
 

 

 

INSPIRES Year 1 Annual Progress Report 
 

   
 

 

PI: Aaron Weiskittel, University of Maine 

Co-PIs: !ƴǘƘƻƴȅ 5Ω!ƳŀǘƻΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ±ŜǊƳƻƴǘ 

Ali Abedi, University of Maine 

Scott Ollinger, University of New Hampshire 

Mary-Kate Tisdale, University of Maine 

Date Submitted: May 5, 2020 

Revision Submitted: August 14, 2020 

                             

 

 

NSF Award 

#1920908 

Award Start Date 

August 1, 2019 

NSF RII Track 2 FEC: Leveraging Intelligent Informatics and Smart Data for 

Improved Understanding of Northern Forest Ecosystem Resiliency (INSPIRES) 

Smart Data for 

Resilient Forests 

August 1, 2019-July 31, 2020 



INSPIRES Year 1 Annual Progress Report 
 

i 
 

CONTENTS 

 

OVERVIEW ................................................................................................................................. 1 

Project Summary .............................................................................................................................. 1 

Key Accomplishments ....................................................................................................................... 2 

Project Background ........................................................................................................................... 3 

Research Approach ........................................................................................................................... 3 

Vision................................................................................................................................................. 4 

Mission .............................................................................................................................................. 4 

Goals ................................................................................................................................................. 4 

Project Organization ......................................................................................................................... 5 

Specific Roles for Participating Institutions ...................................................................................... 7 

RESEARCH PROGRAM ................................................................................................................ 8 

Overview ........................................................................................................................................... 8 

Theme 1. Advanced Sensing and Computing Technologies ............................................................. 9 

Overview........................................................................................................................................ 9 

Highlights ..................................................................................................................................... 10 

Team Members ........................................................................................................................... 11 

Research Milestones Progress .................................................................................................... 12 

Future Plans ................................................................................................................................. 13 

Theme 2. Environmental Informatics and Analytics ....................................................................... 14 

Overview...................................................................................................................................... 14 

Highlights ..................................................................................................................................... 14 

Team Members ........................................................................................................................... 15 

Research Milestones Progress .................................................................................................... 16 

Future Plans ................................................................................................................................. 19 

Theme 3. Integrated Ecological Modeling ...................................................................................... 20 

Overview...................................................................................................................................... 20 

Highlights ..................................................................................................................................... 21 

Team Members ........................................................................................................................... 21 



INSPIRES Year 1 Annual Progress Report 
 

ii 
 

Research Milestones Progress .................................................................................................... 22 

Future Plans ................................................................................................................................. 23 

Theme 4. Quantitative Reasoning in Context ................................................................................. 24 

Overview...................................................................................................................................... 24 

Highlights ..................................................................................................................................... 26 

Team Members ........................................................................................................................... 26 

Research Milestones Progress .................................................................................................... 27 

Future PLans ................................................................................................................................ 27 

PROJECT OUTCOMES ................................................................................................................28 

Theme Specific Outcomes .............................................................................................................. 29 

Theme 1 ....................................................................................................................................... 29 

Theme 2 ....................................................................................................................................... 32 

Theme 3 ....................................................................................................................................... 37 

Theme 4 ....................................................................................................................................... 41 

Jurisdictional Specific Outcomes .................................................................................................... 41 

Maine ........................................................................................................................................... 41 

New Hampshire ........................................................................................................................... 42 

Vermont....................................................................................................................................... 42 

BROADENING PARTICIPATION ..................................................................................................44 

Team Demographics ....................................................................................................................... 44 

Interjurisdictional Collaboration ..................................................................................................... 46 

Highlights ..................................................................................................................................... 46 

Development/Recruitment of Diverse Early Career Faculty .......................................................... 49 

Development/Recruitment of Diverse STUDENTS ......................................................................... 49 

Leadership and governance ............................................................................................................ 49 

PROGRESS ON PROGRAM ELEMENTS ........................................................................................51 

Collaborative Research Development ............................................................................................ 51 

Intellectual Merit ............................................................................................................................ 56 

Broader Impacts .............................................................................................................................. 57 

Future Plans .................................................................................................................................... 60 



INSPIRES Year 1 Annual Progress Report 
 

iii 
 

Significant Problems ....................................................................................................................... 61 

Novel Opportunities ....................................................................................................................... 62 

Changes in Strategy ........................................................................................................................ 63 

EVALUATION ............................................................................................................................64 

Overview ......................................................................................................................................... 64 

Outcomes ........................................................................................................................................ 64 

Next Steps ....................................................................................................................................... 65 

EXPENDITURES AND UNOBLIGATED FUNDS ...............................................................................66 

Year 1 Financial Plan ....................................................................................................................... 66 

APPENDICES .............................................................................................................................69 

1. Products ...................................................................................................................................... 69 

2. Project Implementation Plan ...................................................................................................... 72 

3. AAAS Detailed Project Baseline Report ...................................................................................... 89 

4. INSPIRES Authorship Agreement .............................................................................................. 113 

5. INSPIRES Student Responsibilities ............................................................................................ 120 

6. INSPIRES Mentoring Agreement ............................................................................................... 122 

7. INSPIRES Team Roster ............................................................................................................... 124 

 





Overview 
 

1 
 

OVERVIEW 

PROJECT SUMMARY 

The INSPIRES project 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 = 13), bolstered by 

undergraduate/graduate students (10) and professional staff (6). Although only in the early stages 

of the project, the team that has formed is diverse, has strong linkages across jurisdictions, and 

many of the faculty are early career (48%). The structure of the project is centered around four core 

research themes, namely: (1) Advanced Sensing and Computing Technologies; (2) Smart 

Environmental Informatics; (3) Integrated Ecological Modeling; and (4) Quantitative Reasoning Skills 

in Context. These themes, 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 implementation plan, 

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 interactions, provide access for shared files, and 

develop theme goals. This launch set in motion numerous virtual and in-person meetings regularly 

conducted by the Core Leadership Team (CLT), individual research themes led largely by early career 

scientists, and within jurisdictions. Quarterly all-team 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 collaborative research agendas, and 

outline key research milestones by project year. These milestones are essential to monitoring 

project progress. Likewise, regular intra-jurisdiction meetings across institutions are used to help 

build team relationships and identify key linkages 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 plan the team developed provides the necessary structure, governance, 

strategic assessment, and plans for research, communications, and evaluation. This implementation 

plan will be revisited biannually to ensure successful project progress, interjurisdictional 

collaboration, and stakeholder engagement. 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 matrices. This living 

document serves 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 research efforts initiated during Year 1, including applications of sensor 

technology to better characterize forest carbon dynamics in the region. This document will also 
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ǎŜǊǾŜ ŀǎ ŀƴ ƻǾŜǊŀƭƭ ƻǊƛŜƴǘŀǘƛƻƴ ǇŀŎƪŀƎŜ ŦƻǊ ƻǳǊ ǇǊƻƧŜŎǘΩǎ ŀŘǾƛǎƻǊȅ ōƻŀǊŘǎ ŀƴŘ ƻǘƘŜǊ ƪŜȅ ŜȄǘŜǊƴŀƭ 

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 restrictions (e.g. 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 

about the potential ƻŦ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ŜŦŦƻǊǘ ŀƴŘ ƛǘǎ ōǊƻŀŘŜǊ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ǊŜƎƛƻƴΩǎ ŦƻǊŜǎǘ-based 

economy. 

 

KEY ACCOMPLISHMENTS 

¶ INSPIRES website created and launched in partnership with the New England Sustainability 

Consortium (NEST) 

¶ Development and completion of project 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 for shared 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 of 2 Post-docs, 8 graduate students, and 3 undergraduate students 

across the three institutions 

¶ PI Weiskittel and Project Senior Personnel Burakowski and Contosta attended the 2019 

National EPSCoR Conference hosted by the University of South Carolina where they learned 

about project best practices as well as networked 

¶ Development of living document for project jargon and acronym dictionary 

¶ Engagement with wide range of regional stakeholders on project objectives and potential 

applications to regional forest conservation issues 

¶ Baseline survey of project participants completed and analyzed 

¶ New interjurisdictional collaborations initiated through INSPIRES led to new collaborative 

proposals for future work 
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PROJECT BACKGROUND 

Forests are an economically important and ecologically critical componenǘ ƻŦ bŜǿ 9ƴƎƭŀƴŘΩǎ 

ǿƻǊƪƛƴƎ ƭŀƴŘǎŎŀǇŜ ǘƘŀǘ ǇǊƻǾƛŘŜ ƴǳƳŜǊƻǳǎ ōŜƴŜŦƛǘǎ ǘƻ ǎƻŎƛŜǘȅΦ bŜǿ 9ƴƎƭŀƴŘΩǎ ŦƻǊŜǎǘǎ ŀǊŜ ŀƭǎƻ ƘƛƎƘƭȅ 

dynamic and diverse due to a wide variety of complex factors including changing environmental 

conditions, management regimes, and natural disturbances. 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 real-time quantification of the forest at broad spatial and temporal 

scales. In addition, increased education on using data to effectively model and manage forests is a 

ƪŜȅ ŦƻŎǳǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŜŦŦƻǊǘǎΦ  

INSPIRES includes 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. 

  

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 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, 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 

affect this ecosystem. 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 

Systems Research Consortium that will align with a prior NSF Track 2 team (New England 

Sustainability Consortium; NEST), which will help to facilitate analysis of forest ecosystem integrity 

and resilience from multiple scientific perspectives.  

At the same time, INSPIRES faculty and students across four research-integrated themes are working 

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 and under alternative scenarios of future environmental and management changes.  
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The four project research themes are: 

1. Advanced Sensing and Computing Technologies 

2. Environmental Informatics and Analytics 

3. Integrated Ecological Modeling 

4. Quantitative Reasoning in Context  

Our long-term goal is to extend this framework beyond the region, particularly to other ecosystems 

of high interest, including marine environments. INSPIRES will link with ongoing regional efforts to 

improve K-20 data literacy skills, while generating valuable new approaches for supporting the 

natural resourcesςbased economies and associated industries. Project participants plan to 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 Systems Research Consortium will incorporate, extend, and sustain the 

strengths of all three EPSCoR jurisdictions that leverages prior and ongoing efforts. 

VISION 

¢ƘŜ Ǿƛǎƛƻƴ ŦƻǊ ǘƘŜ Lb{tLw9{ ǇǊƻƎǊŀƳ ƛǎ ǘƻ ƘŀǊƴŜǎǎ ǘƘŜ bƻǊǘƘŜǊƴ CƻǊŜǎǘ wŜƎƛƻƴΩǎ ŎƻƳǇƭŜȄ ƭŀƴŘǎŎŀǇŜ 

and digital information diversity to support hypothesis formulation and testing across various social-

ecological dimensions. 

MISSION 

INSPIRES will develop a regional Complex Systems Research Consortium that facilitates analysis of 

ecosystem integrity and resilience 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 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.  

Lƴ ǘƘƛǎ ǇǊƻƧŜŎǘΣ ǿŜ ŀƛƳ ǘƻ ƘŀǊƴŜǎǎ ǘƘŜ ǊŜƎƛƻƴΩǎ ŎƻƳǇƭŜȄ ƭŀƴŘǎŎŀǇŜ ŀƴŘ ŘƛƎƛǘŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŘƛǾŜǊǎƛǘȅ 

through the creation of a Digital Forest resource, which is our Big Data Science approach to 

integrating contrasting forest information, ownership, management units, and underlying ecology 

ƛƴǘƻ ŀ άƴŀǘǳǊŀƭ ƭŀōƻǊŀǘƻǊȅέ ǘƘŀǘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǎǳǇǇƻǊǘ ƘȅǇƻǘƘŜǎƛǎ ŦƻǊƳǳƭŀǘƛƻƴ ŀƴŘ ǘŜǎǘƛƴƎ ŀŎǊƻǎǎ 

the various social-ecological dimensions that comprise the highly complex NFR.  
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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 data, limited flexibility 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 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 stressors like invasive plants; and (g) natural disturbances? 

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 acquisition, 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 Maine System (UMS; [UM, UMFK, UMA]) is 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 integrity values (fiber/carbon, biodiversity/habitat, and water/energy). Collaboration 

across the three jurisdictions will also build quantitative reasoning in context skills (QRC) for G6-12 

ǎǘǳŘŜƴǘǎ ǿƘƻ ǿƛƭƭ ŎƻƴǘǊƛōǳǘŜ ǘƻ ŀƴŘ ǳǎŜ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǊŜǎŜŀǊŎƘΦ  

 

PROJECT ORGANIZATION 

Our interdisciplinary effort is organized across four integrated themes (Table 1) that are essential 

to an innovative and flexible framework for harnessing Big Data across multiple spatio-temporal 

scales. Early career faculty lead each theme, supported by senior mentors. Each theme includes 

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

sustainability and convergent approaches to problem solving.  

Figure 1. INSPIRES Digital Forest Research and        

Workforce Development Framework 
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Table 1. INSPIRES Research Approach and Goals by Theme 

Research Approach Research Goals 

Theme 1. Advanced Sensing and 
Computing Technologies can 
contribute valuable Big Data that, 
when combined with smart 
environmental informatics, 
advances ecological models & our 
knowledge of the NFR ecosystem. 

Improve power and wireless spectrum efficiency for a large-scale 
network to enable a novel in-situ forest data collection and processing 
system that furthers our fundamental knowledge of advanced sensing 
and computing technologies, while reliably quantifying the spatial-
temporal variability of key forest ecosystem integrity metrics. Use ML 
for link quality improvement and efficient resource utilization in 
addition to data mining. 

Theme 2. Smart Environmental 
Informatics can help integrate 
remote sensing data, sensor data, 
and qualitative information (e.g., 
TEK) to better understand spatial- 
temporal variability of stressors. 
Semantically enriching data helps 
to identify future measurements 
to predict stress. 

Develop and test how a theoretical model can (1) quantify spatial & 
temporal variability & uncertainty and (2) incorporate qualitative & 
other nontraditional sources of ecological knowledge. Identify where 
additional sensing leads to greatest increases in data quality and 
model accuracy to improve the efficacy of sparse sensor networks. 
Build a smart data framework that leverages semantic knowledge to 
extract and characterize high-level places/events. Gain knowledge 
about how forest stressors vary across places and inform modeling by 
identifying where more granular models are beneficial. 

