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Overview

OVERVIEW

PROJECT SUMMARY

The INSPIRES prat started August 1, 2019 and is an interjurisdictional partnership between
Maine, New Hampshire, and Vermont. The INSPIRES team currently involves 54 individuals with the
majority being faculty from the three states (38; ME = 28, NH = 13, VT = 13gréaldy
undergraduate/graduate students (10) and professional staffABhough only irthe early stages

of the project, the teamthat has formedis diverse, has strong linkages across jurisdictions, and
many of the faculty are earlyareer (48%). Therscture of the project is centered around four core
reseach themes, namely: (1) Advance8ensing and Computing Technologies; (2) Smart
Environmental Informatics; (3) Integrated Ecological Modeling; and (4) Quantitative Reasoning Skills
in Context. Thes¢hemes, collectively applied, will build understanding of current and future
changes in the Northern Forest in response to ecological and socioeconomic drivers.

The primary focus for Year One was on team building, completion of a project implementainon pl

and initiation of interjurisdictional research efforts. Team building began almost immediately with

a launch meeting for all participants in early September. The goals of this meeting were to introduce
team members, establish regional and theme intéi@ts, provide access for shared files, and
develop theme goals. This launch set in motion numerous virtual apdrgson meetings regularly
conducted by the Core Leadership Team (CLT), individual research themes led largely by early career
scientists, anavithin jurisdictions. Quarterly ateam meetings focus on project and research theme
updates and discussion. Individual research themes regularly meet to understand team member
research interests, complete strategic materials, including collaborativeares agendas, and
outline key research milestones by project year. These milestones are essential to monitoring
project progress. Likewise, regular irfraisdiction meetings across institutions are used to help
build team relationships and identify kéigkages among jurisdictions as INSPIRES brings together a
diverse set of disciplines such as engineering, computer science, ecology, biometrics, ecosystem
modeling, and STEM education.

The project implementation platie team developegrovidesthe necesary structure, governance,
strategic assessment, and plans for research,mamcations, and evaluation. Thmplementation

plan will be revisited biannually to ensure successful project progress, interjurisdictional
collaboration, and stakeholder engagent. As part of the project implementation plan, the CLT

and research themes each completed key strategic materials including logic models, Strengths,
Weaknesses, Opportunities and Threat (SWOT) assessments, and stakeholder nidtisciegng
documentserves as a roadmap for project execution and management, provides each INSPIRES
team member with a comprehensive summary of important project information to help guide their
work, and highlights several rearch efforts initiated duringéér 1, includingpplications of sensor
technology to better characterize forest carbon dynamics in the region. This document will also

1
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stakeholders identified in this document

Overall, despite the highly challenging circumstances caused by the current global pandemic, the
INSPIRES project has made substantial forward progress and remains on track as outlined in this
annual report. Of course, high uncertainty and restricti¢ag. travel, hiring, spending) imposed by

the pandemic have led to ongoing discussions and significant contingency planning, which are
outlined in this annual report. In short, the INSPIRES team remains engaged, productive, and excited
aboutthe potentiaR ¥ G KA & NB&ASFNOK STFF2NI FyR A (based NP | RS
economy.

KEY ACCOMPLISHMENTS

1 INSPIRES website created and launched in partnership with the New England Sustainability
Consortium (NEST)

1 Development and completion of praje implementation plan, which included a project

governance agreement, evaluation plan, communications strategy, strategic assessment,

and identification of key stakeholders

Creation of Slack project channel and shared calendar

Established a Box folder fehared files, including project reports and team rosters

Financial and communications support team established

Theme 1 prototype of wireless low power soil moisture sensor ready for calibration

Recruitment and hiring d@ Postdocs, 8graduatestudents, ad 3 undergraduate students

across the three institutions

1 PI Weiskittel and Project Senior Personnel Burakowski and Contosta attended the 2019
National EPSCoR Conference hosted by the University of South Cattwéireatheylearned
about project best pradtes as well as networked

1 Development of living document for project jargon and acronym dictionary

1 Engagement with wide range of regional stakeholders on project objectives and potential
applications to regional forest conservation issues

1 Baseline surveyfgroject participants completed and analyzed

1 New interjurisdictional collaborations initiated through INSPIRES led to new collaborative
proposals for future work

= =4 4 4 A
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PROJECT BACKGROUND

Forests are an economically important and ecologically critical compgoner2 ¥ b S¢g 9y 3f
2Nl Ay3 fIyRAOFLIS (GKIFG LINPOARS ydzYSNRdza 6SySTA
dynamic and diverse due to a wide variety of complex factors including changing environmental
conditions, management regimes, and natutaturbances. This project leverages unique expertise

from the University of Maine, University of New Hampshire, and University of Vermont to construct

a digital framework to better assess, understand, and forecast this complex forest at a resolution
relevant to scientists, land managers, and policymakers. This will be accomplished by integrating
emerging computational, monitoring, remote sensing, and visualization technologies that will
provide a more holistic and near retine quantification of the foretsat broad spatial and temporal

scales. In addition, increased education on using data to effectively model and manage forests is a
1S58 FT20dza 2F GKS LINRP2SOGQa STF2NI a0

INSPIREScludes a broad array of disciplines including data science, ecology, andesmgg such

as electrical, computer, and communications. The digital Big Data framework developed from this
effort would be applicable to other forested regions and ecosystems. Most importantly, the effort

will help support and sustain this unique foredtlandscape, which many rural communities rely on

for their livelihoods.

RESEARCH APPROACH

Forests in New England represent the Northern Forest ecotone, which is a complex assemblage of
transitional ecosystems that have a unique history of natural distnce and human land use. In
recent decades, societal demands on these forests and the ecosystem services they provide have
continued to expand at a time when key stressors such as land use, invasive pests, and extreme
abiotic events are significantly dine rise. Maintaining the value and integrity of the Northern Forest

for the communities that depend on them requires a better understanding of how these stressors
affect this ecosystem. To address these grand challenges, faculty from the state unwerkitie
Maine, New Hampshire, and Vermont are collaborating on the development of a regional Complex
Systems Research Consortium that will align with a prior NSF Track 2 team (New England
Sustainability Consortium; NEST), which will help to facilitate apaly$orest ecosystem integrity

and resilience from multiple scientific perspectives.

At the same time, INSPIRES faculty and students across four reggagriated themes are working

to develop a novel and flexible Digital Forest framework for effeltivernessing Big Data to
enhance our fundamental understanding of Northern Forest ecosystems across multiple- spatio
temporal scalesind under alternative scenarios of future environmental and management changes
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The four project research themes are:

Adwanced Sensing and Computing Technologies
Environmental Informatics and Analytics
Integrated Ecological Modeling

4. Quantitative Reasoning in Context

wneE

Ourlong-term goal is to extend this framework beyond the regipparticularly to other ecosystems

of high irterest, including marine environments. INSPIRES will link with ongoing regional efforts to
improve K20 data literacy skills, while generating valuable new approaches for supporting the
natural resourcesbased economies and associated indiest. Project prticipants plarto integrate
traditional ecological knowledge (TEK) of Wabanaki tribes and other available qualitative data with
the primarily quantitative data typically employed to analyze and model ecosystems. The formation
of a regional Complex SysterResearch Consortiuwill incorporate, extend, and sustain the
strengths of all three EPSCOoR jurisdictions that leverages prior and ongoing efforts.

VISION

CKS @AaA2Y F2NJ GKS Lb{tLw9{ LINRBINIY Aa (2 KI NJy
and digital information diversity to support hypothesis formulation and testing across various-social
ecological dimensions.

MISSION

INSPIRES will develop a regional Complex Systems ReSeasdrtiumthat facilitates analysis of
ecosystem integrity and réence from multiple perspectives.

GOALS

Maine (ME), New Hampshire (NH), and Vermont (VT) encompass major parts of the complex and
highly interconnected Northern Forest Region (NFR), which has a long history of ecological integrity
and service to rural ecamunities. The economies and identities of local communities strongly
depend on the health of these forests (>$15 billion in annual economic contributions and over
140,000 direct employees), but the forest is increasingly threatened by complex and dylamica
interacting stressors.

Ly GKA& LINR2SO0Gz ¢6S FAY G2 KFENYySaa GKS NBIA2YC
through the creation of a Digital Forest resource, which is our Big Data Science approach to
integrating contrasting forest infmation, ownership, management units, and underlying ecology
Ayia2 F aylFddzNIf fFro0o2NFG2NRE GKIG OFy 6S dzaSR |
the various sociagcological dimensions that comprise the highly complex NFR.
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Our Digital Forst framework and approach ,\“QB'\Q Data to F°Ste
extends beyond current methods for assessing and b@“o ( ’ oy
projecting forest conditions, which are generally ob?'@ Universityof ) -"'%
hindered by inefficient linkages between ecological > 2

S
models and driving data, limited flexibility to Work,gbé.,,.,-“.

o Learning
across spatialemporal sales, gaps in spatial andq&: Tree'
temporal data coverage, and poor capacity fet

guantifying and managing uncertainty, particularlﬁ)Nammgerve

Digital Forest &
Decision Support

The
UNIVERSITY
o VERMONT

with respect to belowground processes. = 2
< <
Our efforts address the following overarching%o g?
. . - N
science questions: % ) WA avs) T @
7 ¢
. » or €Sri Ry
1. How are spatigemporal varation and % o))

uncertainty in forest extent, composition, o'ﬂ""’-‘n Region com®
health, and productivity driven by: (a) climate; rigyre1. INSPIRES Digital Forest Researtch
(b) land use; (c) forest management; (d) workforceDevelopmehFramework
regulatory policies; (e) invasive insects; (f) other
biotic stressors like invasive plants; and (g) natural digtoces?

2. How will these changes affect ecosystem integrity and key services related to: (a) carbon
storage/fiber production; (b) habitat/biodiversity; and (c) water quality/surface energy
regulation?

Our overarching hypothesis is that novel Big Data adopns integration, and analysis will allow us
to address these questions in a way that informs how we approach challenges and opportunities
related to the current and future integrity of forest ecosystems.

To address these goals, the University of M&gstem (UMS; [UM, UMFK, BNlis partnering with

the UNH and UVM to advance our fundamental knowledge regarding forest ecosystem resilience
and productivity by taking a new convergent approach to analyzing contrasting current and future
ecosystem integritwalues (fiber/carbon, biodiversity/habitat, and water/energy). Collaboration

across the three jurisdictions will also build quantitative reasoning in context skills (QRC)I2r G6
aidzRSyita oK2 gAfft O2yGNAROGdziS G2 |yR dzaAS GKS LIN

PROJECDRGANIZATION

Our interdisciplinary effort is organized across four integrated then{@sble 1) that are essential
to an innovative and flexible framework for harnessing Big Data across multiple -tgraporal
scales. Early career faculty lead each theswgported by senior mentors. Each theme includes
researchers and/or students from all three jurisdictions, as well as personnelaves$o ensure
sustainability and convergent approaches to problem solving.
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Table 1INSPIRES Research Approach and ioaleme

ResearchApproach

ResearchGoals

Themel. AdvancedSensingand
ComputingTechnologiexzan
contribute valuableBigDatathat,
whencombinedwith smart
environmentalinformatics,
advancesecologicamodels& our

knowledge of the NFRecosystem.

Improve power andwireless spectrum efficiendpr a largescale
networkto enablea novelin-situ forest datacollectionandprocessing
systemthat furthersour fundamentalknowledgeof advancedsensing
andcomputing technologieswhile reliably quantifyingthe spatiat
temporalvariabilityof key forestecosystem integrity metric&JseML
for link qualityimprovementand efficientresourceutilizationin
additionto datamining.

Theme2. SmartEnvironmental
Informatics canhelpintegrate
remote sensinglata, sensordata,
andqualitativeinformation (e.qg.,
TEK]}o better understandspatiat
temporalvariabilityof stressors.
Semanticallgnrichingdatahelps
to identify future measurements
to predictstress.

Developandtest how a theoreticalmodelcan (1) quantify spatial&
temporal variability& uncertainty and2) incorporatequalitative &
other nontraditional sourcesof ecologicaknowledge ldentify where
additionalsensindeadsto greatestincreasesn dataqualityand
modelaccuracyto improvethe efficacyof sparsesensometworks.
Builda smartdataframeworkthat leveragesemanticknowledgeto
extractandcharacterizehigh-level places/eventsGainknowledge
abouthow forest stressorsvaryacross placesandinform modelingby
identifyingwhere more granularmodelsare beneficial.

Theme3. Integrated Ecological
Models canquantify the impact
of stressoronecosystem
integrity indicators& predict
changeacrossNFRwhen
refinedanddrivenby linksto
Themesl and2.

Integratingsensordata, remote sersingstreams,and semantically
enriched informationfrom Themesl and?2 to better enhanceaswell
ascompletean inverseparameterizatiorof regionalecologicamodels
for projectingforest ecosystemntegrity andits uncertainty undean
arrayof alternative futures that includevariationin climate,landuse,
regulatorypolicies,andnatural disturbancescenarios.

Theme4. Improving
Quantitative Reasoningn
Contextwill connectteachers
andstudentsto locally relevant
researchanddatasets,
broadeninganddeepeningSTEM
engagement.

(1) Develop/adaptmaterialsfor G6-12 that build QRGwith
opportunitiesto learnthroughdatacollectionusingsensorsasking&
answeringesearch questionsaboutforestsandthe local
environment& ecologyusingbigdata sets, andengagingn data
visualizatioractivities;(2) investigatethe knowledgeteachersneedto
supportstudentsin developinggquantitative reasoningskills;(3)
evaluatehow studentsbenefit from theseopportunities.

Currently, the focus is on outlimy the various research objectives under each theme. In the-long
term, traditional ecological knowledge (TEK) of the Wabanaki tribes will help support each theme
and advance our ability to use Big Data to analyze and model ecosystems. In addition, machine
learning (ML) will help us to integrate and analyze Big Data across all themes of our Digital Forest
framework. For example, we will use medtbjective ML algorithms to identify alternative wireless
sensor network designs with efficient spatial coveragat iminimize material use and cost. Sensor
datawill also inform our definition of the spatitemporal semantics of different forest places and
events. Consequently, we will develop these semantics using the proven classification and
regression capacitiedf supervised ML algorithms. Semantic classifications and abstraction trees are
6
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the basis for spatidemporally explicit inverse parameterizations used to initialize the integrated
ecological models that estimate forest health and productivity. Furthees¢hmodels provide
uncertainty estimates to help ensure future wireless sensor network designs will provide suitable
coverage and improved semantic classifications. These models of productivity and quality can then
be used in multbbjective ML algorithms$o help decision makers identify management practices
that lead to efficient and desirable outcomes for the various ecosystem integration metrics. Each
theme relies on higiperformance, clouebased data processing and storage.

SPECIFIROLES FOR PARTICIING INSTITUTIONS

The patrticipating institutions are the University of Maine (lead), the University of New Hampshire
(CoPIl) and the University of Vermont (®d). The Core Leadership Team (CLT) is responsible for
FOKAS@ZAY3 (KS LINEabhgyuidaice ® ea@rSr@mbe® able R) )tk cdmpd@ed

of the Pl and cd’ls, representing the lead institutions. The CLT meets every 2 weeks via
videoconference to review research progress, develop team activities, and discuss issues relevant
to projectgovernanceFor full transparencyCLT meetings are regularly scheduled and open to all
team members.

Table 2Project Core Leadership Team (CLT)

Name Role Affiliation Institution Jurisdiction
. Center for Research on . . .
Aaron Weiskittel Pl Sustainable Fomts University of Maine ME

Department of Electrical

Ali Abedi CoPI and Computer Engineerin University of Maine ME
Kate BeardTisdale CoPI sl @f Qompu_tmg Hie University of Maine ME
Information Science
Rubenstein School of
| yiGK2y @& 5 CoPl Enironmentand Natural University of Vermont VT
Resources
Scott Ollinger CoPl Earth Systems Researct University o_f New NH
Center Hampshire
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RESEARCH PROGRAM

OVERVIEW

The overarching goal of the INSPIRES project is to integrate novel Big Data watiicatohodels

to understand how climate change, land use, forest management, regulatory policies, invasive pests,
and natural disturbances affect forest extent, composition, health, and productivity. To do this,
INSPIRES aims to (1) overcome gaps in $patistemporal data coverage; (2) improve capacity for
guantifying and managing uncertainty; and (3) enhance linkages between ecological models and
driving data. The INSPIRES team will explore how to integrate the traditional ecological knowledge
(TEK) oiwvabanaki tribes and other available qualitative data with the primarily quantitative data
typically employed to analyze and model ecosystems. Importantly, the effort will link with ongoing
regional efforts to improve R0 data literacy skills, while gendireg valuable new approaches for
supporting the natural resourcebased economies and associated industries. The formation of a
regional forest ecosystems research consortium will incorporate, extend, and sustain the strengths
of all three EPSCoR jurisdliets that leverages prior and ongoing efforts.

The INSPIRES research team is organized into 4 themes, namely: (1) Advanced Sensing and
Computing Technologies; (2) Environmental Informatics and Analytics; (3) Integrated Ecological
Modeling; and (4) Quantitave Reasoning in Context. Primary Year 1 research activities of the
INSPIRES project have focused on establishing and building synergies across the broad research
team, including recruiting and hiring graduate and undergraduate students and research
technicians, as well as developing effective interjurisdictional collaborations with INSPIRES team
members across the three jurisdictions. A key activity across research themes has been regular
science and planning meetings within and across jurisdictions ¥eldp themespecific research
agendas with clearly defined research objectives and corresponding lead personnel and milestones.
This has included detailed planning around field research activities and analytical techniques for
summer 2020, model parametestion and calibration for predicting regional forest dynamics, and
crosstheme coordination with Theme 4 team leads to discuss integration of research outcomes into
K-12 curriculum. The INSPIRES team has also actively engaged project stakeholdertharsl par

for input and feedback on research objectives, to secure access to research sites and identify
potential new experimental sites, to identify opportunities for leveraging existing-lerg data
collections, and to develop collaborative relationshiggound the INSPIRES themes. This has
included many of the stakeholders identifigd the Progress on Program Elements sectod in

our project implementation plan (Appendix 2).

As detailed in the following pages, most INSPIRES reséamies in Year 1 focused on synthesis of
available knowledge, identification of key knowledge gaps, refinement of research goals,
hypotheses, and objectives, and outlining of research milestone maps by project year.



Research Program

THEME 1. ADVANCED SHNG AND COMPUTINE&ECHNOLOGIES

OVERVIEW

The primary research task in Theme 1 is to overcome gaps in spatial and temporal data coverage.
To do this, there needs to be the ability to address where and why sensors will be deployed, identify
what sensors to use, and determihew to collect data from these sensors to maximize efficiency.
Theme 1 has devoted a significant amount of time in Year 1 addressing the where, why, and what
guestions, and some time developing the how aspects. The original proposal, the INSPIRES
leadershp, and Theme patrticipants helped to determine Theme objectives; during Year 1 we have
attempted to leverage and synthesize our objectives. Key research goals, questions, and motivating
hypotheses from the proposal were refined and are outlined below.

Resarch Goal Research Questions
1.1 Develop and deploy i § What isthe scale of modeling versus

Motivating Hypotheses
9 Winter microclimatic

regional network of cost
and energyefficient
wireless sensors for
measuring critical
ecosystem attributes like
soil moisture, canopy
cover, phenology, and
water quality

the scale of ecosystem response?
What role do sensors play in helping
to reconcile disparities in scale?
What kind of heterogeneity do we
want to capture at small to large
scales? Are we interested in
heterogeneity due to managment or
forest type? Within sites, do we wan
to hold heterogeneity constant, or
look at spatial differences in physica
and biological properties and
processes between forest gaps and
closed canopies, along topographic
gradients, among species? What is
the temporal scale of interest? Woul
we like to capture the instantaneous
response of the system to rapid
changes in temperature and
precipitation, as well as to extreme
weather events, or are we more
interested in phenomena over
seasonal timescales?
Whichaspects of the ecosystem are
of the greatest interest? Are we
trying to understand changes in
forest carbon cycling, including plan
productivity, soil respiration, and
decomposition, as well as some of
the underlying physical drivers of
these changes?

conditions such as snow
depth, soil frost depth, air
temperature, and soil
temperature, differ
between selectively
harvested and intact
forests and drive the
timing and duration of the
vernal window?

