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NAFO has helped to assess current forest sector R&D capacity and
set national priorities with strong alignment on certain topics




Academic 12% State Agency 10%

Federal 5%

GEORGIA

A national industry-uni\/ersity collaborative research center involving
7 universities and over 50 members
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Mission
To optimize genetic
and cultural systems to
produce high-quality rav
forest materials for new a
existing products by conduc
collaborative research thi
transcends traditional

Vision
To actively support the US
forest industry by solving
problems with targeted,
applied, and collaborative
research coordinated across
multiple universities.

Multi-Regional Evaluation of New Machine Learning Algorithms for Mapping Tree
Species Distribution and Abundance

Kosey Legoord, Aoron Weiskittel, Ken Bundy, Erin Simons-Legoard (UM)

For the past several decades, machine learning (ML) algorithms have been adopted and refined

species and disciplinary to improve forest map accuracy. However, several decades of data and algorithm development in

satellite remote sensing have not yielded robust solutions for eliminating systematic map error.
This research specifically targets this problem using a ML method that is capable of minimizing
both total and systematic error in satellite-derived maps. This mapping approach combines the

boundaries.

Serve as national organization for R&D relevant to the
forest industry

strength of Support Vector Machines (SVMs) te model complex, nonlinear relationships based
on limited training data, a common condition in forestry applications, with the adaptability of a
multi-objective Genetic Algorithm (GA).

Annual Progress

Coordinate and perform national research activities
across multiple sites that align with the prioritized needs
of forest industry

4 & Species and forest type mapping workflows
} tested and finalized across approx. 5 millien acres.

¥ @ Currently processing data for statewide

Year 4 Document and communicate key research outcomes to e can maesooapresivons | coverage.

dempitn clod v but cluc
Phase Il relevant stakeholders Poodichad % sivoad g Tt @  Plan to integrate with NOAA C-CAP data this

prevent map error winter, and deliver final land cover products in
spring 2024,

State of Maine Biomass Mapping

Provide a long-term strategic vision for research needs of
forest industry

We are using a ML-assisted
hand-digitizng process

Progress Report g

Convene leading scientists from academia and industry
who are prepared to address new/unforeseen challenges
to the forest industry, such as changing markets

@&  Preliminary aboveground live biomass from
NAIP point cloud metrics and Sentinel-2 bands,
northwest Maine

sczelerate the hand editing

Create national networking opportunities for universities & Processing 2021 MAIP point cloud statewide, at 10-meter resolution, using software developed
and forest industry in-house
- Future Plans

+ Expand processing to test sites in the NW, SE, and Upper Midwest.

+ orking to establish pilot studies with both public and private organizations within Maine to
evaluate species predictions and derivative forest type or composition maps.

+ Complete statewide processing in parallel with modeling.

THE UNIVERSITY OF

AINE The University of Maine became the lead site for CAF
2016. The CAFS program is led by Dr. Aaron Weiski
Director of UMaine’s Center for Research on Sustain: | Member Company Benefits
Forests. + Continued development and proof of concept of low-cost forest mapping methods using
multi-objective ML and automated geospatial processing.
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2023 CAFS Phase 3 Progress Report

CAFS facilitates and support sector relevant applied R&D
(https://lcrsf.umaine.edu/forest-research/cafs/)
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Long history of a successful national public-private-academic partnership
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Leveraging Institutional Strengths & Partners

2 evens B

Decision-support tools
* Refined growth & yield models
* Site productivity
* Maximum capacity models
* Cloud-based inventory systems

THE UNIVERSITY OF|

IMAINE J{

Remote Sensing
* Enhanced Forest Inventories
* Forest health & risk assessment
* Species & disturbance mapping
* Forest monitoring

Advanced Forestry
Systems

UNIVERSITY OF

" GEORGIA * Technology & data-driven

* Site-specific
* Outcome-based
* High precision

* Efficient
* Cost-effective

Forest Management

* Early stand tending

* Optimal thinning regimes
* Effective fertilization

Forest Genetics
* Improved tree breeding
* Clonal production
* Nursery production

vvvvvvvvvv

CAFS strategically aligns the primary forest sector relevant
rinivers<ities in the LIS on tonics of hiah relevance
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NSF Support
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$6,000,000

$4,000,000

Total Cumulative NSF Contributions

$2,000,000

+0
2008 2010 2012 2014 2016 2018 2020 2022 2024

Year

CAFS has received over $15M in NSF funding since its inception
through direct and supplemental contributions



Phase 3 Technology Roadmap

All CAFS Sites

Theme 1: Forest Modeling & Decision-Support Tools

Global

Project 1: Assessil

regional variation in potential site
productivity

Lead Partners: NCSU, UI, UGA, UW, PU
Praject 2: Assessing and mapping
regional variation in site carrying
capacity

Lead Partners: U, UM, OSU, VT, UGA,
uw

Project 3: Evaluation and refinement
of regional GY models

Partners: UM, VT, UGA, OSU, PU
Theme 2: Effective Use of Remote Sensing Technologies
Primary |AB Partners: ID Irving, Rayonier, Weyerhaeuser

Project 4: Mapping species
compoasition and past disturbance
using optical sensors