Theme 3. Integrated Ecological 
Models can quantify the impact 
of stressors on ecosystem 
integrity indicators & predict 
change across NFR when 
refined and driven by links to 
Themes 1 and 2. 

Integrating sensor data, remote sensing streams, and semantically 
enriched information from Themes 1 and 2 to better enhance as well 
as complete an inverse parameterization of regional ecological models 
for projecting forest ecosystem integrity and its uncertainty under an 
array of alternative futures that include variation in climate, land use, 
regulatory policies, and natural disturbance scenarios. 

Theme 4. Improving 
Quantitative Reasoning in 
Context will connect teachers 
and students to locally relevant 
research and datasets, 
broadening and deepening STEM 
engagement. 

(1) Develop/adapt materials for G6-12 that build QRC with 
opportunities to learn through data collection using sensors, asking & 
answering research questions about forests and the local 
environment & ecology using big data sets, and engaging in data 
visualization activities; (2) investigate the knowledge teachers need to 
support students in developing quantitative reasoning skills; (3) 
evaluate how students benefit from these opportunities. 

 

Currently, the focus is on outlining 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 multi-objective ML algorithms to identify alternative wireless 

sensor network designs with efficient spatial coverage that minimize material use and cost. Sensor 

data will 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 
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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. 

 

SPECIFIC ROLES FOR PARTICIPATING INSTITUTIONS 

The participating institutions are the University of Maine (lead), the University of New Hampshire 

(Co-PI) and the University of Vermont (Co-PI). The Core Leadership Team (CLT) is responsible for 

ŀŎƘƛŜǾƛƴƎ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǇǊƻviding guidance to team members (Table 2). It is composed 

of the PI and co-PIs, representing the lead institutions. The CLT meets every 2 weeks via 

videoconference to review research progress, develop team activities, and discuss issues relevant 

to project governance. For full transparency, CLT meetings are regularly scheduled and open to all 

team members. 

 

Table 2. Project Core Leadership Team (CLT)  

Name Role Affiliation Institution Jurisdiction 

Aaron Weiskittel PI 
Center for Research on 

Sustainable Forests 
University of Maine ME 

Ali Abedi Co-PI 
Department of Electrical 

and Computer Engineering 
University of Maine ME 

Kate Beard-Tisdale Co-PI 
School of Computing and 

Information Science 
University of Maine ME 

!ƴǘƘƻƴȅ 5Ω!Ƴŀǘƻ Co-PI 
Rubenstein School of 

Environment and Natural 
Resources 

University of Vermont VT 

Scott Ollinger Co-PI 
Earth Systems Research 

Center 
University of New 

Hampshire 
NH 
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RESEARCH PROGRAM 

OVERVIEW 

The overarching goal of the INSPIRES project is to integrate novel Big Data with ecological models 

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 spatial and temporal data coverage; (2) improve capacity for 

quantifying 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) 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 resourcesςbased economies and associated industries. The formation of a 

regional forest ecosystems research consortium will incorporate, extend, and sustain the strengths 

of all three EPSCoR jurisdictions 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) Quantitative 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 to develop theme-specific 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 parameterization and calibration for predicting regional forest dynamics, and 

cross-theme coordination with Theme 4 team leads to discuss integration of research outcomes into 

K-12 curriculum.  The INSPIRES team has also actively engaged project stakeholders and partners 

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 long-term data 

collections, and to develop collaborative relationships around the INSPIRES themes. This has 

included many of the stakeholders identified in the Progress on Program Elements section and in 

our project implementation plan (Appendix 2).  

As detailed in the following pages, most INSPIRES research themes 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.  
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THEME 1. ADVANCED SENSING AND COMPUTING TECHNOLOGIES 

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 determine how 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 

questions, and some time developing the how aspects. The original proposal, the INSPIRES 

leadership, and Theme participants 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.  

Research Goal Research Questions Motivating Hypotheses 

1.1 Develop and deploy a 
regional network of cost- 
and energy-efficient 
wireless sensors for 
measuring critical 
ecosystem attributes like 
soil moisture, canopy 
cover, phenology, and 
water quality 

¶ What is the scale of modeling versus 
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 management or 
forest type? Within sites, do we want 
to hold heterogeneity constant, or 
look at spatial differences in physical 
and biological properties and 
processes between forest gaps and 
closed canopies, along topographic 
gradients, among species? What is 
the temporal scale of interest? Would 
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? 

¶ Which aspects of the ecosystem are 
of the greatest interest? Are we 
trying to understand changes in 
forest carbon cycling, including plant 
productivity, soil respiration, and 
decomposition, as well as some of 
the underlying physical drivers of 
these changes? 

¶ Winter microclimatic 
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 across 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 site-to-site 
differences increase with 
distance 
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Research Goal Research Questions Motivating Hypotheses 
1.2 Evaluate alternative 
wireless sensor network 
designs informed by ML 
that maximize power and 
wireless spectrum 
efficiency for large-scale 
applications 

¶ How can we design wireless sensor 
networks to ensure required sensor 
network coverage and data rates? 

 

¶ How can we explore inherent 
relations among various data streams 
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 machine learning 
algorithm can improve 
data packet movement 
through a network in a 
power- and time- efficient 
manner? 

¶ Can channel state 
estimation be used to 
allow individual nodes 
make intelligent routing 
decisions? 

¶ How will data nodes know 
whether the packet will be 
received correctly? 

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

¶ What temporal intervals are needed 
for data capture and transfer? 

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

¶ What data elements are most 
important for addressing key 
ecological questions 

¶ Can a multi-actor 
approach be used manage 
the network state as a 
whole; the nodes must 
make individual decisions? 

¶ Can Long Short-Term 
Memory (LSTM) deep 
learning model be used to 
develop the data 
network? 

  

HIGHLIGHTS 

¶ Bi-weekly 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 greenhouse gas 

emissions 

¶ Identified potential research sites and associated field season logistics for both extensive and 

intensive sensor deployment 

¶ /ƻƻǊŘƛƴŀǘŜŘ ǿƛǘƘ !a/Ωǎ aŀƛƴŜ ²ƻƻŘǎ LƴƛǘƛŀǘƛǾŜ όa²LύΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ƻǾŜǊ тлΣллл ŀŎǊŜǎ ƻŦ 

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

(see Table 4). AMC Director of Research provided MWI site data to Theme 1 personnel to 

assist in structuring project design, specifically sensor deployment. 

¶ Evaluated alternative machine learning methodologies for routing data in a sensor network 

in a power- and time-efficient manner  

¶ Refined ecological and engineering research questions to be address with sensor 

development and network deployment 
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TEAM MEMBERS 

Name Affiliation Jurisdiction Institution Early Career Role 

Aimee Classen 

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

VT UVM Y Faculty 

Ali Abedi 
Department of Electrical 
and Computer 
Engineering 

ME UMO N Faculty 

Alix Contosta 
Earth Systems Research 
Center 

NH UNH Y Faculty 

Andrew 
Ouimette 

Earth Systems Research 
Center 

NH UNH Y Research Staff 

Bruce Segee 
Advanced Computing 
Group 

ME UMO N Faculty 

Carol Adair 
Rubenstein School of 
Environment and Natural 
Resources 

VT UVM Y Faculty 

Dave Lutz Environmental Studies NH Dartmouth Y Faculty 

Gavin Briske 
Rubenstein School of 
Environment and Natural 
Resources 

VT UVM N Grad Student 

John Den Uyl 
Rubenstein School of 
Environment and Natural 
Resources 

VT UVM N Grad Student 

Karin Rand 
Rubenstein School of 
Environment and Natural 
Resources 

VT UVM N 
Research 
Technician 

Kenn Bundy 
Department of 
Mathematics 

ME UMAB Y Faculty 

Lindsay Barbieri 
Rubenstein School of 
Environment and Natural 
Resources 

VT UVM N Grad Student 

Olivia Vought 
Rubenstein School of 
Environment and Natural 
Resources 

VT UVM N Undergrad 

Paulina Murray 
Rubenstein School of 
Environment and Natural 
Resources 

VT UVM N Grad Student 

Rebecca 
Sanders-Demott 

Earth Systems Research 
Center 

NH UNH Y Post-doc 

Sarah Nelson 
School of Forest 
Resources 

ME UMO N Faculty 

Sonia Naderi 
Department of Electrical 
and Computer 
Engineering 

ME UMO N Grad Student 

Thayer Whitney 
Dept. of Electrical & 
Computer Engineering 

ME UMO N Undergrad 

Victoria 
Nicholas 

Dept. of Electrical & 
Computer Engineering 

ME UMO N Undergrad 
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Photo 1. INSPIRES intensive sensor field site at Dartmouth Second College Grant Experimental 
Forest being used to monitor soil and wood moisture. (Photo courtesy Dave Lutz).  

RESEARCH MILESTONES PROGRESS 

Objective Projects  
Project 
responsible 
parties 

Year 1 Milestones Milestone Progress 

1.1 1.1a 
Wireless 
sensor 
research 
and 
developmen
t 

Abedi, 
Contosta, 
Adair, 
Naderia 

¶ Identify existing and 
new field sites and 
sensor needs at these 
sites; 

¶ Assess state of the art 
for ecological sensors 

¶ Develop, test, and 
calibrate protype 
sensors 

¶ 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 
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Objective Projects  
Project 
responsible 
parties 

Year 1 Milestones Milestone Progress 

1.2 1.2a 
Wireless 
sensor 
network 
design 

Abedi, 
Contosta, 
Adair, Lutz 

¶ Determine research 
needs for wireless 
sensor networks; 

¶ Synthesize available 
data from current 
sensor networks, 

¶ Assessed current state of 
the art in ecological 
sensor network by 
evaluating various NSF 
NEON protocols and 
visiting the NEON site at 
Bartlett Experimental 
Forest in NH 

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

¶ Began field testing of 
alternative wireless senor 
network designs 
including multi-channel, 
Q-routing, and node 
design 

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

Abedi, 
Bundy 

¶ Develop common 
protocols for key 
measurement 
attributes; 

¶ Test alternative 
machine learning 
algorithms 

¶ Assess alternative data 
capture methodologies 

¶ Compiled and evaluated 
common protocols for 
data harmonization and 
synthesis 

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

¶ Exploring alternative 
temporal resolutions for 
most effective and 
efficient network data 
capture 

 

FUTURE PLANS  

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

inventory  

¶ Compare prototype sensor with other sensors and develop calibration methods 

¶ Assess locations where new sensors may be installed  

¶ Establish networking and power management for sensors 
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¶ Purchase necessary supplies for new sensors and develop soil, microclimate, and phenology 

sensor suite  

¶ Program dataloggers for 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 adaptation strategy for warming winters 

 

THEME 2. ENVIRONMENTAL INFORMATICS 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., Traditional Ecological Knowledge (TEK)) to better 

understand spatial-temporal variability of stressors. The semantic enrichment of data will help to 

identify future measurements to predict stress. Ontological integration to digital forest modeling is 

possible, but will still need to assess current sources of information and their possible use in 

ontological modeling. In Year 1, preliminary Theme 2 meetings focused on establishing access to 

free data resources relevant to research objectives, and discussing various theoretical and applied 

research projects with collaborators among Themes 1-3. Primary 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 qualitative and 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 sensor networks. Ultimately the goal is to outline and develop a smart data framework 

that leverages semantic knowledge to extract and characterize high-level places/events, which will 

allow managers and scientists to gain knowledge about how forest stressors vary across places and 

inform modeling by identifying where more granular models are beneficial. 

HIGHLIGHTS 

¶ Regular team meetings to help identify ongoing and potential research 

¶ Currently recruiting undergraduate and graduate students to join research theme 

¶ DeǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ǇǊƻǘƻǘȅǇŜ Ψ5ƛƎƛǘŀƭ CƻǊŜǎǘΩ ǎǇŀǘƛŀƭ ŘŀǘŀōŀǎŜ ǘƘŀǘ ŀƭƭƻǿǎ ŦƻǊ ŜŦŦƛŎƛŜƴǘ ǎǇŀǘƛƻ-

temporal querying 

¶ Developed a list of currently available regional datasets that can be used for machine 

learning development and testing 

¶ Developed and evaluated the use of a novel deep neural network compression algorithm for 

analyzing Big Data  
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¶ Evaluation of combining ontological representation with statistical learning 

¶ Identified key linkages to both Themes 1 and 3 with potential focus on the Native American 

culturally important black ash tree species 

¶ 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 health and management practices 

TEAM MEMBERS 

Name Affiliation Jurisdiction Institution Early Career Role 

Salimeh Yasaei 
Sekeh 

School of Computing 
and Information 
Science 

ME UMO Y Faculty 

Darren Ranco Department of 
Anthropology 

ME UMO N Faculty 

Donna Rizzo Department of Civil 
& Environmental 
Engineering 

VT UVM N Faculty 

Jing Yuan School of Computing 
and Information 
Science 

ME UMO Y Post-doc 

Kasey Legaard Center for Research 
on Sustainable 
Forests 

ME UMO Y Faculty 

Kate Beard-
Tisdale 

School of Computing 
and Information 
Science 

ME UMO N Faculty 

Larry Whitsel Advanced 
Computing Group 

ME UMO N Faculty 

Marek Petrik Department of 
Computer Science 

NH UNH Y Faculty 

Mary Martin Earth Systems 
Research Center 

NH UNH N Faculty 

Peter Nelson Department of 
Biological Sciences 
and Environmental 
Studies 

ME UMFK Y Faculty 

Sam Roy Mitchell Center for 
Sustainability 
Sciences 

ME UMO Y Faculty 

Silvia Nittel School of Computing 
and Information 
Science 

ME UMO N Faculty 

Torsten 
Hahmann 

School of Computing 
and Information 
Science 

ME UMO Y Faculty 
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RESEARCH MILESTONES PROGRESS 

Objective Project  
Project 
responsible 
parties 

Year 1 Milestones Milestone Progress 

2.1 2.1a 
Extension of 
field model 
beyond in-
situ sensors 

Nittel, 
Petrik, 
Ranco 

¶ Summarize current data 
availability and location 
of regional ecological 
sensor networks; 

¶ Identify potential gaps in 
sensor data and 
geographical 
representation 

¶ Table of current regional 
datasets compiled 

¶ Current and future 
locations of ecological 
sensor networks 
determined 

¶ Developed procedures and 
methods for identifying 
areas of high uncertainty 

2.2 2.2a Hybrid 
Semantic-
statistical 
representati
on of forest 
places 

Hahmann, 
Beard, 
Legaard, 
.1& Martin 

¶ Obtain requirements for 
inputs or outputs from 
Theme 3; 