Soil respiration varies
predictably &ross forest
types and management
strategies because of
differences soil moisture
and temperature
Variation in soil moisture,
temperature and
respiration is driven by
regional climate patterns
of precipitation and
temperature, and as a
result siteto-site
differences increase with
distance
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Resarch Goal

1.2 Evaluate alternative
wireless sensor network
designs informed by ML
that maximize power anc
wireless spectrum
efficiency for largescale

applications

1.3 Integrate the wireless
sensor network with a
cloud-based processing
system that serves as a
digital library for storing,
documenting, and linkingc
the data across research

themes

HIGHLIGHTS
Biweekly meetings with team members that have helped to identify ongoing research,
current research needs, and outline a path forward
Subgroup working on wireless soil moisture sensor meets weekly

Recruited and integrated both undergraduate and graduate team members
Developed protype sensors for measuring soil moisture content and gresehgas

10
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Research Questions
1 How can we design wireless sensor

networks to ensure required ssor
network coverage and data rates?

How can we explore inherent
relations among various data strearr
to achieve power and wireless
spectral efficiency?

How can we scale insights about

wireless and spectral efficiency to
achieve maximum bitrates in our

sensor networks?

What temporal intevals are needed
for data capture and transfer?

How will database design allow the
data to be most effectively accessec
and used?

What data elements are most
important for addressing key
ecological questions

Motivating Hypotheses

1 What machine learning
algorithm can improve
data packet movement
through a network in a
power- and time efficient

manner?
I Can channel state

estimation be used to
allow individual nodes
make intelligent routing

decisions?

9 How will data node know
whether the packet will be

received correctly?
1 Can a multactor

approach be used manag
the network state as a
whole; the nodes must
make individual decisions

1 Can Long Shoifterm

Memory (LSTM) deep
learning model be used to

develop the data
network?

Identified potential research sites and associated field season logistics for both extensive and
intensive sensor deployment

/| 22NRAYFGSR ¢6A0K !'a/ Qad alAyS 222RA

LYAGALF GA

forest in Maine that repesents an ecotype not currently represented in the proposal site list

(see Tablet). AMC Director of Research provided MWI site data to Theme 1 personnel to
assist in structuring project design, specifically sensor deployment.
Evaluated alternative machirlearning methodologies for routing data in a sensor network
in a power and timeefficient manner
Refined ecological and engineering research questions to be address with sensor
development and network deployment



TEAM MEMBERS

Name

Aimee Classen

Ali Abedi

Alix Contosta
Andrew
Ouimette

Bruce Segee

Carol Adair
Dave Lutz

Gavin Briske

John Den Uyl

Karin Rand

Kenn Bundy

Lindsay Barbieri

Olivia Vought

Paulina Murray

Rebecca
SanderdDemott

Sarah Nelson

Sonia Naderi

Thayer Whitney

Victoria
Nicholas

Affiliation

Gund Institute for
Environment/
Rubenstein School of
Environment and Natural
Resources

Department of Electrical
and Computer
Engineering

Earth Systers Research
Center

Earth Systems Research
Center

Advanced Computing
Group

Rubenstein School of
Environment and Natural
Resources
Environmental Studies
Rubenstein School of
Environment and Natural
Resources

Rubenstein School of
Environment and Natural
Resources

Rubenstein Schdof
Environment and Natural
Resources

Department of
Mathematics

Rubenstein School of
Environment and Natural
Resources

Rubenstein School of
Environment and Natural
Resources

Rubenstein School of
Environment and Natural
Resources

Earth Systems Research
Center

School of Forest
Resource

Department of Electrical
and Computer
Engineering

Dept. of Electrical &
Computer Engineering
Dept. of Electrical &
Computer Engineering

Jurisdictio

VT

ME

NH

ME

VT
NH

VT

VT

VT

ME

VT

VT

VT

NH

ME

ME

ME

Institution

UVM

UuMoO

UNH
UNH

UuMO

UVM
Dartmouth

UVvM

UvM

UvM

UMAB

UVvM

UvM

UvM

UNH

UuMO

UuMoO

UuMoO

UuMoO

Research Program

Early Career Role

Y Faculty

N Faculty

Y Faculty

Y Research Staff

N Faculty

Y Faculty

Y Faculty

N Grad Student

N Grad Student

N Research
Technician

Y Faculty

N Grad Student

N Undergrad

N Grad Student

Y Postdoc

N Faculty

N Grad Student

N Undergrad

N Undergrad
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Photo1. INSPIRES intensive sensor field site at DartmoutbrBeCollege Grant Experimental
Forest being used to monitor soil and wood moistuRhdgto courtesy Dave L)tz

RESEARCH MILESTONES®RESS

Objective Projects

1.1 1.1a
Wireless
sensor
research
and
developmen

t

12

Project

responsible Year 1 Milestones

parties

Abedi, 1 Identify existing and 1
Contosta, new field sites and

Adair, sensor needs at these
Naderia sites;

i Assess state of the art
for ecological sensors

1 Develop, tet, and
calibrate protype 1
sensors

Milestone Progress

List of currently available
and commonly used
environmental sensors
developed

Prioritized list of needed
ecological sensor ideas
and needs compiled
Protype sensors
developed and being
tested

List of existing and new
field sites determined



Objective Projects

1.2 1.2a
Wireless
sensor
network
design

1.3 1.3a Cyber
based big
data
harmonizati
on, ML &
interface

FUTURE FANS

 Collect common set of measurements across sites to create a baseline of forest and soil

inventory

Project

responsible Year 1 Milestones

parties

Abedi,
Contosta,
Adair, Lutz

Abedi,
Bundy

9 Determine research
needs for wireless
sensor networks;

I Synthesize available
data from current
sensor networks,

9 Develop common
protocols for key
measurement
attributes;

9 Test alternative
machine learning
algorithms

i Assess alternate data
capture methodologies

Research Program

Milestone Progress

Assessed current state o
the art in ecological
sensor néwork by
evaluating various NSF
NEON protocols and
visiting the NEON site at
Bartlett Experimental
Forestin NH

Initiated compilation of
available sensor network
data and identified key
gaps in coverage

Began field testing of
alternative wireless seno
network designs
including multichannel,
Q-routing, and node
design

Compiled and evaluated
common protocols for
data harmonization and
synthesis

Tested several machine
learning algorithms
including Long Shott
Term Memory (LSTM)
deep learning, which
showed improved overall
performance

Exploriry alternative
temporal resolutions for
most effective and
efficient network data
capture

1 Compare prototype sensor with other sensors and depealibration methods

=a

Assess locations where new sensors may be installed
1 Establish networking and power management for sensors

13
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1 Purchase necessary supplies for new sensors and develop soil, microclimate, and phenology
sensor suite

Program datalogger®f sensor data collection

Deploy sensors before snowfall

If selected for full proposal submission, complete full WCS proposal

Look for alternative RFPs related to the use of sensor networks to support research regarding
forest management as an adaptatistrategy for warming winters

= =4 =4 2

THEME 2ENVIRONMENTAL INFORMCS AND ANALYTICS

OVERVIEW

Theme 2 focuses on integrating various data such as those available from remote sensing, ecological
sensor networks, and qualitative information (e.g., Traditionaldggoal Knowledge (TEK)) to better
understand spatiatemporal variability of stressors. The semantic enrichment of data will help to
identify future measurements to predict stres3ntological integration to digital forest modeling is
possible, but will s need to assess current sources of information and their possible use in
ontological modelingln Year 1, preliminary Theme 2 meetings focusecestablishing access to

free data resources relevant to research objectives, and discussing various thabastd applied
research projects with collaborators among Theme&s Bimary research goals for the group were

to develop and test theoretical models that can (1) quantify spatial and temporal variability and
uncertainty and (2) incorporate qualitativend other nontraditional sources of ecological
knowledge like TEK. Going forward, efforts will focus on identifying where additional sensor
networks can lead to greatest increases in data quality and model accuracy to improve the efficacy
of sparse sensoratworks. Ultimately the goal is to outline and develop a smart data framework
that leverages semantic knowledge to extract and characterizelbigH places/events, which will
allow managers and scientists to gain knowledge about how forest stressoracrass places and
inform modeling by identifying where more granular models are beneficial.

HIGHLIGHTS

1 Regular team meetings to help identify ongoing and potential research

1 Currently recruiting undergraduate and graduate students to join research theme

f DeBSt2LIVSYyd 2F | LINRPG20GeLIS W5A3A0GFE C2NBaiQ
temporal querying

1 Developed a list of currently available regional datasets that can be used for machine
learning development and testing

1 Developed and evaluated ¢fuse of a novel deep neural network compression algorithm for
analyzing Big Data

14
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1 Evaluation of combining ontological representation with statistical learning

1 Identified key linkages to both Themes 1 and 3 with potential focus on the Native American
culturally important black ash tree species

1 Team member Roy with UM faculty developed rural community resilience metrics spanning
the Northern Forest. The metrics indicate specific community challenges that could impact,
and be impacted by, shifts in forest Hsmand management practices

TEAMMEMBERS

Name Affiliation Jurisdiction  Institution Early Career Role

Salimeh Yasae School of Computing ME UMO Y Faculty

Sekeh and Information
Science

Darren Ranco Department of ME UMO N Faculty
Anthropology

Donna Rizzo Department of Civil VT UvVM N Faculty
& Environmental
Engineering

Jing Yuan School of Computing ME UMO Y Postdoc
and Information
Science

Kasey Legaarc Center for Research ME UMO Y Faculty
on Sustainable
Forests

Kate Beard School of Computing ME UMO N Faculty

Tisdale andInformation
Science

Larry Whitsel Advanced ME UMO N Faculty
Computing Group

Marek Petrik  Department of NH UNH Y Faculty
Computer Science

Mary Martin Earth Systems NH UNH N Faculty
Research Center

Peter Nelson Department of ME UMFK Y Faculty

BiologicalSciences
and Environmental
Studies
Sam Roy Mitchell Center for ME UuMO Y Faculty
Sustainability
Sciences
Silvia Nittel School of Computing ME UuMO N Faculty
and Information
Science
Torsten School of Computing ME UuMO Y Faculty
Hahmann and Information
Sciece
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RESEARCHILESTONEHROGRESS

Objective Project

21

2.2

16

Project

parties
2.1a Nittel,
Extension of Petrik,
field model Ranco
beyond in
situ sensors

2.2a Hybrid Hahmann,
Semantie Beard,
statistical Legaard,
representati  .1& Martin
on of forest

places

2.2b Provide Hahmann,

spatial Beard,
datasets for Martin
Theme 3

objectives

2.2c. Legaard,

Develop and Roy, Yasaei
evaluate

alternative

ML

algorithms

for analyzing

spatio-

temporal

datasets

responsible

Year 1 Milestones

Summarize current data
availability andocation
of regional ecological
sensor networks;
Identify potential gaps in
sensor data and
geographical
representation

Obtain requirements for
inputs or outputs from
Theme 3;

Identify preexisting
models/resources to
work from

Obtain specific
requirements for outputs
from Theme 3 (e.g. LAI,
tree height/stature, soll
nitrogen, foliar nitrogen,
tree/forest age, tree
species/assemblages
present, disturbance
history, land use history
datasets historical aerial
photography, insect
outbreak cycles);
Evaluate current state of
art for use of ML
algorithms in
environmental sciences
and potential limitations
Begin testing of
alternative ML algorithms

Milestone Progress

Table of current regional
datasets compiled
Current and future
locations of ecological
sensor networks
determined

Developed proceduresna
methods for identifying
areas of high uncertainty
Developed the framework
for a semantically enabled
approach in combination
with spatiotemporal data
layers

Tested the approach using
existing data on balsam fir
abundance and slope for ¢
landscape in Maine

Developed a workflow for
processing remote sensin
data and generating
necessary spatial layers
Generated test datasets o
species presence and
abundance for landscapes
in northern Maine
Exploring #ernative
approaches for generatinc
and quantifying
uncertainty in spatial data
Compiled a list of current
ML algorithms used in
ecology

Tested and refined
common ML algorithms
using a dataset from New
Hampshire

Compiling additional
datasets to firther refine
ML methods to extract
features directly from
regional spatiecemporal
data and use for predictior
and classification
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Project
Objective Project responsible  Year 1 Milestones Milestone Progress
parties
2.3 2.3a Analysis Beard, i Obtain equirements for 9 Developed a flexible and
of forest Legaard, outputs from Theme 3; efficient spatial query tool
place Petrik, 9 Identify preexisting 9 Tested developed query
correlations  Hahmann, models/resources to tool using available data
and McGill, Roy, work from 9 Working to classify spatial
similarites ~ Ranco layers of regional climatic,

foresttype, disturbance,
and potential productivity
to develop new
classifications

Detailed ProjectHybrid Ontologicabtatistical Representation: Digital Forest

Dr. Torsten Hahmann (faculty), Dr. Kate Beard (faculty), & Dr. Jing Yuaddppst
Universityof Maine School of Computing and Information Science

Work to dateon this projecihas involved developing the conceptual model for the digital forest. Conceptually
the digital forest is a queryable repository that provides access to sftatigdoral datacontributed by the
informatics theme as well as data collected by the sensor network thérhe. primary objective is to
characterize and build understanding of differences across forest places and times: e.g., How are different
areas (either spatial areas across time) similar or different? Toward this objective, our aim is to build a
G5A3FAGFE  C2 N&&eladnd multdiménsionadzpdtidemporal database of forest related
information that will support storage, data processing and query accessnpiled data. We are designing

the Digital Forest to represent baseline ecological units at different levels of spatial granularity. These
ecological units provide spatial units for summarizing forest characteristics at different spatial scales and over
time.

Our approach combines ontological representation with statistical learning where ontological classes and
LINE LISNIASa LINPOARS GKS @20 0o6dzZ F NBE o0FSIFGdzNBauv | yR
Hybrid Ontologicabtatistical Rpresentation will extend traditional ontologies with explicit representations

of statistical distributions and form a representational framework for conducting traditional hypothesis
driven scientific research. Ontologies will be developed to formally ureptelevant terminology from
existing classification schemes (e.g. land use/cover classification, legends of currently produced data layers).
The ontologies will be populated using different computational approaches focusing on specific suspected
associabns, in combination with data mining or machine learning. This approach will support cearoesi

learning that can explain differences between different spatial/temporal areas (Fyure

17
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Figure2. Example of Forest Ontology.

Digital ForestProgresdo Date

1 We are developing a workflow for populating this Hybrid Representation from spatial datasets.

1 We have started implementation of a prototype based on key geospatial data layers. Digital elevation
data provides the foundation. We have assembled higgolution digital elevation data for a study
area in Western Maine. We are using elevation, aspect and slope class combinations as defining
variables for the ecological units. Combinations, for example, are steep north facing slopes, moderate
south facimg slopes, flat or lowlying areas. These terrain characteristics are essentially fixed in time,
S0 using these as baselines we can observe how forest variables may be changing with respect to these
ecological units over time. From other team members weehasquired raster images of sugar maple
and balsam fir biomass and images depicting disturbance/change overybezdime blocks. We are

using these images to develop and test queries against ecological units.

i We are using Postgres and PostGIS as
database implementation platform. PostGl
supports spatial data including both vectc
(point, polyline, polygon) and raster dat:
types (Figure).

1 PostGIS supports vector on raster queries a
raster on raster queries. We are developir
query templates to ieate statistical
distributions for various ecological units, fo
example: How are disturbances spatial
distributed with respect to the ecological unit:
(Figure 4).

18
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PR, Inter-Theme Collaborations
Construct Spatial Query

Raster structure -tiled raster; query by tile We have been holding joint meetings between Theme
Query raster to raster & pixel by pixel -~ TR T 2 and There 3. Discussions have addressed the idea
ST 3T ST ¢l 7 s e fo]e] of a case study around black ash. Black ash is an
- B 3 ) important species to the northern Maine tribal
communities. It is also a species currently being
'c':f::m threatened by the Emerald ash borer which has
& rows recently been introdued in Maine.
1704 x 3168
Tiles 6 Plans for Remainder of Year 1
Tile
:’i‘;’::‘ Plans for the remainder of the project year include
200%200 continued development of the Digital Forest

prototype as a Hybrid Ontologic8tatistical

Figure 4 Construction of spatial queries in PostGIS.  Representation. Based on some crissme

discussions we would like tmnsider brown ash as a

possible study species. Due to the coronavirus restrictions we have been limited in planned interactions with
tribal representatives to better understand traditional knowledge surrounding black ash.

FUTUREPLANS

T

= =4

= =4 =4 4

=

Continued developmenof hybrid ontological representation with Theme 1 statistical

learning database, explore further collaborative opportunities with Theme 1

Extension of PostGi®nstructed spatial query tool to handle and summarize individual

pixels rather than tiles orglygons

Additional testing of alternative machine learning algorithms will be conducted on various

Theme 2 datasets

Develop and extend neural network compression techniques for-8arées big data

Expand tree species occurrence and abundance to the efdiaine

Develop improved workflows for handling forest disturbance classification from available

remote sensing data

Acquire necessary field data using UAVs or fixed) aircraft for selected study sites

Improve documentation and understanding of TEKash

Recruit graduate student for help with digital forest modeling

Link rural community resilience metrics with biophysical/environmental forest data to

provide a systemic understanding of current soeeblogical resilience and best

management practicefor making improvements afbund improvements

Contribute current findings to Digital Forest resource

Explore research opportunities that build on current Digital Forest work, particularly use of

forest place and event classification maps

Deploy a networkof groundbased cameras at field sites representing the bioclimatic

variability across the state of Maine. These cameras will capture images of
19



INSPIRES Year 1 Annual Progress Report

vegetationphenology and other environmental conditions for each site at high temporal
resolution across the fuseasonal cycle. This information will inform phatsed assessment
of the timing of seasonal events across the region, as well as be used to verify the satellite
based phenology metrics.

1 Develop regionascale models that attribute shifts in vegetatiohgnology over the 2001
2017 time period to the major drivers of change, including climate trends, disturbances, land
use change and forest management.

THEME 3. INTEGRATEO@M.OGICAL MODELING

OVERVIEW

The primary goal of this research theme is to integreg¢geral complementary ecological models

with information gained in Themes 1 and 2 to improve confidence in future projections of forest
ecosystem processes and answer the overarching science questions our research is designed to
address. The modeling fraawork will provide the means for organizing and scaling the high spatio
GSYLIRNIt NBaztdziazy RIFEGF O2ftf SOGSR o0& GKA& LIN
remote £nsing data (e.g., Senting).

Specific objectivesclude (1) use advanceadhfiormatics from Theme 2 to provide key data that
allows for more effective model integration and parameterization; (2) leverage additional data
across identified spatitemporal gaps from Advanced Sensing and Computing of Theme 1 for
improved model integrion and decision making; (3) conduct a Big Rdtaven inverse
parameterization, which creates a distribution of parameters by matching model outputs and
observations, for two existing mechanistic forest projection models; (4) perform ksocalé and
contrasting simulations over a range of alternative futures; and (5) visualize and analyze key outputs
as well as uncertainty at the regional scale.

Key research questions in this theme are: (1) How can Theme 1 provide additional data that address
current krowledge gaps, which leads to improved integration with models and, ultimately; long
term decision making? (2) Are existing modeling frameworks capable of resolving and attributing
changes in forest ecosystem integrity to different environmental and lamdpadicy drivers? (3)

How can uncertainty from each model be captured and communicated in ways that are informative
and allow for future model improvements? (4) Are there emergent properties that result from the
integration of the models? (5) Can qualitagi data provided by TEK or other sources from the
Informatics and Analytics Theme add value to these ecosystem models?

Focus of Theme 3 in Year 1 was synthesizing past work with the focal ecological models such as
PnETI, LANDIH, CLM, and the Forest §etation Simulator (FVS), beginning to assess model

20
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Research Program

or, identifying potential model test landscapes for evaluation, and outlining potential

alternative future scenarios useful for key projections.

HIGHLIGHTS

T

Began benchmarking of key ecological misdincluding PnET, LANDIISand Community
Land Model (CLM).

1 Regularly met to discuss past jurisdictional experience and outcomes using ecological
models, particularly model parameter uncertainty and sensitivity.

