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Introduction 
 
The goal of NSF’s Established Program to Stimulate Competitive Research (EPSCoR) 
is to develop academic research enterprises that are long-term, self-sustaining, and 
nationally competitive for non-EPSCoR dollars. The program seeks to: 
 

• Catalyze the development of research capabilities and the creation of new 
knowledge that expands jurisdictions’ contributions to scientific discovery, 
innovation, learning, and knowledge-based prosperity. 

 

• Establish sustainable STEM education, training, and professional development 
pathways that advance jurisdiction-identified research areas and workforce 
development. 
 

• Broaden direct participation of diverse individuals, institutions, and organizations 
in the project’s science and engineering research and education initiatives. 
 

• Effect sustainable engagement of project participants and partners, the 
jurisdiction, the national research community, and the general public through 
data-sharing, communication, outreach, and dissemination, and 

 

• Impact research, education, and economic development beyond the project at 
academic, government, and private sector levels. 

 
 
Who is Eligible? 
 
Full-time faculty members from all NSHE campuses are eligible to apply.  Faculty from 
state and community colleges are encouraged to partner with UNLV, UNR, or DRI 
faculty in their application. Post-doctoral researchers are not eligible to apply. Faculty 
members who are currently involved in the HDRFS project are not eligible. The goal of 
the mini-grants is to attract faculty members with expertise in HDRFS-related areas who 
were not involved in the original proposal submittal. Junior faculty members and faculty 
members who are underrepresented minorities (as defined by NSF - 
https://ncses.nsf.gov/pubs/nsf21321/report/introduction) are strongly encouraged to 
apply. 
 
HDRFS 
 
The overarching goal of the project RII Track-1: Harnessing the Data Revolution for 
Fire Science (HDRFS) is to increase the capacity of Nevada for wildland fire research, 
education, and workforce development and to demonstrate this increased capacity 
through fire research in the regionally important sagebrush ecosystem. HDRFS will 
balance capacity development with advancement of knowledge and discovery in the 
wildland fire continuum over a wide range of fire sizes investigating scaling and fire 
impacts through common experiments of four fire science areas: 1) Ecology, 2) 

https://ncses.nsf.gov/pubs/nsf21321/report/introduction
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Hydrology between fire events, 3) Fire Processes and 4) Fire Emissions and their 
Atmospheric Aging during fire events. This will be achieved through strategic 
investments in expertise, facilities, Cyberinfrastructure Innovations, and Education and 
Workforce Development creating end-to-end pipelines for research and STEM 
advancements. We will innovate in data acquisition and science, including the use of 
intelligent unmanned aerial system (UAS) sensor platforms, computer vision (CV), data 
fusion, and machine learning (ML) that will ignite fire science capability amongst 
environmental and engineering researchers. Read more at: 
https://epscorspo.nevada.edu/wp-content/uploads/2023/01/Project-Description.pdf 
 
Research Areas 
 
HDRFS will engage faculty in areas related to, but not recognized in, the current 
research to provide new opportunities and pursue high-risk, high-impact research. 
HDRFS seed funding is not intended to provide a substitute for NSF individual 
investigator funding. Seed grant funding will provide strategic mechanisms for additional 
research, education, and workforce development (E-WFD), and sustainability in relevant 
areas and will provide proof of principle results needed to secure external funding. 
Research areas should align with the 2020 NSHE Science and Technology Plan (S&T). 
Research areas may include, but aren’t limited to:  
 
Ecology (Eco) – Research activities in this component of the HDRFS project seek to 
investigate:  

• How the stage of sagebrush plant community succession present on the   
landscape before wildfire influences:  

o CO2 sequestration from, and evapotranspiration (ET) to, the atmosphere 
o The severity of experimentally imposed field contained/controlled burns 

• How the above factors (i.e., successional status and fire severity) feedback to 
modulate post-fire plant community recovery and recovery of sagebrush 
ecosystem function (e.g., measured as net ecosystem CO2 uptake and ET).  

 
This will be achieved through field and laboratory analyses that inform statistical and 
mechanistic models, which will in turn, scale observations from plots to watersheds to 
regions. Research in the ECO component is closely linked to research planned in the 
HYDRO component. 
 
Hydrology (Hydro) – The Hydrology component of the HRDFS project studies the 
impacts of fire on the hydrology of a sagebrush ecosystem. This includes how fire 
affects infiltration, runoff, and evapotranspiration by changing soil properties and land 
cover (litter, vegetation), scaled from individual plots to whole watersheds. 
 
Fire Processes (FP) – This component of the HRDFS project is focused on building a 
multi-scale center for fire process modeling that integrates full physics and hybrid 
computational fluid dynamics fire behavior models with artificial intelligence and 
measured data to improve the understanding of fire energy release and fire effects. The 
further integration of model outputs tied to remotely sensed data and virtual reality 

https://epscorspo.nevada.edu/wp-content/uploads/2023/01/Project-Description.pdf
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inspired 3D environments is expected to enhance fire decision making and fire effects 
interpretation that will improve the understanding of fires’ role in sagebrush ecosystems.  
 
Fire Emissions and their Atmospheric Aging (FEAA) – This component of the HRDFS 
project studies the physical and chemical evolution of smoke plumes at different spatial 
and temporal scales using laboratory and field experiments. Specifically, the aim is to 
investigate the interaction of plume dynamics (dilution and cooling) with photochemical 
aging processes and how it affects aerosol optical, chemical, and toxicological 
properties. 
 
Cyberinfrastructure Innovations (CII) – This component of the HRDFS project integrates 
science workflows and performs engineering research in the areas of: field site 
networks and edge computing; regional networks, regional computing, and science data 
exchange; UAS automation and novel sensor deployment; multi-source data 
aggregation, alignment, and fusion; deep learning applications in feature recognition 
and classification; and interdisciplinary tools for training dataset development in deep 
learning applications. 
 
Education and Workforce Development (E-WFD) – The focus of E-WFD infrastructure-
building is to create pathways between higher education and STEM careers. Strategic 
workforce areas of focus are future classroom educators in STEM, data analytics 
professions, fire science research and application, and cyberinfrastructure training in 
support of interdisciplinary Earth science applications. Key activities include immersive 
internship and training programs, undergraduate research, and educational content 
creation. Potential areas of focus for seed grant proposals that are synergistic with 
current activities include:  

• Mechanisms that support future STEM educators (e.g., experiences for pre-
service teachers, pathways into STEM education training, etc.).  

• Projects that support quantitative skills (e.g., numeracy, mathematics, data 
analytics) or fundamental computer science skills needed for data analytics 
(e.g., analytics software, programming, data visualization, etc.) across the 
higher education training pipeline in Nevada (Associates or Bachelors-level) 

• Work-based learning or career-focused experiences in the research areas of 
the grant described above (Associates, Bachelors, or graduate level) 

 
Broadening Participation (BP) – The overarching goal of our BP Plan is to enhance 
inclusivity, interdisciplinary team building, career development, and retention through 
best practices in mentorship, team science, and an effective culture of support. 
Activities that would support these goals include:  

•  Quality mentorship-focused programs for future STEM professionals 
• Training or experiences that promote inclusion and belonging at the lab- or   

department-level  
• Activities that support students or postdocs who are underrepresented in the       

STEM fields to advance to the next career stage 
• Projects that support effective interdisciplinary collaboration in ways that 

specifically broaden participation in STEM 
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For more information about the NSF EPSCoR HDRFS program, visit 
https://epscorspo.nevada.edu/wp-content/uploads/2023/01/Project-Description.pdf 
 
Award: Funding Information 
 
Five (5) seed grants of $30,000 each are expected to be awarded. A faculty member 
(PI/Co-PI) may submit a maximum of one award. Depending on your institution’s 
policies, we encourage grad students and post-docs to be included as Co-PIs.   
 
Award Obligations 
 
Award recipients are required to prepare a progress and final report describing 
progress, publications, presentations, and student participation following NSF EPSCoR 
guidelines. Detailed reporting requirements will be provided with award notification. 
Note: You will be required to prepare and submit a short progress report on January 2, 
2024, and a final report at the end of the project (June 30, 2024), provide demographic 
data about participants, and prepare a project highlight for inclusion in an annual NSF 
EPSCoR Congressional report.  
 
Award recipients are also expected to attend and present at the annual Nevada NSF 
EPSCoR statewide meeting that alternates between Reno and Las Vegas. Travel for 
this meeting should be included in your budget. The annual meeting will be held in Las 
Vegas in 2024.  
 
Faculty receiving seed funding will provide evidence of external funding applications 
and any awards within one year of completing a seed funding award.  
 
You must agree to comply with all budget documentation requests and reporting 
requirements.  
 
Submission Guidelines 
 
Proposals will be accepted until 5:00 pm on Friday, March 1, 2023. Proposals must be 
submitted by the institution’s Sponsored Programs Office or appropriate Authorized 
Official. Incomplete or late applications will NOT be reviewed. Submit the entire 
application as one PDF at https://epscorspo.nevada.edu/2023-2024-hdrfs-seed-grants 
 
 
Proposal Guidelines 
 
Proposals must be typed, single-spaced, and use a Times New Roman 12 pt. or similar 
font with numbered pages and 1-inch margins. The proposals should be written so that 
faculty from any STEM discipline can understand the proposal goals, importance of the 
research, and how the anticipated outcomes will benefit NSF, Nevada, and NSHE. 
Review panel members will not have specific expertise within the topic area of each 

https://epscorspo.nevada.edu/wp-content/uploads/2023/01/Project-Description.pdf
https://epscorspo.nevada.edu/2023-2024-hdrfs-seed-grants
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proposal submitted. 
 
Application Content 
 

1. Cover page  
 

2. Project description (limited to five (5) pages) - Provide a clear, concise 
description of the proposed research or research-building activities, including the 
following: 
 

a. Title 
 

b. Project summary (300-word maximum) 
 

c. Project goals, objectives, and methods (tasks) 
 

d. Anticipated project products, i.e., publications, proposals, hardware, 
software, websites, etc. List anticipated future proposal(s) resulting from 
the project 

 
e. List of collaborators and expertise they will contribute. If applicable, letters 

of support/collaboration should be included. Letters must be recent and 
dated within 45 days of the due date  

 
f. Description of how the effort will contribute to the 2020 NSHE Science and 

Technology Plan, https://epscorspo.nevada.edu/wp-
content/uploads/2020/06/NSHE-S-T-Plan-Final-6-12-20.pdf 

 
g. Description of how the effort will align with the HDRFS project Budget and 

Budget Justification - Use the attached budget template. Include a 
maximum one-page budget justification providing details of each expected 
expense  

 
3. Budget 

A total amount not to exceed $30,000 is available per proposal. These seed 
grants will be awarded from state funds; F&A (indirect) is not allowable. The 
involvement of either graduate or undergraduate students is mandatory for this 
grant. Funds for travel to related technical conferences up to $1,500 is allowed.  
At least 80% of the funds should be used for graduate/undergraduate student 
support and supplies needed to perform the research.  

All reasonable costs are allowable with the following exceptions: 

a. No foreign travel may be charged under this award without prior approval. 

 
b. Purchase of any telecommunications equipment produced by Huawei 

Technologies Company or ZTE Corporation (or any subsidiary or affiliate 

https://epscorspo.nevada.edu/wp-content/uploads/2020/06/NSHE-S-T-Plan-Final-6-12-20.pdf
https://epscorspo.nevada.edu/wp-content/uploads/2020/06/NSHE-S-T-Plan-Final-6-12-20.pdf
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of such entities) is unallowable. 
 

c. Purchase of video surveillance and telecommunications equipment 
produced by Hytera Communications Corporation, Hangzhou Hikvision 
Digital Technology Company, or Dahua Technology Company (or any 
subsidiary or affiliate of those entities) is unallowable. 

 
d. Funds may not be used for the construction or remodeling of facilities. 