¶ Identify pre-existing 
models/resources to 
work from 

¶ Developed the framework 
for a semantically enabled 
approach in combination 
with spatio-temporal data 
layers 

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

 

2.2b Provide 
spatial 
datasets for 
Theme 3 
objectives 

Hahmann, 
Beard, 
Martin 

¶ Obtain specific 
requirements for outputs 
from Theme 3 (e.g. LAI, 
tree height/stature, soil 
nitrogen, foliar nitrogen, 
tree/forest age, tree 
species/assemblages 
present, disturbance 
history, land use history 
datasets, historical aerial 
photography, insect 
outbreak cycles); 

¶ Developed a workflow for 
processing remote sensing 
data and generating 
necessary spatial layers 

¶ Generated test datasets of 
species presence and 
abundance for landscapes 
in northern Maine 

¶ Exploring alternative 
approaches for generating 
and quantifying 
uncertainty in spatial data 

2.2c. 
Develop and 
evaluate 
alternative 
ML 
algorithms 
for analyzing 
spatio-
temporal 
datasets 

Legaard, 
Roy, Yasaei 

¶ Evaluate current state of 
art for use of ML 
algorithms in 
environmental sciences 
and potential limitations 

¶ Begin testing of 
alternative ML algorithms 

¶ 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 further refine 
ML methods to extract 
features directly from 
regional spatio-temporal 
data and use for prediction 
and classification 
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Objective Project  
Project 
responsible 
parties 

Year 1 Milestones Milestone Progress 

2.3 2.3a Analysis 
of forest 
place 
correlations 
and 
similarities 

Beard, 
Legaard, 
Petrik, 
Hahmann, 
McGill, Roy, 
Ranco 

¶ Obtain requirements for 
outputs from Theme 3; 

¶ Identify pre-existing 
models/resources to 
work from 

¶ Developed a flexible and 
efficient spatial query tool 

¶ Tested developed query 
tool using available data 

¶ Working to classify spatial 
layers of regional climatic, 
forest type, disturbance, 
and potential productivity 
to develop new 
classifications 

 

Detailed Project: Hybrid Ontological-Statistical Representation: Digital Forest 

Dr. Torsten Hahmann (faculty), Dr. Kate Beard (faculty), & Dr. Jing Yuan (post-doc), 
University of Maine School of Computing and Information Science 
 

Work to date on this project has involved developing the conceptual model for the digital forest. Conceptually 

the digital forest is a queryable repository that provides access to spatial-temporal data contributed by the 

informatics theme as well as data collected by the sensor network theme. The primary objective is to 

characterize and build understanding of differences across forest places and times: e.g., How are different 

areas (either spatial areas or across time) similar or different? Toward this objective, our aim is to build a 

ά5ƛƎƛǘŀƭ CƻǊŜǎǘέ ŀǎ ŀ Ƴǳƭǘƛ-scale and multi-dimensional spatio-temporal database of forest related 

information that will support storage, data processing and query access to compiled 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 

ǇǊƻǇŜǊǘƛŜǎ ǇǊƻǾƛŘŜ ǘƘŜ ǾƻŎŀōǳƭŀǊȅ όŦŜŀǘǳǊŜǎύ ŀƴŘ ǎǘŀǘƛǎǘƛŎŀƭ ŘƛǎǘǊƛōǳǘƛƻƴǎ ŀǊŜ ŘŜǊƛǾŜŘ όάƭŜŀǊƴŜŘέύ ŦǊƻƳ ŘŀǘŀΦ ! 

Hybrid Ontological-Statistical Representation 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 capture relevant 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 

associations, in combination with data mining or machine learning. This approach will support concept-driven 

learning that can explain differences between different spatial/temporal areas (Figure 2). 
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Figure 2. Example of Forest Ontology. 

 

Digital Forest Progress to Date 

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

¶ We have started implementation of a prototype based on key geospatial data layers. Digital elevation 

data provides the foundation. We have assembled high resolution 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 facing slopes, flat or low-lying areas. These terrain characteristics are essentially fixed in time, 

so 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 we have acquired raster images of sugar maple 

and balsam fir biomass and images depicting disturbance/change over three-year time blocks. We are 

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

¶ We are using Postgres and PostGIS as the 

database implementation platform. PostGIS 

supports spatial data including both vector 

(point, polyline, polygon) and raster data 

types (Figure 3). 

¶ PostGIS supports vector on raster queries and 

raster on raster queries. We are developing 

query templates to create statistical 

distributions for various ecological units, for 

example: How are disturbances spatially 

distributed with respect to the ecological units 

(Figure 4). 

 
Figure 3. Using PostGIS as spatial database to 

store datasets. 
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Inter-Theme Collaborations 

We have been holding joint meetings between Theme 

2 and Theme 3. Discussions have addressed the idea 

of a case study around black ash. Black ash is an 

important species to the northern Maine tribal 

communities. It is also a species currently being 

threatened by the Emerald ash borer which has 

recently been introduced in Maine. 

Plans for Remainder of Year 1 

Plans for the remainder of the project year include 

continued development of the Digital Forest 

prototype as a Hybrid Ontological-Statistical 

Representation. Based on some cross-theme 

discussions we would like to consider 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. 

FUTURE PLANS 

¶ Continued development of hybrid ontological representation with Theme 1 statistical 

learning database, explore further collaborative opportunities with Theme 1 

¶ Extension of PostGIS-constructed spatial query tool to handle and summarize individual 

pixels rather than tiles or polygons 

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

Theme 2 datasets 

¶ Develop and extend neural network compression techniques for time-series big data 

¶ Expand tree species occurrence and abundance to the state of Maine 

¶ Develop improved workflows for handling forest disturbance classification from available 

remote sensing data 

¶ Acquire necessary field data using UAVs or fixed-wing aircraft for selected study sites 

¶ Improve documentation and understanding of TEK on ash 

¶ 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 social-ecological resilience and best 

management practices for making improvements all-round 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 network of ground-based cameras at field sites representing the bioclimatic 

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

Figure 4. Construction of spatial queries in PostGIS. 
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vegetation phenology and other environmental conditions for each site at high temporal 

resolution across the full seasonal cycle. This information will inform plot-based assessment 

of the timing of seasonal events across the region, as well as be used to verify the satellite-

based phenology metrics. 

¶ Develop regional-scale models that attribute shifts in vegetation phenology over the 2001-

2017 time period to the major drivers of change, including climate trends, disturbances, land 

use change and forest management. 

 

THEME 3. INTEGRATED ECOLOGICAL MODELING 

OVERVIEW 

The primary goal of this research theme is to integrate several 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 framework will provide the means for organizing and scaling the high spatio-

ǘŜƳǇƻǊŀƭ ǊŜǎƻƭǳǘƛƻƴ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ōȅ ǘƘƛǎ ǇǊƻƧŜŎǘΩǎ ƴŜǿ ǎŜƴǎƻǊ ƴŜǘǿƻǊƪǎ ŀƴŘ ŎǳǊǊŜƴǘƭȅ ŀǾŀƛƭŀōƭŜ 

remote sensing data (e.g., Sentinel-2). 

Specific objectives include: (1) use advanced informatics from Theme 2 to provide key data that 

allows for more effective model integration and parameterization; (2) leverage additional data 

across identified spatio-temporal gaps from Advanced Sensing and Computing of Theme 1 for 

improved model integration and decision making; (3) conduct a Big Dataςdriven inverse 

parameterization, which creates a distribution of parameters by matching model outputs and 

observations, for two existing mechanistic forest projection models; (4) perform  broad-scale 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 knowledge 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 land use/policy 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 qualitative 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 

PnET-II, LANDIS-II, CLM, and the Forest Vegetation Simulator (FVS), beginning to assess model 
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behavior, identifying potential model test landscapes for evaluation, and outlining potential 

alternative future scenarios useful for key projections.   

HIGHLIGHTS 

¶ Began benchmarking of key ecological models including PnET, LANDIS-II, and Community 

Land Model (CLM). 

¶ Regularly met to discuss past jurisdictional experience and outcomes using ecological 

models, particularly model parameter uncertainty and sensitivity. 

¶ Led cross-theme meetings to better understand research linkages and build collaboration. 

¶ 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. 

¶ Facilitated active meeting participation by Theme 4 team members to encourage co-

generation of knowledge and provide open access during the research development process  

¶ Completed a sensitivity analysis of the ecological model PnET under contrasting species and 

climate change scenarios to better understand model behavior, which can help guide Theme 

1 sensor development. 

¶ Identified potential test landscapes for model testing and assessment, which are currently 

being compiled. 

¶ Preliminary results synthesizing data to integrate into the ecological modeling using remote 

sensing, sensor data, and ground-based plots. 

¶ Working to better calibrate and harmonize the process/work-flow for model use, particularly 

landscape models like LANDIS-II. 

¶ Outlined a variety of alternative future scenarios based on different levels of disturbance, 

climate change, and forest management. 

TEAM MEMBERS 

Name Affiliation Jurisdiction Institution Early Career Role 

Aaron 
Weiskittel 

Center for 
Research on 
Sustainable Forests 

ME UMO N Faculty 

Anthony 
5Ω!Ƴŀǘƻ 

Rubenstein School 
of Environment 
and Natural 
Resources 

VT UVM N Faculty 

Daniel Hayes 
School of Forest 
Resources 

ME UMO Y Faculty 

Elizabeth 
Burakowski 

Institute for the 
Study of Earth 
Oceans and Space 

NH UNH Y Faculty 
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Name Affiliation Jurisdiction Institution Early Career Role 
Erin Simons-
Legaard 

School of Forest 
Resources 

ME UMO Y Faculty 

Jane Foster 

Rubenstein School 
of Environment 
and Natural 
Resources 

VT UVM Y Faculty 

John Gunn 

Department of 
Natural Resources 
and the 
Environment 

NH UNH Y Faculty 

Lisa Scott 

Department of 
Natural Resources 
and the 
Environment 

NH UNH N Grad Student 

Mark Ducey 

Department of 
Natural Resources 
and the 
Environment 

NH UNH N Faculty 

Scott Ollinger 
Earth Systems 
Research Center 

NH UNH N Faculty 

Valeria 
Briones 

School of Forest 
Resources 

ME UMO N Grad Student 

Zaixing Zhou 
Earth Systems 
Research Center 

NH UNH Y Research Staff 

 

RESEARCH MILESTONES PROGRESS 

Objective Projects  
Project 
responsible 
parties 

Year 1 
Milestones 

Milestone Progress 

3.1  3.1a Inverse 
parameterizat
ion of 
ecological 
models 

Foster, 
Simons-
Legaard 

¶ Identify necessary 
inputs for model 
development and 
refinement; 

¶ Prioritizing 
information needs 
and sites for model 
evaluation; 

¶ Began discussion on past 
work with various ecological 
models 

¶ Shared prior and current 
findings that can help guide 
futures efforts 

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

¶ Started efforts to compile 
necessary data required for 
model initialization 

3.2 3.2a Model 
integration 

Hayes, 
Burakowski, 
Ollinger 

¶ Assess model 
strengths and 
weakness; 

¶ Developed model overviews 
of required inputs and 
available model outputs 
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Objective Projects  
Project 
responsible 
parties 

Year 1 
Milestones 

Milestone Progress 

and 
application 

¶ Initiate model 
sensitivity analyses; 

¶ Outline a potential 
multi-model 
comparison 

¶ Initiated discussions about 
possible linkages across 
models 

¶ Completed a global 
sensitivity analysis of 
LANDIS-II and PnET, which 
will help guide Theme 1 and 
2 efforts 

¶ Outlined potential locations 
for conducting a multi-
model comparison to help 
better assess model 
strengths and weaknesses 

3.3 3.3a Scenario 
assessment & 
trend analysis  

Weiskittel, 
5Ω!ƳŀǘƻΣ 
Ducey, Gunn 

¶ Synthesize prior 
regional research and 
needs; 

¶ Outline potential 
research questions 
and necessary 
scenarios; 

¶ Identify key 
stakeholders 

¶ Discussed prior scenarios 
and outline logical future 
scenarios 

¶ Connected with key regional 
stakeholders and worked to 
identify future scenarios of 
interest to them 

¶ Began preliminary scenarios 
that involved climate 
change, changing 
disturbances, and modified 
harvesting practices 

FUTURE PLANS 

¶ Use FIA and long-term locations plots (e.g., Howland, Hubbard Brook) to complete an initial 

inverse parameterization of Landis-II and PnET to identify key model parameter uncertainty 

¶ Complete sensitivity analyses and evaluation of additional ecological models. 

¶ {Ŝǘ ǳǇ ŀƴŘ Ǌǳƴ άǇƻƛƴǘ ƳƻŘŜέ ǎƛƳǳƭŀǘƛƻƴǎ ǳǎƛƴƎ /[aΩǎ CǳƴŎǘƛƻƴŀƭƭȅ !ǎǎŜƳōƭŜŘ ¢ŜǊǊŜǎǘǊƛŀƭ 

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 Brook research forests). 

¶ Continue to refine model representation of disturbance and species response to climate 

¶ Conduct model comparison at selected study sites and landscape test locations. 

¶ Compile and harmonize spatial-temporal extrapolation datasets (e.g., climate, atmospheric 

chemistry, plant functional types, soils, land use and disturbance history) needed to drive 

regional-scale simulations with CLM-FATES.  

¶ Complete initial regional baseline projections and assess outcomes. 
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¶ Consider additional Representative Concentration Pathways (RCPs), which our greenhouse 

gas concentration trajectory adopted by the IPCC and used to evaluate potential future 

effects of climate change. 

¶ Build additional features into the online decision-support tool, Forest Ecosystem Status and 

Trends (ForEST). 

¶ Extend landscape projection timespan to 2100. 

¶ Initiate focus group and stakeholder input on completed projection scenarios and potential 

barriers to implementation. 

¶ Conduct additional simulations using contrasting management strategies. 

¶ Hold at least two additional University of Maine intra-theme meetings and one Theme 3 

intra-jurisdictional meeting in Year 1. 

¶ Theme 3 members actively preparing grant proposals related to INSPIRES. 

¶ Develop a Bayesian parametrization routine for PnET and test it using Bartlett tower data 

¶ Add a Farquhar biochemical module to PnET to accommodate analysis of increased CO2 and 

temperature on leaf photosynthesis and respiration. 

