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1. A rapidly changing world

Scripps Oceanographic Inst. 2022

IPCC 2021



Recurring/intensifying droughts

Falls Lake, 2007; Climate Justice





Rising seas and extreme storms

IPCC, 2013
Whiteville, NC, after Hurricane Florence, 
Fall 2018

NASA, 2018







Bioenergy in an increasingly STRESSFUL world!

POPFULL Project, University of Antwerp, R. Ceulemans
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Acer pseudopl. 6.5 165.2 0.039 - 1.2 - - - - 10.0 877 - A

Acer rubrum 7.7 175.2 0.044 - 1.3 - - - - 9.2 1186 - B

Alnus 7.9 81.0 0.097 -28.8 9.0 230.0 538.0 16.8 28.1 11.3 1305 1.7 C

Eucalyptus 16.8 396.0 0.042 -27.3 17.5 - 1054 16.5 27.7 20.5 1309 - D

Larix 7.0 56.0 0.125 -26.4 1.0 62.0 101.0 6.3 10.6 -8.7 230 1.4 E

Liquidambar 8.6 280.0 0.031 -27.4 4.4 205.0 462.5 9.4 15.8 15.7 1304 1.9 F

Liriodendron 8.9 102.1 0.087 - 0.9 - - - - 13.0 1692 - G

Pinus 4.7 99.0 0.047 -27.3 5.0 251.8 410.0 12.3 20.5 16.6 1145 1.7 H

Platanus 9.5 286.5 0.033 - 5.5 - 293.8 18.9 31.5 18.4 1019 - I

Populus-pure sp 13.7 303 0.045 -28.0 10.1 117.0 419.2 24.0 40.2 11.4 607 1.1 J

Populus-hybrids 12.7 343 0.037 -28.1 8.1 142.5 439.1 18.5 30.9 10.2 753 1.3 J

Quercus 10.4 185.5 0.056 -27.8 7.2 - 294.8 24.3 40.6 13.6 913 - K

Robinia 9.7 296.7 0.033 -24.3 8.8 370.0 204.5 43.2 72.2 10.9 700 1.2 L

Salix-pure sp 13.7 316.0 0.043 -27.9 8.4 240.1 403.8 20.7 34.6 5.7 661 1.0 M

Salix-hybrids 20.6 378.0 0.054 - 8.0 119.4 324.9 24.5 41.1 6.6 703 1.2 M

Ecophysiology as an applied science

King et al. 2013

Spatially-explicit representation of forest-ag land biotic structure 
and process rates, linked to climate driven models for regional 
integration



Beringer et al. 2011



2. Opportunities for integrating bioenergy into forestry and 
agriculture

• Bioenergy intercropping as an example

• Economic diversification

• Rural economic development (harvesting, handling, processing bioenergy)

• Integrate bioenergy cropping with agriculture

• More research is needed

• Development of markets

• Added product streams for farmers

• Restoration of soil properties and biodiversity

• SOC, nutrients, soil structure, decreased nematodes, etc.

• Increase biodiversity of agricultural landscapes

• Improve climate profile of agricultural landscapes

• Regional and national C balance, impacts on water

• Fossil fuel offsets

• Energy security

• C sequestration in soils

• Must understand effects on regional water cycling Photo credit: R. Ceulemans, POPFULL, U Antwerp



Strong and growing demand 

US densified biomass (wood pellets) production facilities by state, 
region, and capacity, March, 2018 (US EIA). 

FORISK, 2022



3. American sycamore: Unrecognized potential
• Native species with wide range of environmental tolerances

• HIGH tolerance of biotic and abiotic stress
• Tolerates both drought and flooding, not many pests

• Moderate to very good productivity with LOW INPUT culture

• Seedling production capacity at scale available

• Reliable, low cost establishment with existing technology

• Excellent coppicing and ability to outcompete weeds

• Great potential for tree improvement programs – productivity, drought tolerance, salt 
tolerance(?), resistance to diseases

• Excellent wood properties and uniformity for bioenergy feedstock at scale
• Good energy content (19-20 MJ kg-1), dries well, thin bark/low ash content

• Capacity to improve agricultural soil health and biodiversity
• Chemical, physical and biological properties

• Improves farm-scale and regional carbon and water cycling



Seed source and establishment
NC Forest Service Claridge Nursery
Goldsboro, NC



Block 2

Block 1

Block 3
d

irt track

Cropping Systems Study – Butner, NC 
Winter 2009/2010 14m x  14m plot

3m spacing btwn plots

1
5

0
 m Squaring off point

P1

P13

P25

201 m
Ypop Syc Pdelt N*Y N*S 0.5m 1m 2mNM6

P1

P13

P25

P1

P13

P25

5 2

5

1

5 5 5

5 5 5 5 5

55

51

5 5 55

5

5

5

2

5 555

5 5 5 5

5 5

5 5 5 5

5

1 1

1 1 1

1 1 1 1 1 1

1 1 1 1

1

1 1 1 1

1 1

1

1

1

11111

1 1 1

1

1

25 2 2

2 2 2 2

2 2 2 2

2

5 2 2 2

2

2

2

2 2 2 2

2

2

2

2

2

2 2 22

2 2 22

rainfall control

Rainfall reduction



July 2010 
Note low input culture



Winter Harvest 2013/2014



Harvest and Coppice



September, 2014



Winter/Spring Harvest 2019







This experience has been repeated 
multiple times, at multiple sites in eastern 
and central NC



Fischer et al. 
2017



4. Future directions



Quantify ecosystem services provisioning
• Soil chemical, physical and biological properties

ILE et al. 2021



• Carbon and water cycling with Bowen ratio and eddy covariance 
studies

Planted at Butner in Winter 2021, experienced significant drought spring/summer, and intense weed 
competition, captured site by fall



Outreach and extension

• North Carolina Bioenergy Research Initiative/NCDACS
• New project to work with farmers in eastern NC to operationally integrate 

sycamore (Winter 2022/2023) and get the word out
• Quarterly and Annual Field Days 

• Fall 2023-Williamsdale Bioenergy Research Station (Duplin County)

• Surveys to identify barriers to adoption

• NC Forest Service, seedling production/tree improvement

• NC Cooperative Extension, technology transfer

• Wood products industry, especially along lower coastal plain

• Pellet manufacturers and other constituencies/economic sectors
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