 
4. NSF Funding history (limited to one page) 

a. Provide a detailed list of previous and current NSF-funded projects for the 
lead PI. Include the title of the project, the project period, the funded 
amount, and project outcomes. 

 
5. References/Citations (No page limit). 

 
6. Biographical Sketch in NSF format (PAPPG (NSF 22-1) dated October 4, 2021)  

a. Limited to three pages per person, including the PI and Co-PI(s) who have 
a major role in the project. 
 

Projects Involving Human Subjects or Vertebrate Animals 
 
Prior approval by the Institutional Review Board (IRB) for human subjects and/or the 
Institutional Animal Care and Use Committee (IACUC) for animal subjects is not 
required for proposal submission. However, faculty chosen to receive funding under this 
program who anticipate the use of human or animal subjects in their research must 
receive approval of their research protocols by the appropriate review board prior to the 
beginning of research and release of funds. 
 

1. Human Subjects: If this proposed project involves the collection of information 
from human beings through interaction or observation, include an attachment 
(not included in the five-page limit) that provides sufficient information to enable 
reviewers to evaluate potential risks to subjects. Include information concerning 
the subject population, type(s) of information to be gathered, and measures to be 
taken to protect privacy and reduce risks.  

 
2. Vertebrate Subjects: If this proposed project involves living vertebrate animals in 

any way, include an attachment (not included in the five-page limit) that provides 
sufficient information to enable reviewers to evaluate the choice of species, 
number of animals to be used, and any exposure of animals to discomfort, pain, 
or injury. 

 
 
Review Criteria 
 
The proposals will be evaluated by a team of six faculty members, two from each NSHE 

https://www.nsf.gov/pubs/policydocs/pappg22_1/nsf22_1.pdf
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research institution. All awards will be reviewed for merit as outlined below, and funding 
will be based on the restrictions outlined in Item #3 above. Decisions will be made by 
April 1, 2023.  
 
Proposals will be evaluated according to their intellectual merit and broader impacts (as 
defined by NSF) as well as the following criteria: 
 

1. How closely does the proposal meet the objectives of the HDRFS proposal? 
 

2. Does the proposed activity have the potential to advance knowledge and 
understanding within the HDRFS fields of Eco, Hydro, FP, FEAA, CI, and E-
WFD? 
 

3. To what extent do the proposed activities suggest and explore creative, original, 
or potentially transformative concepts? 

 
4. Is the plan for carrying out the proposed activities well-reasoned, well-organized, 

and based on a sound rationale?  
 

5. Does the plan incorporate a mechanism to assess success? 
 

6. How well qualified is the individual or team to conduct the proposed activities? 
 

7. Are adequate resources available to the PI (either at the home institution or 
through collaborations) to carry out the proposed activities? 

 
8. Will the research involve underrepresented and minority students? 

 
9. Is the budget adequate? Does it include funding for graduate or undergraduate 

students? 
 

 
 

For questions regarding proposal content, contact co-PIs listed above. For questions on proposal 
submission, contact Maureen Saccomani, NSF EPSCoR Project Administrator, 702-522-7080, 
msaccomani@nshe.nevada.edu 

Project Director: 
Dr. Frederick C Harris, Jr., Fred.Harris@cse.unr.edu 

Co-Principal Investigators:  
Hans Moosmüller - hansm@dri.edu 
Alireza Tavakkoli - tavakkol@unr.edu 
Haroon Stephen - haroon.stephen@unlv.edu 
Scotty Strachan - sstrachan@nshe.nevada.edu 
 

mailto:msaccomani@nshe.nevada.edu
mailto:Fred.Harris@cse.unr.edu
mailto:hansm@dri.edu
mailto:tavakkol@unr.edu
mailto:haroon.stephen@unlv.edu
mailto:sstrachan@nshe.nevada.edu
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4. Project Description  
4.1 Status and Overview 


4.1.1 Introduction: The overarching goal of the project RII Track-1: Harnessing the Data Revolution for 
Fire Science (HDRFS) is to increase the capacity of Nevada (NV) for wildland fire research, education, and 
workforce development, and to demonstrate this increased capacity through fire research in the regionally 
important sagebrush ecosystem (Fig. 1a) [1]. HDRFS will balance capacity development with 
advancement of knowledge and discovery in the wildland fire continuum (Fig. 2) over a wide range of fire 
sizes investigating scaling (4.3.2; SCALE) and fire impacts through common experiments of four fire 
science areas: 1) Ecology (4.3.3; ECO), 2) Hydrology (4.3.4; HYDRO) between fire events, 3) Fire 
Processes (4.3.5; FP) and 4) Fire Emissions and their Atmospheric Aging (4.3.6; FEAA) during fire events. 
This will be achieved through strategic investments in expertise, facilities, Cyberinfrastructure Innovations 
(4.3.7; CII), and Education and Workforce Development (4.4; E-WFD), creating end-to-end pipelines for 
research and STEM advancements. We will innovate in data acquisition and science, including the use of 
intelligent unmanned aerial system (UAS) sensor platforms, computer vision (CV), data fusion, and machine 
learning (ML) that will ignite fire science capability amongst environmental and engineering researchers.  


4.1.2 Research Goals (RG) of our Fire Science group include 
RG1, ECO: quantifying ecological processes including carbon 
cycling and fuel buildup - how they are modified by invasive species 
in the fire continuum; RG2, HYDRO: quantifying the influence of Fire 
Induced Soil Hydrophobicity (FISH) on water infiltration, plant 
available water, and seedling emergence and growth; RG3, FP: 
improving fire modeling through increased accuracy and resolution 
of fuel and environmental data and extending the spatial and 
temporal domain of physics-based FP models using a nested grid 
approach; RG4, FEAA: quantifying the effect of fuel and 
environmental conditions on fire emissions, temporal and spatial 
scales of plume dilution and aging, intensive smoke properties and 
their change during plume rise, and changes of emissions with fire 
size; and RG5, CII: using RG1-4 to create multi-disciplinary 
accessible and high-resolution landscape modeling systems and ML 
training data and software for pre- and post-fire ecosystems. 


4.1.3 Capacity Goals (CG) will support the RGs and include CG1, 
ECO: Adapting and demonstrating the use of a mobile gas exchange 
chamber for measuring gas (e.g., CO2) fluxes and the use of ML for 
characterizing aboveground biomass from images; CG2, HYDRO: 
Developing an UAS-based water infiltration test for characterizing 
FISH and adding remote sensing capacity for soil moisture 
measurements; CG3, FP: filling an expertise gap in physics based 
computational fluid dynamics (CFD) modeling of fire processes by 
hiring a mid-level or senior fire process modeler; CG4, FEAA: 
building currently-lacking field and modeling capacity and experience for studying wildland fire emissions, 
integrating existing expertise in fire meteorology, remote sensing, and plume modeling. CG5, CII: aligning 
robotics, CV, and ML researchers to create a coordinated artificial intelligence (AI) team for NV, filling key 
gaps in research computing and data (RCD) infrastructure expertise with new hires, implementing federated 
RCD systems spanning the state, and adding field science to the NV ALERTWildfire camera network [4]; 
and CG6, E-WFD: developing pathways from HDRFS into STEM careers, establishing mentorship from 
undergraduates through senior researchers, training and connecting diverse talent with opportunities. 


These capacity and research goals of our fire science-with-CII are highly relevant for land and fire 
management in the sagebrush ecosystem, for bridging NV’s wildland fire research into other regional 
ecosystems, and for NV’s STEM E-WFD pipeline. Our research efforts complement existing NSF 
investments in wildfire science to make NV a leader in scalable physics-based Western U.S. shrubland fire 
science, intelligent wildfire sensor systems, and data fusion applications. Our Broadening Participation plan 
(4.6, BP) will increase the number of Underrepresented Minority (URM) STEM participants in research 
opportunities and provide mentoring and development across STEM fields. Institutionalizing the CII and E-


Fig. 1: (a) Range and land area coverage of 
the U.S. sagebrush ecosystem [1] in green,
and (b) the Wildland Fire Potential (WFP) 
map [3] showing the highest WFP in NV and 
its five neighboring states in orange. 
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WFD investments sustain the project (4.9) and benefit NV long-term through improved fire and land 
management, a more diverse NV workforce, and innovative approaches to STEM education (4.4, 4.6).   


4.1.4 Rationale: Fire regimes have changed during the last four decades, making wildfires the most 
frequent disasters in the western U.S. [5]. These fires are caused by regional warming, droughts, fuel 
buildup, and invasive species [5-7], which impact the sagebrush (Artemisia tridentata) ecosystem that 
dominates the Intermountain West (Fig. 1a)  [8]. Besides direct wildfire fatalities and destruction, premature 
deaths and respiratory hospital admissions caused by smoke inhalation are valued at $63B and $450B per 
year in the U.S., respectively [9]. In addition, wildfires greatly modify ecosystem services, including water 
availability, radiative forcing and climate change, recreational opportunities, and visibility. Nevada and its 
five neighboring states (CA, ID, OR, UT, AZ) have been ranked as the top six U.S. states containing the 
largest areas with high and very high Wildland Fire Potential (WFP) [Table 5 in Ref. 3] (NV ranked 2nd; Fig. 
1b). WFP depicts “the relative potential for wildfire that would be difficult for suppression resources to 
contain” [3]. In 2018, 8.8 million acres burned in the U.S., with over 1 million acres of these in NV [10, 11]. 
More recently in 2020, 10.1 million acres burned in the U.S., and in 2021, as of August 6, still early in the 
main fire season, already 3.4 million acres have burned [11]. The top three years (since 1960) with the most 
U.S. acreage burned were 2015, 2020, and 2017 [11].  


The National Science and Technology Council has defined six Grand Challenges (GC) for reducing 
wildland fire related disasters [12, 13]. HDRFS RGs are aligned with three of the GCs: GC1a Use Earth 
observation systems (ground and remote sensing) to develop and regularly update fuels, weather, and 
other databases needed for fire prediction and monitoring (RG5); GC1b Develop and support analysis, 
computing, and communication capabilities to improve risk-informed assessments and analysis (RG5); 
GC2a Improve understanding of the processes of wildland fire events to accurately model and predict the 
potential occurrence, behavior, and impacts of wildland fire on resources, the environment, and physical 
infrastructure (RG1-4); GC2b Integrate new process understanding into improved 3-D fire behavior models 
that incorporate complex fuels (including structures), terrain, and fire/atmosphere interactions into 
predictions of fire probability, fire behavior, fire severity, fire emissions, smoke transport, and ecosystem 
fire effects (RG3,4); GC5a Improve and apply validated methods to enable consistent, rapid, and accurate 
fire severity mapping and assessment of the benefits of natural wildland fire and the risk of severe erosion, 
flooding, and other ecosystem damage (RG1,2); and GC5b Develop methods to model recovery of fire- 
impacted ecosystems under various climate change scenarios (RG1,2). Fire science has evolved to where 
these GCs require understanding of scaling laws and the novel use of intelligent sensor platforms to feed 
multi-disciplinary analytics and modeling. The NV fire and data research community has unique strengths 
that will be coordinated and enhanced to address these GCs for Western U.S. wildfires issues. 