¶ {Ŝǘ ǳǇ ŀƴŘ Ǌǳƴ άǇƻƛƴǘ ƳƻŘŜέ ǎƛƳǳƭŀǘƛƻƴǎ ǳǎƛƴƎ /[aΩǎ CǳƴŎǘƛƻƴŀƭƭȅ !ǎǎŜƳōƭŜŘ ¢ŜǊǊŜǎǘǊƛŀƭ 

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 Brook research forests).  

¶ Compile and harmonize spatial-temporal extrapolation datasets (e.g., climate, atmospheric 

chemistry, plant functional types, soils, land use and disturbance history) needed to drive 

regional-scale simulations with CLM-FATES.   

 

THEME 4. QUANTITATIVE REASONING IN CONTEXT 

OVERVIEW 

In the past year, Theme 4 has made significant progress in building a collaborative three-state team, 

refining our research plan, and identifying strategies for connecting classroom teachers with the 

work of INSPIRES. Members of the UMaine and UNH Theme 4 team traveled to UVM for a face-to-

face Theme 4 meeting and to participate in the Northeast Association for Science Teacher Education 

(NE-ASTE) conference in October 2019. At this time, we also met with a high school teacher in VT 

who conducted her Master's research in Maine, focused on quantitative reasoning in science 

classrooms, advised by Theme 4 team member Franzi Peterson. We held another face-to-face 

Theme 4 meeting at the all-team meeting in December in Portsmouth, NH with all members of the 

Theme 4 team attending. The three-state 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 in all-team meetings and in 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 monthly all-team 

meetings at UVM to support building relationships across the project. Gaining understanding of the 

work of Themes 1-3 is important to the work of Theme 4, as part of our task is to help integrate 

classroom teachers into the work of Themes 1-3 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 COVID-19. Our 

original research plan was to conduct sequences of baseline interviews and observations of 

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 practice of teaching 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 original 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 with K-12 teachers across 

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 place-relevant 

projects and 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 (conference was 

cancelled due to COVID-19). 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 scheduled 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 

through our work on INSPIRES this year, members of 

the Theme 4 team are collaborating on a white-paper 

proposal for making longitudinal study of 

mathematics education a legislative funding priority.  

Photo 2. The Theme 4 three-state team 

collaborating at the all-team INSPIRES meeting 

in December, while a member of the evaluation 

team observes. (Photo courtesy CRSF.) 
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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 states, and 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 

¶ Members from all three states met for face-to-face meeting in Vermont and participated in 

NE-ASTE conference. 

¶ Team members regularly attend other Theme meetings in order to design professional 

learning to support K-12 STEM teaching. 

¶ Working on a white-paper proposal for making longitudinal study of mathematics education 

a legislative funding priority. 

¶ Adapting plans for K-12 teacher interviews and observations in response to COVID-19 

limitations. 

TEAM MEMBERS 

Name Affiliation Jurisdiction Institution Early Career Role 

Franziska 
Peterson 

Maine Center for 
Research in STEM 
Education (RiSE 
Center) 

ME UMO Y Faculty 

Laura Millay 

Maine Center for 
Research in STEM 
Education (RiSE 
Center) 

ME UMO N 
Professional 
Staff 

Laura 
Nickerson 

Leitzel Center for 
Mathematics, Science, 
and Engineering 
Education 

NH UNH N Faculty 

Marina Van 
der Eb 

Maine Center for 
Research in STEM 
Education 

ME UMO N 
Professional 
Staff 

Regina Toolin 
College of Education 
and Social Services 

VT UVM N Faculty 

Sara Lindsay 
School of Marine 
Sciences 

ME UMO N Faculty 

Susan McKay 

Maine Center for 
Research in STEM 
Education (RiSE 
Center) 

ME UMO N Faculty 
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RESEARCH MILESTONES PROGRESS 

Objective Projects 
Project 
responsible 
parties 

Year 1 
Milestones 

Milestone Progress 

4.1 4.1a Design 
and 
implementati
on of Big Data 
modules 
integrated 
into G6-12 
curricular 
materials 

Peterson, 
Toolin,  
Millay, 
Lindsay, 
McKay, 
Shulman, 
Nickerson 

¶ Teachers have an 
understanding of 
the research 
being conducted 
by the project 

¶ Theme 4 provided information to 
Maine teachers about the 
project through the Maine 
Environmental Education 
Association conference in March 
2020 and is currently recruiting 
Maine teachers to the project. 

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

Peterson, 
Toolin,  
Millay, 
Lindsay, 
McKay, 
Shulman, 
Nickerson 

¶ Theme 4 
researchers will 
have an 
understanding of 
the research 
being conducted 
by the project 

¶ Theme 4 researchers have 
participated in all-team meetings 
as well as attending meetings of 
each of the other project themes 
in order to gain understanding of 
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. 

4.2 4.2a 
Investigate 
teacher needs 
to build 
ǎǘǳŘŜƴǘǎΩ vw/ 

Peterson, 
Toolin,  
Millay, 
Lindsay, 
McKay, 
Shulman, 
Nickerson 

¶ Teachers 
participate in 
interviews 
focused on their 
use of context-
driven 
quantitative 
reasoning in the 
classroom 

¶ Maine teachers will participate in 
an initial round of interviews, via 
Zoom, with Theme 4 researchers 
this spring and summer. 

FUTURE PLANS 

¶ 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 three-state team. 

¶ Submit a three-state conference submission for the fall Northeastern Educational Research 

Association (NERA) conference. 



INSPIRES Year 1 Annual Progress Report 
 

28 
 

 PROJECT OUTCOMES 

Inter-jurisdictional and multi-institutional research collaborations are a key focus of the NSF EPSCoR 

RII Track-2 program. The INSPIRES project promotes such collaborations by enabling its participants 

to work across four integrated research themes. Responses from the external baseline survey (see 

Evaluation section) clearly demonstrate the multi-jurisdictional, multi-institutional, and multi-

disciplinary nature of the project, and illustrates alignment with the focus to involve early-career 

faculty across project activities. Project participants are encouraged to work on or across more than 

one theme or research project, this has resulted in several important project outcomes. In addition, 

the NSF EPSCoR RII Track-2 program is intended to enhance research competitiveness and develop 

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 research products were 8 (4 published; 1 in press; 

3 under review) peer-reviewed articles, 17 presentations, and 9 proposals with 5 funded. The 

publications were in top tier ecological and remote sensing journals including Global Change Biology 

(Impact Factor = 8.88), Remote Sensing (Impact Factor = 4.51), and Ecosystems (Impact Factor = 

4.47) with INSPIRES trainees, early-career, and senior faculty as co-authors. Presentations were 

primarily by early-career (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 funding, with $2,257,694 secured. 

The proposals were led primarily by early-career faculty (5) that were submitted 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 early-career INSPIRES faculty were inter-

jurisdictional. Details on the specific research proposals are provided in Table 3. 

 

Table 3. List of research proposals submitted in Year 1 of INSPIRES 

PI Proposal Title 
Funding 
Organization 

Amount  
Requested 

Status 

Weiskittel (UM) 
IUCRC Phase III at University of 
Maine: Center for Advanced 
Forestry Systems (CAFS) 

NSF $500,000 Awarded 

Rizzo (UVM) 

Anticipating risks and benefits of 
precision agriculture (PA) for the 
future of agricultural work and 
workforce: A multi-stakeholder 
research agenda 

NSF $150,000 Awarded 

Roy (UM)* 

Data-driven support for 
pollution-based closure decisions 
in shellfish growing areas of 
Maine 

Maine Water 
Resources 
Research Institute 

$36,000 
Submitted and 
Pending 
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Roy (UM)* 

Need and opportunities for 
improved data and tools to 
support river-basin-wide, multi-
objective energy and water 
planning efforts 

Department of 
Energy 

$100,000 Awarded 

Simons-Legaard 
(UM)* 

Fostering forest landscape 
planning and adaptive capacity 
in anticipation of a regional 
insect outbreak 

USDA AFRI $487,717 Awarded 

Simons-Legaard 
(UM)* 

Perceptions of ecological risk 
and the landscape dynamics of 
forest management, insect 
outbreaks, and climate change+ 

NSF $746,700 Declined 

Contosta 
(UNH)* 

Snowed Under: The influence of 
beneath-canopy snow dynamics 
on ecosystem processes in 
eastern United States temperate 
forests + 

NSF $1,119,977 Awarded 

Classen (UVM) 

Low cost & high frequency 
quantification of soil nutrients in 
ecosystems undergoing rapid 
global change 

Gund Institute 
Catalyst Grant 
 

$50,000 Awarded 

Weiskittel (UM) 
 

Supplemental RII Track-2 FEC: 
Leveraging Intelligent 
Informatics and Smart Data for 
Improved Understanding of 
Northern Forest Ecosystem 
Resiliency (INSPIRES) 

NSF $57,010 Declined 

*Early-career faculty  

+Inter-jurisdictional proposal 

THEME SPECIFIC OUTCOMES 

THEME 1 

¶ Several research study sites were identified and are currently being evaluated for sensor 

deployment (Table 4). 

¶ A prototype soil moisture and temperature sensor has been designed and tested in the lab 

that is capable of measuring soil moisture and wirelessly transmitting the measurements to 

a base station. 

¶ Prototype is currently being calibrated for potential deployment to the field. 

¶ Use of UAV with a low greenhouse gas sensor mounted on it is being tested to evaluate field-

scale CO2 concentrations. 
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¶ Development of a low-cost autochamber for measuring CO2 that is currently being compared 

to concurrent measurements using a photoacoustic gas analyzer with highly promising 

results (Figure 5). 

¶ Development and deployment of a wireless sensor network for measuring soil and wood 

moisture that is characterized by use of low-cost data loggers, the ability to collect/store 

data autonomously, and capacity to send data from remote locations to campus.  

¶ Evaluation of alternative range and power requirements in the field using TI SmartRF 

software connected to Rx board to receive with measurements taken three times a day and 

averaged together, which showed highly promising results. 

¶ Use of Q routing and multi-actor approach based Long Short-Term Memory (LSTM) deep 

learning model allowed individual nodes to make intelligent routing decisions for improved 

wireless sensor network design. 

¶ Pre-proposal submitted to the WCS (Wildlife Conservation Society) Climate Adaptation Fund 

that would use the INSPIRES sensor network to support research regarding novel forest 

management as an adaptation strategy for warming winters in the Northern Forest. 

 

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

State Site Forest type Bedrock Management Existing sensors 
Cell 

service 

Non-
solar 

Power 

VT 
Corinth/ 

Washington 
Hardwood 

Dolomite/ 
limestone 

Single tree small 
group selection 
(family forest) 

- No No 

VT 
Victory Bog 

SF 
Spruce fir 
hardwood 

Granitic 
Patch cut, VT-

industrial 
- No No 

VT 
Proctor 
Maple 

Hardwood 
Greenstone

/  schist 

Sugar bush ς 
selective for 

maple 
- Yes Yes 

Figure 5. Comparison of a low-cost 

autochamber (orange line) for 

measuring CO2 concentration 

(ppm) that is currently being 

compared to concurrent 

measurements using a 

photoacoustic gas analyzer (PAS; 

blue line) with nearly equal 

agreement across a range of 

conditions. Graph provided by 

INSPIRES Senior Personnel Adair. 
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State Site Forest type Bedrock Management Existing sensors 
Cell 

service 

Non-
solar 

Power 

NH 
Second 
College 
Grant 

Hardwood/ 
spruce-fir 

Phyllite Experimental 

nearby met 
station, air 

temperature, 
RH, soil temp, 
soil moisture 

Yes No 

NH Bartlett Hardwood Granitic Experimental 

Phenology, soil 
moisture, 

temperature, 
soil respiration, 

eddy 
covariance, 

micrometeor-
ology 

Yes Yes 

NH 

Hubbard 
Brook 

Experiment
al Forest 

Hardwood Schist 
Experimental/ 

not much 
management 

soil 
temperature, 
soil moisture, 

soil respiration, 
air temperature, 

relative 
humidity, snow 

depth 

Yes Yes 

NH 
Thompson 

Farm 
Red oak 

white pine 
Outwash/till Patch cuts 

Snow depth, 
phenology, soil 

moisture, 
temperature, 

soil respiration, 
eddy covariance 

Yes Yes 

ME Old Town 

Mixed 
hemlock 
American 

beech 

Glacial 
lacustrine 

- - Yes No 

ME 

AMC - MWI 
(Maine 
Woods 

Initiative) 

Acadian 
mixed 
wood 

(spruce-fir-
northern 

hardwoods
) 

Mostly 
acidic meta 
sedimentary 
Some acidic 
and inter-
mediate 
granitic 

Approximately 
equal mix of 

natural area and 
active 

management; 
natural dynamics 

silviculture to 
restore former 
industrial lands 
(75,000 acres 

total) 

None, some 
measurements 
of snowpack by 

facility staff; 
nearest NWS 

site is Greenville 

Limited 

Availa
ble at 
three 
sporti

ng 
camps 

on 
prope

rty 

ME Baxter Spruce-fir - - - No No 
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State Site Forest type Bedrock Management Existing sensors 
Cell 

service 

Non-
solar 

Power 

ME Schoodic 
Coastal 

spruce-fir 
- 

Limited 
management, 

conserved 
meterological Yes Yes 

ME Deboullie Spruce-fir - 
Limited 

management, 
conserved 

meterological No No 

ME Holt 
Oak mixed 
hardwood 

- 

Mixed 
management 

with a new set of 
treatments 

planned for fall 
2020 

None Yes Yes 

ME Howland 
Acadian 
mixed 
wood 

- 
Natural, mature 
with limited past 

harvesting 
AmeriFlux tower Yes Yes 

 

THEME 2 

¶ Mapped trends in the abundance of subalpine spruce-fir tree species (Abies balsamea and 

Picea rubens), quantified with dense time series of Landsat satellite data from 1984-2012 

across the three jurisdictions. The results show strong increases in Maine and New 

Hampshire, while Vermont forests experienced general declines (Figure 6). 

¶ Analysis of US Forest Inventory and Analysis data from the three jurisdictions support 

findings from remote sensing as spruce-fir growth and recruitment exceed mortality, based 

on changes in aboveground carbon in biomass (AGB-C), while for paper birch (Betula 

papyrifera) had high mortality that led to negative net change (Figure 7). 