1 Led crossheme meetings to better undetand research linkages and build collaboration.

1 Brainstorming meetings between Themes 3 & 2 led to identification of black ash as a species
of shared interest, which is now serving as the initial focal species to kick off development of
the Digital Forest.

1 Facilitated active meeting participation by Theme 4 team members to encourage co
generation of knowledge and provide open access during the research development process

1 Completed a sensitivity analysis of the ecological model PnET under contrastires speci
climate change scenarios to better understand model behavior, which can help guide Theme
1 sensor development.

1 Identified potential test landscapes for model testing and assessment, which are currently
being compiled.

1 Preliminary results synthesigjirdata to integrate into the ecological modeling using remote
sensing, sensor data, and grouhdsed plots.

1 Working to better calibrate and harmonize the process/wdidw for model use, particularly
landscape models like LANBIS

1 Outlined a variety of lgernative future scenarios based on different levels of disturbance,
climate change, and forest management.

TEAMMEMBERS

Name Affiliation Jurisdiction Institution  Early Career Role

Aaron Center for

Weiskittel Reseqrch on ME UMO N Facuty
Sustainable Forest
Rubenstein School

O G e VT um
Resources

Daniel Hayes Sl IR f ME UuMO Y Faculty
Resources

. Institute for the
Etfgﬁgwski Study of Earth  NH UNH Y Faculty

Oceans and Space
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Name Affiliation Jurisdiction  Institution
Erin Simons School of Forest ME UMO
Leaard Resources
Rubenstein School
Jane Foster S BT VT UVvM
and Natural
Resources
Department of
John Gunn Natural Resources NH UNH
and the
Environment
Department of
Lisa Scott Nl [REseies | . UNH
and the
Environment
Department of
Mark Ducey Natural Resources NH UNH
and the
Environment
. Earth Systems
Scott Ollinger Research Center UNH
Vglerla School of Forest ME UMO
Briones Resources
Zaixing Zhou | Carth Systems UNH

Research Center

RESEARCMILESTONHROGRESS

Objective Projects

3.1

3.2

22

Project
responsible
parties
3.1a Inverse Foster,
parameterizat Simons
ion of Legaard
ecological
models
3.2a Model Hayes,
integration Burakowski,
Ollinger

Year 1
Milestones

9 Identify necessary
inputs for model
development and
refinement;

9 Prioritizing
information needs
and sites for model
evaluation;

I Assess model
strengths and
weakness;

Early Career Role

Y Faculty

Y Faculty

Y Faculty

N Grad Student
N Faculty

N Faculty

N Grad Student
Y Research Staff

Milestone Progress

T

Began discussion on past
work with various ecologica
models

Shared prior and current
findings that can help guide
futuresefforts

Identified past locations of
modeling work and
potential overlaps with
Themes 1 and 2

Started efforts to compile
necessary data required for
model initialization
Developed model overview:
of required inputs and
available model outputs
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Project vear 1
Objective Projects responsible . Milestone Progress
; Milestones
parties
and 1 Initiate model 1 Initiated discussions about
application sensitivity analyses; possible linkages across
9 Ouitline a potential models
multi-model 9 Completed a global
comparison sensitivity analysis of
LANDISI and PnET, which
will help guide Theme 1 anc
2 efforts
9 Outlined potential locations
for conducting a multi
model comparison to help
better assess model
strengths and weaknesses
3.3 3.3a Scenario Weiskittel, 1 Synthesize prior 1 Discussed prior scenarios
assessment& 5 Q! Y (i regional research anc and outline logical future
trend analysis Ducey, Gunn needs; scenarios
1 Ouitline potential 1 Connected with key regiah
research questions stakeholders and worked to
and necessary identify future scenarios of
scenarios; interest to them
1 Identify key 1 Began preliminary scenario:
stakeholders that involved climate

change, changing
disturbances, and modified
harvesting practices

FUTURE PLANS
1 Use FIA and lorgerm locations plots (e.gHowlard, Hubbard Brook) to complete an initial
inverse parameterization of Landisand PnET to identify key model parameter uncertainty
1 Complete sensitivity analyses and evaluatdmdditional ecological models.
¢ {SG dzLJ ' YR NXzy d L2 A y/(G[ ay@@aR SG dzyaO(yAd2f yf FGEAT28y &l &
Ecosystem Simulator (FATES) model; calibration, data assimilation and structural updates for
this project will be carried out at intensive research sites across the region (e.g., Howland,
Bartlett and Hubbard Brootesearch forests).
1 Continue to refine model representation of disturbance and species response to climate
Conduct model comparison at selected study sites and landscape test locations
1 Compile and harmonize spati@mporal extrapolation datasets (e.g.,molte, atmospheric
chemistry, plant functional types, soils, land use and disturbance history) needed to drive
regionalscale simulations with CL-MATES.
1 Complete initial regional baseline projections and assess outcomes

=
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1 Consider additional Representati@oncentration Pathways (RCPs), which our greenhouse
gas concentration trajectory adopted by the IPCC and used to evaluate poteritied f
effects of climate change.

1 Build additional features into the online decisisapport tool, Forest Ecosystem Statusla
Trends (FOrEST)

1 Extend landscape projection timespan to 2100

1 [Initiate focus group and stakeholder input on completed projection scenarios and potential
barriers to implementation

1 Conduct additional simulations using contrasting management strategies

1 Hold at least two additional University of Maine inttlheme meetings and one Theme 3
intra-jurisdictional meeting in Year. 1

1 Theme 3 members actively preparing grant proposals related to INSPIRES

1 Develop a Bayesian parametrization routine for PNET and tesiniy Bartlett tower data

1 Add a Farquhar biochemical module to PNnET to accommodate analysis of increasea CO
temperature on leaf photosynthesis and respiration

 {SG dzLJ YR NHzy daLBRAYy(d Y2RSé¢ aAyYdzZ I GA2ya dza
Ecogstem Simulator (FATES) model; calibration, data assimilation and structural updates for
this project will be carried out at intensive research sites across the region (e.g., Howland,
Bartlett and Hubbard Brook research forests).

1 Compile and harmonize spal-temporal extrapolation datasets (e.g., climate, atmospheric
chemistry, plant functional types, soils, land use and disturbance history) needed to drive
regionalscale simulations with CL-MATES.

THEME 4. QUANTITATH\REASONING IN CONXTE

OVERVIEW

In the past year, Theme 4 has made significant progress in building a collaborativstiieeteam,
refining our research plan, and identifying strategies for connecting classroom teachers with the
work of INSPIRES. Members of the UMaine and UNH Theezattaveled to UVM for a fage-

face Theme 4 meeting and to participate in the Northeast Association for Science Teacher Education
(NEASTE) conference in October 2019. At this time, we also met with a high school teacher in VT
who conducted her Master'sesearch in Maine, focused on quantitative reasoning in science
classrooms, advised by Theme 4 team member Franzi Peterson. We held anothar-faae
Theme 4 meeting at the aéam meeting in December in Portsmouth, NH with all members of the
Theme 4eam attending. The threstate team has met four additional times via Zoom and will meet
monthly via Zoom for the remainder of Year 1. In addition, the UMaine team has held more than six
Theme 4 meetings, as well as participating itedin meetings andn meetings with each of the
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other Theme groups to build collaborative relationships and gain understanding of the full scope
and plans for the project. Senior Personnel Regina Toolin has also attended the moribdyrall
meetings at UVM to support builaly relationships across the project. Gaining understanding of the
work of Themes B is important to the work of Theme 4, as part of our task is to help integrate
classroom teachers into the work of Theme8 And to design professional learning to support
teachers in incorporating the work of INSPIRES into their classrooms.

We have also begun working to adapt the research plan to the current situation with QOMOr
original research plan was to conduct sequences of baseline interviews and obserwaitions
classroom instruction of quantitative reasoning in context (QRC). With schools no longer in session,
we are adapting our interview sequences for this spring and summer to focus on examples of lesson
plans that teachers use in their current practicaedching QRC. We will also complete recruitment

of Maine teachers, hold our first Theme 4 meeting that will include Maine teachers, and conduct
our baseline interviews with Maine teachers in the next 2 months. We will continue to follow the
plan from the @iginal grant proposal of recruiting Maine teachers to the project during Year 1, and
recruiting New Hampshire and Vermont teachers to the project during Year 2.

Our progress in the past year has included sharing about existing projects-t&eldchersicross
the three states, discussing theoretical frameworks and compiling literature to support our
- collaborative research, and sharing resources
developed through prior projects. These resources
include lesson plan templates for plasgevant
projects aml a theoretical framework for QRC.
Theme 4 presented a poster at the Maine
Environmental Education Association conference in
March 2020 and had been accepted to present about
the Theme 4 work at the Maine Sustainability and
Water Conference in March 2020@ohference was
cancelled due to COWI®). We also had a research
presentation focused on QRC that was accepted to
the New England Educational Research Organization
(NEERO) conference that was to be held in May 2020.
In addition, the UMaine group was scheed to host
our partners from UNH and UVM at our annual June
Conference, which has now been rescheduled to
: 2021. Due to the strong relationships developed
Photo 2. The Theme 4 threstate tean through our work on INSPIRES this year, members of
collaborating at the ateam INSPIRES meet  the Theme 4 team are collaborating on a whitaper
in December, while a member of theaduatior proposal for making longitudinal study of
team observes(Photo courtesy CRSF.) mathematics education a legislative funding priority.
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In the coming year, we look forward to continuing to collaborate across the project themes, to
developing our collaborative research across the three stagd to bringing teachers from Maine

into our team for this year. In the coming year, we will also recruit teachers from VT and NH into the
project and will work with members of the other project themes to design professional learning
opportunities for teachers that will support lesson development for classrooms in ME, NH, and VT.
We also plan to pursue external funding for other shared interests, such as improving mathematics
education for all rural students.

HIGHLIGHTS

1 Members from all three states méor faceto-face meeting in Vermont and participated in
NEASTE conference

1 Team members regularly attend other Theme meetings in order to design professional
learning to support KL2 STEM teaching

1 Working on a whitgpaper proposal for making longitudinatgly of mathematics education
a legislative funding priority

1 Adapting plans for H2 teacher interviews and observations in response to CQ9ID
limitations.

TEAM MEMBERS

Name Affiliation Jurisdiction Institution Early Career Role
Maine Center for
Franziska Research in STEM
Peterson Education (RiSE ME il Y el
Center)
Maine Center for
. Research in STEM Professional
=i Wl Education (RiSE ME il N Staff
Center)
Leitzel Center for
Lgura Mathemgtlcs,_Smence, NH UNH N Faculty
Nickerson and Engineering
Education
. Maine Center for .
Marina Van Research in STEM ME UMO N Professional
der Eb . Staff
Education

College of Education
and Social Services
Sara Lindsay SC.hOOI S LAEITE ME UMO N Faculty
Sciences
Maine Cater for
Research in STEM
Susan McKay Education (RISE ME UMO N Faculty

Center)

Regina Toolin UVM N Faculty
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RESEARCH MILESTORESGGRESS

Objective Projects

4.1

4.2

4.1a Design
and
implementati
on of Big Data
modules
integrated

into G612
curricular
materials

4.1b Use local
Big Data to
answer
student and
community
relevant
science
questions

4.2a
Investigate
teacher needs
to build
aGdzRSy(

FUTURE PLANS

T
1

=a

PlielEs! . Year 1
responsible .
. Milestones
parties
Peterson,
Toolin, understanding of
Millay, the research
Lindsay, being conducted
McKay, by the project
Shulman,
Nickerson
Peterson, 1 Theme 4
Toolin, researchers will
Millay, have an
Lindsay, understanding of
McKay, the research
Shulman, being conducted
Nickeson by the project
Peterson, i Teachers
Toolin, participate in
Millay, interviews
Lindsay, focused on their
McKay, use of context
Shulman, driven
Nickerson quantitative
reasoning in the
classroom

Research Program

Milestone Progress

f Teachers have ar {1 Theme 4 provided information tc

Maine teachers about the
project through the Maine
Environnental Education
Association conference in Marcl
2020 and is currently recruiting
Maine teachers to the project.

Theme 4 researchers have
participated in alteam meetings
as well as attending meetings of
each of the other project themes
in order to gain understanding o
their work and to build
relationships across the project.
In the coming year, Theme 4
team members will continue to
attend these meetings and will
work to build connections
between teachers and project
researchers.

Maine teachers will participate ii
an initial round of interiews, via
Zoom, with Theme 4 researcher
this spring and summer.

Finish recruiting to project/schedule initial meeting of Maine high school teachers

Develop interview protocols and conduct baseline interviews with Maine high school

teachers

Begin analysis of baseline interview data
Continue meeting monthly as a Theme 4 thistate team

Submit a threestate conference submission for the fall Northeastern Educational Research

Association (NERA) conference
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PROJECT OUTCOMES

Inter-jurisdictionaland multtinstitutional research collaborations are a key focus of the NSF EPSCoR
RII Track program. The INSPIRES project promotes such collaborations by enabling its participants
to work across four integrated research themes. Responses from the axtesiseline survefsee
Evaluation sectiontlearly demonstrate the muHurisdictional, multinstitutional, and mult
disciplinary nature of the project, and illustrates alignment with the focus to involve-earger

faculty across project activitieBroject participants are encouraged to work on or across more than
one theme or research projedhis has resulted in several important project outcomes. In addition,
the NSF EPSCoR RII Tapkogram is intended to enhance research competitivenessoavelop
research capacity by increasing access to knowledge, expertise, equipment, and collaborators
through the participation in collaborative research networks. This has not only happened between
jurisdictions, but has also occurred within jurisdictions.

For the first year of INSPIRES effort, the number of reseaoctupts were 8 (4 published; 1 ingss;

3 under review) peerreviewed articles, 17 presentations, and 9 proposals with 5 funded. The
publications were in top tier ecological and remote seggournals includinglobal Change Biology
(Impact Factor = 8.88Remote Sensinffmpact Factor = 4.51), artecosystemgimpact Factor =

4.47) with INSPIRES trainees, eadyeer, and senior faculty as-aoithors. Presentations were
primarily by earlycareer (11) and senior (6) INSPIRES faculty given at regional (10), national (4), and
international (3) meetings. A total of $3,327,404 was requested in funditiy $2,257,694 secured.

The proposals were led primarily by eaclyreer faculty (5) that wersubmitted to a variety of
sources including the National Science Foundation (5), other Federal agencies (2), state agencies (1),
and private foundations (1). Two of the proposals led by ezahger INSPIRES faculty were inter
jurisdictional. Details on @ spediic research proposals are provided in Tahle 3

Table 3.List of research proposassibmitted in Year 1 of INSPIRES

Funding Amount

Pl Proposal Title Organization Requested Status
IUCRC Phase Il at University o
Weiskittel (UM) Maine: Center foAdvanced NSF $500,000 Awarded

Forestry Systems (CAFS)
Anticipating risks and benefits o
precision agriculture (PA) for the
Rizzo (UVM) future of agricultural work and  NSF $150,000 Awarded
workforce: A multistakeholder
research agenda
Datadriven support for :
pollution-based closure decisior Maine Water Submitted and

in shellfish growing areas of ~ coources $36,000 Pending
Maine Research Institute

Roy (UM)*
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Roy (UM)*

SimonsLegaard
(UM)*

SimonsLegaard
(UM)*

Contosta
(UNH)*

Classen (UVM)

Weiskittel (UM)

Need and opportunities for
improved data and tools to
support riverbasinwide, multk
objective energy and water
planning efforts

Fostering forest landscape
_plann!n_g ar_1d adaptlve_capacny USDA AFRI
in anticipation of a regional
insect outbreak

Perceptions of ecological risk
and the landscape dynamics of
forest management, insect
outbreaks, and climate change
Snowed Under: The influence o
beneathcanopy snow dynamics
on ecosystem processes in NSF
eastern UnitedStates temperate
forests”

Low cost & high frequency
guantification of soil nutrients in

Department of
Energy

NSF

Gund Institute

: . Catalyst Grant
ecosystems undergoing rapid
global change
Supplemental RIl Trie@ FEC:
Leveraging Intelligent
Informatics and Smart Data for NSE

Improved Understanding of
Northern Forest Ecosystem
Resiliency (INSPIRES)

*Early-career faculty

*Inter-jurisdictional proposal

THEME SPECIFIC OUMES

THEME 1

Project Outcomes

$100,000 Awarded

$487,717 Awarded

$746,700 Declined

$1,119,977 Awarded

$50,000 Awarded

$57,010 Declined

1 Several resarch study sites were identified and are currently being evaluated for sensor
deployment (Table 4)

1 A prototype soil moisture and temperature sens@s been designed and tested in the lab
that is capable of measuring soil moisture and wirelessly transmgithe measurements to
a base station

1 Prototype is currently being calibrated for potential deployment to the field

1 Use of UAV with a low greenhouse gas sensor mounted on it is being tested to evaluate field
scale Ceconcentrations
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1 Development of a lowecost autochamber for measuring €fat is currently being compared
to concurrent measurements using a photoacoustic gas analyzer with highly promising
results (Figuré).

1 Development and deployment of a wireless sensor network for measuring soil and wood
moisture that is characterized by use of lmest data loggers, the ability to collect/store
data autonomously, and capacity to send data from remote locations to campus

1 Evaluation of alternative range and power requirements in the field usingmBrtRF
software connected to Rx board to receive with measurements taken three times a day and
averaged together, which showed highly promising results

1 Use of Q routing and muiictor approach based Long Shderm Memory (LSTM) deep
learning model allowe individual nodes to make intelligent routing decisions for improved
wireless sensor network design

1 Preproposal submitted to the WCS (Wildlife Conservation Society) Climate Adaptation Fund
that would use the INSPIRES sensor network to support reseagending novel forest
management as an adaptation strategy for warming winters in the Northern Forest.

Chamber 1 Chanber 2 Figure 5.Comparison of a loweost
457 autochamber (orange line) for

12004 o . .

ol U R N W S .. - measuring Céxoncentration

e

900 A ~

P T (ppm) that is currengl being

001 i compared to concurrent
Method .

cozsensor | Measurements using a

B 1S photoacoustic gas analyzer (PAS;

blue line) with nearly equal

* sl agreement across a range of

6001 e st conditions. Graph provided by

INSPIRES Senior Personnel Adair.

Chamber 3 Chamber 4

COz (ppm)

1200

9004

200 400 600 200 400 600
Seconds

Table 4 List of potential Theme 1 study sites for extensive and intensive wireless sensor network deployment
across the three jurisdictions.

Nor+
State Sie Foresttype  Bedrock Management  EXxisting sensors Ce_II solar
service
Power
. . Single tree small
Corinth/ Dolomite/ .
VT : Hardwood . group selection - No No
Washington limestone .
(family forest)
Victory Bog Spruce fir . Patch cut, VT
Vi SF hardwood SlanLs industrial No No
Sugar buslg
VT Proctor Hardwood Greenstone selective for - Yes Yes
Maple / schist maple
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State

NH

NH

NH

NH

ME

ME

ME

Site

Second
College
Grant

Bartlett

Hubbard
Brook
Experiment
al Forest

Thompson
Farm

Old Town

AMC- MWI
(Maine
Woods

Initiative)

Baxter

Forest type

Hardwood/
sprucefir

Hardwood

Hardwood

Red oak
white pine

Mixed
hemlock
Amelican

beech

Acadian
mixed
wood

(sprucefir-
northern
hardwoods

)

Sprucefir

Bedrock

Phyllite

Granitic

Schist

Outwashttill

Glacial
lacustrine

Mostly

acidic meta

Management

Experimental

Experimental

Experimental/
not much
management

Patch cuts

Approximately
equal mix of
natural area and
active

sedimentary management;

Some acidic natural dynamics

and inter
mediate
granitic

silviculture to
restore former
industrial lands
(75,000 acres
total)

Project Outcomes

oy Cell
Existing sensors

nearby met
station, air
temperature, Yes
RH, soil temp,
soil moisture
Phenology, soil
moisture,
temperature,
soil respiration,
eddy
covariance,
micrometeor
ology
soil
temperature,
soil moisture,
sal respiration,
air temperature,
relative
humidity, snow
depth
Snow depth,
phenology, soil
moisture,
temperature,
soil respiration,
eddy covariance

Yes

Yes

Yes

- Yes

None, some

measurements

of snowpack by . .
facility staff; S
nearest NWS

site is Greenville

service

Non
solar
Power

No

Yes

Yes

Yes

No

Avalila
ble at
three
sporti
ng
camps
on
prope
rty

No
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Non
State Sie Foresttype  Bedrock Management  Existing sensors Ce_II solar
service
Power
. Coastal ElimllEe .
ME Schoodic : - management, meterological Yes Yes
sprucefir
conserved
Limited
ME Deboullie  Sprucefir - management, meterological No No
conserved
Mixed
management
ME Holt Oak mixed i with a new set of None Yes Yes
hardwood treatments
planned for fall
2020
Acadian Natural, mature
ME Howland mixed - with limited past AmeriFlux tower Yes Yes
wood harvesting
THEME 2
1 Mapped trends in the abundance of subalpine spHicéree speciesAbies balsameand

32

Picea rubens quantifiedwith dense time series of Landsat satellite data from 12642
across the three jurisdictions. The results show strong increases in Maine and New
Hampshire, while Vermont forests experienced general declines (Faure

Analysis of US Forest Inventory aAdalysis data from the three jurisdictions support
findings from remote sensing as spruiregrowth and recruitment exceed mortality, based

on changes in aboveground carbon in biomass (&xBwhile for paper birchBetula
papyriferg had high mortalitythat led to negative net change (Figufe

Developed a framework in PostGIS that allows available data from sensors and remote
sensing as well as existing spatial data layers to be integrated, which will help us to
characterize differences in time and sgaand better understand the ecological processes
we are evaluating.