4.1.5 Nevada Background: NV is the 7th largest state by area, has the highest fraction of federally 
controlled land [80.1%; 14], and is the most mountainous of the lower 48. NV’s population (3,104,604) has 
grown by 14.1% from 2010 to 2019, and consists of 48.2% White, 29.2% Hispanic, 10.3% Black/African 
American, 8.7% Asian American, 1.7% American Indian/Alaska Native, and 0.8% Native Hawaiian/Pacific 
Islander [15]. NV’s economy has accelerated in recent years [16] in part due to increasing economic 
diversification [17]. High-tech firms such as Tesla, Panasonic, Apple, Google, Erickson, Ormat, and Switch 
have established or expanded operations in NV. Additionally, NV is a Federal Aviation Administration (FAA) 
Unmanned Aerial Systems (UAS) test site and multiple UAS-related companies have established their 
presence. While this growth portends continued improvement in NV’s economy [16], concomitant 
production of high-skilled and professional workers and associated adoption of modern computing 
and data technologies by the state educational system has not occurred [15]. 


4.1.6 Academic R&D Enterprise: The Nevada System of Higher Education (NSHE) includes three 
research institutions. The University of Nevada, Las Vegas (UNLV) is a public research university with more 
than 31,000 students and $87.3M/year in sponsored projects. The University of Nevada, Reno (UNR) is a 
public research university with 21,000 students and $161.2M/year in sponsored projects. Both were recently 
classified as Carnegie R1 institutions [18]. The Desert Research Institute (DRI) is a research institution with 
$39.6M/year in sponsored projects. NSHE also includes Nevada State College (NSC) and four community 
colleges with $41.7M/year in sponsored projects (College of Southern Nevada, CSN; Truckee Meadows 
Community College, TMCC; Western Nevada College, WNC; and Great Basin College, GBC). Of these 
eight institutions, three (UNLV, NSC, CSN) are designated Minority Serving Institutions (MSIs), four (UNLV, 
NSC, CSN, TMCC) are Hispanic Serving Institutions (HSIs), and two (UNLV, NSC) are Asian American 
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and Native American Pacific Island Serving Institutions (AANAPISIs). All NSHE institutions reside in the 
greater Reno (north NV) or Las Vegas (south NV) urban areas except for GBC, which is in rural east NV. 
During the last five years, both NSF total support and the number of awards to NV have remained 
essentially flat [19]. NSF funding to NV in the past year ranked 45th overall in the U.S. [19]. While the 
population has grown, more investment is needed to stimulate academic research capacity in NV.  


Similar challenges exist for sustaining STEM education development. The Brookings Institution 2014 
report Cracking the Code on STEM: A People Strategy for Nevada’s Economy [17] concluded that “growth 
in…more STEM-oriented target sectors is beginning to challenge the state’s ability to deliver an adequate 
supply of both blue collar and professional STEM workers,” that “significant challenges threaten to undercut 
the state’s ability to cultivate the STEM-skilled workforce needed to advance Nevada’s economic 
diversification,” and that “Nevada’s education and workforce training systems are inconsistently aligned 
with the current and future needs of the state’s STEM industries.” This has prompted increasing NV efforts 
in STEM workforce development [16] as well as an updated NV Science and Technology (S&T) Plan [20]. 


4.1.7 Alignment with NV’s S&T Plan: The NV EPSCoR Advisory Board, representing academia, 
government, and the private sector, prioritized the HDRFS research topic for its potential to advance 
science and engineering and its close alignment with NV’s S&T Plan [20], national research targets, and 
contributions to the State’s Economic Development [16]. In 2011, NV enacted Bill 449 to reenergize 
economic development in the state. Based on analysis by the Brookings Institution and SRI [17], the NV 
Office of Economic Development developed a plan for diversifying and advancing the economy [16].  


HDRFS is aligned with the current, 2020 NV S&T Plan [20]. The S&T Plan section on Environment and 
Natural Hazards calls out Wildfire processes as a focus area, and Data Management, AI/ML and Analytics, 
and Robotics are all listed as Research Priority Areas. The balance of capacity building and research 
presented in this proposal was developed by addressing missing capacity needed throughout 4.3 to achieve 
the research goals. HDRFS will generate and harness large amounts of data from diverse sensor 
platforms to accurately model landscapes and wildland fires from plot to watershed scales, and 
study how fires impact the societal needs outlined in the NV S&T Plan, while developing 
partnerships and collaborations (4.7), increasing the STEM pipeline, training the next generation of 
the workforce (4.4), and broadening participation (4.6).   


4.1.8 Strengths, Barriers, and Opportunities: NV’s S&T Plan and the Governor’s Economic 
Development Plan detail strengths, barriers, and opportunities regarding the use of data-driven 
technologies and intelligent systems. The S&T Plan identifies climate change, including fire regimes, as 
affecting our health and lifestyle. Strengths: This project leverages three assets: 1) NV is at the center of 
U.S. wildfire activity in the sagebrush ecosystem; 2) NV institutions have invested in scientists and 
intelligent systems engineers with a focus on fire science and related technology tools; 3) NV is the core of 
the innovative ALERTWildfire regional camera and data network [4]; and 4) NV was recently designated an 
FAA National UAS Test Site. Barriers: Barriers include: 1) a dispersed collection of technology research, 
education, and workforce development infrastructures; 2) a lack of physics-based fire process modelers; 3) 
uncoordinated institutional RCD assets and expertise; and 4) a lack of Data Architects and Data Pipeline 
developers. Opportunities: HDRFS will utilize the strengths and overcome the barriers by hiring faculty 
and postdocs in these barrier areas and aligning project objectives around relevant gaps in the 
science and the NV S&T Plan. HDRFS will increase wildland fire research capacity by enabling NV to 
become a leader in scalable physics-based Western U.S. shrubland fire science, in intelligent sensor 
systems and data fusion, and in related workforce training. Our increased capacity (4.1.3, 4.1.9) and 
experience in wildland fire science, gained through achieving our RGs will complement existing NSF funded 
research capacity and make us productive collaborators for future wildfire research. 


4.1.9 Increased Capacity of NV for wildland fire research, education, and workforce development 
includes development of physical and personnel infrastructure through: 1) targeted hiring of three faculty 
and one partial position, two postdocs, and 19 graduate students to address the barriers listed above; for 
rapid infrastructure development, three faculty searches (one at each research institution) will be initiated 
in year one, with all hires completed by year 2; 2) acquisition and development of an end-to-end data 
pipeline of intelligent sensor platforms, federated RCD systems, and cross-disciplinary CV fusion and ML 
training software; 3) development of three new and expansion of four existing Education and Workforce 
Development programs (4.4); 4) outreach to disseminate research results (4.8) including partnerships and 
collaborations (4.7); 5) broadening participation efforts (4.6); and 6) seed funding for emerging areas (4.5). 
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4.2 Results from Relevant Prior NSF Support 
OIA-1301726, RII Track-1: “The Solar-Energy-Water Nexus in Nevada (or NEXUS)”, F. Harris (PI), G. 
Dana (Former PI) (06/1/2013-05/31/2022) $21,605,938. The NEXUS mission is to advance research and 
cyberinfrastructure for solar technology and associated environmental and water issues. Intellectual Merit: 
1) minimize water use at solar energy facilities; 2) desert ecosystem responses to solar energy facilities; 3) 
sustainable water/wastewater approaches for solar energy development; 4) improved reliability of 
renewable and solar energy supply; and 5) pilot multi-institution data services, real-time data streaming and 
visualization, data mining and analysis, image processing. Broader Impacts: 1) provided solar and micro-
grid training for local solar company staffing needs; 2) implemented solar plant approval process outreach 
programs for governmental agencies; 3) trained 18 teachers and educated more than 3,000 students on 
solar, water, and energy issues; and 4) increased NSHE wide in Underrepresented Minority (URM) STEM 
degrees from 20% to 35%. Project participants included 38% underrepresented groups and 34% females 
(higher than NV STEM faculty and student populations). Collaborators: 62 external to NV (37 national, 25 
international), eight from PUIs, 26 from HSIs, four from industry, four from National Laboratories, and 33 
from government, school districts, or nonprofits. Outputs 2013-2018: 178 peer-reviewed publications; 157 
conference presentations; 170 submitted proposals with 72 funded projects totaling $63.2M; six new faculty 
hires; two postdoctoral fellows; 41 graduate students and 103 undergraduate students graduated. 


In addition, three NSF awards to members of the leadership team have helped prepare us for the 
proposed work due to their synergy in areas of fire emissions. cyberinfrastructure, and education as follows: 
AGS-1544425 “Detailed Analysis of Brown Carbon Constituents in Biomass Burning Emissions”, 
PI: V. Samburova, co-PIs: H. Moosmüller, A. Khlystov (12/1/2015-11/30/2020) $471,584. Intellectual 
Merit: Laboratory burns of regionally important wildland fuels were performed. Fresh and oxidation flow 
reactor-aged emissions from these burns and emissions from two wildfires were characterized chemically 
and optically for brown carbon constituents. Broader Impacts: 25 peer-reviewed publications (see end of 
References section) and >40 conference presentations. Seven graduate students (three females including 
one Pacific Islander) have been involved with four M.S. and four Ph.D. degrees prepared. 
OAC-1827186 “CC* Networking Infrastructure: Building a high- performance, flexible DMZ backbone 
at the University of Nevada, Reno”, PI: G. Kent, co-PIs: S. Strachan, J. LaCombe, J. Springer 
(07/01/2018-06/30/2021) $495,000. Intellectual Merit: Research technology support was institutionalized. 
Campus connectivity to Internet2 was increased from 10G to 100G. A dedicated network environment was 
created for expanding computing and data infrastructure across multiple locations. General-purpose Data 
Transfer Nodes were installed for research data transfer use. A private cloud of data-facing software 
services was established for streaming sensor workflows. Broader Impacts: Graduate Assistant and Data 
Developer positions in UNR CI were seeded, with two hires (one female and one African American) initiating 
workforce development pipelines. NV research projects [21-23] and connections to NevadaNet fiber were 
improved, and institutional capability to participate in national research platforms was created [24, 25]. 
1928409 “Enhancing Critical Transitions in Undergraduate Civil Engineering Education” PI: H. 
Stephen, co-PIs: B, Rincon, J. Park, E. Marti, and E, Khan (10/1/2019-09/30/2024) $2,483,977. 
Intellectual Merit: Increase retention and graduation in civil engineering by increasing the sense of 
community among students, improving coherence of undergraduate curriculum, and assisting STEM faculty 
in implementing culturally responsive teaching strategies. Broader Impacts: Weekly freshman and 
sophomore student cohort social activities [26]; revised curriculum of Statics course (CEE 241 and 370) 
with animated and hands-on content [27]; faculty development workshops are offered as a 8-part series, 
with monthly meetings. A project website provides up-to-date information for potential collaborators [28].  