¶ 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 space and 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 used neural network 

approaches like MNIST, CIFAR-10, 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. 
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¶ Use of hyperspectral imaging to better identify key tree species that occur in the region 

(Figures 8 and 9) and their health 

¶ Development of a strategy for improved spatial mapping and monitoring of black ash, which 

has strong importance to indigenous users for basketmaking. This includes distinct 

opportunities to leverage traditional ecological knowledge to inform or interpret new forest 

classes or "forest places" based on qualitative attributes and associations between 

qualitative or quantitative attributes. These classes could be mapped 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 G-LiHT and UAVs to generate a larger sample of training data for developing 

models based on Landsat and Sentinel imagery. 

¶ Compiled new data sets and conducted preliminary analysis of regional-scale phenology 

metrics as measured through satellite data products from the Moderate Resolution Imaging 

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 (Figure 10). 

 

 

Figure 6. Mapped trends in the abundance of subalpine spruce-fir tree species (a,b), Abies balsamea and Picea rubens, 

quantified with dense time series of Landsat satellite data from 1984-2012. In subalpine zones, spruce-fir increased in 

abundance (red), stayed stable (green) or decreased 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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Figure 7.  Analysis of US Forest Inventory and Analysis (FIA) data (plot locations in (a)) 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, spruce (Picea rubens) and fir (Abies balsamea) growth and recruitment exceed mortality, based on changes in 

aboveground carbon in biomass (AGB-C), while for paper birch (Betula papyrifera), high mortality leads to negative net 

change. Subalpine spruce and fir have increased in overstory and sapling layers in many regions. 

 

 

Figure 8. Spectral profiles of shrub 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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Figure 9. Use of hyperspectral imaging to evaluate foliage health. The image shows a) true color image with overlaid 

samples of classified health on a scale 1-4, 1 = healthy, 4 = unhealthy (in red and green); b) the spectral profile of a white 

ash tree with health class 1; c) the spectral profile 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. 

 

 

 

Figure 10. The set of phenology metrics 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 periods (2001-09 

vs. 2010-17) and among the different climatic regions of Maine. 
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Table 5. Available regional datasets for Theme 2. 

Type Source Dataset Description Availability 

Field Site Professional US Forest Service, FIA 

Statewide and nationally 
consistent plot-level 
measurements that 

includes trees, downed 
woody materials, 

vegetation, and lichens 

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

mart.html 

Field Site Professional Howland 

Long-term AmeriFlux 
site in central Maine 
that has 30+ years of 

eddy-flux and 
environmental 
measurements 

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

Ho1 

Field Site Professional Hubbard Brook 

Long-term watershed in 
central New Hampshire 

that has assess 
ecosystem change 

https://hubbardbrook
.org/d/hubbard-

brook-data-catalog 

Field Site Professional Holt Research Forest 

Long-term ecosystem 
study in an oak-pine 

coastal forest in 
southern Maine 

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

roject//holtbasics 

Field Site Professional 
Bartlett Experimental 

Forest 

USFS and NSF NEON 
long-term research site 
in the White Mountains 
of New Hampshire; long-
term Ameriflux site with 

16 year of eddy flux 
data, phenocam and 

plot-based 
measurements of forest 

carbon cycling 

https://www.neonsci
ence.org/field-
sites/field-sites-

map/BART 

Field Site Professional 
Penobscot 

Experimental Forest 

USFS long-term research 
site in central Maine 
that has examined 
response to forest 

management 

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

_catalog/ 

Field Site Professional 
Forest Ecosystem 

Monitoring 
Cooperative 

Regional repository of 
long-term forest data of 

mixed nature 

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

roject/themes 

Remote 
Sensing 

Professional G-LiHT 

NASA airborne sensor 
with LiDAR, 

hyperspectral, and 
thermal imaging 
capacity that has 

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/
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Type Source Dataset Description Availability 

multiple acquisitions in 
the region 

Field Site Professional 
Maine Ecological 
Reserve Network 

Network of ecological 
reserves throughout 

Maine with permanent 
plots that have repeated 

measurements 

https://esajournals.on
linelibrary.wiley.com/
doi/full/10.1002/ecy.

2500 

Field Site Professional 
Northeast Temperate 

Network 

Network of ecosystem 
monitoring protcol of 

plants and animals 
throughout the 

Northeast on National 
Park Service lands 

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

reports.htm 

Environmen
tal Network 

Citizen 
Science 

Community Snow 
Observations 

Citizen scientist 
observations of snow 

cover and depth 

http://app.communit
ysnowobs.org/ 

Environmen
tal Network 

Professional 
Maine Cooperative 

Snow Survey 
 

Statewide survey of 
equivalent water 

content, and density of 
the snowpack in Maine 

https://www.maine.g
ov/dacf/mgs/hazards/

snow_survey/ 

Field Site 
Citizen 
Science 

eBird 

Citizen scientist 
observations of bird 

occurrence and 
abundance 

https://ebird.org/regi
on/lower48?yr=all 

Field site Professional 
Bear Brook 

Watershed in Maine 

Long-term paired 
watershed study in 

eastern Maine with FIA-
style forest veg, 

watershed 
geochemistry, 

measurements since 
1986 and soil temp since 

2000s. 

https://umaine.edu/b
bwm/ 

 

THEME 3 

¶ 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 in PnET-II 

(Figure 11) increased, particularly maximum temperatures in summer months, under the 

high emission scenario when projecting spruce-fir forest productivity; higher temperatures 

had a negative effect on spruce-fir resulting in large part from projected summertime 

ǘŜƳǇŜǊŀǘǳǊŜǎ ŜȄŎŜŜŘƛƴƎ ǎǇŜŎƛŜǎΩ ƻǇǘƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ŦƻǊ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ όtǎƴ¢hǇǘύΣ 

which also increased in importance relative to the low emission scenario.  

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://f orestapp.acg.maine.edu/) for displaying and summarizing spatial data that can be 

used by scientists and land managers (Figure 12) 

¶ Based on the GSA results, identified influential model parameters with limited empirical data 

support that could be informed by the 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 productivity 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 (Figure 13). 

¶ Shared and synthesized prior regional 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 ha landscape using LANDIS-II that compared 

contrasting strategies for enhancing forest carbon sequestration (Figure 14). 

¶ Recruited PhD student for fall 2020 to work on cross-theme (Themes 2 and 3) project at UNH 

ά¦ǎƛƴƎ .ƛƎ 5ŀǘŀ ŀƴŘ aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎ ǘƻ tǊŜŘƛŎt Future Forest Condition in Response to 

{ƛƭǾƛŎǳƭǘǳǊŀƭ !ŎǘƛǾƛǘƛŜǎέ 

¶ Cross-team 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 Tree techniques 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 decision-making around the carbon implications of the decision to salvage true 

mortality during a spruce budworm outbreak. 
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Figure 11. Relative importance of top-ranked PnET-II model parameters1, based on a global sensitivity analysis 

including vegetation and climate parameters, under a low (RCP 2.6) and high (RCP 8.5) emission climate change 

scenario. 

1FolNCon = 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 temperature; tmax8 = Max August temperature; tmax6 = max June temperature. 

 

 

Figure 12. Screenshot of ForEST web-based application developed by INSPIRES Senior Personnel Legaard, Simons-

Legaard, and Hahmann. ForEST is designed to easily display and summarize geospatial data, which will provide near 

real-time information about changing forest landscape conditions resulting from the spruce budworm outbreak and 

ongoing management. Available online: https://forestapp.acg.maine.edu/. 

https://forestapp.acg.maine.edu/
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Figure 13. Maps of partial-canopy disturbances with Landsat remote sensing time series (1984-2019) at 

existing and new intensively monitored forest sites (symbols in (a)), including NSF NEON sites at Bartlett 

Experimental Forest in NH (b-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). 

 

Figure 14. Annual forest and product carbon sequestration (tons of CO2e per year) for different management strategies 

projected using LANDIS-II for 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 Landsat-derived time series of forest disturbance 

(2000-2010). 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 harvest (from 10% to 

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 4 presented a poster at the Maine Environmental Education Association Conference in 

March 2020. A proposal focused on QRC was accepted to the New England Educational Research 

Organization (NEERO) conference in May; however, that conference was cancelled due to COVID-

19. We also had a presentation proposal accepted to the Maine Sustainability and Water Conference 

that was scheduled for April, but has also been cancelled. Laura Millay presented about the Theme 

4 work at a forum focused on Broader Impacts organized 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 prioriǘȅΦ ¢Ƙƛǎ ǇǊƻǇƻǎŀƭ ǿŀǎ ǎǳōƳƛǘǘŜŘ ǘƻ ǘƘŜ ¦aΩǎ ±tw ƻŦŦƛŎŜΦ ¢ƘŜ ǘƘǊŜŜ-state 

collaboration underpinning this mathematics proposal was developed entirely as a result of the 

INSPIRES grant. 

JURISDICTIONAL SPECIFIC OUTCOMES 

MAINE 

Within Maine, INSPIRES has brought 20 faculty, 2 undergraduates, 2 graduate 

students, a post-doctorate fellow, and 3 project staff from across three different 

institutions together. The INSPIRES team within Maine brings several disciplines 

across 10 different academic units or research centers 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 (PI Weiskittel, Co-PI Beard, Senior 

Personnel Segee, and Senior Personnel McKay) serve important roles as leaders and mentors and 

will continue to facilitate team relationship formation.  

To help focus efforts and strengthen team relationships, several Maine-specific INSPIRES team and 

theme meetings have been held and are regularly 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 important for connecting the undergraduate and graduate student team members with 

each other as well as with INSPIRES faculty. INSPIRES team members participated in several 

ƛƳǇƻǊǘŀƴǘ aŀƛƴŜ ŜǾŜƴǘǎ ƛƴŎƭǳŘƛƴƎ ²ŀōŀƴŀƪƛ ¢Ǌƛōŀƭ 9ŎƻƴƻƳƛŎ /ƻƴŦŜǊŜƴŎŜΣ aŀƛƴŜΩǎ CƻǊŜǎǘ /limate 

/ƘŀƴƎŜ LƴƛǘƛŀǘƛǾŜϥǎ CƻǊŜǎǘ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ŀƴŘ !ŘŀǇǘŀǘƛƻƴ CƻǊǳƳΣ aŀƛƴŜΩǎ /ƘŀǇǘŜǊ ƻŦ ǘƘŜ {ƻŎƛŜǘȅ ƻŦ 

!ƳŜǊƛŎŀƴ CƻǊŜǎǘŜǊǎ ŀƴƴǳŀƭ ƳŜŜǘƛƴƎΣ ŀƴŘ aŀƛƴŜΩǎ /ƭƛƳŀǘŜ /ƻǳƴŎƛƭ {ŎƛŜƴǘƛŦƛŎ ŀƴŘ ¢ŜŎƘƴƛŎŀƭ 

Subcommittee public meeting. 
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NEW HAMPSHIRE 

Within New Hampshire, 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 first phase of Year 1 (through December 2019) focused on team building and 

collaborative planning via bi-weekly team meetings. The NH team also had representation on all 

four project themes, which allowed cross-theme exchange of information and ideas prior to, and 

following, the online and in-person (Portsmouth, NH) all-team 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 meeting at the Society for the Protection of New 

Hampshire Forests, attended by co-tLǎ hƭƭƛƴƎŜǊ ŀƴŘ 5Ω!Ƴŀǘƻ ƻƴ bƻǾŜƳōŜǊ мпΦ 

Activities and plans through Year 1 resulting from these discussions include coordination of inter-

jurisdictional Theme 1 meetings (by A. Contosta), identification of field 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 winter-to-spring 

carbon balances 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 condition response to silvicultural activities, and 

development of remote sensing techniques to be used for identification  of forest composition  and 

foliar nitrogen concentrations. Preliminary results and upcoming plans were presented at the 

Bartlett Experimental Forest CoopeǊŀǘƻǊΩǎ ƳŜŜǘƛƴƎ όaŀǊŎƘ мнΣ нлнлύΣ ŀƴ ŜǾŜƴǘ ǘƘŀǘ ŀƭǎƻ ǇǊƻǾƛŘŜŘ 

additional opportunity for collaboration between University of New Hampshire and University of 

Vermont. 

VERMONT 

Similar to the other jurisdictions, University of Vermont includes participants (7 

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 relationships for this project. Considerable progress in the direction was accomplished by 

monthly meetings of all Themes and associated PIs and collaborators at University of Vermont 

beginning in September 2019. In addition, several additional meetings were attended to build 

synergies within the team and key external stakeholders.  

These meetings and events included: (1) a meeting of Theme 4 PIs from University of Maine, 

University of New Hampshire, and University of Vermont in conjunction with 2019 Northeast 

Association for Science Teacher Education Conference, Burlington, VT (October 9-12, 2019); (2) 

meeting of Theme 1 PIs and collaborators from University of Maine, Dartmouth College, Plymouth 

State University, USDA Forest Service Northern Research Station, and University of Vermont to 
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discuss CO2 and soil/deadwood moisture sensor development at Forest Ecosystem Monitoring 

Cooperative Annual Meeting, Burlington, VT (December 13, 2019); (3) meeting of Theme 1 PIs and 

collaborators from University of New Hampshire, Dartmouth College, Plymouth State University, 

ŀƴŘ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ±ŜǊƳƻƴǘ ƻƴ ±ŜǊƳƻƴǘΩǎ ŎŀƳǇǳǎ ǘƻ ŘƛǎŎǳǎǎ ŦƛŜƭŘ ǎƛǘŜǎ ŦƻǊ ǎŜƴǎƻǊ ŘŜǇƭƻȅƳŜƴǘ ŀƴŘ 

field season logistics (March 3, 2020); (4) presentation and planning at the Bartlett Experimental 

Forest CooperatƻǊΩǎ ƳŜŜǘƛƴƎ όaŀǊŎƘ мнΣ нлнлύ ŦƻǊ ƛƴǘŜǊƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ŎƻƭƭŀōƻǊŀǘƛƻƴ ōŜǘǿŜŜƴ 

University of New Hampshire, University of Vermont, University of Maine, and USDA Forest Service 

that leverages long-term eddy flux and inventory data and new sensor deployments at the Bartlett 

Experimental Forest, Bartlett, NH; and (5) a field tour of a new extensive sensor site, Dartmouth 

/ƻƭƭŜƎŜΩǎ {ŜŎƻƴŘ /ƻƭƭŜƎŜ DǊŀƴǘΣ ǿƛǘƘ ŦƻǊŜǎǘŜǊǎ ŦǊƻƳ ±ŜǊƳƻƴǘ CƻǊŜǎǘǎΣ tŀǊƪǎ ŀƴŘ wŜŎǊŜŀǘƛƻƴ ƭŜŘ ōȅ 

Co-tL 5Ω!Ƴŀǘƻ ƻƴ {ŜǇǘŜƳōŜǊ нрΣ нлмф ŀƴŘ ŀǘǘŜƴŘŜd by 25 foresters. A research team meeting is 

planned at Bartlett Experimental Forest (intensive field site) in June 2020 for a cross-theme 

discussion of research questions and integration with STEM education, which is currently contingent 

on national and regional COVID-19 guidelines for safe and healthy work environments. 
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BROADENING PARTICIPATION 

TEAM DEMOGRAPHICS 

Significant focus in Year 1 was on building and formalizing research teams, recruiting new research 

members, and inter-team collaboration. Currently, 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, there is nearly 

equal female-male 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 self-identified as underrepresented race/ethnicity. Significant recruitment 

efforts are underway for undergraduate and graduate students for Year 2. Continued engagement 

and support of early-career faculty as well as team diversity will be a key priority for the remainder 

of Year 1 and going forward. A 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), INSPIRES faculty 

had equal representation of females (51.7%) with males (44.8%). In addition, INSPIRES faculty 

composition leans towards early-career investigators (55.2%) composed of a high percentage of 

those identifying as female (53.3%). INSPIRES faculty are also highly diverse in terms of academic 

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

current team size. Current representation of early-career investigators and involved disciplines are 

well balanced across the four research themes with 7-12 disciplines and 14-78% early-career 

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 6. Summary of INSPIRES team personnel by role and jurisdiction. 