Developed an efficient and flexible spatial query tool for PostGIS and PostgreSQL spatial
databases that allows for quick spatial gridding and summarization of available raster spatial
layers.

Evaluated alternative neural network algorithms and developed a new method called Mutual
Information-based Neuron Trimming (MINT), which was tested on stream water quality data
from New Hampshire. MINT was shown to outperform other commonly usecahaatwork
approaches like MNIST, CIFAR and ILSVRC2012.

Regional available datasets were compiled, harmonized, and documented (Table 5).

Key field sites identified for detailed remote sensing acquisitions in summer of 2020.



Project Outcomes

1 Use of hyperspectral imaging better identify key tree species that occur in the region
(FiguresB and9) and their health

1 Development of a strategy for improved spatial mapping and monitoring of black ash, which
has strong importance to indigenous users for basketmaking. Thisdeel distinct
opportunities to leverage traditional ecological knowledge to inform or interpret new forest
classes or "forest places" based on qualitative attributes and associations between
gualitative or quantitative attributes. These classes could beped and analyzed with
additional development of machine learning models in a spatially explicit way using existing
analytical capacity and data. The next steps would be to integrate existing airborne imagery
from NASA's &iHT and UAVs to generate a largample of training data for developing
models based on Landsat and Sentinel imagery.

1 Compiled new data sets and conducted preliminary analysis of regsocad@ phenology
metrics as measured through satellite data products from the Moderate Resolutiagimign
Spectroradiometer (MODIS) collection. These data are being analyzed for spatial patterns
and temporal trends as indicators of shifting seasons across the variability in forest
conditions and changes in climate (Figu6.

= K9]
f Maine 7 : L

New Hampshire ¢ i -

Québec City 4 ;\l
O A

Vermont 5 A :
Adirondacks 4 : .
Catskills 3 - ;
Central Apps. 2 , -

|
Smoky Mountainst -
-20 0 +20

Mean Trend Spruce-Fir Landsat NDWI

B Spruce-Fir - Increasing Trend
I Spruce-Fir - Trend ~ 0
_- Spruce-Fir - Decreasing Trend

——

200 km

Figure6. Mapped trendsn the abundance of subalpine sprtitetree species (a,bAbies balsameand Picea rubens
guantified with dense time series of Landsat satellite data from Z8842. In subalpine zones, sprdfgeincreased in
abundance (red), stayed stable (greenpecreased in number (blue). Means and Bayesian credible intervals (c) show
strong increases in Maine and New Hampshire, while Vermont forest experienced decline on average.
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Figure7. Analysis of US Forest Inventory and Analysis (FIA) data (plot Iecatida)) shows demographic changes
between 2010 and 2015 (data for New Hampshire shown (b)) for tree species growing in the subalpine zone. In NH and
ME, spruceRicea rubensand fir Abies balsaméagrowth and recruitment exceed mortality, based on demin
aboveground carbon in biomass (AGRB while for paper birciBétula papyrifery high mortality leads to negative net
change. Subalpine spruce and fir have increased in overstory and sapling layers in many regions.

Spectral Signatures of Trees Collected

0.6+

o
»
1

Median_Reflectance

o
N
1

500

1000

1500
Wavelength

Species

~— Abies balsamea

=== Acer pensylvanicum
=== Acer rubrum

= Betula alleghaniensis
= Betula papyrifera
= Betula populifolia
= Fagus grandifolia
= Fraxinus americana
= Larix Larcina

== Pinus strobus

=~ Populus grandidentata
=== Prunus pensylvanica
== Quercus Rubra

=== Tsuga canadensis

Figure8. Spectral profiles aghrub and tree species collected in Maine during the fall of 2019 using a Spectral Evolution
PSR+ 3500 instrument on a UAV. Graph provided by INSPIRES Senior Personnel Peter Nelson of the University of Maine

Fort Kent.
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Project Outcomes

Figure9. Use of hyperspectral ingéng to evaluate foliage health. The image shows a) true color image with overlaid
samples of classified health on a scak, 1 = healthy, 4 = unhealthy (in red and green); b) the spectral profile of a white
ash tree with health class 1; c¢) the specpnaifile of a white ash tree with health class 3; d) the spectral profile of a white
ash tree with health class 4; and e) a classified image of former extent through a random forest model using the rated

health samples.
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Figure D. The set of phenology etrics shown in the seasonal cycle of a satellite index of vegetation "greenness"
(MODIS Enhanced Vegetation Index, EVI) to compare changes in seasonal timing between two time peri6éls (2001

vs. 201617) and among the different climatic regions of Maine.
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Table 5.Available regional datasets for Theme 2.

Type

Field Site

Field Site

Field Site

Field Site

Field Site

Field Site

Field Site

Remote
Sensing

36

Source

Professional

Professional

Professional

Professional

Professional

Professional

Professional

Professional

Dataset

US Forest Service, F

Howland

Hubbard Brook

Holt Research Fores

Bartlett Experimental
Forest

Penobscot
Experimental Forest

Forest Ecosystem
Monitoring
Cooperative

G-LIHT

Description

Statewide and nationally

consistent plotlevel
measurements that
includes trees, downed
woody materials,
vegettion, and lichens
Longterm AmeriFlux
site in central Maine
that has 30+ years of
eddyflux and
environmental
measurements
Longterm watershed in
central New Hampshire
that has assess
ecosystem change
Longterm ecosystem
study in an oalpine
coastal forest in
southern Maine
USFS and NSF NEOV
longterm research site
in the White Mountains
of New Hampisire; long
term Ameriflux site with
16 year of eddy flux
data, phenocam and
plot-based
measurements of forest
carbon cycling
USFS lonterm research
site in central Maine
that has examined
response to forest
management
Regional repository of
long-term forest data of
mixed nature
NASA airborne sensor
with LIiDAR,
hyperspectral, and
thermal imaging
capacity that has

Availability

https://apps.fs.usda.g
ov/fia/datamart/data
mart.html

https://ameriflux.lbl.g
ov/sites/siteinfo/US
Hol

https://hubbardbrook
.org/d/hubbard
brook-data-catalog

https://www.uvm.edu

[femc/data/archive/p
roject//holtbasics

https://www.neonsci

ence.org/field
sites/field-sites

map/BART

https:// www.nrs.fs.fe
d.us/ef/locations/me/
penobscot/data/data

_catalog/
https://www.uvm.edu
[femc/data/archive/p

roject/themes

https://glihtdata.gsfc.
nasa.gov/



https://apps.fs.usda.gov/fia/datamart/datamart.html
https://apps.fs.usda.gov/fia/datamart/datamart.html
https://apps.fs.usda.gov/fia/datamart/datamart.html
https://ameriflux.lbl.gov/sites/siteinfo/US-Ho1
https://ameriflux.lbl.gov/sites/siteinfo/US-Ho1
https://ameriflux.lbl.gov/sites/siteinfo/US-Ho1
https://hubbardbrook.org/d/hubbard-brook-data-catalog
https://hubbardbrook.org/d/hubbard-brook-data-catalog
https://hubbardbrook.org/d/hubbard-brook-data-catalog
https://www.uvm.edu/femc/data/archive/project/holtbasics
https://www.uvm.edu/femc/data/archive/project/holtbasics
https://www.uvm.edu/femc/data/archive/project/holtbasics
https://www.neonscience.org/field-sites/field-sites-map/BART
https://www.neonscience.org/field-sites/field-sites-map/BART
https://www.neonscience.org/field-sites/field-sites-map/BART
https://www.neonscience.org/field-sites/field-sites-map/BART
https://www.nrs.fs.fed.us/ef/locations/me/penobscot/data/data_catalog/
https://www.nrs.fs.fed.us/ef/locations/me/penobscot/data/data_catalog/
https://www.nrs.fs.fed.us/ef/locations/me/penobscot/data/data_catalog/
https://www.nrs.fs.fed.us/ef/locations/me/penobscot/data/data_catalog/
https://www.uvm.edu/femc/data/archive/project/themes
https://www.uvm.edu/femc/data/archive/project/themes
https://www.uvm.edu/femc/data/archive/project/themes
https://glihtdata.gsfc.nasa.gov/
https://glihtdata.gsfc.nasa.gov/

Project Outcomes

Type Source Dataset Description Availability
multiple acquisitions in
the region
Network of ecological
reserves throughout
Maine with permanent
plots that have repeatec
measurements
Network of ecosystem
monitoring protcol of
Northeast Temperate  plants and animals

Network throughout the
Northeast on Natioal
Park Service lands
Citizen scientist

https://esajournals.on

linelibrary.wiley.com/

doi/full/10.1002/ecy.
2500

Maine Ecological
Reserve Network

Field Site Professional

https://www.nps.gov/
im/netn/inventory-

reports.htm

Field Site Professional

Environmen Citizen Community Snow observations of snow http://app.communit
tal Network Science Observations ysnowobs.org/

cover aml depth
Statewide survey of

; https://www.maine.
equivalent water b g

Maine Cooperative

Environmen

tal Network Professional Snow Survey content, and density of ov/dacf/mgs/hazards/
) . snow_survey/
the snowpack in Maine
Citizen scientist
Field Site CI'FIZGI‘I eBird observations of bird https://ebird.org/reqi
Science occurrence and on/lower48?yr=all
abundance
Longterm paired
watershed study in
eastern Maine with FIA
. . . Bear Brook S ToEH VEY, https://umaine.edu/b
Field site Professional . . watershed
Watershed in Maine : bwm/
geochemistry, —
measurements since
1986 and soil temp sinc:
2000s
THEME 3

1 Demonstrated that relative importance of model parameters in ecological models can vary
with climate scenario (RCP 2.6 vs. RCP 8.5). Importance of climate parameters-lh PnET
(Figurell) increased, particularly maximum temperatures in summer months, under the
high emission scenario when projecting sprficdorest productivity; higher temperatures
had a negative effect on sprudi resulting in large part from projected sumertime

GSYLISNI §dZNSa SEOSSRAY3I ALISOASAQ 2LIAYdzy (°€
which also increased in importance relative to the low emission scenario.
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https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/ecy.2500
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/ecy.2500
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/ecy.2500
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/ecy.2500
https://www.nps.gov/im/netn/inventory-reports.htm
https://www.nps.gov/im/netn/inventory-reports.htm
https://www.nps.gov/im/netn/inventory-reports.htm
http://app.communitysnowobs.org/
http://app.communitysnowobs.org/
https://www.maine.gov/dacf/mgs/hazards/snow_survey/
https://www.maine.gov/dacf/mgs/hazards/snow_survey/
https://www.maine.gov/dacf/mgs/hazards/snow_survey/
https://ebird.org/region/lower48?yr=all
https://ebird.org/region/lower48?yr=all
https://umaine.edu/bbwm/
https://umaine.edu/bbwm/
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Completed preliminary development of an online digital application called ForEST
(https://forestapp.acg.maine.edu/) for displaying and summarizing spatial data that can be
used by scientists and land managers (Fidie

Based on the GSA results, identified influential model parameters with limited empirical data
support that could be informedybthe Theme 1 sensor network (e.g., maximum monthly
temperature) or Theme 2 geospatial data science (e.g., foliar nitrogen concentration).
Identified data linkages and potential feedbacks between ecological models that could be
leveraged to improve produiwity estimation and spatial extrapolation.

Initiated detailed canopy disturbance analyses that will form the basis of annual maps that
will inform collaborative forest modelling experiments at these forests (Fig8ye

Shared and synthesized prior rega projections research across ecological models and
jurisdictions.

Identified suitable ecological reserves in each jurisdiction for collaborative model calibration,
benchmarking, and projection comparison.

Completed model simulations of a 4.5 million laadscape using LANBIShat compared
contrasting strategies for enhancing forest carbon sequestration (Fighre

Recruited PhD student for fall 2020 to work on crtygmme (Themes 2 and 3) project at UNH
G!aiy3a . A3 510G+ | YR taFhtdeKRongss CopdiionNd/Respahselioz t N
{Af OAOdzf GdzNF £ | OGADBAGASAE

Crossteam work by PhD student Jason Carter who is working with Dr. Marek Petrik and Dr.
John Gunn to develop a new machine learning method to improve upon Classification and
Regression Teetechniques by computing the optimal solution rather just a heuristic solution
and by accounting for variable costs of misclassification. The method is being applied to
support decisiormaking around the carbon implications of the decision to salvage true
mortality during a spruce budworm outbreak.
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Figurel1l. Relative importance of tepanked PnETl model parameters based on a global sensitivity analysis

including vegetation and climate parameters, under a low (RCP 2.6) and high (RCP 8.5) dimsstgoohange
scenario.

1IFoINCon = Foliar nitrogen concentration; AmaxFrac = Daily Amax as a fraction of integral of instantaneous rate;
CFracBiomass = Carbon fraction of biomass; HalfSat = Half saturation light level; SLWmax = Top sunlit canopy specific
leaf weight; k = Canopy light attenuation constant; PsnTOpt = Optimum temperature for photosynthesis; RootAllocB =
Slope (B) of relationship between foliar and root allocation; BaseFolRespFrac = Dark respiration as fraction of Amax;
tmax7 = Max July tempature; tmax8 = Max August temperature; tmax6 = max June temperature.

NEW
BRUNSWICK

Figure 2. Screenshot of ForEST wadsed application developed by INSPIRES Senior Personnel Legaard, Simons
Legaard, and HahmanirorESTs designed to easily display and summarizegpatial data, which will provide near

reaktime information about changing forest landscape conditions resulting from the spruce budworm outbreak and
ongoing management. Available onlifgtps://forestapp.acg.maine.edu/
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Figure B. Maps of partialcanopy disturbances with Landsat remote sensing time series {A®@8) at

existing and new intensively monitored forest sites (symbols in (a)), including NSF NEON sites at Bartlett
Experimental Forest in Nf#-e). Example Landsat timeseries of our derived Foliar Biomass Index (FBMI)
shows canopy reductions in 1999 followed by gradual recovery for NEON tower base plot BART_050 (d).
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Figure #. Annual forest and product carbon sequestration (tons ok @€ year) for different management strategies
projected using LANDIBfor a 4.5 million ha landscape in northern Maine. A Business as Usual (BAU) scenario emulated
the average rate of harvesting in the study area, as observed by a Ladetdatd time seriesf forest disturbance
(20002010). Additional scenarios were: (1) Extended Rotation with increased minimum stand age eligible for harvest
(from 50 year to 70, 85, or 100 years); (2) Clearcut/Partial harvest distribution: increased % of the harvestfriom 10
30% or 50%). Supply was held constant by reducing overall harvest footprint; (3) Planting after clearcut with a mix of red
and white spruce; and (4) Reserve 10% or 20% of land area. These options were modeled singly and in combination.
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THEME 4

Theme 4presented aposter at the Maine Environmental Education Association Conference in
March 2020 A proposal focused on QRC was accepted to the New England Educational Research
Organization JEERO) conference in May; howeubgt conferencewascancelled dug¢o COVID

19. We also had a presentation proposal accepted to the Maine Sustainability and Water Conference
that wasscheduled foApril, but has also been cancelled. Laura Millay presented about the Theme

4 work at a forum focused on Broader Impacts otigad by UM's Office of Research Development.

As mentioned above under the collaborations section, the Theme 4 team also prepared a separate,
collaborative proposal across the three states focused on making mathematics education a
legislative funding prioi @ ® ¢ KA & LINBLIRalf ¢l a &adzo YA iGdiaBR G2
collaboration underpinning this mathematics proposal was developed entirely as a result of the
INSPIRES grant.

JURISDICTIONAL SPHCIOUTCOMES

MAINE
Within Maine, INSPIRES has braugb faculty, 2 undergraduates, 2 graduate

students, a postioctorate fellow, and 3 project staff from across three different
v institutions together. The INSPIRES team within Maine brings several disciplines
across 10 different academic units or researchtees together. As outlined in the
external baseline survey, most of the INSPIRES team members in Maine had not worked together
previously. Several of the senior INSPIRES faculty in Maine (Pl Weiski®dl,BEard, Senior
Personnel Segee, and Senior Perel McKay) serve important roles as leaders and mentors and
will continueto facilitate team relationship formation.

To help focus efforts and strengthen team relationships, several Mapeeific INSPIRES team and

theme meetings have been held and asgularly scheduled for the future. Initially, the focus of

these meetings was to introduce team members, learn about past as well as ongoing research
related to INSPIRES, and discuss institutional needs and challenges. These meetings were
particularly immrtant for connecting the undergraduate and graduate student team members with

each other as well as with INSPIRES faculty. INSPIRES team members participated in several
AYLRNIFYG alAyS S@Syida AyOfdzZRAYy3A 2| 06l yilateA ¢ NR ¢
/ KFy3aS LyAdGAlIGA@SUa C2NBad /tftAYFHGS [/ KFy3aS |FyR
' YSNAOIY C2NBAGSNR Fyydz f YSSUGAY3IAZ YR al AyS
Subcommittee public meeting.
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NEW HAMPSHIRE

Within New Hampsing, the team was comprised of 9 faculty, 3 project staff, 1 post

doctorate fellow, and 2 graduate students with representation from two institutions

® and five research centers or academic units. Most of the faculty had little prior

collaboration, so the fat phase of Year 1 (through December 2019) focused on team building and
collaborative planning via tweekly team meetings. The NH team also had representation on all
four project themes, which allowed crofiseme exchange of information and ideas priot &nd
following, the online and uperson (Portsmouth, NH) &akam meetings. Additional planning
activities included the Theme 1 meeting at the University of Vermont to discuss site selection, sensor
deployment and data collection (March 3), and a meetih¢ghe Society for the Protection of New
Hampshire Forests, attended by-toL & hf ft AY3ISNI I YR 5Q! YI (2 2y b2@

Activities and plans throughedr 1 resulting from these discussianslude coordination of inter
jurisdictional Theme 1 meetings (by Anibsta), identification ofield sites, parameterization and
testing of the PnET ecosystem model, integration of eddy covariance data and soil sensor date
(Theme 1) with modeling and remote sensing data sets (Theme 3), analysis of-te4apring
carbonbalances using eddy covariance data at the Thompson Farm research site, recruiting of two
PhD students and one MS, programming of data loggers to be used for soil sensors, development of
machine learning methods for predicting forest comalit response tcsilviculturaladivities, and
development of remotesensing techniques to be used for identification of forest composition and
foliar nitrogen concentrations. Preliminamgsults and upcomingplans were presented at the
Bartlett Experimental Fores€oopdNJ (1 2 NR& YSS{iAy3d o6al NOK MHZI HAHA
additional opportunity for collaboration between University of New Hampshire and University of
Vermont.

VERMONT

Similar to the other jurisdictions, University of Vermont includes participants (

faculty, 1 undergraduate, 4 graduate students, and 1 research technician) from

multiple (4) academic units or research centers. The faculty had limited past
* collaborations and has been working closely over the past 9 months to build the
necessary relatioships for this project. Considerable progress in the direction was accomplished by
monthly meetings of all Themes and associated Pls and collaborators at University of Vermont
beginning in September 2019. In addition, several additional meetings weradaiteto build
synergies within the team and key external stakeholders.