Partners: Ul, UM, UGA

Project 5: Improving efficiency and
accuracy of Enhanced Forest
Inventories derived from LIDAR
Partners: UW, OSU, UGA, UM

Project 6: Using hyperspectral
imaging to evaluate forest health
risk

Partners: VT, NCSU, OSU, UM

Theme 3: Improved Silvicultural Practices

Primary |AB Partners: Hancock Forest Management, International Forest
Company, Molpus Timberlands Management

Praoject 7: Quantifying long-term
gains using advanced genetics

Lead Partners: PU, UGA, OSU, NCSU

Project 8: Modeling forest response
to early stend treatments

Lead Partners: UW, UI, NCSU, VT

Project 9: identifying type and level
of response to forest fertilization

Lead Partners: UW, UI, NCSU, PU
activities by

Primary IAB Partners: American Forest Management, Green Diamond, Campbell

2019 2020 2021 2022 2023 Outcomes

IAB Meetings, evaluation, ducation,
attendance at national meetings, securing of additional research
support

Provide |AB members with improved tools that allow better and
more precise forest management and planning

Better understand how potential site productivity differs across
the key forest regicns in the US, the most influential factors, and
produce high-resolution maps for IAB members to aid planning

Derive consistent estimates of maximum stand density
index, evaluate most influential factors, and provide high-
resolution maps to aid management

Using the outcomes from Projects 1 and 2, evaluate
regional growth and yield behavior and refine as possible

Evaluate and leverage emerging remote sensing technologies to
improve planning

Optimal sensors like Landsat and Sentinnel-2 offer the ability to
annual map species composition and past disturbance, but have
yet to be tests across the US

LiDAR is becoming increasingly used to produce Enhanced Forest
Inventaries, but uncertainties on ground data, necessary metrics,
and madeling method remain.

Forest health risks are extensive and difficult to
detect. Hyperspectral imaging from terrestrial and/or
airborne sensors can help detection and quantification

Forest have a variety of silvi regimes to select
from, but it is often unclear on selecting the best practices for
each site

Tree genetics has seen significant advances in recent years due to
better breeding practices and cloning, but a synthesis of the long-
term patential effects of these practices across multiple species
has yet to be presented

Vegetation management is critical to successful rotations, but

its prediction is complicated by a variety of factors such as the
type and extent of competing vegetation. Leveraging long-

term datasets, the outcomes of contrasting treatments would

be assessed and modeled.

Forest fertilization is a widely used silvicultural practice that

is difficult to predict. Using long-term and newly available
data, methods to improve predictions of forest responsiveness
would be evaluated.

Research Plan

Multi-di

ion of ad d and

Delivery of multi-platform, decision-support togls
Harmonization, and synthesis of available regional datasets to generalize trends
to action, and -drive

Nationél

uw Turnblom et al. 16.69 Stand and tree responses to late rotation fertilization Continuing
ur* Kimsey et al. 19.75 Assessing & mapping regional variation in site carrying capacity across the primary forest types in the US Continuing
NCSU/UGA® Cooketal. 19.76 Assessing & mapping regional variation in site productivity across the primary forest types in the US Continuing
ur Nelson/jacobs/Gonzalez 20.78 Intraspecific hydraulic responses of commercial tree seedlings to nursery drought conditioning Continuing
UM Legaard/ Weskittel ;g::d:ﬂ I:Jclzi-regional evaluation of new machine learning algorithms for mapping tree species distribution and Continuing
PU* Couture/)acobs 20.80 Using hyperspectral imaging to evaluate forest health risk Continuing
osu* Hatten 20.81 Resilience of soil organic matter to harvesting: A global study of long-term soil productivity experiments Continuing
uw* Turnblom and Cross 20.82 Stand response to thinning: Enhancing response prediction through modeling Continuing
uw Cross and Turnblom 20.83 Using predictive analytics to decompose site index Ending
uw Littke 20.84 Physiologic response to commercial fertilization programs in Pacific Northwest forest plantations Continuing
osu* Gonzalez 21.85 Variation in productivity, wood quality and soil carbon of nine conifer species across a gradient in water deficit | Continuing
NCSU* Trlica 21.87 Linking leaf area index and remote sensing across different forest types Continuing
UGA* Dahlen etal. 21.88 Quantifying silvicultural treatment effect on lumber quantity and quality in loblolly pine Continuing
UGA Dahlen etal. 21.89 Quantifying carbon sequestration as a function of silvicultural treatment in loblolly pine Continuing
NCSU* Cooketal. 21.91 NCSU START: NSCU, Montgomery Community College, Wayne Community College Continuing
UM Weiskittel et al. 21.92 UMaine START: UM & UMaine at Fort Kent Continuing
ul Coleman 22.95 UI INTERN: Improving tree seedling survival with defense-enhancing endophytes Ending
NCSU Pala 22.98 CAFS Interactive Mapping Platform (CAFSIMP) Continuing
UGA* Bullock et al. 22,99 Effects of dominant tree height definition on loblolly pine growth & yield model outputs Continuing
UM Premer et al. 23.100 Use of carbon isotopes for assessing site-specific response to thinning New

u Kimsey et al. 23.101 Site-stand dynamics & pine beetle mortality in Ponderosa pine ecosystems New

ul Nelson et al. 23.102 Enhancing resistance to fungal pathogens in commercial tree seedlings New

osu* Mainwaring ﬁa‘gn Determination of crown morphological traits using laser scanning in Douglas-fir and loblolly pine genetics New

osu* Hailemariam et al. 23.104 Interplay between sampling design and small area estimation to improve forestland inventory New