 

 
Role 

Jurisdiction 
Total 

Maine New Hampshire Vermont 
Faculty 

(Early-career) 
20 
(9) 

11 
(7) 

7 
(4) 

38 
(20) 

Staff 
(Professional, 

Post-doctorates, 
Support) 

4 1 1 6 

Students 
(Undergraduate/ 

graduates) 

4 
(2/2) 

1 
(0/1) 

5 
(1/4) 

10 
(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.  

 
Academic Rank/Title  

AAAS DOP 

Number % Male Female Asian 
Native 

American 
White 

Professor 8 28 9 10 - 1 17 

Associate Professor 3 10 - - - - - 

Assistant Professor 4 14 10 8 2 - 15 

Research Assistant 
Professor 

6 21 - - - - - 

Research Scientist 2 7 - - - - - 

Professional Staff 3 10 - - - - - 

Postdoctoral Researcher 2 7 1 1 - - 2 

Other 1 3 3 1 - - 3 

 

 

 

 

Figure 15. Disciplines currently represented by INSPIRES faculty.  
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INTERJURISDICTIONAL COLLABORATION 

The emerging research projects, which extend across the four integrated themes, are 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). Each theme is cross-jurisdictional 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 University of New Hampshire and University of Vermont, this project involves 

several campuses that comprise the University of Maine System. The inclusion of these smaller 

ŎŀƳǇǳǎŜǎ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ aŀƛƴŜΩǎ ǊŜǎŜŀǊŎƘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ǎƘƻǳƭŘ ƘŜƭǇ ǘƻ ƳƛǘƛƎŀǘŜ ǘƘŜ ƛǎƻƭŀtion 

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 interact with the 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 overall in terms of research and education that is relevant for the 

ǊŜƎƛƻƴΦ !ƭƭ ƧǳǊƛǎŘƛŎǘƛƻƴǎ ƘŀǾŜ ƛŘŜƴǘƛŦƛŜŘ ǎǘǊŜƴƎǘƘǎ ǘƘŀǘ Ŏŀƴ ōŜ ƭƛƴƪŜŘ ǘƻ ǘƘŜ ǊŜƎƛƻƴΩǎ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜ 

base and rural nature, while each jurisdiction brings key strengths to the project that will benefit 

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, long-term forest research sites, state-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, expertise in TEK 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. University of New 

Hampshire strengths 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). University of Vermont strengths 

include a Complex Systems Center with associated undergraduate- and graduate-level degrees in 

Complex Systems 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).  

HIGHLIGHTS 

¶ Theme 3 organized several cross-theme meetings that help build inter-jurisdictional 

relationships and initiated new dialogs for continued collaboration 



Broadening Participation 
 

47 
 

¶ 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. 

¶ Ongoing 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 

discussions show real promise of collaboration with the Wabanaki Youth Science Programs 

(WaYS). 

¶ Themes 2 and 3 together identified 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. 

¶ Theme 1 submitted a pre-proposal that would leverage the INSPIRES sensor network across 

ŀƭƭ ǘƘǊŜŜ ǇǊƻƧŜŎǘ ǎǘŀǘŜǎΣ ŀƴŘ ōǳƛƭŘ ƻƴ ¢ƘŜƳŜ мΩǎ ǘƻǇƛŎŀƭ ŦƻŎǳǎ ƻƴ ǿƛƴǘŜǊ ŀƴŘ ǎǇǊƛƴƎ ŎƭƛƳŀǘŜ 

change. Members from all three jurisdictions contributed to the pre-proposal. 

¶ Created a project jargon dictionary that helps to minimize barriers in team member 

participation and understanding (see Table 8) 

¶ Created a publication author template (Appendix 4) to help determine authorship and 

minimize potential conflict 

¶ Created a student participation and faculty mentoring guidelines (Appendix 5, 6) that help 

define roles and responsibilities, expectations, and best practices 

¶ Develop and implemented a project communication strategy that outlined measures to 

ensure effective internal and external project communications 

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

and to participate in the Northeast Association for Science Teacher Education (NE-ASTE) 

conference. This trip included a field trip on the Melosira Research Vessel which is used to 

support place-based science instruction about Lake Champlain for VT teachers and students 

through the Champlain Research Experience for Secondary Teachers (CREST) program. This 

field trip showcased part of the work being conducted through CREST that provides one 

model for the type of place-relevant science instruction that we would like to support 

implementing with regard to northern forests and Big Data. 

¶ Members of the Theme 4 team have attended meetings held by each of the other themes to 

build collaborative relationships and to keep up-to-date about 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 states 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, members of the three-state 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 



INSPIRES Year 1 Annual Progress Report 
 

48 
 

all students, with an emphasis on the rural student populations of the three-state 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.  

¶ Co-PI Weiskittel and Project Senior Personnel Burakowski and Contosta attended the 2019 

National EPSCoR Conference hosted by the University of South Carolina 

Table 8. tǊƻƧŜŎǘ ƧŀǊƎƻƴ ŀƴŘ ŀŎǊƻƴȅƳ ŘƛŎǘƛƻƴŀǊȅ ŘŜǾŜƭƻǇŜŘ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ǘŜŀƳ ƳŜƳōŜǊǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƪŜȅ 

cross-theme concepts that will help to minimize barriers to collaboration.  

Theme Word/Acronym Definition 

ALL Model 
A conceptual representation of reality that can be used to understand 
potential relationships 

1 NEON National Ecological Observatory Network 

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

1 respiration Biological release of carbon dioxide 

1 AMC Appalachian Mountain Club 

2 ontologies 
Set of concepts and categories in a subject area or domain that shows their 
properties and the relations between them. 

2 TEK 
Traditional Ecological Knowledge, use of non-Western knowledge to 
understand, explain, and forecast ecological phenomena 

2 UAV Unmanned aerial vehicle 

2 G-LiHT NASA's Goddard LiDAR, Hyperspectral, and Thermal Imaging sensor;  

2 LAI leaf area index 

2 FIA US Forest Service, Forest Inventory & Analysis 

2 AI/ML Artificial Intelligence/Machine Learning 

2 SfM Structure for Motion 

2 ICESat NASA's Ice, Cloud, and land Elevation Satellite 

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

3 LANDIS 
A landscape-scale forest ecosystem model for simulating fundamental 
ecological processes 

3 FVS Forest Vegetation Simulator 

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

3 CLM Community Land Model 

3 GMF Green Mountain National Forest 

3 WMF White Mountain National Forest 

3 MODIS NASA's Moderate Resolution Imaging Spectroradiometer sensor 

3 TEM 
Terrestrial Ecosystem Model is a process-based ecosystem model that 
describes carbon, nitrogen and water dynamics of plants and soils for 
terrestrial ecosystems 

3 EFI Enhanced Forest Inventory 

3 NAIP National Agricultural Imagery Program 
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DEVELOPMENT/RECRUITMENT OF DIVERSE EARLY CAREER FACULTY 

At this early stage of the project, the immediate benefit for workforce development are the project, 

theme, and institutional cross-collaborations 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 early-career with nearly equal 

representation in gender.  

The four research themes are all being led or co-led by early-career faculty with support from senior 

faculty members, which is helping build to leadership and organizational skills. Conference travel, 

equipment, as well as support of undergraduate and graduate students has been provided to early-

career faculty members. As highlighted above, early-career faculty members have successfully 

submitted inter-jursidictional research proposals with both being submitted to the National 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 early-career faculty members.  

DEVELOPMENT/RECRUITMENT OF DIVERSE 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 one graduate student engaged with the wireless soil moisture development 

group at the University of Maine, providing valuable real-world computer science experiences and 

mentoring from senior faculty. As stakeholder engagement continues to expand, undergraduate and 

graduate students as well as post-doctorate 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 institutions for participation in the project for Year 2. PI Weiskittel with 

Co-tLǎ 5Ω!Ƴŀǘƻ ŀƴŘ hƭƭƛƴƎŜǊ ƘŀǾŜ ǿŜƭŎƻƳŜŘ ŀƭƭ ǎǘǳŘŜƴǘǎ ƻƴ ǘƘŜ Lb{tLw9{ ǇǊƻƧŜŎǘ ŀƴŘ ǘƘŜȅ ƘŀǾŜ ŀƭƭ 

been successfully introduced to the team. Students have been using Slack to communicate across 

jurisdictions and opportunities have been provided for presenting findings during both all-team and 

theme virtual meetings. Future meetings will highlight and feature ongoing student research to 

ensure successful collaboration and development. Guidelines for effective guidelines for student 

mentors and mentorees has been developed by the Mentoring, Education, & Engagement (MEE). 

Recruitment for future years will continue to focus on underrepresented groups, particularly women 

and Native Americans.  

LEADERSHIP AND GOVERNANCE 

The Core Leadership Team (CLT) as (outlined in Table 2 above) 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 with key outcomes that included a shared management structure, 

development of cross-state and cross-discipline research theme teams, coordination of recruitment 

and hiring efforts, and began drafting documents for team governance, project communication, and 

an implementation plan. Year 1 efforts focused on the selection of research sites, a complex matter 

given the subject of this project, and recruitment of diverse post-doctoral associates and PhD 

students. Recruitment efforts, although launched in the fall, were not 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 the formation of several important committees including an External Advisory Board 

(EAB), a Tri-Jurisdictional Institutional Advisory Board (IAB), and two project committees, namely 

Collaborative Research Committee (CRC) and Mentoring, Education, & Engagement (MEE) 

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) identify potential 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 IAB will consist of Provosts, Vice-Presidents 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 INSPIRES. The MEE Committee (led by 

Co-tL 5Ω!Ƴŀǘƻύ ǿƛƭƭ ƘŜƭǇ ŦƻǎǘŜǊ ŀ ŎǳƭǘǳǊŜ ƻŦ ǎƘŀǊŜŘ ƳŜƴǘƻǊǎƘƛǇ ŀƴŘ ŜŦŦŜŎǘƛǾŜ ŀŘǾƛǎƛƴƎ ŀŎǊƻǎǎ ǘƘŜ 

project and lead educational and professional development activities, including offering courses, 

writing retreats, and field trips to promote cross-project learning and research advancement, and 

will work closely with the CRC (led by Co-PI Ollinger) to plan quarterly all- team 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 

development to begin forming them, particularly given the focus on building the research theme 

teams and promotion of inter-jurisdictional collaboration. INSPIRES faculty were asked about the 

two project committees and willingness to serve on them. In addition, INSPIRES 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 with the project implementation plan and PI Weiskittel has now 

ǎŎƘŜŘǳƭŜŘ ǊŜƎǳƭŀǊƭȅ ƳŜŜǘƛƴƎǎ ǿƛǘƘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aŀƛƴŜΩǎ ±ƛŎŜ tǊŜǎƛŘŜƴǘ ƻŦ wŜǎŜŀǊŎƘΣ ǿƘƻ ǿƛƭƭ ōŜ 

the IAB Chair, to discuss next steps and project needs.
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PROGRESS ON PROGRAM ELEMENTS 

COLLABORATIVE RESEARCH DEVELOPMENT 

The INSPIRES project started August 1, 2019 and is a relatively large multi-jurisdictional, 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 organize the project effectively to produce optimum, synergistic 

outcomes over the long-term. In the first few months of this project, the CLT relied on the effective 

team-building strategies outlined in Strategies for Team Science Success (edited by Hall et al., 2019), 

which resulted in the incorporation of various integrative practices such as in-person/virtual team 

meetings, use of cloud-based collaborative tools (e.g., Slack and Box [Figures 16 & 17]), and regular 

electronic team updates. In addition, key online documents and resources to help foster team 

collaboration have been created, including a team website (Figure 18), shared project calendar 

(Figure 19), project jargon or acronym dictionary (see Table 8), and summary of project resources.  

 

Figure 16. INSPIRES Slack Channel that is used for project updates, research 

theme communications, and document sharing. 

A primary focus during Year 1 has been on the completion of a project implementation plan 

(Appendix 2) and initiation of research efforts. Team building has been ongoing with numerous 

virtual and in-person meetings by the CLT, individual research themes, and within individual 

jurisdictions. For example, quarterly all-team meetings where project and research theme updates 

are provided and discussed; individual research theme meetings to explore team member research 

interests, complete strategic materials, and outline key research milestones by project year; and 
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intra-jurisdiction meetings to help build team relationships and identify key linkages as INSPIRES 

brings together a diverse set of disciplines such as engineering, computer science, ecology, 

biometrics, ecosystem modeling, and STEM education.  

The project implementation plan was 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, availŀōƭŜ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ǘƘŜ ǘŜŀƳΩǎ 

expertise. The project implementation plan will be regularly revisited to ensure successful project 

progress, intra-jurisdictional collaboration, and stakeholder engagement. The governance 

agreement, within the implementation plan, 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 expected to annually 

review and digitally 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 stakeholder matrices. 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 each INSPIRES team 

member with a comprehensive summary of important project information to help guide their work. 

¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ǿƛƭƭ ŀƭǎƻ ǎŜǊǾŜ ŀǎ ŀƴ ƻǾŜǊŀƭƭ ƻǊƛŜƴǘŀǘƛƻƴ ǇŀŎƪŀƎŜ ŦƻǊ ƻǳǊ ǇǊƻƧŜŎǘΩǎ ŀŘǾƛǎƻǊȅ ōƻŀǊŘǎ ŀƴŘ 

other key external stakeholders. Going forward, our project implementation plan will be used by 

research theme leads, the INSPIRES CLT, and our external evaluators to assess progress against our 

initial motivating project goals and objectives. Finally, we hope this plan will provide the necessary 

baseline, structure, and overall framework for effective project reporting. 

Figure 17. INSPIRES Box folder used for online collaboration of shared documents for the project 

and research themes as well as repository for project outputs like presentations, publications, 

and team rosters. 
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Project implementation started with 

the CLT organizing a kick-off meeting 

and inviting all members of the 

project team to participate. The 

meeting was held virtually in early 

September 2019. The meeting 

successfully introduced the effort to 

ŜƴǎǳǊŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 

ǘƘŜ ǇǊƻƧŜŎǘΩǎ Ǿƛǎƛƻƴ ŀƴŘ ƻōƧŜŎǘƛǾŜǎΣ 

brought participants from different 

institutions and departments 

together, and began the project team 

building process. Of the 29 survey 

participants in the January external 

survey (see Appendix 3), the vast 

majority (72.4%) indicated that they 

participated in the kick-off meeting. In 

December 2019, INSPIRES held a two-

day in-person meeting that was well 

attended (despite a snowǎǘƻǊƳ ƛƳǇŜŘƛƴƎ ǘǊŀǾŜƭύ ōȅ ǘŜŀƳ ƳŜƳōŜǊǎ ŀƴŘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŜȄǘŜǊƴŀƭ 

evaluators. As highlighted in the meeting agenda (Figure 20), the meeting provided an opportunity 

for project participants to get to know each other, share their ideas and collective expertise to 

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

ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŦƻǳǊ ǘƘŜƳŜǎΣ ŀƴŘ ǘƻ ǎŜǘ 

expectations across the entire project team 

in terms of roles and responsibilities and 

key milestones. A total of 25 respondents in 

the external survey (86.2%) indicated that 

they participated in the all-team meeting. 

The meeting was strategically structured to 

learn from past NSF Track 2 projects, 

external evaluation, project reporting, open 

data standards, and team science. Team 

interactions were maximized by various 

icebreakers and breakout sessions. 

 

 

Figure 18. INSPIRES Team Website (https://crsf.umaine.edu/inspires/). 

Figure 19. INSPIRES Team Calendar that highlights project events, 

details, and team member participation to help promote cross-

theme and inter-jurisdictional collaboration. 

https://crsf.umaine.edu/inspires/
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Finally, two surveys of INSPIRES team 

members were conducted to better 

understand the team, its desired outcomes 

for the project, and to build a baseline for 

future assessments. The first survey was an 

informal team poll conducted internally by 

the CLT, while the second was an external 

and formal assessment conducted by AAAS 

(Appendix 3). The informal survey had 33 

respondents and primarily focused on 

desired outcomes, potential barriers, and 

specific research interests. Respondents 

ǇǊƛƳŀǊƛƭȅ ŘŜŦƛƴŜŘ ǎǳŎŎŜǎǎ ōȅ άƛƴŎǊŜŀǎŜŘ 

collaboration,έ άƪŜȅ ƻǳǘŎƻƳŜǎ,έ ŀƴŘ ƛƳ-

ǇǊƻǾŜŘ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǿƛǘƘ άŎƻƭƭŜŀƎǳŜǎέ όsee 

Figures 21 & 22). Highest priorities for 

INSPIRES were conducting novel research 

(44%), improved research capacity and infra-

structure (25%), and regional collaboration 

(16%) (Figure 22). In addition, a team motto 

ƻŦ ά{ƳŀǊǘ 5ŀǘŀ ŦƻǊ wŜǎƛƭƛŜƴǘ CƻǊŜǎǘǎέ ǿŀǎ 

voted on and adopted.  

The external survey conducted by AAAS in early 2020 

had 42 questions for faculty INSPIRES team members 

covering participant background, project imple-

mentation, research collaborations, research pro-

ductivity, mentoring, professional development, 

external stakeholder engagement, and anticipated 

project impacts. The survey was completed by 38 

INSPIRES faculty for a response rate of 76% and equal 

representation across the three jurisdictions. The 

vast majority of participants (75-82%) have a clear 

understanding of the project, its goals and priorities, 

their involvement, and current project com-

munication (Figure 23).  

Figure 20. Agenda for the two-day INSPIRES All-Team 

Meeting in Portsmouth, NH in December 2019. 

Figure 21. ²ƻǊŘ ŎƭƻǳŘ ōŀǎŜŘ ƻƴ оо ǊŜǎǇƻƴŘŜƴǘǎΩ 

definition of success at the end of INSPIRES research 

effort. 
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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%). In terms of prior 

collaborations, the survey findings indicated that a research collaboration network among members 

of the project team already existed prior to INSPIRES. These pre-existing connections offer 

opportunities to strengthen relationships around shared interests and-long term goals, and thus, 

may enhance coordinated efforts to achieve the goals of the INSPIRES project. In addition, responses 

indicated that involvement in the INSPIRES project enabled early-career researchers to establish 

connections (higher average number of connections compared to prior and current non-INSPIRES 

networks and compared to established investigators). Insufficient time and high workload were 

cited by approximately two thirds of the survey participants as the main reason they did not pursue 

professional development opportunities in the previous year, which the CLT will work to address in 

the coming years of the project. 

 

 

Photo 3. Images from the INSPIRES All-Team Meeting in Portsmouth, NH in December 2019. The meeting included 

talks and team interactive breakout sessions. (Photos courtesy CRSF.) 

Figure 22. tƛŜ ŎƘŀǊǘ ƻŦ Lb{tLw9{ ǘŜŀƳ ƳŜƳōŜǊΩǎ ƘƛƎƘŜǎǘ ǇǊƛƻǊƛǘƛŜǎ ŦƻǊ ǘƘŜ ŜŦŦƻǊǘΦ 
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INTELLECTUAL MERIT 

!ǎ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 5ŀǘŀ hǳǘŎƻƳŜ tƻǊǘŀƭΩǎ ǎƴŀǇǎƘƻǘΣ ǘƘŜ Lb{tLw9{ ŜŦŦƻǊǘ Ƙŀs already 

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 Industry-University Collaborative Research Center Phase 3 

proposal led by PI Weiskittel, which will help to connect INSPIRES research to key national forest 

industry stakeholders. In addition, early-career Senior Personnel Simons-Legaard (University of 

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

of Integrated Socio-Environmental Systems (CNH2) proposal with early-career Senior Personnel 

Foster (University of Vermont). Both proposals directly relate to INSPIRES Theme 3 efforts as they 

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 methods for low cost and high frequency 

quantification 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, including ǎǳōƳƛǎǎƛƻƴǎ ǘƻ b{CΩǎ tƭŀǘŦƻǊƳǎ ŦƻǊ !ŘǾŀƴŎŜŘ ²ƛǊŜƭŜǎǎ wŜǎŜŀǊŎƘ 

(PAWR), Convergence Accelerator (C-Accel), and Signals in the Soil (SitS) as well as planned 

ǎǳōƳƛǎǎƛƻƴǎ ǘƻ ²ƛƭŘƭƛŦŜ /ƻƴǎŜǊǾŀǘƛƻƴ {ŜǊǾƛŎŜΩǎ /ƭƛƳŀǘŜ !ŘŀǇǘŀǘƛƻƴ CǳƴŘΣ ǘƘŜ bŀǘǳǊŜ /ƻƴǎŜǊǾŀƴŎȅΩǎ 

Natural Climate Solutions Accelerator Grant Program, and USDA AFRI. These efforts will help to 

leverage and strengthen current INSPIRES activities and collaborations.  

Figure 23. Summary of 38 INSPIRES faculty from an external survey on project engagement and internal 

communication strategy. 
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In terms of publications and presentations, significant INSPIRES outcomes have been achieved in 

the first 9 months of the project. This has included three peer-reviewed publications from the 

University of New Hampshire with Co-PI Ollinger working with a graduate student and various early-

career faculty to finalize several analyses related to key elements of INSPIRES such as remote 

sensing, carbon cycling monitoring, and ecosystem modeling. The publications were in top-tier peer-

reviewed journals Global Change Biology (Impact Factor = 8.88), Remote Sensing (Impact Factor = 

4.11), and Ecosystems (Impact Factor = 4.55). The University of Maine also published an article in 

Remote Sensing (Impact Factor = 4.11) with two early-career faculty as articles leads. Finally, the 

University of Vermont has a forthcoming publication in the Canadian Journal of Forest Research 

(Impact Factor = 1.81), which will help guide ongoing INSPIRES efforts. Future publications have 

been discussed at both INSPIRES theme and all-team meetings, which will be an important focus in 

Years 2 and 3 of the project. Presentations were given at a range of events including national 

conferences, invited seminars, and local meetings. A number of the presentations (11) were given 

by INSPIRES post-doctorate fellows and early-career faculty. These were at national conferences like 

the American Geophysical Union Fall Meeting and Information Theory and Application (ITA20) as 

ǿŜƭƭ ŀǎ ƭƻŎŀƭ ŜǾŜƴǘǎ ƭƛƪŜ aŀƛƴŜΩǎ CƻǊŜǎǘ /ƭƛƳŀǘŜ /ƘŀƴƎŜ LƴƛǘƛŀǘƛǾŜ CƻǊŜǎǘ {ŎƛŜƴŎŜ ƳŜŜǘƛƴƎΣ ²ŀōŀƴŀƪƛ 

Tribal Economic Conference, and the Forest Ecosystem Monitoring Cooperative Annual Meeting. As 

noted in the AAAS baseline assessment, INSPIRES CLT has prioritized aiding early-career faculty by 

encouraging and supporting their participation in national conferences, which is reflected in the 

number of presentations in Year 1 of the 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, emphasis will continue to 

be placed on inter-jurisdictional outcomes, particularly publications. In addition, continued support 

and professional development of early-career faculty members will remain a high priority. 

Specifically, key synthesis products that assess current state of knowledge and outline strategies for 

future research will be prioritize in Years 2 and 3 of the project.  

BROADER IMPACTS 

!ǎ ƻǳǘƭƛƴŜŘ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ Ǉƭŀƴ ŀƴŘ ǘƘŜ !!!{ ōŀǎŜƭƛƴŜ ǎǳǊǾŜȅ (see Appendices 2-

3), broader impacts and 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., federal, state, non-profit, 

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 significantly influence both local and regional forest policies as 

well as benefit G6-12 students. In Year 1, many themes have already engaged with a broad array of 

local, regional, and national stakeholders (Figure 24). These interactions include input on sensor 
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monitoring needs and site selection, gaining access to key data or study locations, deploying key 

ǘŜŎƘƴƻƭƻƎȅΣ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŎǳǊǊŜƴǘ {¢9a ŎǳǊǊƛŎǳƭŀǊ ƴŜŜŘǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ¢ƘŜƳŜ нΩǎ ƻƴǘƻƭƻƎƛŎŀƭ 

representation and modeling impacts Theme 4, with initial discussions showing real promise of 

collaboration with the Wabanaki Youth Science Programs (WaYS). Early career researcher Sam Roy 

is building on pre-existing connections to The Nature Conservancy and The Maine Municipal 

Association, while also working directly on economic development opportunities provided by the 

Northern Borders Regional Commission. 

Broader impacts related to INSPIRES have included a meeting of Themes 2 and 3 PIs from University 

of Vermont with collaborators from Appalachian Mountain Club (AMC), USDA Forest Service 

Northern Research Station, and Forest Ecosystem Monitoring Cooperative to discuss leveraging 

multi-temporal satellite, inventory, climate, and pollution data to document regional spruce-fir 

dynamics (December 17, 2019). This collaboration 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 on key 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 spatially extensive, land base that 

Figure 24. Network analysis of INSPIRES research theme connections to external stakeholders based on 29 

faculty respondents. 
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is partially a Maine Ecological Reserve and partly sustainably managed for timber harvest and 

restoration following earlier harvests. Finally, INSPIRES Co-tL 5Ω!Ƴŀǘƻ led a field tour for foresters 

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

ŀƴ Lb{tLw9{ ŜȄǘŜƴǎƛǾŜ ǎŜƴǎƻǊ ǎƛǘŜ ŀǘ 5ŀǊǘƳƻǳǘƘ /ƻƭƭŜƎŜΩǎ {ŜŎƻƴŘ /ƻƭƭŜƎŜ DǊŀƴǘΣ bI ƻƴ {ŜǇǘŜƳōŜǊ 

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., co-creation and/or utilization of research products) as well as 

ǘƘŜ ŜȄǘŜƴǘ ƻŦ ŀƭƛƎƴƳŜƴǘ ƻŦ ǇǊƻƧŜŎǘ Ǝƻŀƭǎ ǿƛǘƘ ŜȄǘŜǊƴŀƭ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ƎƻŀƭǎΦ 9ǾŜƴǘǳŀƭƭȅΣ ǘƘŜ Ǝƻŀƭ ƛǎ ǘƻ 

assess which stakeholder partnerships are most successful in terms of producing strategic value that 

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 remain a high priority 

for INSPIRES. 