These meetings and events included: (1) a meeting of Theme 4 Pls from University of Maine,
University of New Hampshire, and University of Vermont in conjunction with 2019 Northeast
As®ciation for Science Teacher Education Conference, Burlington, VT (OctdBer2019); (2)
meeting of Theme 1 Pls and collaborators from University of Maine, Dartmouth College, Plymouth
State University, USDA Forest Service Northern Research Statiohnaretsity of Vermont to
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discuss CPand soil/deadwood moisture sensor development at Forest Ecosystem Monitoring
Cooperative Annual Meeting, Burlington, VT (December 13, 2019); (3) meeting of Theme 1 Pls and
collaborators from University of New Hampshii@artmouth College, Plymouth State University,

FYR | YABSNEAGE 2F £SNX2yid 2y +SN¥2y(iQa OF YLz
field season logistics (March 3, 2020); (4) presentation and planning at the Bartlett Experimental
Forest Cooper& Na YSSGAyYy3d odal NOK WMHIEZ HaAaHALO F2N Ay
University of New Hampshire, University of Vermont, University of Maine, and USDA Forest Service
that leverages longerm eddy flux and inventory data and new sensor deploymentb@Bartlett
Experimental Forest, Bartlett, NH; and (5) a field tour of a new extensive sensor site, Dartmouth
/2t S3SQa {SO2yR /2ttS3S DNIyiGsx 6AGK FT2NBalSNE
Cot L 5Q!'YIG2 2y { SLI SYdy RI forastars. A reseapch keghRmeetifiglisS y R S
planned at Bartlett Experimental Forest (intensive field site) in June 2020 for atlerse
discussion of research questions and integration with STEM education, which is currently contingent

on national andegional COVIQ9 guidelines for safe and healthy work environments.
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BROADENING PARTIGIRON

TEAM DEMOGRAPHICS

Significant focus in Year 1 was on building and formalizing research teams, recruiting new research
members, and inteteam collaboration. Cuently, the team comprises 38 faculty (20 early career),

3 undergraduate students, 7 graduate students, and 6 staff across 6 different institutions. According
to the Data Outcomes Portal (DOP) for Year 1, of those who disclosed their gender, thereyis nearl
equal femalemale representation (F=18, M+19) on the research team, 1 female postdoc, 3 female
grad students, and 1 male undergrad. Furthermore, the DOP reported 1 senior researcher and 1
undergraduate student selflentified as underrepresented race/atitity. Significant recruitment
efforts are underway for undergraduate and graduate students for Year 2. Continued engagement
and support of earhcareer faculty as well as team diversity will be a key priority for the remainder
of Year 1 and going forward summary of current team member composition across the three
jurisdictions is provided in Table 6, while a detailed list of all personnel is given in Appendix 5.

Based on an independent assessment by external evaluator AAAS (see Appendix 3), INGPWRES f
had equal representation of females (51.7%) with males (44.8%). In addition, INSPIRES faculty
composition leans towards earbjareer investigators (55.2%) composed of a high percentage of
those identifying as female (53.3%). INSPIRES faculty arbighdy diverse in terms of academic

rank (Table 7) and the number of disciplines (15) represeffpire 15)are relatively high for

current team size. Current representation of eathreer investigators and involved disciplines are

well balanced across the fouesearch themes with -12 disciplines and 148% earlycareer
investigator composition on the themes. The DOP Demographics report for INSPIRES showed similar
trends with a good balance between gender and representation of races.

Table 6Summary of INSPIREeam personnel by role and jurisdiction.

Jurisdiction Total
Role Maine New Hampshire Vermont
Faculty 20 11 7 38
(Earlycareer) (9) (7) 4) (20)
Staff
(Professional,
Postdoctorates, 4 1 1 6
Support)
Students
4 1 5 10
(Undergraduate/
graduates) (2/2) (0/1) (1/4) (3/7)
Total 28 13 13 54
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Table 7 INSPIRES survey participants by academic rank/title by the AAAS and DOP surveys. The reported
values might not align because of different response rates for the two surveys and not all questions were
addressed by respondents.

AAAS DOP
A - i , Native ,
cademic Rank/Title Number % Male Female Asian : White
American

Professor 8 28 9 10 - 1 17
Associate Professor 3 10 - - - - .
Assistant Professor 4 14 10 8 2 - 15
Research Assistar 6 21 _ ) ) ) )
Professor

Research Scientist 2 7 - - - - -
Professional Staff 3 10 - - = - -
Postdoctoral Researcher 2 7 1 1 - - 2
Other 1 3 3 1 - - 3

Forest Ecology/Forestry/ Remote Sensing
Forest Ecology and 2

Silviculture

3

Biogeochemistry
4

Ecology Geogm:hic Wildlife
2

STEM Education/Research

4 Computer Science Forest
Biometrics
1

Physics Computer Engineering
1

Figurel5. Disciplines currently represented by INSPIRES faculty.

45



INSPIRES Year 1 Annual Progress Report

INTERJURISDICTIONAQLLABORATION

The emerging research projects, which extend across the four integratecetheare convergent in
nature, engaging senior and early career faculty from diverse fields (including education,
electrical/computer engineering, forestry, computer science, ecology, ecological modeling,
statistics, remote sensing, data science, and arnbiogy). Each theme is cregsisdictional with

early career faculty leads, senior faculty mentors, and supporting members that include
postdoctoral researchers, graduate and undergraduate students, and staff. In addition to
collaborations with Universitgf New Hampshire and University of Vermont, this project involves
several campuses that comprise the University of Maine System. The inclusion of these smaller
Ol YLIzaSa Aa AYLRNIFyd G2 alAySQa NBaSIFNMOK Ay TN
that can impact early career faculty in rural areas and/or institutions that primarily serve
undergraduates. These smaller campuses also often function as a conduit to remote areas and rural
communities where faculty and citizens that can interactwite results of this project.

INSPIRES has been structured to encourage the three jurisdictions to share best practices and
address potential deficiencies in a way that strengthens complex systems work in all three states
and creates greater strength exall in terms of research and education that is relevant for the
NEIAZ2Yyd !t 2dZNAARAOUAZ2Y A KI @S ARSYUGAFTASR aidNB
base and rural nature, while each jurisdiction brings key strengths to the projectiMlicenefit

the other jurisdictions. University of Maine System strengths include deep and historic relationships
with the forest industry and related organizations through an existing NSF I/UCRC led by PI
Weiskittel, longterm forest research sites, ate-wide relationships with teachers through the

Maine Center for Research in STEM Education (RiSE), work with underrepresented in STEM students
and teachers through two INCLUDES projects and other endeavors like the recent NRT in
conservation science, egptise in TEK and working with Native American communities, deep spatial
informatics expertise (National Center for Geographic Information and Analysis), and strong
collaborations between scientists andH personnel for STEM outreach. University of New
Hampshire strengths include both undergraduate and graddatel Analytics and Data Science
programs as well as an existing Earth Systems Research Center (ESRC) and a recently developed
statewide terrestrial and aquatic sensor network (EHR81245). Univerty of Vermont strengths

include a Complex Systems Center with associated undergradaladegraduatdevel degrees in
Complex Systems and Data Science, as well as expertise in developing sensor networks and
managing Big Data over time to examine compteisecological questions, such as the interactive
effects of climate change and land use on tlakd. Champlain basin, as a result of past EPSCoR
funding (OIAL556770).

HIGHLIGHTS
1 Theme 3 organized several crdheme meetings that help build intgurisdctional
relationships and initiated new dialogs for continued collaboration
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Theme 2 initiated collaborations with Theme 1 participants who are interested in sensor
network design for optimizing spatial coverage, signal quality, and cost of sensors.

Ongoirg collaborations between Themes 2 and 3 that focus on mapping of forest places and
events that can be modified and used as input for Theme 3 forest ecosystem modeling.

The ontological representation and modeling by Theme 2 impacts Theme 4, and initial
disaussions show real promise of collaboration with the Wabanaki Youth Science Programs
(ways).

Thenmes 2 and 3 together identifiedldckash as a species of shared interest, which is now
serving as the initial focal species to kick off development of thedDigirest.

Theme 1 submitted a prproposal that would leverage the INSPIRES sensor network across
Fff GKNBS LINRP2SOG adlrdisSazr IyR 60dzAfR 2y ¢KS°
change. Members from all three jurisdictions contributed to the-proposal.

Created a project jargon dictionary that helps to minimize barriers in team member
participation and understanding (see Table 8)

Created a publication author templat@ppendix 4)to help determine authorship and
minimize potential conflict

Created a student participation and faculty mentoring guidelines (Appesddj that help
define roles and responsibilities, expectations, and best practices

Develop and implemented a project communication strategy that outlined measures to
ensure effectiventernal and external project communications

UM and UNH collaborators travelled to UVM in October for a-faeace Theme 4 meeting

and to participate in the Northeast Association for Science Teacher EducatiohS(NE
conference. This trip included &lid trip on the Melosira Research Vessel which is used to
support placebased science instruction about Lake Champlain for VT teachers and students
through the Champlain Research Experience for Secondary Teachers (CREST) program. This
field trip showcasegart of the work being conducted through CREST that provides one
model for the type of placeelevant science instruction that we would like to support
implementing with regard to northern forests and Big Data.

Members of the Theme 4 team have attendedeatirgs held by each of the other themes to
build collaborative relationships and keep upto-dateabout the plans and progress of each
part of the project.

Theme 4 has held four Zoom meetings that have included all members of the team across
the three sates and will continue meeting monthly though this spring.

Theme 4 collaborated across the three states on one conference poster presentation and
will collaborate on additional conference proposals in the coming months.

In a separate collaboration, membeskthe threestate Theme 4 team brought together an
expanded team to propose a longitudinal study of mathematics education in the elementary
and middle levels and ways that deeper mathematical reasoning could be developed among
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all students, with an emplsas on the rural student populations of the thrstate region.

This proposal was presented as a white paper in response to a solicitation from the UM Vice
President for Research, as a possible high priority for future federal legislative funding.

1 CoPIWeiskittel and Project Senior Personnel Bkoavski and Contostattended the 2019
National EPSCdBonference hosted by the University of South Carolina

Table8t N2 280G 2F NH2Y FyR | ONRyeY RAOGA2YI NBE RSOSt 2 LIST

crosstheme concepts that will help to minimize barriers to collaboration.

Theme Word/Acronym
ALL Model
NEON

Dendrometers

respiration
AMC

N PR R R

ontologies

TEK

UAV
GLiHT
LAI
FIA
Al/ML
SfM
ICESat

NDNDNNNDNDNDN DN

N

GEDI

LANDIS
FVS
PnET

CLM

GMF

WMF
MODIS

WwWww w w w

3 TEM

3 EFI
3 NAIP
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Definition

A conceptual representation of reality that can be used to underst
potential relationships

National Ecological Observatory Neink

Equipment used to continuously monitor tree trunk swelling/shrinking
assess growth

Biological release of carbon dioxide

Appalachian Mountain Club

Set of concepts and categories in a subject aredoanain that shows theil
properties and the relations between them.

Traditional Ecological Knowledge, use of iWdastern knowledge tc
understand, explain, and forecast ecological phenomena

Unmanned aerial vehicle

NASA's Goddard LiBAHyperspectral, and Thermal Imaging sensor;
leaf area index

US Forest Service, Forest Inventory & Analysis

Artificial Intelligence/Machine Learning

Structure for Motion

NASA's Ice, Cloud, and land Elevation $atell

Global Ecosystem Dynamics Investigation (GEDI) High resolution
ranging of Earth's forests and topography from the International Si
Station (ISS)

A landscapescale forest ecosystem model for simulating fundamer
ecologicaprocesses

Forest Vegetation Simulator

Photosynthetic / EvapoTranspiration is a nested series of models of ca
water, and nitrogen dynamics in forest

Community Land Model

Green Mountain National Forest

White MountainNational Forest

NASA's Moderate Resolution Imaging Spectroradiometer sensor
Terrestrial Ecosystem Model is a processed ecosystem model thé
describes carbon, nitrogen and water dynamics of plants and soil:
terrestrial ecosystems

Enhanced Forest Inventory

National Agricultural Imagery Program



Broadening Participation

DEVELOPMENT/RECRUBEMI OF DIVERSE EARIREER FACULTY

At this early stage of the project, the immediate benefit for workforce development are the project,
theme, and institutimal crosscollaborations that are enhancing research and analytical skills for
early career faculty, with multiple opportunities helping to identify and resolve problems as they
arise within themes and projects. Currently, there are 20 eealeer with narly equal
representation in gender.

The four research themes are all being led ctexbby earlycareer faculty with support from senior
faculty members, which is helping build to leadership and organizational skills. Conference travel,
equipment, as wk as support of undergraduate and graduate students has been provided toe early
career faculty members. As highlighted above, eadseer faculty members have successfully
submitted interjursidictional research proposals with both being submitted toNational Science
Foundation and one of them being successfully funded. Currently, the Mentoring, Education, &
Engagement (MEE) is working to develop project best practices for better for engaging and
supporting INSPIRES earreer faculty members.

DEVEDPMENT/RECRUITMENTF OIVERSE STUDENTS

Currently, there are 3 undergraduate (2 female, 1 male) and 7 (4 female, 3 male) graduate students
across the three institutions that are involved with the project. In particular, there are two
undergraduate and onergduate student engaged with the wireless soil moisture development
group at the University of Maine, providing valuable reairld computer science experiences and
mentoring from senior faculty. As stakeholder engagement continues to expand, undergraahdate
graduate students as well as peadctorate fellows will have opportunities for industry internships

and training.

Despite the current pandemic, 2 undergraduate and 5 graduate students have been successfully
recruited across each of the institutiofsr participation in the project for Year 2. Pl Weiskittel with

Cot La 5Q!'YI02 YR htfAy3aSNI KIS ¢St O2YSR Fff &
been successfully introduced to the team. Students have been using Slack to communicate across
jurisdictions and opportunities have been provided for presenting findings during bettsaati and

theme virtual meetings. Future meetings will highlight and feature ongoing student research to
ensure successful collaboration and developméatidelines dr effective guidelines for student

mentors and mentorees has been developed by kentoring, Education, & Engagement (MEE).
Recruitment for future years will continue to focus on underrepresented groups, particularly women

and Native Americans.

LEADERSR AND GOVERNANCE

The Core Leadershipdm (CLT) a®utlined in Table Zbove)has regularly met to assess project
progress, potential issues, and team needs. In fact, within two weeks of receiving the funds, the CLT
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gathered for a planning meeting witlei outcomes that included a shared management structure,
development of crosstate and crossliscipline research theme teams, coordination of recruitment
and hiring efforts, and began drafting documents for team governance, project communication, and
an mplementation plan. Year 1 efforts focused on the selection of research sites, a complex matter
given the subject of this project, and recruitment of diverse pi®ttoral associates and PhD
students. Recruitment efforts, although launched in the fall, @weot successful in most cases until
late spring: the timing of the award after the beginning of the academic year proved to be a factor.

As outlined in our original proposal and our current governance document, an additional key project
element will theformation of several important committees including an External Advisory Board
(EAB), a Turisdictional Institutional Advisory Board (IAB), and two project committees, namely
Collaborative Research Committee (CRC) and Mentoring, Education, & Engag@ne)
Committee. The EAB will include expertise from a range of disciplines and institutional contexts
across jurisdictions and will: (1) help INSPIRES achieve its research and education goals and
outcomes; (2) respond to NSF and AAAS reviews; (3) idgatintial jurisdictional barriers to
minimize their potential impact on the project; (4) promote the relevance of INSPIRES to industry,
NGOs, and other sectors; and (5) assist with sustainability by helping to identify related research
opportunities. The AB will consist of Provosts, ViPeesidents of Research, and Deans across the
three jurisdictions and will address potential institutional barriers to collaboration and align
resources to help sustain as well as broaden the impacts of INSHHRESEE @nmittee (led by

Cot L 5Q!YlFG20 gAfft KSELI F2aGdSNJ I OdzZ Gdz2NB 2F aFk
project and lead educational and professional development activities, including offering courses,
writing retreats, and field trips to promoterossproject learning and research advancement, and

will work closely with the CRC (led by-RIdOllinger) to plan quarterly attam meetings and annual
retreats. Using a Science of Team Science approach, the CRC will establish an ongoing research
program to study and inform the development of the organization, promote interdisciplinary
research efforts, and strengthen relationships with stakeholders.

In Year 1, the CLT discussed these various committees and felt the project was too early in its
develgpment to begin forming them, particularly given the focus on building the research theme
teams and promotion of intejurisdictional collaboration. INSPIRES faculty were asked about the

two project committees and willingness to serve on them. In additiNgPIRES faculty and the CLT

have formed a list of potential EAB members and will work on forming that in Year 2 with the
completion of the project implementation plan. Likewise, the CLT can now better engage university
upper administrators on the IAB witthe project implementation plan and Pl Weiskittel has now
A0KSRdzf SR NX3Idzf NI & YSSiAy3aa gA0K GKS | YyABSNREA
the IAB Chair, to discuss next steps and project needs.
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PROGRESS ON PROGEAMMENTS

COLLABORATEVRESEARCH DEVELORME

The INSPIRES project started August 1, 2019 and is a relatively larggumsdititional, multi
disciplinary effort. Over the last nine months, the project has been focused on team building as it is
essential to take the time to ganize the project effectively to produce optimum, synergistic
outcomes over the longerm. In the first few months of this project, the CLT relied on the effective
team-building strategies outlined iStrategies for Team Science Suc¢edised by Hall eal., 2019),

which resulted in the incorporation of various integrative practices such-psrgon/virtual team
meetings, use of cloubdased collaborative tools (e,glackand Bo{Figuresl6 & 17]), and regular
electronic team updates. In addition, keynline documents and resources to help foster team
collaboration have been created, including a team website (Fidg8)eshared project calendar
(Figure 19, project jargon or acronym dictionargdeTable §, and summary of project resources.

INSPIRES #themel-advanced_sensors_and_computing

nmmw
AN Mping Bun

Figurel6. INSPIRES Slack Channel that isfasprbject updates, research
theme communications, and document sharing

A primary focusduring Year lhas been on the completion of a project implementation plan
(Appendix2) and initiation of research efforts. Teabuilding has been ongoing with numerous
virtual and inperson meetings by the CLT, individual research themes, and within individual
jurisdictions. For example, quarterly-tdlam meetings where project and research theme updates
are provided and discued; individual research theme meetings tgoéore team member research
interests, complete strategic materials, and outline key research milestones by project year; and

51



INSPIRES Year 1 Annual Progress Report

& AlFiles INSPIRES 1of > | o [57] ] Mews

Shew all

Figure Z. INSPIRES Box folder used for onlifeboction of shared documents for the prc
and research themes as well as repository for project outputs like presentations, pub

and team rosters

intra-jurisdiction meetings to help build team relationships and identify key linkagéSISPIRES
brings together a diverse set of disciplines such as engineering, computer science, ecology,
biometrics, ecosystem modeling, and STEM education.

Theproject implementation planwas developed over several months with team input to provide

the necessary structure, governance, strategic assessment, and plans for research, communications,
and evaluation. The plan strategically assesses our current conceptual framework for the project

and maps a path forward that leverages existing synergies,tadafl S NX & 2 dzZNOS&az | vy
expertise. The project implementation plan will be regularly revisited to ensure successful project
progress, intrgurisdictional collaboration, and stakeholder engagemefithe governance
agreement within the implementationplan, is intended to build a cohesive team with mutual

respect and trust. It sets forth guidelines for roles and responsibilities, conflict resolution, data
sharing, authorship of publications, and mentoring. Each team member is expectathtally

review anddigitally sign this document.