Past NSF EPSCoR awards have significantly increased human capital and scientific capacity in NV, with 
74 faculty hired as part of NSF EPSCoR awards since 1986. Of those, 62 are still in the state (84% retained). 
Faculty hired as result of NSF EPSCoR funding have increased NSHE’s research competitiveness by 
generating more than $122M in extramural funding. Of the 24 science senior personnel on this proposal, 4 
were hired with NSF EPSCoR funds, 9 participated in past NV NSF EPSCoR projects, and all have relevant 
expertise. In addition, senior personnel on this proposal participate in the three relevant NSF projects 
above. Coordination: While we do not have any NSF EPSCoR RII Track-2 or Track-4 awards related to this 
proposal, expertise gained in the current Campus Cyberinfrastructure (CC*) project (OAC-1827186) and 
previous RII Track-1 (EPS-0814372) and Track-2 (EPS-0919123, IIA-1329469) projects will be leveraged. 
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4.3 Research and Capacity-Building Program  
4.3.1 Introduction: The overarching research goal of this proposal is advancement of knowledge and 


discovery in the wildland fire continuum (Fig. 2) in the sagebrush ecosystem of NV and surrounding states 
(Fig. 1). This is supported by the capacity-building goal of increasing NV capability in the area of wildland 


fire science through coordinated investments in key human, material, and cyber infrastructure statewide. 
This will include building capacity for future studies of the fire continuum in other ecosystems such as the 
insular pine (Pinus spp.) forests that dominate at higher elevations in NV [29]. The sagebrush ecosystem 
is fire-adapted [30] with post-fire recovery becoming pre-fire fuel buildup followed by a wildfire, all part of 
the fire continuum (Fig. 2) [31]. This continuum operates over two very different primary time scales: (1) 
ecology and hydrology interact with fuel buildup over years or decades interspersed by (2) fire processes 
and fire emissions occurring over hours, days, or weeks. With the human-caused establishment of invasive 
annual grasses (e.g., cheatgrass, Bromus tectorum) in the sagebrush ecosystem, the fire continuum has 
been greatly modified due to the interspersion between sagebrush plants with cheatgrass that dries out 
much earlier in the year, thereby providing the fine fuel that enables fire spread through the ecosystem. 
Consequences of more widespread fires in NV and nearby states [5] include changes in carbon cycling 
(4.3.3) and of soils and their hydrology (4.3.4), risks related to fire processes and propagation (4.3.5), 
emissions of large quantities of carbonaceous gases and aerosols during fires (4.3.6) affecting radiative 
forcing and climate change [32], visibility [33], and human health [34].  


Transformative progress in quantifying and understanding the fire continuum in the sagebrush 
ecosystem will be achieved with an integrated, interdisciplinary approach based upon falsifiable 
hypotheses addressing the close relationships between the science and engineering components 
as depicted in Fig. 3. This figure emphasizes our novel, convergent research on fire continuum, processes 
(e.g., flaming vs. smoldering combustion), and effects (i.e., modification of carbon and hydrological cycles, 
atmospheric fire emissions and their aging, and pre-/post-fire fuel accumulation). In addition, Fig. 2 depicts 
the essential integration of fire sciences with cyberinfrastructure innovations for data acquisition and 
analytics. While we have a qualitative understanding of these areas, large knowledge gaps exist, 
especially for the regionally important, but understudied sagebrush ecosystem in NV and 


 
Fig. 2: Left: The “fire continuum" (bottom disk) in the sagebrush ecosystem is characterized across scales by a combination of 
traditional ground-based surveys, intelligent/automated UAS platforms, and satellite-borne sensors with the help of advanced 
data analytics (middle disk) driven by integrated fire science questions across fire processes, ecology, hydrology and emissions 
(top disc). The integration of advanced technologies from observations to analytics to data products drives how the disciplinary 
environmental sciences inform modeling and scaling of the “fire continuum” and enable feedback into new scientific approaches 
and methods (yellow arrows). Right: Shown is a more detailed depiction of the "fire continuum", where pre-fire plant community 
composition, ecology, and ecohydrology control carbon cycling and fuel buildup, thereby co-defining combustion conditions. Post-
fire recovery defines the next fire’s pre-fire conditions as part of the fire continuum. Plume emissions undergo transport, dilution, 
and aging, thereby defining possible human exposure. 
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surrounding states. Hypotheses, questions, and capacity-building to address these knowledge 
gaps are discussed in the respective proposal sections and depicted in Fig. 3. Our unique 
contribution is to gain basic physical understanding of the sagebrush fire continuum at small 
spatial scales and scaling these results with input from models and measurements to larger scales.  


The project will be performed by integrating existing faculty and three new hires, one at each NSHE 
research campus plus another partial position at UNR (Table 1). These capacity building hires were 
strategically selected to support the project and institutional priorities. The convergent nature of fire science 
and the need for cyberinfrastructure innovations drives integration across fields and campuses supported 
by an interdisciplinary management structure and education plan. Increasing wildfires, an expanding 
wildland-urban interface (WUI), and an aging, more vulnerable population continue to increase the number 
of people at risk from wildland fire smoke inhalation [35] coupled with additional smoke exposure from 
prescribed burns used for multiple land management purposes including fuel reduction [36]. The anticipated 
research outcomes include: 1) improved techniques and capacity for robotic sensor deployment, precision 
data acquisition, and processing during wildland fires, as well as assimilation of fused data into improved 
fire process models yielding informed fire forecasts for firefighting and emergency response; 2) improved 
understanding of pre- and post-fire plant and ecosystem characterization, ecology, soil hydrology, and CO2 
sequestration potential for land management objectives under different climate scenarios; and 3) increased 
understanding of atmospheric fire emissions and their aging during plume transport [37] for predicting and 


 
Fig. 3 [abbreviations are defined in Section 4.3.3.1]: Overview of key ecology- and hydrology-driven functional linkages as well 
as hypothesized changes (red or blue arrows pointing upward [increase] or downward [decrease], or red “n.s.” for no change 
expected, or red “?” for uncertain effects) associated with fire. Solid arrows in the figure depict actual flow of material (e.g., CO2); 
dashed arrows indicate that the variable(s) at the arrow’s origin in some way affect(s) the variable(s) at the arrow’s tip. The 
number of red arrows placed next to the variables indicates the hypothesized magnitude of these CO2 fluxes. Blue arrows of 
different thicknesses placed next to NPP and Rh indicate the magnitude and direction of the hypothesized effect. The sign 
preceding NEP in each of the four ecosystem panels at the bottom of the figure, as well as the directions of red “hypothesis” 
arrows, show hypothesized responses relative to pre-fire conditions. Red, directional hypothesis arrows in the “Weather & 
Climate” and the “Fuel Characteristics” boxes indicate conditions corresponding to severe fire weather and high fuel flammability, 
respectively that will produce the most severe Fire & Combustion conditions. Other conditions of weather/climate and fuel 
characteristics will result in less intense combustion and wildfire, and, consequently, alternative outcomes for recovery of plant 
community composition and ecosystem services (i.e., CO2 fluxes, NPP, Rh, NEE, and NEP). 


r---- ♦ 


Atmospheric CO2 


Sagebrush Ecosystem 


I 
I 
I 
I 
I 
I 
I 
I 


@ ·---------~--• 
I 


(Plant Functional Type (PFT) 
Composition, incl. cheatgrass) 


♦ Rh CO2 
I NPP plant 


• CO2 
absorption 


I emissions 


Weather & Oimate 


• AirTemp t 


• RH .j. 


• Wind velocity t 


fuel Characteristics 


• Amount 't 
• Llve/Oead t 


• Diameter .I, t 


• Chemistry t 
• Continuity t 


- • • Moisture J, 


-----------, I • 


Smoke Plume 


• Composition t 
• Dynamics 'f 
• Ch-emistry 't 


• Aging ? 


flre/Combustloill] 


• Severity (heats·') t 


• Flaming t 


• Smoldering .j. 


Speciated emission 
nuxes to atmosphere 


Fire-induced soi l Altered soil water infiltration r r------ ► hydrophobicity (FISH) t · - - - - - - - - • and plant water ava ilability ? 


Plant [ 
biomass 


Cstorage 


+NEP = NPP (ANPP + 8NPP) • Rh 
NEP = lNEE' year' (Rh ,; NPP) 


Pre-Fire 


I 
I 
I 
I 
I 
I 
I 
I 


FIRE 


- NEP 
Because Ah J. > NPP J. J. J. 


Post-Fire, 10-1 yr 


- toONEP 
Because Ah .I, ;,: NPP J. 


Post-Fire, 12 .• yrs 


Oto + NEP 
Because Rh J. ,; NPP 


Pre- and Post-Fire, t 10-1s+ yrs 







 7 


mitigating human exposure [34], 
visibility impairment [38], and 
radiative forcing [32, 39, 40] under 
different land management 
scenarios [41]. The anticipated 
capacity outcomes include: 1) 
aligned and integrated multi-
disciplinary science and 
engineering teams capable of 
addressing complex on-the-
ground environmental and land 
management topics in NV and the 
region; 2) evolved and federated 
RCD technologies and systems at 
NV research institutions to support 
advanced research, along with the 
expertise to sustain and manage 
data-facing software and hardware 
infrastructures; 3) interdisciplinary 
training and tiered mentoring 
practices and programs that 
enhance and diversify NV 
research pipelines; and 4) key 
partnerships between NV research 
institutions and agency and 
academic wildland fire research 
initiatives, as well as other public 
and private stakeholders. 


4.3.2 Project Integration: 
Scaling of Fire Processes and 
Effects with Fire Size (SCALE)  


4.3.2.1 Introduction: Scaling 
laws for fire processes and effects 
provide an approach for 
extrapolating experimental, 
observational, and modeling result 
from small scales (e.g., laboratory) to landscape or regional scales, including the large (>400,000 km2) 
scales encountered in mega fires [42]. Scaling of fire occurrence, processes, and effects in time and space 
can be determined by self-organized criticality behavior with the heterogeneous distribution of fuel mass 
and moisture playing key roles for fire processes and propagation [43]. Wildfire regimes can be described 
with frequency-area distributions that are fractal power laws [44], limited by granularity [43], but useful and 
computationally efficient. Another, more complex approach to translating scales of data to actionable 
management knowledge is to apply process-based fire regime models that simulate how climate, fuels, fire, 
and carbon cycling interact across spatial and temporal scales (e.g, ecosystems to landscapes, or years to 
decades) [45]. For example, RHESSys-WMFire, LandClim, and FireBGCv2 are state-of-the-art fire regime 
models that simulate interactions of spatial patterns of plant growth and turnover with climate, soils, and 
hydrology to influence the characteristics of multiple fuel layers and feedbacks with fire behavior [46-50]. 
These models include mechanistic representations of fuel moisture and loading, ideally suited for 
applications under climate change scenarios.  