Photo 4. CƛŜƭŘ ǘƻǳǊ ƻŦ ŀƴ Lb{tLw9{ ŜȄǘŜƴǎƛǾŜ ǎŜƴǎƻǊ ǎƛǘŜ ŀǘ 5ŀǊǘƳƻǳǘƘ /ƻƭƭŜƎŜΩǎ {ŜŎƻƴŘ /ƻƭƭŜƎŜ DǊŀƴǘΣ bI led by 

INSPIRES Co-tL 5Ω!Ƴŀǘƻ ŀƴŘ ŦƻǊŜǎǘŜǊǎ ŦǊƻƳ ±ŜǊƳƻƴǘ CƻǊŜǎǘǎΣ tŀǊƪǎ ŀƴŘ wŜŎǊŜŀǘƛƻƴ ŀƴŘ ƳŀƴŀƎŜǊǎ ŦǊƻƳ 5ŀǊǘƳƻǳǘƘ 

College Woodlands on September 26, 2019. (tƘƻǘƻ ŎƻǳǊǘŜǎȅ !Φ 5Ω!Ƴŀǘƻ). 
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FUTURE PLANS 

Although the current global pandemic has 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 quarterly all-team meeting held on 

April 17, 2019 was 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 well identified 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 

ǇǊƻƧŜŎǘΩǎ ŘŜǘŀƛƭŜŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǇƭŀƴΦ YŜȅ ¸ŜŀǊ н ǇǊƻƧŜŎǘ Ǉƭŀƴǎ ŀƴŘ ƳƛƭŜǎǘƻƴŜǎ ǿƛƭƭ ƛƴŎƭǳŘŜΥ 

¶ Continuation of regular CLT and research theme meetings with quarterly all-team 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 external stakeholders) 

¶ 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 

ōȅ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŜȄǘŜǊƴŀƭ ŜǾŀƭǳŀǘƻǊ 

¶ CƻǊƳ ŀƴŘ ƛƳǇƭŜƳŜƴǘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 9ȄǘŜrnal Advisory Board (EAB), a Tri-Jurisdictional 

Institutional Advisory Board (IAB), and two project committees, namely Collaborative 

Research Committee (CRC) and Mentoring, Education, & Engagement (MEE) Committee 

¶ Develop and regularly update project social media and communication materials such as a 

regular e-newsletter for project participants and external stakeholders 

¶ Re-assess key project materials such as the governance agreement, project implementation 

plan, and project acronym/jargon dictionary 

¶ Organize 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, 

post-doctorate fellows, and early-career 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 across themes 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 project participants 
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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 COVID-19. This has caused numerous challenges for INSPIRES efforts, 

including heightened workloads resulting from the need to shift all university courses to an online 

format, imposed travel restrictions, rapid changes in university hiring as well as spending policies, 

significant challenges to faculty home-work equilibrium resulting from K-12 school closures, 

communication challenges among and across themes that have become more challenging under 

quarantine conditions, and high uncertainty for future planning given the rather dynamic nature of 

the situation. This has dramatically shifted planned priorities, 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, school and 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, COVID-19 has 

already had an effect on productivity in terms of publications and other metrics, particularly for 

women scientists (e.g., https://www.insidehighered.com/news/2020/04/21/early-journal-submission-

data-suggest-covid-19-tanking-womens-research-productivity). 

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 labs) activities, but 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 infrastructure 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 respect to travel 

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 the project, yet 

progress continues to be made and INSPIRES team members have adapted. Virtual meetings 

continue to take the place of in-person ones, while recruitment efforts for INSPIRES undergraduate 

and graduate students are ongoing. Team members continue to make progress working at home. A 

variety of contingency plans are being developed and will help 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 of 2020, 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 opportunities. In addition, Theme 

4 has shifted in-person 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 planned activities. 

https://www.insidehighered.com/news/2020/04/21/early-journal-submission-data-suggest-covid-19-tanking-womens-research-productivity
https://www.insidehighered.com/news/2020/04/21/early-journal-submission-data-suggest-covid-19-tanking-womens-research-productivity
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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 computational infrastructure that will be eventually 

needed by this project. The situation 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 unprecedented 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 Inc. (https://pemcarbon.com/), who are pursuing new and 

emerging technologies for high precision determination of 14CO2 in a portable analyzer. This high 

frequency and high precision data for 14CO2 are required to track, analyze, manage, and monetize 

fossil fuel derived CO2 in the biosphere. This potential partnership was explored after Planetary 

9Ƴƛǎǎƛƻƴǎ aŀƴŀƎŜƳŜƴǘ LƴŎΦΩǎ /9hΣ CƻǳƴŘŜǊ ŀƴŘ /ƘŀƛǊƳŀƴΣ 5ǊΦ .Ǌǳƴƻ aŀǊƛƴƻΣ ŎƻƴǘŀŎǘŜŘ tL 

Weiskittel after seeing a press release on the project. PI Weiskittel and the CLT have had additional 

follow-up conversations with Planetary Emissions Management IƴŎΦΩǎ ǘŜŀƳΦ hƴŜ Ǉƻǎǎƛōƛƭƛǘȅ ƛǎ ǘƻ 

ŎƻǳǇƭŜ tƭŀƴŜǘŀǊȅ 9Ƴƛǎǎƛƻƴǎ aŀƴŀƎŜƳŜƴǘ LƴŎΦΩǎ ŎǳǊǊŜƴǘ ǘŜŎƘƴƻƭƻƎȅ ǿƛǘƘ ǎŜƴǎƻǊǎ ōŜƛƴƎ ŘŜǾŜƭƻǇŜŘ ōȅ 

Lb{tLw9{ ¢ƘŜƳŜ м ŀǘ ǘƘŜ ƛƴǘŜƴǎƛǾŜ ŦƛŜƭŘ ǎƛǘŜǎΦ ¢ƘŜ tƭŀƴŜǘŀǊȅ 9Ƴƛǎǎƛƻƴǎ aŀƴŀƎŜƳŜƴǘ LƴŎΦΩǎ ƛwL{-III 

sensor is a unique, high precision instrument that would leverage INSPIRES efforts and provide novel 

research opportunities as an in-kind contribution. The potential benefits of this partnership continue 

to be explored and assessed, particularly in light of the current uncertainty around 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. 

Another opportǳƴƛǘȅ ƛƴ ŘŜǾŜƭƻǇƳŜƴǘ ƛǎ ƭŜǾŜǊŀƎƛƴƎ Lb{tLw9{Ω ŜŦŦƻǊǘǎ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ŦƻǊŜǎǘ ƛƴŘǳǎǘǊȅΦ 

tL ²ŜƛǎƪƛǘǘŜƭ ŎǳǊǊŜƴǘƭȅ ƻǾŜǊǎŜŜǎ ŀƴŘ ŘƛǊŜŎǘǎ b{CΩǎ /ŜƴǘŜǊ ŦƻǊ !ŘǾŀƴŎŜŘ CƻǊŜǎǘǊȅ {ȅǎǘŜƳǎ ό/!C{ύΣ 

which is an industry-university collaborative research center (IUCRC) that began its 5-year 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 strong regional 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 additional collaborations that will ultimately help benefit that effort. 

https://pemcarbon.com/
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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 conservation NGO in New 

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 

ǇƻǘŜƴǘƛŀƭ ǊŜǎŜŀǊŎƘ ǎǘǊŀǘŜƎƛŜǎ ǘƘŀǘ ƭŜǾŜǊŀƎŜ !a/Ωǎ ŎǳǊǊŜƴt ownership, which covers a rather unique 

ecological gradient in Maine. The multi-state 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 to link with K-мн ŎǳǊǊƛŎǳƭŀΣ ƛƴŎƭǳŘƛƴƎ ŎƻƴƴŜŎǘƛƴƎ ¢ƘŜƳŜ п ƳŜƳōŜǊǎ ǿƛǘƘ a²LΩǎ 

education team, which has an active climate change curriculum. 

CHANGES IN STRATEGY 

As outlined above, the ongoing global pandemic caused by COVID-19 has significantly disrupted 

planned activities and timelines for INSPIRES. Although the long-term 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 case for the foreseeable 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 site visit, 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, INSPIRES all-team meeting COVID-19 was openly discussed and many team 

members shared their efforts to remain 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 available and responsive to 

team member concerns, and remain highly adaptable. Although the pandemic will not likely alter 

long-term intended project activity and desired outcomes, it will definitely delay and modify Year 1 

and 2 timelines in an unplanned and difficult to predict 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 hybrid 

approach that combines data-driven evaluation with peer-to-peer strategic assessment and 

guidance to provide the project with information to monitor progress toward goals and objectives, 

assess the effectiveness of implementing project activities, and provide an external perspective and 

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 in the first All-team Meeting held in December 2019, and collected and analyzed data 

to establish a baseline for measuring project progress and impacts (see pages 19-27 of the Project 

Implementation Plan). The formative strategic assessment site visit planned for May 2020 has been 

postponed due to the COVID-19 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 data collection, 

analysis, reporting, and dissemination (Appendix 2). Two survey instruments were developed to 

collect baseline information about project participants (faculty and non-faculty researchers, as well 

as graduate students), which will be used as a reference 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 project ǊƻƭŜǎ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΦ ¢ƘŜ !!!{ w/t ŜǾŀƭǳŀǘƻǊΩǎ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ Řŀǘŀ ŀƴŘ ŀ 

summary of key findings was shared with the project leadership in March 2020 (Appendix 3). 

OUTCOMES 

The INSPIRES Faculty and Researchers Baseline Survey data show a diverse project team with 

balanced representation in terms of gender, career stage, disciplines, and institutions across the 

ǘƘǊŜŜ ǇŀǊǘƛŎƛǇŀǘƛƴƎ ƧǳǊƛǎŘƛŎǘƛƻƴǎΦ ¢ƘŜ Řŀǘŀ ŀƭǎƻ ƛƭƭǳǎǘǊŀǘŜ ǘƘŀǘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŜŀǊƭȅ ŜƴƎŀƎŜƳŜƴǘ ŀƴŘ 

internal communication strategies were effective 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 affect the feasibility of project implementation. These data indicate that project participants 

may benefit from additional refinement of team goals, structured mentorship or training to support 

development of feasible milestones and sub-project timelines, and supporting early career faculty 

as they seek external funding related to INSPIRES. Using 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 publications, as well as for indicators of mentoring and professional development 

activities. These indicators supplement the data entered into the EPSCoR RII Track-2 Data Outcomes 

Portal (T-2 DOP). The baseline survey results also show that a collaboration network among project 

participants existed prior to INSPIRES.  

Further, data from the baseline survey showed that a number of INSPIRES faculty and researchers 

have engaged in project-related collaborations or partnerships with several external stakeholder 

groups from federal and state government agencies, academia, industry, and non-profit 

organizations. The annual surveys will measure the benefits of leveraging existing networks, and 

monitor access to new collaborations, information, and resources to determine the extent 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 constituencies (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 leadership to select 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 UNOBLIGATED FUNDS 

YEAR 1 FINANCIAL PLAN 

 
Although Year 1 of the project has been busy and has resulted in many successes, impacts of the 

COVID-19 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 award (8/1/2019-7/31/2021) was officially received and 

capable of being spent at the University of Maine in mid-September 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 and co-PIs gathered 

for a planning meeting; key outcomes from that meeting include a shared management structure, 

development of cross-state and cross-discipline research teams (research themes), coordination of 

recruitment and hiring efforts, and drafting of core documents for team governance 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 building, defining 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 (Table 9). Personnel costs and tuition comprised the majority of the proposal 

budget. Recruitment efforts that launched in the fall were not successful in some cases until late 

spring, and then delayed further by hiring freezes resulting from complications caused by the global 

coronavirus pandemic. Recruitment of graduate students was also complicated by the timing of the 

award start date, which occurred after the beginning of the academic year. However, as of August 

2020, all planned hires are now complete. 

In-person quarterly all-team meetings were held in 2019 (September & December), and were held 

virtually in 2020 (April & July), which significantly reduced travel expenditures in Year 1. Although 

the multi-disciplinary, cross-jurisdictional research theme working groups have been quite active, 

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 to shift effort towards modeling and data-related 

activities, but the overall effect has caused an additional reduction in Year 1 expenditures. 

Furthermore, safety issues around the pandemic caused an all-team field tour planned for early June 

to be delayed indefinitely, and the Year 1 external evaluator team site visit originally scheduled for 

June 2020 has had to be postponed. We initially rescheduled the external site visit to occur 

concurrently with a planned December all-team in-person retreat, but at the time of this reporting 
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it seems likely that any such meetings will need to be virtual due to the ongoing pandemic. Despite 

these challenges and high uncertainty caused by the pandemic, the Year 1 annual progress report 

to NSF was filed on May 5, 2020, which highlights the ǇǊƻƧŜŎǘΩǎ many accomplishments as well as its 

forward trajectory.   

Several graduate students, post-docs, and professional staff assumed their positions during the 

summer of 2020. Consequently, we propose to distribute the Year 1 surplus to support additional 

research personnel (Table 10) in 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 measurements. Other planned uses for the surplus 

include increased support for open-access peer-reviewed publications, support to develop data 

portals for this project, and website design. Additionally, adjustments are being made for travel, 

supplies, and other budget categories to complete the interrupted field work season. The University 

of Maine plans to use surplus funds to provide additional support for more research faculty 

members, an additional graduate student, and increased funding for field work, as well as for 

stakeholder meetings and workshops. Analogously, due to the lockdown of state and regional travel 

resulting from the pandemic, Year 1 funds planned for the external evaluator team site visit have 

been been reallocated to Year 2. The University of Vermont plans to distribute surplus to 

supplement faculty salary, add a post-doctoral associate, increase support for graduate students, 

and provide additional support for research supplies and communication.   

 

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

categories. 

Item 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   $12,440.12  136.21% 

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

Materials and 
Supplies 

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

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  72.01% 

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 
Supplies 

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

Professional Services  $-     $-     $-    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   $208,879.00   $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 
Supplies 

 $7,808.16   $8,542.00   $733.84  91.00% 

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 
Supplies 

 $26,465.00   $32,121.00   $5,656.00  82.39% 

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   $1,499,913.00   $335,855.08  77.61% 

 

 

Table 10. 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   $14,314.84   $45,430.16  

Travel  $3,284.33   $367.66   $3,027.68   $6,679.67  

Materials and 
Supplies 

 $2,376.25   $3,547.07   $1,683.90   $7,607.23  

Professional 
Services 

 $11,657.68   $-     $-     $11,657.68  

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 

 



Appendix 1: Products 
 

69 
 

APPENDICES 

1. PRODUCTS 

     Journal or Juried Conference Papers (8; 4 published; 1 in press; and 3 under review) 

Ganesh, M.V., Corso, J.J., and Sekeh, S.Y. (2020) MINT: Deep network compression via mutual 

information-based neuron trimming. https://arxiv.org/pdf/2003.08472.pdf. Submitted. 

Hastings, J.H. and Ollinger, S.V., Ouimette, A.P., Sanders-DeMott, R.W., Palace, M.J., Ducey, M.B., 

Sullivan, F.A., Basler, D., & Orwig, D. (2020). Tree species traits determine the success of LiDAR-
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