In developing the project implementation plan, the CLT and research themes each completed key
strategic materials including logic models, Strengths, Weaknesses, Opportunities and Threat (SWOT)
assessments, and stakeheldmatrices. In addition, research milestone maps were developed by
theme, which will be used for the basis of project evaluation and reporting. This is a living document
that serves as a roadmap for project execution and management, and provides eatRES3&am
member with a comprehensive summary of important project information to help guide their work.
CKAAa R20dzySyid g¢gAtt faz2z aSNBS a |y 208SNIff 2N
other key external stakeholders. Going forwardy g@roject implementation plan will be used by
research theme leads, the INSPIRES and our external evaluators to assess progress against our
initial motivating project goals and objectives. Finally, we hope this plan will provide the necessary
baselire, structure, and overall framework for effective project reporting.
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Project implementation started with
the CLT organizing a kiokk meeting
and inviting all members of the
project team to participate. The

Academics Research About Us

meeting was held virtually in earl Center for Research on Sustainable Forests

September 2019. The meeting e e
successfully introduced the effort tg
SyadzNBE LJ NI AOA LI )
0KS LINep2SO0iQa @A
brought participants from different
institutions and departments
together, and began the project tean
building process. Of & 29 survey
participants in the January externg

survey (see AppendiB), the vast | -
majority (72.4%) indicated that they --
participated in the kicloff meeting. In

Intelligent GeoSolutions  Nature-Based Tourism  Forest Climate Change Initiative  Tools  Resources

Smart Data for Resilient Forests

Core Leadership Team

December 2019, INSPIRES held a tvrigure 8. INSPIRES Team Websitepé://crsf.umaine.edu/inspires/

day inperson meeting that was well

attended (despite a snodwi( 2 NY A YLISRA vy 3

evaluators. As highlighted in the meeting agenda (Fi@@ethe meeting provided an opportunity

for project participants to get to know each other,

share their ideas and collective espddi

iGN} oStft0 o6& GSFY YSY

inform the development of specific, collaborative objectives and implementation plans for each of

> April 2020 o @ @

12 13 14 15 @ 17

Figure 8. INSPIRES Team Calendar that highlights project «
details, and team member gaipation to help promote cros
theme and intejurisdictional collaboration.

0KS LINRP2SO0Qa F2dzNJ
expectations across the entire project team
in terms of roles and responsibilities and
key milestones. A total &5 respondents in
the external survey (86.2%) indicated that
they participated in the alleam meeting.
The meeting was strategically structured to
learn from past NSF Track 2 projects,
external evaluation, project reporting, open
data standards, and teamscience. Team
interactions were maximized by various
icebreakers and breakout sessions
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INSPIRES All-Team Meeting
December 18-19, 2019
Hilton Garden Inn
100 Highst
Portsmouth, NH 03801

— Hene e B 108 — for the project, and to build a baseline for
730830 A Continental Breakfast future assessments. The first survey was an
8:30 - 900 AM Welcome, Introductions, and Qverview Aaron Weiskittel . .

Aaron Weisite!, informal team pollconducted internally by
9:00 - 9:30 AM UM, UNH, and UVM Overview Scott Ollinger, Tany i
amato the CLTwhile the second was an external
9:30 - 10:30 AM Team Introductions All
1030~ 11:00 AM Brek and formal assessment conductéy AAAS
11:00 - 12:00 PM Lessons Learned from Prior NSF Track 2 Projects Mf::;?lf;rr?‘;:)re (Appendlx 3.) The informal Survey ha.d 33
UNH
1200 100 PM Lunch - respondents and primarily focused on
1:.00 - 1:15 PM Data Management & Distribution Mary Martin (UNH) . . .
1415 - 1:30 PM Project Data Outcomes Portal Overview & Miche(\IeGr)egolre deSIred OUtcomes pOtentIaI barl’lerS, and
Discussion UNH .. .
1:30 - 1:45 PM Governance Overview & Discussion Aaron Weiskitte| SpeCIfIC researCh Inte reStS- Respondents
1:45 Ph —2:30 PM Evaluation Overview & Discussion F;:;::;;’:;L";EJ L\]N\y\ Y | N\p\ f \e R S :F A y S R
(a2S) Ca A s g e A
230 300 M break collaborationé al1Sée 2dzilQZRYSAY
300-500oM | ox e LINE SR NBf | A2y 4aKsedda
oV T = Figures 21 & 22). Highest priorities for
6:00 PM Group Dinner INSPIRES were conductingvel research
Thursday, December 19, 2019 . A A
730830 AM Continental Breaidast (44%), improved research capacity and infra
Outcomes and Overview; Next Steps and . . .
830900 AM e emeraation. | pareon Weisitel structure (25%), and regiah collaboration
9:00 — 10:00 AM Table Discussion {e.g. Research Questions, All . a
Publications, DataNeedgs, Potential Scenarios, Key (16%) (FlgUf@Z) In addItIOﬂ, a team mOttO
Ecosystem Metrics) , z z Ao
Table Discussion (e.g. Research Questions, 2 :F G { Y | N\IJ 5 | u I -'F 2 N\J W S a 7\
10:00 — 11:00 AM Publications, Data Needs, Potential Scenarios, Key All
Ecosystem Metrics) voted on and adopted.
11:00 - 12:00 PM Open Discussion and Next Steps All
12:00 — 1:00 PM Lunch — .
1.00 PM ACIJDUI‘I‘\ Svidericed characlerlsucslNSPlRES
Figure 20. Agenda for the twalay INSPIRES -RAdan & tunaea ‘*‘”‘*’E‘é"&&"é‘ar'ﬁgsnéfg%f('gv‘n‘?xr"e‘su" gg
Meeting in Portsmouth, NH in December 2019. T a‘colleagueslﬁ%“ﬁﬂqcissn.a

Finally, two surveys of INSPIRES team
members were conducted to better
understand the team, its desired outcomes

‘""““col la boratlonwomr‘»“é'e

ot Sensor voly
The external survey conducted by AAASaNEe2020 - e quTlem forestsgreat £ & P
had 42 questions for faculty INSPIRES team mem| “““‘?7?’5(:rgguon abo raE!Qt NS/8™,
q y ®@her Qctemw ’ %g ézﬁmg B =

covering participant background, project imple

mentation,

research collaborations,

research pr e <

eam Se20UEPULS
t * SUCCeSS @ PIO
“ai - woms ) crosscapamtv\e 2

approach

aanpid

solve 0

tem UNH

initial

24\
. . . . Jgh Q- < oners
ductivity, mentoring, professional developmen O 22 ) Sl
external stakeholder engagement, and anticipate ¢ AU, i@goaISB 55&'"535%.
- | vedge O O ® NS \pouma\ :
project impacts. The survey was completed by S oo

INSPIRES faculty for a response rate of 76% and €
representation across the three jurisdictions. Tt

- S

‘ 0/ (PrOCESSES @ cuetansble.
Q,_ vodynamlcs :

ey, ¥, departments
the computat ional jmpr
al evidence ke

aSR

vast majority of participants (#82%) hae a clear gigyre 2. 2 2 NR Ot 2 d2R o |
understanding of the project, its goals and prior#tiedefinition of success at the end of INSPIRES re
their involvement, and current project comeffort.

munication (Figur@3).
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B O X

L N
Photo3. Images from the INSPIRESTA#&m Meeting in Portsmouth, NH in December 2019. The meeting éd
talks and team interactive breakout sessioffhotos courtesy CRBF.

The primary limitation for INSPIRES project implementation team members was time constraints
(62.1%), followed by funding (34.5%) and access to critical infrastructure (10.3%). $nofiepnor
collaborations, thesurveyfindings indicated that a research collaboration network among members
of the project team already existed prior to INSPIRB&se preexisting connectionsoffer
opportunitiesto strengtren relationshipsaround sharednterestsand-long term goalsand thus,
mayenhancecoordinated effortsto achieve the goals of the INSPIRES project. In addition, responses
indicated that involvement in the INSPIRES project enabled-eamnber researchers to establish
connections (higer average number of connections compared to prior and currentiN8PIRES
networks and compared to established investigators). Insufficient time and high workload were
cited by approximately two thirds of the survey participants as the main reasordideyot pursue
professional development opportunities in the previous year, which the CLT will work to address in
the coming years of the project.

@ External stakeholder engagement

@ Improved research capacity &
infrastructure

Novel research

@ Supporting early-career scientists and
faculty

@ Regional collaboration

@ Leverage or seek new funding
opportunities

@ Development of curriculum

Figue2.t AS OKI NI 2F Lb{tLw9{ GSIY YSYdSNDa& &
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Have clear understanding of what the
project is trying to achieve in terms of
addressing scientific and technological ga

Have a clear understanding of project goals
and priorities

Have a clear understanding of how my
contribution fit into the project as a whole

Have a clear understanding of the extent of
my involvement in the project (e.g., effort,
time commitments, etc.)

The project communication tools that are
currently used are effective in providing
important information and updates about t
0 10 20 30 40 50 60 70
. Strongly Agree . Agree . Neither Agree Nor Disagree Disagree

80 90 100

[ X1 6.9%

Figure 3. Summary of 38 INSPIRES faculty from an external survey on project engagement ar

communication strategy.

INTELLECTUAL MERIT

l'a KAIKEAIKISR Ay (GKS LINRP2SO0GQa

51 (s dramfyO02 YS

resulted in a number of outcomes with high intellectual merit. This has included 9 submitted
proposals (4 to NSF), 4 proposals funded (2 from NSF), 3 publications, and 15 presentations. The
funded proposals have included a NSF InduSimyersityCollaborative Research Center Phase 3
proposal led by Pl Weiskittel, which will help to connect INSPIRES researchntatikegl forest

industry stakeholders. In addition, eaityareer Senior Personnel Simeonsgaard (University of

Maine) had a USDA ARRRant funded, and has developed and submitted (pending) a NSF Dynamics

of Integrated Sockznvironmental Systems (CNH2) proposal with ezalhger Senior Personnel

Foster (University of Vermont). Both proposals directly relate to INSPIRES Theme 3asftbeg

support model refinement for simulating and forecasting forest response to disturbance,
particularly defoliation by spruce budworm. University of Vermont Senior Personnel Classen and
Adair received a Gund Institute Catalyst award to develop metfmdsw cost and high frequency
guantification of soil nutrients in ecosystems undergoing rapid global change, which is directly
related to INSPIRES Theme 1 and 2 activities. Future proposals are currently in development by
several team members, includidgdzd YA daA2ya (2 b{cCcQa tflGF2N¥a 1
(PAWR), Convergence AcceleratorA@cel), and Signals in the Soil (SitS) as well as planned
ddzoYA&daaAz2ya (G2 2AtREAFS /2yasSNBFiAz2zy { SNBAOSQa
Natural Climate Solutions Accelerator Grant Program, and USDA AFRI. These efforts will help to

leverage and strengthen current INSPIRES activities and collaborations.
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In terms of publications and presentations, significant INSPIRES outcomes have beerdaohieve
the first 9 months of the project. This has included three pemsiewed publications from the
University of New Hampshire with &3 Ollinger working with a graduate student and various early
career faculty to finalize several analyses related to &®ments of INSPIRES such as remote
sensing, carbon cycling monitoring, and ecosystem modeling. The publications werdier {mger
reviewed journalsGlobal Change Biolodimpact Factor = 8.88Remote Sensinimpact Factor =
4.11), andEcosystemfimpact Factor = 4.55). The University of Maine also published an article in
Remote Sensinfmpact Factor = 4.11) with two eaitareer faculty as articles leads. Finally, the
University of Vermont has a forthcoming publication in thanadian Journal of Fest Research
(Impact Factor = 1.81), which will help guide ongoing INSPIRES efforts. Future publications have
been discussed at both INSPIRES theme atelaali meetings, which will be an important focus in
Years 2 and 3 of the project. Presentations wgieen at a range of events including national
conferences, invited seminars, and local meetings. A number of the presentations (11) were given
by INSPIRES paftctorate fellows and earlgareer faculty. These were at national conferences like
the America Geophysical Union Fall Meeting and Information Theory and Application (ITA20) as
gStt a 201t S@gSyita tA1S alAySQa C2NBad /tAYl
Tribal Economic Conference, and the Forest Ecosystem Monitoring Cogpekatiual Meeting. As
noted in the AAAS baseline assessment, INSPIRES CLT has prioritized aiciageeafigculty by
encouraging and supporting their participation in national conferences, which is reflected in the
number of presentations in Year 1tbie project. This support will remain a priority in future years

of the project.

Overall, these early intellectual merit outcomes highlight the level and strength of current
collaborations within INSPIRES. Like the submitted NSF CNH2 proposal, empihesigine to

be placed on intejurisdictional outcomes, particularly publications. In addition, continued support
and professional development of eaidareer faculty members will remain a high priority.
Specifically, key synthesis products that assesgent state of knowledge and outline strategies for
future research will be prioritize in Years 2 and 3 of the project.

BROADER IMPACTS

l'a 2dzift AYSR Ay (GKS LINRP2SO0Qa A YLI(seerAppendices® 2y LI
3), broader impactsad effective engagement with stakeholders is a high priority for INSPIRES.

In Year 1, particular focus was placed on connecting INSPIRES research with relevant regional
stakeholders including forest managers from a variety of agencies (e.g., federa),rsiaqerofit,

private), technological companies, and middle as well as high school teachers. These impacts are
highlighted in the findings from the external INSPIRES faculty survey as the majority of respondents
(69-76%) felt that INSPIRES would signitigainfluence both local and regional forest policies as

well as benefit GA2 students. In Year 1, many themes have already engaged with a broad array of
local, regional, and national stakeholders (FigB¢. These interactions include input on sensor
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ted States Forest Service (USFS Associated Theme 3

Dartmouth College Woodlands
Figure 4. Network analysis of INSPIRES research theme connections to external stakeholders b
faculty respondents.

monitoring needs and site selection, gaining access to key data or study locations, deploying key
G§SOKy2ft238% YR dzyRSNEGFYRAY3I OdzNNByid {¢9a Odz
representation and modeling impacts Theme 4, with initial usstcons showing real promise of
collaboration with the Wabanaki Youth Science Programs (WaYS). Early career researcher Sam Roy
is building on preexisting connections to The Nature Conservancy and The Maine Municipal
Association while also working diregtlon economic development opportunities provided by the
Northern Borders Regional Commission

Broader impacts related to INSPIRES have included a meeting of Themes 2 and 3 Pls from University
of Vermont with collaborators from Appalachian Mountain Club (AMUSDA Forest Service
Northern Research Station, and Forest Ecosystem Monitoring Cooperative to discuss leveraging
multi-temporal satellite, inventory, climate, and pollution data to document regional spfuce
dynamics (December 17, 2019). This colfabion included extended partnerships and discussions

with Vermont Forests, Parks and Recreation, the USDA Forest Service Northern Research Station,
and Dartmouth College Woodlands to secure access to research sites for sensor deployment,
generate input orkey research questions, and develop collaborative relationships around the main
INSPIRES themes to serve future years of the project. Collaboration with AMC has helped raise the
profile of the Maine Woods Initiative (MWI), a relatively new, yet spatedtgnsive, land base that
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is partially a Maine Ecological Reserve and partly sustainably managed for timber harvest and
restoration following earlier harvests. Finally, INSPIRES L 5 Qledvalfigictour for foresters

from Vermont Forests, Parks anddreation and managers from Dartmouth College Woodlands of

'y Lb{tLw9{ SE(GSyaArdS aSyaz2N) arAdS G 5 NI Y2dzik
26, 2019. Foresters were introduced to the application of soil moisture and deadwood sensor arrays

to document climate change impacts on fuel moisture dynamics and forest microenvironmental
conditions Photo 4.

As outlined in the INSPIRES evaluation plan, annual stakeholder surveys will assess the nature and
outcomes of these partnerships (e.g.-c®ation and/or utilization of research products) as well as
GKS SEGSYyG 2F FtA3IyYSyid 2F LINR2SOG 3I21ta 6AGK
assess which stakeholder partnerships are most successful in terms of producing strategicatalue th
extends beyond the project. Given the importance of the forests to the region, this effective
engagement of key stakeholders and focus on project broader impacts will meamiaigh priority

for INSPIRES.

Photo4 CASt R (2dzNJ 2F 'y Lb{tLw9{ SEGSyar@dsS aSy aledn
INSPIRES@L 5Q! YI (2 FyR F2NB&AGSNE FTNRY xSN¥2y{d C2NI
College Woodlands on September 26, 2019K(2 1 2 O2 dzNlipae ! & 5Q! YI {2
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FUTURE PLANS

Although the current global pandamhas created significant unforeseen and difficult to manage

challenges for the INSPIRES project, the team remains engaged and has continued to make

significant strides as outlined in this Year 1 Progress Report. A quartadgrallmeetingheld on

April 17, 2019was very well attended with lots of project updates and general discussion, which
have been highlighted in this report. Despite some setbacks and significant challenges, the project
remains largely on track and various next steps have been degitified by each of the research
themes.

Year 2 will continue to build off of the current momentum from Year 1 and work to capitalize on the
LINEP2S0GQa RSGIFAfSR AYLIX SYSyGlraAazy LXIyd YSe
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Continuation of reglar CLT and research theme meetings with quarteriyealin meetings

and an annual project retreat scheduled for December 2020

Develop additional survey instruments to collect data from other project constituencies
(e.g., undergraduate students and extatrstakeholders)

Implement annual surveys of the INSPIRES team and assess project progress

Conduct a formative strategic assessment site visit by a team of external experts organized
08 GKS LINR2SOGQa SEGSNYyLt Sg@Itdz G2NJ

C2NXY | YR AYLX SYSyrinal Adisdry Bk EEAR),(aQHTisdEonaS
Institutional Advisory Board (IAB), and two project committees, namely Collaborative
Research Committee (CRC) and Mentoring, Education, & Engagement (MEE) Committee
Develop and regularly update project soagiadia and communication materials such as a
regular enewsletter for project participants and external stakeholders

Reassess key project materials such as the governance agreement, project implementation
plan, and project acronym/jargon dictionary

Organze and conduct an INSPIRES field trip to visit a research site, build team relations, and
continue refinement of research objectives

Continue project team recruitment with focus on undergraduate and graduate students,
postdoctorate fellows, and earlgareer faculty members

Conduct key stakeholder outreach events such as teacher workshops, site visits, and
technical sessions

Organize and conduct a short graduate student training session on a key project focal area
that helps to build collaborations acrodsetmes and jurisdictions

Refine mentoring and student participation guidelines based on solicited feedback from
project participants

Develop a project mentoring strategy for early career faculty

Determine and implement individual develop plans for projeattigipants
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SIGNIFICANT PROBLEMS

Since March 2020, a significant challenge and ongoing struggle for the INSPIRES team is the current
global pandemic caused by COMM This has caused numerous challenges for INSPIRES efforts,
including heightened workloatesulting from the need to shifll university courses to an online
format, imposed travel restrictions, rapid changes in university hiring as well as spending policies,
significant challenges to faculty homeork equilibrium resulting from Kl2 schoolclosures
communication challenges among and across themes that have become more challenging under
guarantine conditions, and high uncertainty for future planning given the rather dynamic nature of
the situation. This has dramatically shifted planned pties, particularly for the summer field
season, and has reduced time available for research activities and reporting due to challenges with
balancing professional (e.g., sudden transition to virtual teaching) and personal (e.g., care of ill
family, schoolnd daycare closures) requirements, as well as impacts related to stress from current
economic and political fractures. For colleagues with children at home/out of school, QOVH3
already had an effect on productivity in terms of publications anceotimetrics, particularly for
women scientists (e.g.https://www.insidehighered.com/news/2020/04/21/earljournalsubmission
datasuggestcovid-19-tankingwomensresearchproductivity).

In addition, universities in Maine, New Hampshire, and Vermont have taken different policies to
travel, spending, and campus (e.g., not allowed to work on campus or in labsjiestibut the
constraining effects have nearly been the same across the three jurisdictions involved with INSPIRES.
Overall, this situation has greatly limited access to university resources such as labs, computational
resources, and other critical infsiructure needed for the INSPIRES project, which have significantly
delayed planned research activities for the spring and summer. Also, spending and hiring restrictions
imposed by the universities have limited project expenditures, particularly with ctdpetravel

and necessary equipment purchases. It is still unclear when these policies will be lifted, which makes
current contingency planning efforts quite challenging.