4.3.2.2 Knowledge Gaps: A key limitation to scaling fire processes and effects is that fuel loadings are 
often highly uncertain [51-53] and this is amplified in forecasts because fuel maps do not account for non-
stationary climate drivers or fuel-climate feedbacks [54]. To make useful estimates of fire processes and 
effects (e.g., on ecology and hydrology) at large scales, we first need to understand the smaller scale 
phenomena and the degree to which they are fractal [55], before coupling to aggregate regime mechanistic 


Table 1: HDRFS Research Scientists 


EC
O


 
H


YD
R


O
 


FP
 


FE
AA


 
C


II 


Investigator Institu
tion 


Expertise 


Harris, Fred*^ UNR, 
NSHE 


PI & Fire Spread Modeling   X  X 


Moosmüller, Hans**^ DRI Science Lead & Co-PI & 
Emissions 


   X  


Strachan, Scotty**^ UNR Co-PI & Cyberinfrastructure  X    X 
Stephen, Haroon%**^ UNLV Co-PI & Remote Sensing & Data   X   X 
Arnone, Jay%^ DRI Ecosystem & Plant Ecology X     
Berli, Markus %^ DRI Soil Physics & Hydrology  X    
Boisramé, Gabrielle DRI Fire Hydrology  X    
Chen, Antony UNLV Fire Remote Sensing    X  
Hanan, Erin UNR Fire Ecohydrology & Modeling X  X   
Jasoni, Richard^ DRI Plant Physiological Ecology X     
Kent, Graham UNR Data Networks & Pipelines     X 
Khlystov, Andrey DRI Plume Aging & Partitioning    X  
Lareau, Neil UNR Fire Weather, Plume Lidar    X X 
Larsen, Jessica DRI Plant & Ecosystem Ecology X     
Morris, Brendan%^ UNLV Computer Vision, ML     X 
Muthukumar, Venkat^ UNLV UAS & Robotics     X 
Papachristos, Christos UNR UAS & Robotics     X 
Petrie, Matthew UNLV Ecohydrology & Modeling  X    
Rowell, Eric DRI Fire Science   X  X 
Samburova, Vera DRI Chemical Speciation    X  
Stockwell, William DRI Atmospheric Chemistry Modeling    X  
Tavakkoli, Alireza UNR Computer Vision & AI     X 
Tran, Trang DRI Air Quality Modeling    X  
Yan, Feng UNR Machine Learning & Optimization     X 
New Faculty Hire 1 DRI Fire Process Modeling   X   
New Faculty Hire 2 UNLV Research Computing & Data     X 
New Faculty Hire 3 UNR Research Data Architecture     X 
New partial Hire 4 UNR Network Data Engineer      X 
New Postdoc Hire DRI Fire Field Experiments X X X X  
New Postdoc Hire UNR Fire Ecology Modeling X  X   
New Postdoc Hire UNLV Interdisciplinary Data Science     X 
* PI; ** Co-PI; % hired by a previous T1; ^ participant in a previous T1; ECO = 4.3.3 
Ecology; HYDRO = 4.3.4 Hydrology; FP = 4.3.5 Fire Processes; FEAA = 4.3.6 Fire 
Emissions & Atmospheric Aging; CII = 4.3.7 Cyberinfrastructure Innovations 
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models to predict under different top-down scenarios. Fractal modeling results have not been compared 
with field observations [55], feedbacks from fire induced changes in atmospheric conditions need to be 
considered [56], and naive bottom-up approaches [57] tested more thoroughly [Table 4, 58]. Similarly, the 
resulting scaling of burn severity and ecological and hydrological fire responses under different regimes is 
poorly developed. Therefore, process-based models that can represent fuel dynamics, fire behavior and 
effects mechanistically are the critical tool for bridging spatial and extending temporal scales. These models 
operate at an intermediate level of complexity; they do not predict spread or severity of specific fires (such 
as fractal approaches might), but instead predict aggregate fire regime statistics [48, 54]. As a result, they 
are not designed for operational fire management, but they are suitable for strategic long-term planning and 
fuel management. However, because fire regime models were developed as adaptations of existing 
process-based models (e.g., LANDIS II, Biome-BGC, RHESSys), many of their governing equations (e.g., 
climate effects on litter/fuel decomposition) have not been extensively evaluated in the context of fire [59]. 


4.3.2.3 Team Introduction, Current Capacity, and Proposed Capacity Building: All project 
participants will collaborate on the investigation of scaling relationships for fire processes and effects 
through experiments, sensing, and modeling. The scaling effort will be coordinated by junior faculty Hanan 
[UNR, eco-hydrology & fire: 54, 59, 60-70] and supported by the two postdocs (UNR: modeling; DRI: 
experiments). Some current capacity for investigating fire scaling exists but is severely fragmented 
between campuses and research groups this field of research has not been seriously addressed at NSHE.  


4.3.2.4 Research Question: How do fire processes and effects scale over ~eight orders of magnitude 
in fire area (0.01m2 – 1km2)? 


4.3.2.5 Hypotheses: We hypothesize that fire process and effects scaling will be driven by H1) spatial 
inhomogeneity of fuel distribution that can be described by fractal power laws, H2) invasive grasses bridging 
vegetation gaps between native sagebrush and herbaceous species, and H3) environmental conditions 
and their interaction with the fire (e.g., fire created winds, winds enabling fire propagation through spotting). 


4.3.2.6 Research Approach and Tasks: We will investigate our hypotheses experimentally and through 
modeling using several metrics for fire processes and effects. Temperature and wind velocity will likely 
dominate scaling of effects such as fire emissions and their transport (4.3.6), FISH (4.3.4), and ecological 
effects (4.3.3). These two parameters (and others) will be measured and modeled (4.3.2.1 & 4.3.5) with the 
help of CV and ML (4.3.7) over the scales discussed below, utilizing ground- and UAS-based in-situ sensors 
and remote sensing (4.3.7). For example, for fire emissions, processes, and soil burn severity, we 
hypothesize that fire-induced winds at larger spatial scales intensify fire processes, increasing flaming 
combustion vs. smoldering combustion, resulting in an increased ratio of black-to-organic carbon 
emissions, increased combustion efficiency, burn severity, and consequently FISH.  


Research will include 1) experiments at four fire diameters (Ø) with near circular fire areas (A): laboratory 
fires (Ø~0.11m; A~0.01m2), burn barrels (Ø~5.0m; A~20m2; 4.3.2.1), small (Ø~0.11km; A~0.01km2) and 
large (Ø~1.1km; A~1km2) prescribed burns and 2) fire process modeling across these scales and possibly 
beyond to see if scaling of fire effects can be explained by fire process parameters (e.g., fuel distribution) 
alone. Experiments and modeling will also address how spatial distribution of native and invasive species 
affects scaling and the inner scale. Specific tasks are discussed in the respective sections below. 


We will use pre-, during, post-fire conditions for modeling where some parameters (e.g., topography, 
fuel morphology) have limited applicability at the finest scales. Fine-grained data are needed for physics-
based fire process simulations and will be supplied by ground- and UAS-based sensors (4.3.7). UAS will 
be used for pre- and post-fire surface characterization of burns (e.g., vegetation, fuel, soil moisture, burn 
severity, and FISH distributions) and fire process and plume characterization. Data fusion approaches 
(4.3.7) will be used to analyze and assimilate land surface, fire process, and plume data and to inform 
scaling of fire processes and effects in fire process models and thus the predictive model regimes. 


At larger (ecosystem-landscape) scales, we will evaluate the governing equations representing climate-
fuel-fire feedbacks in current state-of-the-art fire regime models (e.g., LandClim, FireBGCv2, RHESSys-
WMFire). We will first assess the sensitivity of fire regime predictions to parameter estimation and model 
structure uncertainty. As our understanding of the key factors driving fire processes and effects across 
scales improves, we will refine model representations of fire spread, severity, and effects. We will use 
improved models to simulate fire regimes and effects under a range of climate and management scenarios.  


4.3.2.4 Products and Outcomes include improved understanding of spatial scaling of fire processes 
and effects in sagebrush ecosystems, as well as the applicability of scaling laws over ~eight orders of 
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magnitude in fire area ranging from laboratory (~0.01m2) to large, prescribed fires (~1km2). Regime models 
will be improved and adapted for the Great Basin and similar Intermountain West geographies, directly 
leveraging our experimental science into more accurate and predictive landscape management tools. 


4.3.2.5 Additional integration (Figs. 2, 3) will be driven by needs of fire sciences (i.e., ECO, HYDRO, 
FP, FEAA) and supported by CII along the entire data pipeline. Additional integration will be achieved 
through monthly interdisciplinary seminars and discussion where team members and visiting collaborators 
will share interdisciplinary fire science, CII, and E-WFD topics. 


Fire science studies will be enabled by multi-sensor UAS, ground-based monitoring, and satellite remote 
sensing, as well as by harnessing the data revolution through processing, fusing, and modeling fire 
related data with both traditional approaches and new software tools based on GPU-accelerated Computer 
Vision (CV) and ML-enabled analysis, and by the underlying RCD infrastructure (Figs. 2, 3). 


Central to understanding wildland fire is the short timescale fire process itself, driven by ignition, fuels, 
fuel and soil moisture, weather, topography, etc. This process generates atmospheric emissions in buoyant 
smoke plumes and modifies atmospheric conditions through emission of thermal and radiative energy and 
radiative forcing by emitted aerosols; it also quickly modifies ecological and hydrological conditions. We will 
study the fire continuum by 1) characterizing pre- and post-fire ecological and hydrological conditions over 
about four years with decadal modeling extended for climate change scenarios, including pre- and post-fire 
fuel and soil conditions and 2) characterizing and modeling the fire process and atmospheric emissions and 
their aging. Experimental design (4.3.2.1) is driven by the interaction of fire science and revolutionary 
progress in digital data workflows from robotic sensor platforms and field networks to software-managed 
training and processing of these data utilizing CV and ML frameworks (Fig. 2, 4.3.7). 


4.3.2.6 Common Experimental Design: HDRFS activities will further be integrated by a common 
experimental design utilizing a sagebrush ecosystem core site (site selection will be a joint effort with the 
BLM Winnemucca District Office that manages 8.2 million acres – see letter of collaboration (LoC)). There, 
we will measure carbon fluxes and soil and plant properties (ECO, HYDRO) on 20 5-m Ø plots, half of these 
plots (10) will be burned in 5-m Ø burn barrels after one year of measurements [71, 72] with ongoing 
measurements and analysis for burned and unburned plots during most of the project to evaluate post-fire 
recovery. Fuels from this sagebrush core site will be burned in the laboratory (DRI Biomass Combustion 
Facility) with analysis of combustion emissions for fuel-based emission factors and intensive optical 
properties (4.3.6 FEAA) [e.g., 73]. We will initiate burn barrel test burns on our sagebrush site to test burn 
procedures and equipment, this will continue through Year 3 and facilitate coordination and development 
of: 1) intelligent UAS operation and sensor packages, ground-based Doppler Lidar deployment, satellite 
data acquisition, and ground data collection and analysis (CII); 2) experiments on plume emissions and 
aging (FEAA); and 3) evaluation of modified ecological (ECO) and hydrological (HYDRO) properties. Fire 
process models (4.3.5 FP) will be selected and used to model laboratory and field burns. Spatial scaling of 
fire processes (FP), emission (FEAA), and effects on post-fire ecology (ECO) and hydrology (HYDRO) will 
include laboratory, barrel, and prescribed burns, as well as experimental plot modeling transfer to 
landscape-scale ecosystem models; this will allow for scaling of results and for evolution of experimental, 
analysis, and modeling techniques from small (~104 m2) to large (~106 m2) prescribed burns. 


4.3.3 Pre- and Post-Fire Ecology & Carbon Balance (ECO) 
4.3.3.1 Introduction: Quantifying the ecological mechanisms of how pre-fire plant community structure 


and composition, fire severity, and post-fire succession affect sagebrush ecosystems C balance is 
important for their effects on atmospheric CO2, but they have yet to be empirically established (Fig. 3). 


