science.
• Warncke, D., L. Bast, and D. R. Christenson. 2010. Lime for Michigan Soils. Michigan State University Extension.



Thank you! 

Get in touch with questions: 
Stephen: sdhandler@fs.fed.us
Don: don@sustainableinc.org
Pat: psmith@co.florence.wi.us
Lynette: lrpotvin@fs.fed.us
Robbie: rprichar@mtu.edu

mailto:sdhandler@fs.fed.us
mailto:don@sustainableinc.org
mailto:psmith@co.florence.wi.us
mailto:lrpotvin@fs.fed.us
mailto:rprichar@mtu.edu
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