The current situation is highly unprecedented and a significant challenge for ifjecp yet
progress continues to be made and INSPIRES team members have adapted. Virtual meetings
continue to take the place of iperson ones, while recruitment efforts for INSPIRES undergraduate
and graduate students are ongoing. Team members contioueake progress working at home. A
variety of contingency plans are being developed and kelp to be responsive to changing
guidance for the planned summer field season. This has included modified travel plans, shifting focus
of activities to the fall 62020, and delaying planned activities for Year 1 to summer of 2021. This
primarily affects Theme 1 where priority is shifting to sensor development rather than deployment,
while Themes 2 and 3 will now work to inform sensor deployment opportunitieslditi@an, Theme

4 has shifted irperson teacher interviews planned for this spring to the fall. Efforts will continue to

be made to increase project communication and coordination across teams as well as jurisdictions
and maintain high flexibility for plama activities.
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At the University of Maine, the computational infrastructure and support is currently being
strategically assessed by an external review committee. This has created significant disruptions to
the level of availability and support for the cputational infrastructure that will be eventually
needed by this project. Thatuation should be resolved by the early fall and may require using more

of the computational infrastructure at University of New Hampshire and University of Vermont.
Nevertheless, the existing and new collaborations established and the general governance and
planning structure developed by INSPIRES over the first nine months have created a research culture
and infrastructure that will ensure project success, despite these uegeted changes in work

and personal situations.

NOVEL OPPORTUNITIES

As noted in the external assessment survey, INSPIRES team members are have begun to explore
novel outreach opportunities presented by the project, with average engagement of 1 to 5 key
stakeholders currently. Of particular note being explored by the CLT is forming a partnership with
Planetary Emissions Management Inbttgs://pemcarbon.com), who are pursuing new and
emerging technologies for higtrecision determination of 14CO2 in a portable analyzer. This high
frequency and high precision data fICQ are required to track, analyze, manage, and monetize

fossil fuel derived COn the biosphere. This potential partnership was explored aRnetary
9YAadaAzya alyl3aSySyid LyOo»Qa /9h3xX C2dzy RSN | yR
Weiskittel after seeing a press release on the project. Pl Weiskittel and the CLT have had additional
follow-up conversations with Planetary Emissions Managemgr®kb Qa &GS+ Y® hy S LJ2:
O2dzLX S tflySGINE 9YA&daAz2ya alyl3aSYSyd LyOo»Qa O
Lb{tLw9{ ¢KSYS m G (GKS AyiSyaia@dsS FAStRINaA(dSa
sensor is a unique, high grision instrument that would leverage INSPIRES efforts and provide novel
research opportunities as an-kind contribution. The potential benefits of this partnership continue

to be explored and assessed, particularly in light of the current uncertairynar the planned

summer 2020 field season. Regardless, the ongoing discussions with Planetary Emissions
Management Inc. have been productive, insightful, and highlight novel opportunities for INSPRIES
despite the early stages of the project.

Anotheropportlzy A 1& AY RSOSt2LIYSyd A& €t SOSNI3IAYy3I Lb{t
tL 2SAa1A00St OdNNByidte 20SNASSAa |YyR RANBOGaA
which is an industruniversity collaborative research center (IUCRC) iegfan its Syear Phase 3

in December 2019. This IUCRC involves 6 other universities nationwide involving over 200 unique
forest industry members, which provides an ideal window into forest industry research needs,
particularly in New England with stronggienal representation in CAFS. For example, current
remote sensing research being conducted by INSPIRES Theme 2 will be presented at the annual CAF
Industry Advisory Board meeting in June, which should help extend that research to other regions
and build aditional collaborations that will ultimately help benefit that effort.
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Finally, a key INSPIRES Senior Personnel member, Sarah Nelson, has taken a new role as Science
Director at the Appalachian Mountain Club (AMC), which is an important conservatiomNNEW i

England that manages nearly 30,000 acres of forest in the region. This novel partnership has allowed
INSPIRES to connect with other important conservation NGOs in the region as well as consider
LR GSYOaAlrf NB&SFNODK &N fiosisiBpawhictkcbvars d r&t@QuNigua S ! a
ecological gradient in Maine. The medtate team working on the Wildlife Conservation Society
proposal are likely to continue working on the changing winters theme. There are opportunities in
Maine and beyond tdink with kM H O dzZNNA Odzf + = Ay Of dzZRAYy I O2yy SO A
education team, which has an active climate change curriculum.

CHANGES IN STRATEGY

As outlined above, the ongoing global pandemic caused by CT®Has significantly disrupted
planred activities and timelines for INSPIRES. Although thettong impacts of this pandemic
remain uncertain, the CLT and research themes continue to maintain open dialogs and have outlined
a variety of contingency plans. This will likely remain the cas¢htoforeseeable future as the
pandemic continues evolve and alter the situation. The CLT has also maintained an open dialog with
the external evaluator (AAAS) and modified timelines accordingly. This has led to the delay of the
planned summer external gitvisit, which will now likely occur in the late fall or early winter of 2020
depending on future travel restrictions and policies.

At the April 17, 2020, INSPIRESeim meeting COVHD9 was openly discussed and many team
members shared their effortsotremain highly engaged with project activities, but also expressed
uncertainty about actual implications on their role and potential contributions. The CLT along with
research theme leads will continue to monitor the situation closely, stay availableeapdnsive to

team member concerns, and remain highly adaptable. Although the pandemic will not likely alter
longterm intended project activity and desired outcomes, it will definitely delay and modify Year 1
and 2 timelines in an unplanned and diffictdtpredict manner.
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EVALUATION

OVERVIEW

The American Association for the Advancement of Science (AAAS) Research Competitiveness
Program (RCP) serves as the external evaluator for the INSPIRES project. The AAAS RCP uses a hybric
approach that combines datdriven evaluation with peeto-peer strategic assessment and
guidance taprovide the project with information to monitor progress toward goals and objectives,
assess the effectiveness of implementing project activities, and provide an external pers@ectiv
actionable guidance to maximize impacts.

In Year 1 of the project, AAAS RCP worked with the INSPIRES project leadership to design and launch
a comprehensive evaluation plan and logic model, introduced the evaluation strategy to project
participants n the first Alteam Meeting held in December 2019, and collected and analyzed data

to establish a baseline for measuring project progress and impacts (see pagésoithe Project
Implementation Plan). The formative strategic assessment site visit g@dbfam May 2020 has been
postponed due to the COWI® pandemic.

Informed by the project logic model, the evaluation plan outlined specific evaluation questions, the
indicators to be tracked for each group of project participants, and approaches to détatiom,
analysis, reporting, andissemination (Appendi®). Two survey instruments were developed to
collect baseline information about project participants (faculty and-femulty researchers, as well

as graduate students), which will be used asfarence against which to measure progress over the
course of the project. The surveys were launched in January 2020. The data collected include
demographics, prior and current collaborations, research productivity, and participant perceptions
about projectN2 f S& YR AYLX SYSY(dlFdA2yod ¢KS 111 { w/t
summary of key findings was shared with the project leadership in March 2020 (Ap@&ndix

OUTCOMES

The INSPIRES Faculty and Researchers Baseline Survey data show a dieetstegomojwith
balanced representation in terms of gender, career stage, disciplines, and institutions across the
GKNBES LI NIGAOALI GAYy3 2dzNAARAOQUAZ2YyAad ¢KS RFEGE |
internal communication strategies were effiéve in promoting a common understanding of project
goals and priorities among participants and of how their contributions fit into the project. Among
the concerns expressed by survey participants were that time constraints and funding limitations
might dfect the feasibility of project implementation. These data indicatatbroject participants

may benefit from additional refinement of team goals, structured mentorship or training to support
development of feasible milestones and spiwject timelines and supporting early career faculty

as they seek external funding related to INSPIRE®Ig data from the survey, baseline reference
levels were established for different indicators of research productivity, including the number and
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quality of publicatios, as well as for indicators of mentoring and professional development
activities. These indicators supplement the data entered into the EPSCoR RR DatekOutcomes
Portal (F2 DOP). The baseline survey results also show that a collaboration netmvoriggroject
participants existed prior to INSPIRES.

Further, data from the baseline survey showed that a number of INSPIRES faculty and researchers
have engaged in projectlated collaborations or partnerships with several external stakeholder
groups fom federal and state government agencies, academia, industry, andprodib
organizations. The annual surveys will measure the benefits of leveraging existing networks, and
monitor access to new collaborations, information, and resources to determinextest to which

the INSPIRES project has leveraged and expanded existing relationships to develop new capacity.

NEXT STEPS

During the remainder of Year 1 and into Year 2, additional survey instruments will be developed to
collect data from other project anstituencies (e.g., undergraduate students and external
stakeholders). The evaluator will also implement the annual surveys, develop analytical reports to
inform project implementation, and design a database that integrates annual survey data across
different years for each project participant group. The formative strategic assessment site visit is
tentatively rescheduled for December 2020. To prepare for the site visit, the AAAS RCP strategic
assessment lead will collaborate with the project leadershigeatect and recruit three external
experts to serve on the peer review panel, outline the specific assessment goals in a charge to the
Panel, and draft a detailed site visit agenda, and orient the AAAS experts to the site visit and
assessment process.
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EXPENDITURES AND UN@ATED FUNDS

YEAR 1 FINANCIAL LA

Although Year 1 of the project has been busy and has resulted in many successes, impacts of the
COVIEL9 epidemic caused us to shift effort in some places and reduce activities in others. As a

result, spending of Year 1 funds was reduced to 78% of planned expenditures. Details and a plan
for the future are outlined below.

Funding for the first two years of this awarfl/1/2019-7/31/2021) was officially received and
capable of being spent at the Unigity of Maine in mieSeptember 2019, while the subawards with
University of New Hampshire and University of Vermont were established by November and
December 2019, respectively. Within two weeks of receiving the funds, the PI &Pid gathered

for a plaaning meeting; key outcomes from that meeting include a shared management structure,
development of crosstate and crossliscipline research teams (research themes), coordination of
recruitment and hiring efforts, and drafting of core documents for teamvegnance and
communication. In addition, a strategic project implementation plan was developed and is a primary
outcome from Year 1. Our Year 1 efforts primarily focused on recruitment of staff, graduate students
and postdoctoral researchers, team builgjrdefining core research objectives, and the selection of
extensive as well as intensive research sites.

Total expenditures for Year 1 were $1,164,057.92 or 77.6% of the total allocation, which is below
the 80% threshold (Tabl@). Personnel costs andition comprised the majority of the propas
budget. Recruitment efforts thatiunched in the fall were not successful in some cases until late
spring andthen delayedfurther by hiring freezesesulting from complications causéy the global
coronavirugpandemic. Recruitment of graduate students was also complicated by the timing of the
award start date, which occurred after the beginning of the academic y&arever, as oAugust

2020, all planned hireare nowcomplete.

In-person quarterly alteam meetingswere held in2019 (September & December), angre held
virtually in 2020 (April & July), which significantly reduced travel expenditor¥ear 1 Although

the multi-disciplinary, crosgurisdictional research theme working groups have been gadeve,

state and institutional restrictions related to the coronavirus forced us to curtail much of the field
work planned for the 2020 summer season. We have been able to conduct some work at local field
sites and existing personnel have been able tdt sffort towards modeling and dateelated
activities, but the overall effect has caused an additional reduction in Year 1 expenditures.
Furthermore, safety issues around the pandemic causealldeam field tourplannedfor early June

to be delayed indénitely, andthe Year 1 external evaluator team site vigitginally scheduled for
June 2020has had to be postponedwWe initially reschedul@ the external site visit to occur
concurrently with a planne®ecember alteam inperson retreat, but at the the of this reporting
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Expenditures and Unobligated Funds

it seemdlikelythat any such meetings will need be virtual due to the ongoing pandemic. Despite
these challenges and high untanty caused by the pandemic, the Yeaarinualprogressreport

to NSF was filed on May 8020 whichhighlighsthe LINB 2 rBa@yiatcamplishmesias well asts
forward trajectory.

Several graduate students, pesbcs, and professional staff assumed their positidnsing the
summer of 2020Consequently, we propose to distribute the Year 1 surfgusupport additonal
research personnel (Table Lih Year 2 The University of New Hampshire plans to add partial
support for an additional PhD student and postdoctoral researcher who will focus on data
assimilation, modeling, and tree physiology measuretae®therplanneduses for the surplus
include increased support for opeatcess peereviewed publications, support to develop data
portals for this project, and website design. Additionally, adjustmemésbeing maddor travel,
supplies, ad other budgt categories to complete the interrupted field work seas®he University

of Maine plansto use surplus fund$o provide additional support for more research faculty
members, an additional graduate student, and iresed funding for field work, as welk &or
stakeholder meetings and workshopgsalogously, due to the lockdown of state and regional travel
resulting from the pandemicyear 1 funds planned for the external evaluator team site liepite
been been reallocatedto Year 2. The University of \feont plans to distribute surplugo
supplementfaculty salary, add a posioctoral associate, increase support for graduate students,
and provide additional support for research supplies and communication.

Table 9. Total project spending and allocation Year 1 by university and overall by specific NSF budget
categories.

ltem \ Spent | Allocated |  Variance | % Variance

University of Maine (Project Lead)

Salary $163,602.66 $185,083.00 $21,480.34 88.39%

Fringe Benefits $46,799.12 $34,359.00 $12,44012 136.21%

Travel $15,813.54 $11,000.00 $4,813.54 143.76%

Materials and $11,441.30 $12,502.00 $1,060.70 91.52%

Supplies

Professional Services $56,130.00 $70,498.00 $14,368.00 79.62%

Computer Services $- $5,000.00 $5,000.00 0.00%

Other costs $9,140.00 $27,206.00 $18,066.00 33.60%

Indirect $135,206.24 $175,006.00 $39,799.76 77.26%

Total $438,132.86 $529,129.00 $90,996.14 82.80%
University of New Hampshire

Salary $156,920.09 $217,915.00 $60,994.91 7201%

Fringe Benefits $43,523.39 $50,807.00 $7,283.61 85.66%

Travel $747.91 $13,050.00 $12,302.09 5.73%

Materials and $7,215.54 $11,077.00 $3,861.46 65.14%

Supplies

Professional Serviceg $ $ $ 0.00%
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Item Spent Allocated Variance % Variance
Computer Services $- $2,200.00 $2,200.00 0.00%
Other costs $6,381.00 $33,309.00 $26,928.00 19.16%
Indirect $105,245.50 $149,000.00 $43,754.50 70.63%
Total $320,033.43 $477,358.00 $157,324.57 67.04%

University of Vermont
Salary $182,116.91, $208879.00 $26,762.09 87.00%
Fringe Benefits $66,377.05 $71,829.00 $5,451.95 92.00%
Travel $14,039.17 $16,000.00 $1,960.83 88.00%
Materials and $7,808.16 $8,542.00 $733.84 91.00%
Supplies
Professional Services $ $ $ 0.00%
Computer Services $- $4,060.00 $4,060.00 0.00%
Other costs $ $33,280.00 $33,280.00 0.00%
Indirect $135,550.34 $156,309.00 $20,758.66 87.00%
Total $405,891.63 $493,426.00 $87,534.37 82.00%
Overall Project
Salary $502,639.66 $611,877.00 $109,237.34 82.15%
Fringe Benefits $156,699.56 $156,995.00 $25,175.68 99.81%
Travel $30,600.62 $40,050.00 $19,076.46 76.41%
Materials and $26,465.00 $32,121.00 $5,656.00 82.39%
Supplies
Professional Services $56,130.00 $70,498.00 $14,368.00 79.62%
Computer Services $ $11,260.00 $11,260.00 0.00%
Other costs $15,521.00 $93,795.00 $78,274.00 16.55%
Indirect $376,002.08 $480,315.00 $104,312.92 78.28%
Total $1,164,057.92 $1,499,913.0Q $335,855.08 77.61%
Tablel0. Proposed reallocation of Year 1 projects funds by university and the overall project.
Item UM UNH UVM Total
Salary $33,978.76 $77,140.02 $39,275.23 $150,394.01
Fringe Benefits $9,719.74 $21,395.57 $14,31484 $45,430.16
Travel $3,284.33 $367.66 $3,027.68 $6,679.67
Materials and $2,376.25 $3,547.07 $1,683.90 $7,607.23
Supplies
Professional $11,657.68 $- $ $11,657.68
Services
Computer $ $- $- $-
Services
Other costs $1,898.29 $3,136.82 $- $5,035.12
Indirect $28,081.08 $51,737.42 $29,232.71 $109,051.21]
Total $90,996.14 $157,324.57, $87,534.37 $335,855.08
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Appendix 1: Products

APPENDICES

1. PRODUCTS

Journal or Juried Conference Papers (§ublished; 1in press; and 3under review)

Ganesh, M.V., Corso, J.J., and Sekeh, S.Y. (2020) MINT: Deep network compression via mutual
information-based neuron trimmindattps://arxiv.org/pdf/2003.08472.pdf Submitted.

Hastings, J.H. and Ollinger, S.V., Ouimette, A.P., Sabdbftett, R.W., Palace, M.J., Ducey, M.B.,
Sullivan, F.A., Basler, D., & Orwig, D. (2020). Tree species traits determine the success- of LIDAR
based crown mapping in a mixed temperate forddemote Sensing, 12: 309.

Legaard, K., E. Simehegaard & A. Weiskittel. (2020). Mudifbjective optimization of support
vector machines reduces systematic error in moderate resolution maps of tree species abundance.
Remote Sensing 12: 1739.

Ouimette, AP., Ollinger, S.V., Lepine, L.C., Stephens, R.B., Rowe, R.J., Vadeboncoeur, M.A., Tumber
Davila, S.J., & Hobbie, E.A. (2019). Accounting for carbon flux to mycorrhizal fungi may resolve
discrepancies in forest carbon budgets. Ecosystddi329840. 10.100/510021:019-004403

Roy, S.G., Daignault, A., Zydlewski, J., Truhlar, A., Smith, S.M., Jain, S., & Hart, D. (2020). Coordinated
river infrastructure decisions enhance so@ablogical resilience. Environmental Research Letters.
Under review.

{ I Y RS NH,R5 Suinetie, A.P., Lepine, L.C., Fogarty, S.Z., Burakowski, E.A., Contosta, A.R., &
ht t AYASNE {d+xd OoHAMPpOLP 5ABSNHSYyd OIFNbz2y OeO0OfS
temperate ecosystems to record winter warming. Global Change Biology, -1185%
10.1111/gch.14850.

SimonsLegaard, E., Legaard, K., & Weiskittel, A. (2020). Landscape dynamics and the shifting state
of the northern Acadian Forest. Landscape Ecology. Under Review

Woodall, C.W., Evans, D.M., Fraver, S., Green, M.B., Lutz, D'/Amé&to, A.W. (2020). Ret@ine
monitoring of dead wood moisture in forests: Lessons learned from an intensive case study.
Canadian Journal of Forest Research. In press.

Conference Presentation/Papsr(17)

Byerssmall, E., Millay, L., Peterson, FKM¢ S.R., Pandiscio, E., Rockwell, H., Stetzer, M., Zoellick,
B. (2019)Recruiting, preparing, and retaining STEM teachers in rurakitegt schools: Developing

a model of support for new teachers through an NSF Fellowship Program. Associationrfoe Scie
Teacher Education Annual Conference. Burlington, VT.

D'Amato, A. (2019 cdesigning forestry studies to address adaptation science needs. Forest
Ecosystem Monitoring Cooperative Annual Meeting. Burlington, VT.
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D'Amato, A. (2020New England adaptivsilviculture for climate change: Dartmouth's Second
College Grant. Society for the Protection of New Hampshire's Forests Meeting.

Foster, J. (2019Monitoring trends in forest composition and productivity from space, field data,
landscape models. Adapé\Silviculture for Climate Change Annual Meeting.

Foster, J. (2019)Mnexpected expansion of montane tree species under climate change: The puzzling
case of red spruce in the eastern US. Departmental Seminar: Department of Biology, Bryn Mawr
College.

Foste, J. (2020)Unexpected expansion of montane tree species under climate change: The puzzling
case of red spruce in the eastern US. Departmental Seminar: School of Environmental and Biological
Sciences, Rutgers University

Hahmann, Torsten (2019ntegration of symbolic and statistical Al for environmental informatics.
Department of Computer Science faculty seminar, University of Maine.

Millay, L., McKay, S.R., Peterson, F., Lindsay, S., Nickerson, L., Toolin, RC¢a626j)ing middle

and high school techers with big data and quantitative reasoning in the context of New England
forests. Maine Environmental Education Association (MEEA) Annual Conference and Research
Symposium. Belfast, Maine.

Ollinger, S. (2020VUnderstanding the role of forests in th@ | NI K Q& Of. Clivhateidhd a & a i
forest management workshop, Society for the Protection of New Hampshire Forests.