The biomass present within the dominant plant functional types (PFT) in sagebrush ecosystems 
corresponds to type of fuel available for combustion in a wildfire, fuel connectivity, and fuel moisture [Fig. 
2; 74, 75], which co-determine wildfire intensity and extent [76]. Cover and biomass of perennial native 
herbaceous species (PNH) in combination with invasive annual grasses (IAGs), primarily cheatgrass, 
determine fine fuel continuity. In intact ecosystems, PNHs are typically interspersed among sagebrush, 
creating a patchy fuel mosaic. In invaded ecosystems, cheatgrass can fill in the interspaces among 
sagebrush increasing fuel continuity. Cheatgrass matures and dries earlier in the growing season, resulting 
in lower fuel moisture. Under low to moderate fire weather, extents of burns in warm and dry sagebrush 
ecosystems containing a high proportion of PNH species are typically lower than those in sagebrush 
communities containing a high proportion of IAGs. Fires in ecosystems with high sagebrush and cheatgrass 
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cover may be the hottest and burn the most land area. A high abundance of PNH species in sagebrush 
ecosystems is associated with low abundance of IAGs due to strong competitive interactions [77]. The 
higher the continuity and biomass of IAGs in sagebrush communities before wildfire, 1) the less-severe fire 
weather needs to be for wildfire to spread following ignition, and 2) the lower the probability that the post-
fire plant community will contain native shrubs or PNH species [cf. 75, 76] It is widely recognized that the 
combustion of native sagebrush-PNH aboveground biomass during wildfires in the western U.S. emits large 
quantities of CO2 (~10 Tg annually) back to the atmosphere [78, 79] (Fig. 3). Moreover, the presence of 
IAGs is known to have reduced above- and belowground C stocks and exacerbated the loss of terrestrial 
C by expanding the area of sagebrush ecosystems annually burned in wildfires [80]. However, a quantitative 
understanding of how much CO2 sagebrush ecosystems absorb (CO2 sink) from, or release to (CO2 source), 
the atmosphere is lacking. Terrestrial ecosystems control net CO2 exchange (NEE) to and from the 
atmosphere through photosynthesis and respiration, a balance between net primary productivity (NPP) and 
heterotrophic respiration (Rh), that determines whether an ecosystem is sequestering carbon or releasing 
it to the atmosphere [81]. The few studies that have directly measured diel NEE on weekly-to-monthly 
frequencies throughout the year in intact sagebrush ecosystems and adjacent post-wildfire successional 
ecosystems [82-85] using static gas-exchange chambers [cf. 82, 83, 86, 87] indicate that intact sagebrush 
ecosystems often function as CO2 sinks during the growing season and weak CO2 sources during cold 
months, whereas post-fire communities function as weak net CO2 sources or are CO2 neutral [e.g., 84]. 
However, these studies contain large temporal gaps in NEE data. Studies using continuous eddy 
covariance (EC) measurements comparing NEE before and after prescribed burns [88], or growing-season 
NEEs between adjacent burned and unburned sagebrush ecosystems [89-91] show higher rates of NEE 
with stronger sink activity in intact, unburned ecosystems.  


4.3.3.2 Knowledge Gaps: Pre-fire ecosystem plant community composition linked to NEE performance 
are required to mechanistically address two knowledge gaps. First, how pre-fire species and PFT 
composition, and species/PFT-modulated burn severity, affect the main ecosystem C processes of NPP, 
Rh, NEE, NEP, and impact global atmospheric CO2 levels. Second, how these C fluxes are affected by 
species- or PFT-modulated effects on combustion conditions, and by precipitation, differential plant water 
use, evapotranspiration (ET), and post-fire soil hydraulics that likely co-determine post-fire plant 
succession. Addressing these gaps is important because of the large areas these and similar [92] 
ecosystems cover in NV, the U.S., and the world, and because native intact shrublands that have not been 
completely invaded may exhibit positive NEP based on Mojave Desert shrubland studies [83-85]. 


4.3.3.3 Team Introduction, Current Capacity, and Proposed Capacity Building: Arnone (DRI, plant 
and ecosystem ecology), Jasoni (DRI, plant physiological ecology), and Larsen (DRI, plant ecology) have 
extensive current capacity in quantifying NEE, NEP, Rh, NPP, and the biotic and abiotic factors modulating 
these processes [2, 81, 83, 84, 93]. A collaboration with the Reno Great Basin Ecology Laboratory of the 
USDA Forest Service (USFS) Rocky Mountain Research Station includes involvement of Drs. Chambers 
(USFS, plant ecology) and Urza (USFS, plant community ecology), whose current capacity includes 
expertise in experimentally assessing the mechanistic relationships between fire and structure of both 
native and invaded plant communities [71, 72, 76, 77, 94-101]. The proposed project will build capacity 
through the development of novel/unconventional tools such as the newly piloted automated mobile 
ecosystem gas exchange chamber to continuously quantifying NEE, and AI together with low-elevation 
photographic and multi-spectral imaging of plant canopies to quantify plant community species 
abundances, aboveground biomass, and physical arrangement in 3D to link with rates of combustion, 
spatial heat generation, and post-fire plant succession.  


4.3.3.4 Research Questions: We will address these questions: Q1: To what degree do PFT and 
species composition determine seasonal, annual, and interannual NEE and cumulative NEP and how are 
the anticipated differences modulated by (correlated with) differences in hydrologic factors such as ET, 
precipitation, soil moisture, and differential plant water use, examined across seasonal, annual, and 
interannual time scales? Q2: To what extent do pre-fire PFT and species composition, and their fuel-type 
abundances and 3D spatial distribution (1) impact fire severity and post-fire soil hydraulics, and (2) plant 
regrowth, seedling establishment, and successional processes, and thus recovery of NPP/NEP? 







11 


4.3.3.5 Hypotheses: Plant communities with higher shrub 
fraction and a mid- to higher-fraction of cheatgrass will have more 
fuel, with greater continuity and higher flammability and will result 
in the most severe fire conditions and, which will produce more 
FISH and may reduce water infiltration. High heat fluxes will 
strongly suppress PNH regeneration from subterranean buds. 
These will influence initial post-fire PFT composition (t0-4 yrs) and 
subsequent longer-term (t10 yrs to t15+ yrs) PFT makeup, and thereby 
define pre-fire conditions for the next wildfire. The most severe 
fires will have the strongest effects on NEE and have potential to 
convert pre-fire ecosystems with the greatest sink activity to 
ecosystems that lose the most CO2 to the atmosphere during the 
fire (due to high fuel amounts). These types of systems 
experience the longest recovery periods for perennial shrubs and 
PNH species and thus have the most protracted recovery of perennial leaf area and NEE sink activity. 
These ecosystems often have the greatest risk of shifting PFT composition toward higher cheatgrass 
abundance and ultimately lower NEE sink strength. 


4.3.3.6 Research Approach and Tasks: We will establish 20, 5-m Ø experimental plots within a 
sagebrush ecosystem in north-western NV (4.3.2.1) along a 600-800 m linear transect to enable 
measurement of NEE using our automated, mobile gas exchange chamber that moves from plot to plot on 
rails (Fig. 4). Pairs of plots will be selected that contain similar mixtures of species and PFTs that together 
across all 10 pairs represent the range of species/PFT compositions found within different post-fire/pre-fire 
seral stages at multiple locations across the western sagebrush ecosystem region (Fig. 1a). Half of these 
plots (10, one from each pair) will be burned in 5-m Ø burn barrels after one year of measurements [71, 
72]; measurements and their analysis will be ongoing on burned and unburned plots for the remainder of 
the project to evaluate post-fire recovery. We will measure NEE on each 5 m Ø experimental plot every 2-
4 hours, from the beginning of study year 1 through study year 4+, using an automated rigid 3 x 4 x 2.5 m 
(WLH) transparent Lexan greenhouse chamber (Fig. 4) that is only over each experimental plot for 1-2 min 
to measure ecosystem NEE and ET [2, 83, 84]. The 3 m distance between the rails is designed to fit the 
width of the central part of each 5 m Ø experimental plot that encloses an area (12 m2) shown to encompass 
all major sagebrush ecosystem plant community components [83, 84]. The EC method requires relatively 
large (100–300 m Ø) and homogeneous land surfaces to ensure accurate estimation of fluxes [e.g., 102, 
103], which precludes their use to measure NEE and ET on our 5 m Ø experimental field plots. We will 
install one EC tower in the sagebrush ecosystem adjacent to our experimental plots and one tower in a 
nearby pure cheatgrass ecosystem, to constrain and verify NEE values measured with the mobile chamber 
on experimental plots. We will quantify ANPP by comparing plot-level biomass at the start of the growing 
season with that measured at peak biomass, using both traditional ground-based techniques [e.g., 104] 
and UAS aerial sensing methods, to detect small changes in plant stem and leaf volume and thereby 
improving the accuracy of quantifying changes in biomass, needed to measure ANPP. BNPP will be 
quantified using the root ingrowth core method [see 105, 106]. Annual NEP and Rh for the core 12 m2 of 
each 5 m Ø experimental plot will be calculated. We will instrument each 5 m Ø plot with Campbell CS616 
30 cm TDR probes to log near-surface soil moisture (0–20 cm depth) to 1) quantify effects of PFT and 
species composition pre- and post-fire on NEE, NEP, NPP, and Rh as well as post-fire plant community 
composition, particularly effects attributable to FISH [107, 108; see below]; and 2) to ground-truth UAS-
acquired L-band radiometric soil moisture measurements (4.3.4.6). Each plot will be equipped with 
thermocouples installed at 5 cm soil depth under dominant PFTs to quantify (i) potential modulating effects 
of soil conditions on PFT/species ANPP, and (ii) effects of PFT/species-driven burn intensities on root-zone 
soil temperatures and post-fire plant recovery (4.3.4.6). 


We will use UAS-based remote sensing to quantify plant community and soil moisture temporal and 
spatial dynamics to enhance the ability to spatially quantify plant species coverage and abundances at the 
scale of the 5-m Ø plot ecosystem. We will compare data acquired with UAS imaging sensors (color photos, 
hyperspectral, Lidar) with ground-based measurements of the same area, either on experimental plots or 
nearby plots that will be destructively sampled for leaf and stem biomass to calculate plant community 
ANPP, leaf area index (LAI), normalized difference vegetation index (NDVI), and soil moisture content. 


Fig. 4: Automated mobile ecosystem gas 
exchange chamber system (3 x 4 m experimental 
plot footprint) to measure NEE and ET [e.g., 2],
with Lexan skin (85% solar transmission). 
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We will upscale the square centimeter- (10-4 m2) to square meter-(100 m2) scale results from the 5 m Ø 
experimental plots to 101 m2 6 m2 landscape scales by developing correlations between various 
spatial scales (with SCALE; Hanan-UNR). These correlations will be used to upscale to larger areas using 
multispectral, hyperspectral, and SAR data from other airborne (AVIRIS) and satellite (Landsat ETM+ and 
MODIS) remote sensing. Spectral mixture analysis and spatial-spectral classification techniques will be 
used to retrieve large-scale maps of wildfire characteristics (e.g., percent ash cover, burn severity index, 
and derived FISH) [109-116]. This upscaling aims to provide answers to Q1,2 that are relevant at the 
landscape scale to BLM managers whose mandates include increasing atmospheric CO2 sequestration. 


4.3.3.7 Products and Outcomes: This will elucidate the fundamental mechanisms of how fire alters 
the ecosystem C balance (NEP) as function of pre- and post-fire-induced changes in plant communities. 