R&D consortium with priorities and projects

driven bv the stinnort and need<s of member<hin
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Future of Forestry R&D?
&

Forest
J.JoE=2" | PMRC
Cooperative
[t A ek eas sl gnop etk |
Stand Management Cooperative

SINCASI

A national public-private-academic R&D
consortium is needed, which CAFS fulfills



Potential National R&D Parternships?

CAFS could serve as an umbrella organization to provide R&D support
of ongoing and future national research initiatives driven by members



CAFS Future Options

Details
Wrap-up and close-out CAFS
B Seek $15k/yr from participating sites and invite other sites to
join
C Option B + Federal funding
D Request actual membership contributions directly for CAFS
E Re-direct regional co-op contributions for CAFS
F ?

Evaluating various options for long-term sustainability with
strong support for Option C



USFS FIA Blue Ribbon Panel

11811 CONGRESS
IS8T SESSION
°

« Bill introduced to form a Blue Ribbon Panel for FIA In
fall of 2022

. Panel should:

-Assess modernization of the program
-Evaluation of SAE and remote sensing integration

-Consider public-private-academic partnership

« CAFS could address many of these recommendations

-Serve as the primary public-private-academic
partnership

-Platform for assessing and prioritizing research
-Support research on SAE and remote sensing

Mr.

require the Seeretary of Agriculture to convene a blue ribbon panel

to review the forest inventory and analysis program of the Forest Serviee,

and for other purposes.

IN THE SENATE OF THE UNITED STATES

KinG introdueed the following bill; which was read twice and referred to
the Committee on

A BILL

"o require the Secretary of Agriculture to convene a blue

ribbon panel to review the forest inventory and analysis
program of the Forest Service, and for other purposes.

Be it enacted by the Senate and House of Representa-
tives of the United States of America in Congress assembled,
SECTION 1. FOREST INVENTORY AND ANALYSIS PROGRAM

BLUE RIBBON PANEL.

Section 3 of the Forest and Rangeland Renewable
Resources Research Act of 1978 (16 U.S.C. 1642) is
amended by adding at the end the following:

“(f) FOREST INVENTORY AND ANALYSIS PROGRAM

BLUE RIBBON PANEL.—



Draft FY24 Senate Appropriations

Research Funding Priorities.—For the following research initia-
tives, funding for geographically-based items is in addition to funds
otherwise provided to individual research stations and therefore is
not to be factored into base allocations.-$6,000,000 to support the
Northeastern States Research Cooperative, a collaboration among
universities in Maine, New Hampshire, New York, and Vermont,
sponsoring research to sustain the health of northern forest eco-
systems and communities, develop new forest products and improve
forest biodiversity management, including to establish a Digital
Forestry Systems Research Consortium to advance data-driven, Al-
supported forest management systems that increase both the provi-
sion of ecosystem services and operational efficiency. None of these
funds shall be factored into the base allocation of the Northern Re- Pg. 109
search Station. Further, funding should be expeditiously distrib-
uted in a manner consistent with fiscal year 2022 and prior.

—3$2,000,000 for research on forest-based cellulose nanomate-
rials, including material forms, manufacturing processes, and
technology transfer.

—$2,000,000 to support new and existing academic partnerships
to further explore the use of available technologies like remote
sensing and methodologies such as small area estimation to
further refine county and State biomass estimates as outlined
in Sec. 8632 of the Agriculture Improvement Act of 2018 (Pub-
lic Law 115-334).

Maine’s Delegation Continues to Support Applied R&D with Limited USFS Engagement



CAFS Path Forward

S
Or, estry S

1. Secure USFS R&D as a CAFS member (V)
2. Secure CAFS relevant Federal appropriations (\/)

3. Enact FIA Blue Ribbon Panel that highlights the need and
Importance of CAFS

4. CAFS receive USFS Federal funding via NCASI
Foundation

5. Continue to grow CAFS to beyond USFS



Summary

CAFS has been a net benefit for all and addresses the
need for a national consortium

- -Provided direct funding ‘\0( p\dvabc‘@
o

- -Built a strong collaboration network

<
- -Leveraged research investments 5 W
b £
Y/
CAFS officially graduates from NSF at the end of Phase P c’;"'
11l (12/24) o"@str\J SN

Be highly difficult to recreate CAFS from scratch or do
another NSF IUCRC



Questions/Comments?
e

U 9-06
I
HA HA,
STOP TICKLING
ME, BILLY!

P o Lo /| P
.. './ 2
4 ",
b/ - \\
)
\
/ /
ock.com

aaron.weiskittel@maine.edu
207-581-2857
https://crsf.umaine.edu/forest-research/cafs/
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