Ouimette, A. (2019)Does diversity in species specific leaf traits and resource use promote stability
of forest ecosystem carbon and veatfluxes? American Geophysical Union Fall Meeting.

Roy, S. (2020).earning from dams: A multiniversity case study on training the next generation of
sustainability researchers. Maine Sustainability and Water Conference. Abstract accepted, meeting
postponed due to COVHDO.

Roy, S. (2020Rartnerships for resilient river infrastructure and ecology: Watershed coordination
of dam and culvert management decisions in Maine. Maine Sustainability and Water Conference.
Abstract accepted, meeting postponed dieeCOVIEL9.

SanderdDemott, R. (2019Asynchronous responses of carbon uptake and carbon loss to
antecedent winter conditions in northern temperate ecosystems. American Geophysical Union Fall
Meeting.

SimonsLegaard, E. (2019Flimate and Maine's cimging forest Maine Society of American
Foresters.

SimonsLegaard, E. (202Q¥limate and Maine's changing foresorest Climate Change Initiative's
Forest Science Stakeholder Workshop. Orono, ME.

SimonslLegaard, E. (202@rojecting Maine's future fast Wabanaki Summit. Orono, ME.
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Yasaei Sekeh, S. (20ZBificient Memoryusage Techniques in Deep Neural Netwotkfrmation
theory and Application (ITA20).

Other Publicationq1)

McKay, S., McCormick, K., Nickerson, L., Pandiscio, E., Petergbioblin, R. (2019\ortheast

integrated mathematics partnership to benefit all pr8Kearners. Report to University of Maine
Vice President of Research.

Website (1)

Maine ForEST (Forest Ecosystem Status and Trendshtfqgpl/forestapp.acg.maine.edu/
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EXECUTIVE SUMMARY

This document presents a comprehensive and strategic vision as well as outline for the National
Sclence Foundation’s RIl Track 2 FEC: Leveraging Intelligent Informatics and Smart Data for
Improved Understanding of Northern Forest Ccosystem Resiliency (INSPIRES). The document was
collaboratively conceived, drafted, and refined by our research team. This will be a living
document that will serve as a roadmap for project execution and management, but will also
provide each INSPIRES team member with a comprehensive summary of important project
information to help guide their work. This document will also serve as an overall orientation
package for our project’s advisory boards and other key external stakeholders identified in this
document. In particular, our project implementation plan will be used by research theme leads,
the INSPIRES Core Leadership Team, and our external evaluators to progress against our
initial motivating project goals and objectives. Finally, we hope this will provide a baseline,
structure, and overall framework for effective project reporting.

The organization and purpose of the document is to { assess our current

framework for the project and map a path forward that leverages existing synergies, available
resources, and the team’s expertise. We will regularly revisit this document and encourage
existing as well as new team members to do the same. Based on team input and consensus, we
have structured the document to provide specific project items like purpose, organizational
structure, evaluation, and key milestones, while allow the specific research themes to provide
necessary details on logic maps, SWOT analyses, stakeholder matrices, and research objective
maps.

We look forward to implementing and refining this current plan to help ensure the success and
Tuture sustainability of this effort, As always, inpul and leedback on Lhe plan are welcomed and
encouraged.

Sincerely,
NSPIRLS Core Leadership Teem

1 /

Lo L Yo—
Lean | { = /

Faa Yo ] Clp e
Aaron Weiskiliel, 3 Scolt Ollinger, Ce-PI Anthony D'Amato, Co-3|
University of Maine Ty ps hir zity of Vermant

NST INSPIRFS Implementation Plan
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PROJECT DESCRIPTION

NONTECHNICAL DESCRIPTION

INSPIRES Forests are an economically important and ecologically critical component of
W New England’s working landscape that provide numerous benefits to society.
New England’s forests are also highly dynamic and diverse due to a wide variety of complex
factors including changing i and natural di This project will
leverage unique expertise from the University of Maine, University of New Hampshire, and
University of Vermont to construct a digital to better assess, and forecast
this complex forest at a resolution relevant to scientists, land managers, and policymakers. This
will be Ik by i ing emerging monitoring, remote sensing, and
visualization technologies that will provide a more holistic and near real-time quantification of
the forest at broad spatial and temporal scales. In addition, increased educational and outreach
on forests and the necessary data needed to effectively manage them will be a key focus of the
project’s efforts. The project will include a broad array of disciplines including data science,
ecology, and engineering such as electrical, computer, and communications. The digital Big Data
framework developed from this effort would be applicable to other forested regions and
ecosystems. Most importantly, the effort will help support and sustain this unique forested
landscape, which many rural communities rely on for their livelihoods.

TECHNICAL DESCRIPTION

Forests in New England represent the Northern Forest ccotone, which is a complex assemblage
of transitional ecosystems that have a unique history of natural disturbance and human land use.
In recent decades, societal demands on these forests and the ecosystem services they provide
have continued to expand at a time when key stressors such as land use pressures, invasive pests,
and extreme abiotic events are significantly on the rise. Maintaining the value and integrity of
the Northern Forest for the communities that depend on them requires a better understanding
of how these stressors alfect this ecosystem and a new digilal [ramework for harnessing Big Data
to assess their influence under multiple scenarios of atternative future changes. To address these:
grand challenges, faculty from the state universities of Maine, New Hampshire, and Vermont are
collaborating on the development of a regional Complex Systerns Research Consortium that will
conduct analyses of forest ecosystem integrity and resilience from multiple scientific
perspectives.

Faculty and students will work across four integraled themes to develop a novel and flexible
Digital Forest framework for effectively harnessing Big Data to enhance our fundamental
understanding of Northern Forest ecosystems across multiple spatio-temporal scales.




Project Description

The four themes are:
(1) Advanced Sensing and Computing Technologies;
(2) Environmental Informatics and Analytics;
(3) Integrated Ecological Modeling; and
(4) Quantitative Reasoning in Context.

Project participants will explore how to integrate the traditional ecological knowledge (TEK) of
‘Wabanaki tribes and other available qualitative data with the primarily quantitative data typically
employed to analyze and model ecosystems. Importantly, the effort will link with ongoing
regional efforts to improve K-20 data literacy skills, while generating valuable new approaches
for supporting the natural resources—based economies and associated industries. The formation
of a regional forest ccosystems research consortium  will incarporate, extend, and sustain the
strengths of all three EPSCoR jurisdictions that leverages prior and ongoing efforts.

Project Overview

Big Data Science approach to integrating contrasting forest information, ownership,
management units, and underlying ecology into a “natural laboratory” that can be used to
support hypothesis formulation and testing across the various social-ecological dimensions that
comprise the highly complex NFR. Our Digital Forest framework and approach extends beyond
current methods for assessing and projecting forest conditions, which are generally hindered by
inefficient linkages between ecological models and driving dala, limited Nexibility to work across
spatial-temporal scales, gaps in spatial and temporal data coverage, and poor capacity for
quantifying and managing uncertainty, particularly with respect to belowground processes. Our
efforts address the following overarching science questions:

1. How are spatio-temporal variation and uncertainty in NFR forest extent, composition,
health, and productivity driven by: (a) climate; (b} land use; {c} forest management; (d)
regulatory policies; {e) invasive insects; {f) other biotic stressars like invasive plants;
and (g} natural disturbances?

2. How will these changes affect ecosystem integrity and key services related to: {a)
carbon storage/fiber ion; (b} habitat/biodiversity; and {c} water
energy regulation?
Our overarching h thesis is that novel Big Data iisition, i ion, and analysis will allow

us to address these questions in a way that informs how we approach challenges and
opporlunities related to the current and lulure integrity of forest ecosystemns. To address these
goals, the University of Maine System (UMS; [UM, USM, UMFK, UMPI]} has partnered with the
University of New Hampshire (UNH) and the University of Vermont (UVM) to advance our
fundamental knowledge regarding forest ecosystem resilience and productivity by taking a new
convergent approach to analyzing contrasting current and future ecosystem integrity values

, biodiversity, , and gy) jon across the three
jurisdictions will also build quantitative reasoning in context skills {QRC) for G6-12 students who
will contribute to and use the project’s research.

Our interdisciplinary effort is organized across four integrated themes that will contribute to an
innovative and flexible framework for Big Data across multipl, tio-t I scales
Carly career faculty will lead each theme, supported by senior mentars. Cach theme will include

researchers and/or students from all three jurisdictions, as well as personnel cross-over to ensure

and o problem solving. INSPIRES’ four integrated themes
are: (1) Advanced Sensing and Computing; (2) Environmental Informatics and Analytics; (3)
Integrated Ecological Modeling; and (4) QRC {Figure 1).

Apperdix 2: Project Implementation Plan

NSF INSPIRES Implementation Plan

PROJECT OVERVIEW

Maine (ME), New Hampshire (NH), and Vermant {VT) encompass major parts of
the complex and highly interconnected Northern Forest Region (NER), which

INSPIRES . s % o
L 9N has a long history of ecological integrity and service to rural communities. The

economies and identities of local communities strongly depend on the health
of these forests (>$15 billion in annual economic contributions and over 140,000 direct
employees), but the forest is increasingly threatened by complex and dynamically interacting
stressors.

For example, NFR has some of the highest densities of non-native forest pests in the US, linked
to changes in both climate and human behavior. In addition, NFR is a transitional ecotone;
changing climatic conditions create significant stress as most species are at either their northern
or southern limit. This stress has b even more evident as precipiLati s have become
more extreme and snowpack has become less continuous as well as more variable, which has
significant implications for trees as well as the larger ecosystem. Currently, temperatures in NFR
are warming much faster than other areas in the contiguous US, and should increase by 3°C by
2030 {alongside the 2°C rise globally). Consequently, our ability to understand and predict the
stressors and NFR response is challenged by this complex socio-ecological landscape and highly
dynamic regional variability.

One key dimension of NFR variability stems from the historical and current contrasting
management patterns across Federal, state, and private land ownership, which spans large
industrial forests to small, single-owner woodlots, along with tribal and conservation lands.

i and mixed patterns have resulted in

an inconsistent availability of critical forest data.

A second dimension of variability relates to the highly varied collection of forest-related
information that ranges from national-scale coverages, including remote sensing satellite images
and derived outputs (e.g., Landsat, Sentinel, MODIS), inventory plots, and other available
products like soils, topography, and land use/cover data to finer-scale regional and local
information, such as experimental forest, research woodlot, and citizen science data collections.
This patchy availability of ecological data is known to confound systematic assessment of other
ecosystems, particularly when elevation gradients are involved.

A third dimension of variability is the NFR’s position as a transitional ecosystem; for instance, the
region ranges from 43-47° latitude and 68-73° longitude, with an elevation gradient from sea-
level to elevations over 2500 m. In this project, we alm to harness the region’s complex landscape
| information diversity through the creation of a Digital Forest resource, which is our

NSF INSPIRES Imprlementuation Plan
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Figure 1. INSPIRFS Digical Ferest Resaarch and
Warkforce Developmen: Framework

The traditional ecological knowledge {TEK) of the Wabanaki Lribes will support each Lheme and
advance our ability to use Big Data to analyze and model ecosystems. In addition, machine
learning {ML) will help us to integrate and analyze Big Data across all themes of our Digital Forest
framework. For example, we will use multi-objective ML algorithms to identify alternative
wireless sensor network designs with efficient spatial coverage that minimize material use and
cost. Sensor data also inform our definition of the spatio-temporal semantics of different forest
places and events. Consequently, we will develop these semantics using the proven classification
and regression capacities of supervised ML algorithms. Semantic classifications and abstraction
trees are the basis for spatio-temporally explicit inverse parameterizations used to initialize the
integrated ecological models that estimate forest health and productivity. Further, these models
provide uncertainty estimates to help ensure future wireless sensor network designs will provide

suitable coverage and improved semantic classifications. These models of productivity and
quality can then be used in multi-objective ML algorithms to help decision makers identify
management practices that lead to efficient and desirable outcomes for the various ecosystem
integration metrics. Each theme relies on high-performance, cloud-based data processing and
storage.
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PROJECT INFORMATION
Project #: 1920908
Project Duration: 4 years
Project Dates: 8/1/19 to 7/31/23
Program Manager: Ann Stapleton

Project Citation: Weiskittel, A., Abedi, A., Beard-Tisdale, K., D’Amato, A,, Ollinger, S., Adair, k.,
Bagrow, J., Burakowski, E., Classen, A., Contosta, A., Ducey, M., Foster, J., Gunn, J,, Hahmann, T.,
Hayes, D., Simons-Legaard, t., Legaard, K., Lindsay, S., Martin, M., McGill, B., McKay, S., Millay, L.,
Nelson, P., Nelson, S,, Nittel, S., Nickerson, L., Peterson, F.,, Petrik, M., Rizzo, D., Ranco, D., Roy, S.,
Segee, B., Shulman, D., and Toolin, R. 2019. RIl Track-2 FLC: Leveraging Intelligent Informatics and
Smart Data for Improved Understanding of Northern Forest Ecosystem Resiliency {INSPIRES). NSF
EPSCoR Track 2. $6,000,000.

Project Logo: A K
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TR

Project Website: https://crsf.umaine.edu/inspires
Project Shared Communications: Slack Channel {to add new members use this link}
Collaborative Document/File Sharing: Project Box Folder

Resource Links for Team Members

Project Calendar

Project Team Roster

Project Governance Document
Project Annual Report Form
Project Qutcome Reporting Portal
Anonymous Feedback Form

+ o0 0 e

Project Ovganization

Research Institute. As outlined in the letter co-signed by university leaders from the three
jurisdictions, this institute will promote the sharing of expertise and best practices, facilitate co-
advising of graduate students, encourage collaborative proposals, and continuously identify
emergent long-term research topics of interest to the region.

Table 1. Key Faculty by INSPIRES Project Theme

Research
TH Personnel
1.Advanced | Theme Leads: Bundy” (UMA), Contosta® {UNH, F), Adair* (UVM, F); Senior
Sensing & Mentors: Abedi {UM), Segee (UM), Classen (UVM, F); Team Members:
Computing Lutz” (DC)

Theme Leads: P. Nelson* (UMFK), Hahmann* {UM), Petrik* (UNH); Senior

Emi;::\"':e':ml Mentors: Beard (UM, F}, Rizzo {UVIVL, F), Nittel (UM, F); Team Members:
W onmental | Ranco (UM), Legaard* (UM), McGill (UM, Roy* (UM) Martin (UNH, F),

Sekeh* (UM, F)

3.Integrated |  Theme Leads: Hayes* (UM), Foster* (UVM, F), Burakowski* (UNH, F);
Ecological | Senior Mentors: Weiskittel (UM) Ollinger (UNH), D'Amato {UVIVI) ; Team
Modeling Members: Simons-Legaard® (UM, F), Gunn* (UNH), Zhou {UNH)

4 Quantitative | o eads: Peterson® (UM F), Shulman® (UME); Senior Mentors:

R’;:;‘I’s"i':‘ McKay (UM, F) ; Toolin (UVM, F); Team Members: S. Nelson {UM, ),
Coittant Lindsay (UM, F}, Nickerson {UNH,F}, Millay (UM, F)

*=Junior Faculty; F = Female; UM = University of Maine; UNIA = University of Maine at Augusta; UMFK
= University of Maine at Fort Kent; UNH = University of New ire; LVM = Universi ermont.

In addition to faculty, each theme will include a joint post-doc, as well as graduate and
undergraduate students.
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PROJECT ORGANIZATION

The proposed research projects, which extend across the four integrated
themes, will be convergent in nature, engaging senior and early career faculty
from diverse fields (including education, electrical/computer engineering,
forestry, computer science, ecology, ecological modeling, statistics, remote
sensing, data science, and anthropology; Table 1). Each theme will be cross-jurisdictional with

carly career faculty leads, senior faculty mentors, and supporting members that include
postdoctoral researchers, graduate and undergraduate students, and staff. In addition to
collaborations with UNH and UVM, this project involves 4 of the 6 campuses that comprise UMS.
The inclusion of these smaller campuses is important to Maine’s research infrastructure, and will
help to mitigate the isolation that can impact early career faculty in rural areas and/or institutions
that primarily serve undergraduates. These smaller campuses also often function as a conduit to
remote areas and rural communities where faculty and citizens can interact with the results of
this project.

INSPIRES is structured to encourage the three jurisdictions to share best practices and address
potential deficiencies in a way that strengthens complex systems work in all three states and
creates greater strength overall in terms of research and education that is relevant for the region.
All jurisdictions have strengths that can be linked to the region’s natural resource base and rural
nature, while each jurisdiction brings key strengths to the project that will benefit the other
jurisdictions. UMS strengths include deep and historic relationships with the forest industry and
related organizations through an existing NSF I/UCRC led by PI Weiskittel, long-term forest
research sites, state-wide relationships with teachers through the Maine Center for Research in
STEM Education (RiSE}, work with in STEM student teachers through two
INCLUDES projects and other endeavors like the recent NRT in conservation science, expertise in
1£K and working with Native American communities, deep spatial informatics expertise (National
Center for Geographic Information and Analysis), and strong collaborations between scientists

and 4 H personnel for STEM outreach. UNH strangths include both undergraduate and graduate
level Analytics and Data Science programs as well as an existing Earth Systems Research Center
(ESRC) and a recently developed statewide terrestrial and aquatic sensor network (EPS-1101245).
UVM strengths include a Complex Systems Center with associated undergraduate: and graduate
level degrees in Complex Systams and Data Science, as well as expertise in developing sensor
networks and managing Big Data over time to examine complex socio-ecological questions, such
as the interactive effects of climate change and land use on the Lake Champlain basin, as a result
of past EPSCoR funding (OIA-1556770).

The complementary areas of strength across ME, NH, and VT, results of past EPSCoR investments,
and the proposed offorts in INSPIRES create an ideal foundation for a regional Complex Systems

lersiarling
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LEADERSHIP & GOVERNANCE

INSPIRES will benefit from a management structure that promotes effective leadership and
governance, intentional learning and evaluation, and research integration. Complex
organizations working across multiple disciplinary and institutional boundaries require a
management structure that allows for clear and diverse forms of leadership and builds learning,
evaluation, and information processes so the organization has a way Lo track its own progress
and adjust when needed. A multi-tiered ization will be with a Core Leadership
Team (CLT) consisting of EPSCoR representatives, Co-Pls, and at least one leader from each
theme, which will encourage the senior faculty Lo mentor a number of the junior faculty who are
the theme leads. The CLI will meet bi-weekly to evaluate progress, discuss barriers/
opportuni
the three j
to meet the research objectives, approaches, and outcomes. Although the CLT has a greater share
of oversight responsibility, this team will encourage diverse and shared leadership, with a focus
on enhancing the experiences of the early career faculty.

and implement changes. The CLT also will steward policies and procedures across

oversee funding ions, and revise plans across the teams as needed

Studies of organizations as complex systems have demonstrated the need to create an
organizational culture where people feel invested in taking on leadership roles and advancing
project goals together. A key element of this approach will be the development of an adaptive
governance agreement that everyone will contribute to and sign. This guidance document will
describe the shared principles and commitments of the project and st the expectations for
important norms related to codes of conduct, team decision making, collaborative writing,
conflict data sharing, and other i ductive capacities”. Theme Leaders,
supported by their Senior Mentors, will coordinate research teams, organize regular team
meetings, and i the CLT's Every Theme team will include
representation from each jurisdiction and will have at least two members from each of the other
themes to promote broader integration. Quarterly all-team meetings and one multi-day yearly
retreat will reinforce cross-theme and project team collaboration. Regular research seminars and
workshops will encourage interactions among all project participants. PI Weiskittel’s research
center {Center for Research on Sustainable Forests; CRSF) will provide technical assistance,
including support for travel planning/booking, grant writing, data sharing, video conferencing,
collaborative space, and online hosting.

INSPIRES CLT will work closely with an external evaluator (AAAS Research Competitiveness
Service (RCS)}, an External Advisory Board (EAB), and a Iri-lurisdictional Institutional Advisory
Board (1AB) Lo ensure high quality program delivery. The EAB will include expertise from a range
of disciplines and institutional contexts across jurisdictions and will: {1} help INSPIRES achieve its
research and education goals and outcomes; {2} assist INSPIRES in preparing for and responding

prved Undersisnding,
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