4.3.4 Pre- and Post-Fire Soils: Hydrology and Nutrients (HYDRO)  
4.3.4.1 Introduction: Fire-Induced Soil Hydrophobicity (FISH), or reduced ability of soil to absorb water 


after a fire, is a main impact of fire on infiltration [117-119], particularly in semi-arid areas [120]. Laboratory 
and field studies indicate FISH greatly reduces water infiltration with consequences such as reduced soil 
water storage and plant water availability (Fig. 3), as well as increased runoff, erosion, flooding, and debris 
flow at the 1 m2 to >1 km2 scales [118-124]. FISH is usually measured as Water Drop Penetration Time 
(WDPT), the time it takes for a water drop placed onto the soil surface to be absorbed by the soil. The 
relationship between WDPT, FISH, and infiltration remains unclear, despite the fact that WDPT is the most 
important parameter used by U.S. federal agencies Burn Area Emergency Response (BAER) teams for 
assessing the impact of FISH on post-fire hydrology [125]. Recent laboratory studies [126] showed how 
WDPT relates to sorptivity, the ability of soil to absorb water by capillary forces [127-129], as well as the 
geochemical nature of FISH [130]. [107, 108, 129] demonstrated that FISH and infiltration are directly linked 
through sorptivity, opening an avenue to relate WDPT with infiltration, through soil physical and 
geochemical processes. Due to a lack of WDPT, sorptivity, and infiltration data from soils under pre- and 
post-fire conditions, however, we only have a limited understanding of how FISH affects infiltration, 
especially relative to fire-induced soil structure alterations [131-134] or removal of litter cover [135]. Also, 
little is known about the relationship between soil burn severity, FISH, and soil structure [125] and how 
these factors affect infiltration after fire. Findings from greenhouse experiments on the effects of FISH on 
seedling emergence and growth [e.g., 136] suggest that FISH may be higher under than between shrubs 
in sagebrush ecosystems [137], which suggests a potential spatial variation of FISH that resembles that of 
other influential variables shaping vegetation recovery, including soil moisture and soil nutrient availability 
[138, 139]. We postulate that post fire spatial variation in FISH may therefore be positively associated with 
remnant soil fertile islands and soil nutrients that promote shrub germination and establishment, such that 
post fire persistence and spatial arrangement of favorable sites play an important role in regulating recovery 
[138]. To better predict post-fire PFT and community composition, a better understanding is needed of how 
change to the persistence and spatial arrangement of favorable sites and the multiple associated abiotic 
factors (not only FISH but also soil structure, moisture content, and nutrients) influences the pattern and 
magnitude of vegetation germination and recovery of burned sagebrush shrublands (Fig. 3). Finally, the 
current WDPT test method [125] is done manually and therefore limited to only a small number of tests on 
easily accessible burnt sites. To better assess FISH for larger fires and in areas with limited access, multi-
sensory fine-structure soil assessment and an optical/mechanical WDPT test will be implemented on a UAS 
platform (4.3.7 CII T1.1, T1.4, T3.3) to maximize scaling and minimize safety concerns and soil disturbance. 


4.3.4.2 Knowledge Gaps: Little is known of how FISH, soil structure, and reduction of litter cover affect 
post-fire infiltration, soil moisture, nutrients, and resource availability, as well as ultimately vegetation 
recovery in sagebrush ecosystems. To fill these gaps, in situ FISH, soil structure, and litter data are 
needed—both pre- and post-fire from the same soil microsite—that allow to directly relate FISH, soil 
structure changes, and litter removal to infiltration, soil moisture, and nutrient availability, seedling 
emergence and growth (e.g., PNH vs. IAG). Also, data are needed to quantify how fire effects on soil may 
correlate with the pre-fire location of plants and litter modulating the post-fire reestablishment of plants 
belonging to different PFTs (Fig. 3). Research that mechanistically addresses these gaps is needed for 
improving process-based models to predict the consequences of FISH, soil structure alteration, and litter 
removal on post-fire hydrology and plant succession that will co-determine, along with climate and land-
use, net CO2 sequestration and future fire severity [83, 84]. 







 13 


4.3.4.3 Team Introduction, Current Capacity, and Proposed Capacity Building: Berli (DRI, soil 
physics, post-fire hydrology), Samburova (DRI, soil chemistry), Boisramé (DRI, post-fire eco-hydrology), 
and Petrie (UNLV, climate, vegetation ecology, near-surface hydrology) have current capacity for 
measuring and modeling FISH and soil structure [Berli: 129, 130, 131, 133, 134, 140, 141], elucidating the 
chemistry behind FISH [Samburova: 130], measuring litter cover and modeling watershed-scale 
interactions between fire, land cover, and water [Boisramé: 142, 143], attributing vegetation functioning and 
change in dryland ecosystems to interacting biotic and abiotic mechanisms [Petrie: 144, 145, 146], as well 
as simulating post-fire hydrology [Berli: 126, 140]. The proposed project will build capacity through 1) 
integrating expertise on process-based soil physics, chemistry, and eco-hydrology (DRI, UNLV) with 
robotics/CV (UNR) and remote sensing (UNLV) to improve our ability to detect, assess, and predict the 
impact of fire on soil and eco-hydrology, 2) development of a novel UAS-based WDPT test to measure 
FISH remotely (with 4.3.7 CII), 3) expanding our capacity to measure soil sorptivity and structure by 
acquiring additional equipment, 4) strengthening existing collaborations with Shillito (USACE) and 
Ghezzehei (UC Merced) on measuring and modeling sorptivity and soil structure and with Hallema (RiskML) 
on soil moisture remote sensing using AI and ML (see LoCs), and 5) hiring one graduate student at DRI. 


4.3.4.4 Research Questions: Q1 Does the post-fire pattern and magnitude of FISH-associated changes 
to post-fire infiltration coincide in space and time with fire-induced changes to soil structure, litter cover, and 
soil nutrient concentrations in sagebrush ecosystems, or do these changes differ? Q2: To what degree is 
spatial variation in post-fire FISH associated with measures of germination, establishment, and survival of 
native PNHs, shrub, and IAGs in post-fire environments, and how does FISH’s effect compare to variables 
with recognized effect on recovery, such as soil resource availability?  


4.3.4.5 Hypotheses: We will test the two hypotheses: H1: Increases in FISH will reduce infiltration more 
than alterations in fire-induced soil structure or changes in litter cover. H2: Higher FISH formation will reduce 
water infiltration, decrease plant soil water availability, and reduce seedling emergence and growth. 


4.3.4.6 Research Approach and Tasks: To address Q1, we will select 5-10 microsite locations in each 
of the 20 experimental plots (4.3.3.6) where we expect FISH to occur (high pre-fire litter/vegetation cover), 
and not occur (low pre-fire litter/vegetation cover) and measure in situ WDPT and infiltration (Mini-Disk-
Tension-Infiltrometer [MDTI: 147] and single ring infiltrometer tests [108, 148]). From infiltration, we will 
calculate sorptivity and hydraulic conductivity [129, 149, 150]. We will use sorptivity and WDPT to quantify 
FISH [129] and hydraulic conductivity to quantify soil structure [131]. We will also measure litter depth at 
each of these microsites, and continuity of litter cover across the experimental plot using UAS-acquired 
photos. These data will clarify 1) the relative importance of FISH vs fire-induced soil structure and litter 
cover, 2) the impact of FISH on infiltration and runoff using a simple infiltration model [127, 149, 151], and 
3) the quantitative effects of pre-fire plant community structure and litter cover on the spatial distribution of 
post-fire FISH and fire-induced soil structural changes. Jointly with the CII group (4.3.7), a UAS-based 
WDPT test and multi-sensor feature modeling system (4.3.7 CII T1.1, T1.4, T3.3) will be developed and 
used for novel, scalable estimates of soil properties related to post-fire ecology and hydrology. 


To address Q2, we will overlay UAS-acquired fine scale (<5 cm) images to create co-located estimates 
of each of the following parameter based on fine scale multispectral UAS imagery: 1) pre-fire plant and litter 
cover locations for individual species with each PFT (4.3.7 CII T1.1, T3.1, T3.3); 2) pre-fire soil and plant 
tissue moisture; 3) maximum T at surface and 5-cm soil depth (see 4.3.3.6.) occurring during barrel burns 
with flaming and smoldering combustion; 4) post-fire soil burn severity [125], soil moisture, day and night 
surface T, and fluxes of incoming and outgoing longwave and shortwave radiation. Plant-available soil 
nutrients (N, P, K) at these microsite locations (upper 0-20 cm), and their association with remnant soil 
fertile islands [152], will be measured for all plots three times a) immediately before half the plots are barrel-
burned in Y2, b) one month after burn treatments, and c) at the start of the third post-fire growing season. 
Plant available soil nutrients will also be assessed in spring, summer, and fall seasons using Plant Root 
Simulator probes [PRS; Western Ag, Canada; 153] located at the plant and soil interface for locations where 
germination (esp. IAGs) or shoot reemergence (PNHs) has occurred. Soil burn severity will be measured 
remotely by differenced normalized burn ratio (dNBR) [125] and soil moisture content by UAS-based L-
band radiometry [154] (Rowell-DRI; Hallema-RiskML). UAS-acquired soil moisture and temperature data 
(4.3.7 CII T1.1, T2.1, T3.1, T3.2, T3.3) will be validated using data from TDR and thermocouple probes. 
Plant-related variables will be measured using classical, manual assessments and UAS-acquired data. 
Statistical models will be used to determine the influence of the measured driving variables on seedling 
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emergence and growth. Finally, the same approach as in (4.3.3.6) will be used to upscale results measured 
at the sub-plot (10-4 m2 to 1 m2) to landscape (>106 m2) scales. 


4.3.4.7 Products and Outcomes: Research proposed here (4.3.4.6) addresses major knowledge gaps 
(4.3.4.2) focusing on how FISH, change in soil structure and litter cover affect post-fire infiltration, providing 
the foundation for a process-based understanding of post-fire hydrology and vegetation recovery in a 
sagebrush ecosystem. These new insights into soil hydraulic processes after fire will be included in holistic, 
mechanistic, and numerical sagebrush fire regime models (4.3.2.2). Improved understanding of how fires 
affect the hydrology of sagebrush ecosystems will benefit society by enabling more effective designs of 
pre- and post-burn BLM land management practices. This research will also expand on-going collaborations 
with BLM’s BAER teams, the Forest Service, and other federal agencies to assess fire impacts on 
watershed hydrology. For example, the proposed UAS-based WDPT test, remote sensing of soil properties 
and novel ML training data (4.3.7 CII T3.3) will enable BAER teams to estimate FISH and other post-fire 
soil properties at higher spatial and temporal resolution with minimal human interaction for improved safety, 
data quantity and quality. We will also gain new mechanistic insights into the multi-spatial formation and 
distribution of FISH and post-fire soil structure and moisture. This will contribute to next generation post-
fire hydrology models under development by the US Army Corps of Engineers. Finally, HDRFS will expand 
NSHE’s existing fire hydrology research capacity by enabling us to: 1) quantify FISH, fire-induced soil 
structural and litter cover alterations and their impact on infiltration; and 2) upscale fire effects on soil 
hydraulic properties and plant communities.  


4.3.5 Fire Processes (FP)  
4.3.5.1 Introduction: FPs and their modeling are key for understanding combustion phase (flaming vs. 


smoldering), fire propagation and severity, emissions into the atmosphere, and the pre- to post-fire change 
of eco-hydrologic conditions; they are depicted in Fig. 2 (left side) in the center of the top, science disk. In 
situ characterization of FPs is challenging due to hostile, high temperature conditions and remote sensing 
of FPs can be obscured by smoke. Therefore, FP modeling is of great importance and the NIST Large 
Outdoor Fire Modeling Workshop [155] identified three types of FP models: “(1) operational modeling, (2) 
forensic reconstruction, and (3) planning, such as prescribed burns or forest fuels management.” 
Simulations fall into two major categories. The first, represented by WFDS-PB [156, 157], FIRETEX [158-
160], WRF-SFIRE [161, 162], and FIRESTAR3D [163] are physics-based simulations that rely upon CFD 
to simulate FPs and the second category, represented by WFDS-LS [164] BEHAVE [165], fireLib [166], 
FARSITE [167], VFire [168, 169], and its enhancement vFireLib [170, 171], are fire-spread (FS) simulations 
or empirically based models [172]. The USFS uses FS models for field applications. “High-fidelity, physics-
based models may be used for understanding detailed phenomena, forensics, or for planning purposes.” 
[155]. CFD models are limited in simulation size due to their complexity, long run times, and need for high 
performance computing (HPC). To run fire simulations, data including fuel type, volume, and moisture, as 
well as terrain and atmospheric conditions are needed. CFD-FP models also need spatial information (e.g., 
fuel distribution) on a much smaller scale. FS models, however, use larger grid sizes (e.g., 100 m2) and 
may therefore not capture fuel morphology and spatial mixtures as needed to realistically reproduce field 
conditions. The objective of the FP science area is to build NV FP modeling capacity from scratch.   


4.3.5.2 Knowledge Gaps: Include: 1) use of automated, safe, and intelligent robotic sensors and data 
acquisition for model assimilation of heterogeneous data [12, 13]; 2) spatial scaling of FPs exacerbated by 
the divide between small-scale, physics-based and large-scale empirical models [155]; and 3) increasing 
the limited spatial domain of physics-based models or using them and ML to drive empirical models [155].  


4.3.5.3 Team Introduction, Current Capacity, and Proposed Capacity Building: In the area of fire 
process modeling, PI Harris (UNR) has expertise in fire-spread (FS) modeling and visualization [169, 173-
179] and scientific simulation in other fields [180-185], while junior faculty Rowell (DRI) is an expert in fuel 
characterization for FP modeling [186-193]. We have identified an expertise gap in FP modeling within 
NSHE, making this a key area for capacity building and hiring. This gap is in physics-based, computational 
fluid dynamics (CFD) FP modeling.  We will collaborate with a leading LANL CFD FP modeling group (see 
LoC) regarding searching for and hiring a mid- or senior-level FP modeler with expertise in this area (Y1, 
DRI). This modeler will become the core of a FP-modeling group and build capacity with additional 
participation of PI Harris (UNR), junior faculty Rowell (DRI), and two graduate students (1 DRI, 1 UNR). 
This group, in cooperation with the CII team, will acquire and assimilate experimental data. The CII pipelines 
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will assist with data collection, transfer, and assimilation (4.3.7 CII T2.1, T2.2, T2.3, T3.2) as well as with 
access to model results and data from other groups (Fig. 2). Capacity building in FP modeling will be guided 
and supported by the LANL group (see LoC). 


4.3.5.4 Research Questions:  Q1: How can intelligent UAS data collection (pre and during events) for 
fuel (4.3.7 CII T1.1, T3.1), FS (4.3.7 CII T2.1, T3.2) and atmospheric parameters (4.3.7 CII T2.2) with 
associated CV/ML analysis 1) improve CFD-FP and FS model scale and fidelity? 2) assess FS and CFD-
FP models through assimilation of real fire data? Q2: How can classic FS models be enhanced and coupled 
with physics-based processes by using detailed CFD-FP model output (informed by our high-resolution 
observations) to describe and parameterize fire properties in grid cells? Q3: How can FS and CFD-FP 
modeling approaches be time optimized by computing local results and propagating those to areas with 
similar input parameters (e.g., dynamic programming) and can this approach be used for both independent 
and coupled model runs? Q4: How do CFD-FP and FS model results scale as function of fire size, fuel 
distribution, composition, and morphology, and environmental conditions (performance and accuracy)? 


4.3.5.5 Hypotheses: To address our research questions, we will test H1: Fuel and environmental data 
with improved accuracy and spatial/temporal resolution will improve FS and CFD-FP model performance. 
H2: A coupled-model approach will extend the spatial and temporal domain of CFD-FP and FS modeling.  


4.3.5.6 Research Approach and Tasks: Data Acquisition: For FP models, data including fuel type, 
volume, and moisture, as well as terrain and atmospheric conditions are needed. CFD-FP models need 
spatial information (e.g., fuel distribution) on fine scales (e.g., <0.1 m). FS models, however, use larger grid 
sizes (e.g., 100 m2) and may therefore not capture fuel morphology and spatial mixtures as needed to 
realistically reproduce field conditions. The CII component will work with the FP group to help carry out CII-
TA1 and TA3 to obtain sensor and data fusion pipelines data, which will be necessary for the FS and CFD-
FP modelling. To answer our research questions and test hypotheses, we propose these high-level tasks 
that will be detailed after the new DRI FP Modeling hire is made: T1: Data assimilation into FP models 
(Harris-UNR, New FP Hire-DRI, Rowell-DRI, Hanan-UNR): Improved data from UAS, ground-based, and 
satellite sensors will be integrated (4.3.7 CII-TA1 and CII-TA3) into CFD-FP and FS models and resulting 
performance improvements will be quantified as a function of computation time and output quality. T2: 
Explore coupled-model approaches to extend the spatial and temporal domain of CFD-FP and FS 
models (Harris-UNR, New FP Hire-DRI, Rowell-DRI): The coupled-model approach (using dynamic 
programing principles) is designed to merge the potential accuracy of CFD-FP with the speed of FS models. 
Utility includes improved input for fire emissions (4.3.6), burn severity (4.3.3, 4.3.4), and fire scaling (4.3.2) 
modeling. T3: Compare and visualize model and experimental results and investigate spatial scaling 
(4.3.2) (Harris-UNR, New FP Hire-DRI, Rowell-DRI, Hanan-UNR):  Model outputs from T2 will be 
visualized with pre-, during-, and post-fire-event collected data (4.3.7 CII-TA2, T3.2). Visualization of these 
model outputs and ground truth data overlays will yield spatial scaling and help communicate results. 


4.3.5.7 Products and Outcomes: 1) better data sets and improved assimilation into models, 2) CFD-
FP and FS model improvements including speed, spatial coverage, accuracy, and field validation, 3) use 
of FP model results to infer spatial fire scaling, fire severity (ECO), FISH (HYDRO), and emissions (FEAA), 
and 4) improved visualization of FP data and model outputs. 


4.3.6 Fire Emissions & Atmospheric Aging (FEAA)  
4.3.6.1 Introduction: Emissions from wildland fires and the transport and fate of emitted gases and 


particulate matter are important for understanding their impact on atmospheric [194], hydrological [130], 
and ecological processes [195], on human health and wellbeing [196], and on the environment [197] 
including climate change [32]. Such emissions are driven by FPs dominated by either 1) flaming combustion 
(high temperature combustion) with high combustion efficiency emitting black carbon (BC) dominated, black 
smoke [198, 199], or 2) smoldering combustion (low temperature surface combustion) with low combustion 
efficiency emitting whitish smoke caused by organic carbon (OC) light scattering with brown carbon (BrC) 
absorption only at short visible and ultraviolet wavelengths [200]. Wildland fire emissions can be quantified 
by multiplying an estimated fuel mass burnt with the appropriate fuel-based emission factors [201]. A 
complementary approach profiles and integrates concentrations of gases and particles over a flux plane 
perpendicular to the plume propagation and multiplies these concentrations with the plume velocity, which 
is challenging but possible with instrumented UAS (4.3.7 CII T2.2) [202] and Doppler Lidar [203, 204]. 
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Initial wildfire plume evolution is complex and poorly understood [37, 205]. Upon emission, a wildfire 
plume undergoes dilution with surrounding air and cools, as well as photo-chemical aging. These processes 
affect gas-particle partitioning of semi-volatile organic compounds (SVOC) [206], including toxic 
compounds such as polycyclic aromatic hydrocarbons (PAHs) [207]. While dilution shifts SVOC partitioning 
to the gas phase, simultaneous cooling shift SVOC partitioning to the particle phase. The net result of these 
two processes depends on plume dynamics (plume size and temperature, plume rise, and cooling rates) 
and chemical composition and emission rates of SVOC species [208], which, in turn, depend on fire 
intensity and combustion phase [209, 210]. Thus, plume dynamics, chemical aging, and resulting gas-
particle partitioning play a critical role in plume evolution and impacts on the environment and human health.  


Atmospheric emissions and their near-fire transport and aging occur on short time scales (Fig. 2). Mid- 
and long-distance plume aging has already been successfully investigated using manned aircraft by recent 
campaigns such as BBOP [211, 212], FIREX [213], and WE-CAN [37, 214]. Here, we will complement 
these studies through the study of near-fire (i.e., until the plume is buoyancy neutral or <30 minutes 
of age) plume aging with UAS-based sensors, because this regime is important, but not easily 
studied with manned aircraft [214, 215]. Near-fire emission measurements and modeling are key for 
understanding and quantification of their radiative forcing and health impacts of fire plumes [9, 207, 216, 
217], which depend on concentrations, chemical composition, and optical properties of emitted pollutants.  


4.3.6.2 Knowledge Gaps: 1) Scaling laws for fire emissions with fire size are needed so emission 
factors measured at one fire size (often at a very small size in the laboratory) can be used for calculating 
emissions from wildland fires of different sizes, replacing the current, uninformed use of size independent 
emission factors [57], 2) the influence of fuel and environmental conditions on fire emissions, their optical, 
chemical, and toxicological properties must be quantified, and 3) the near-fire atmospheric aging and 
transport of emissions [37] must be quantified through measurements and modeling to characterize, 
quantify, and predict fire emissions and their impacts on radiative forcing, visibility, human health, etc. 


4.3.6.3 Team Introduction, Current Capacity, and Proposed Capacity Building: This area will be 
led by Chen (UNLV, fire remote sensing), Khlystov (DRI, plume aging and partitioning), co-PI Moosmüller 
(DRI, fire emissions), and Samburova (DRI, chemical speciation) with extensive experience in 
characterization of fresh and aged laboratory fire emissions and their chemical, physical, and optical 
properties as evidenced by 30 peer-reviewed publications [73, 197, 200, 201, 218-243]. However, their 
expertise in wildland fire emissions has been focused on local characterization of ambient smoke [202, 220, 
232, 234, 244-250]. Other key personnel includes Lareau (UNR, junior faculty), who adds great expertise 
in wildland fire meteorology and lidar and radar technologies for plume studies [203, 204, 251-258], Tran 
(DRI, junior faculty) with expertise in air quality modeling [259-263], aided by Stockwell (DRI) with extensive 
expertise in chemical modeling [264-288]. However, Lareau, Tran, and Stockwell have not yet extensively 
collaborated with Chen, Khlystov, Moosmüller, and Samburova. NSHE faculty (Khlystov, Moosmüller, 
Samburova) have also been involved in building capacity for UAS-based, robotic fire process and emissions 
characterization [202], but current capacity, for some of the sensors and applications proposed here, is still 
limited. Capacity building in fire emissions and their aging will focus on 1) building field and modeling 
capacity and experience for emissions from wildland fires, 2) integrating existing NSHE expertise in fire 
meteorology, radar and lidar remote sensing, and plume/chemical modeling, and 3) expanding UAS-based 
capacity and experience, This will be supported by additional hires include one postdoc (DRI: fire field 
experiments), four graduate students (2 DRI, 1 UNLV, 1 UNR), and three undergraduate assistants. 


4.3.6.4 Research Questions: Detailed measurements and modeling of fire emissions and their 
atmospheric aging and transport will lead to transformative progress in predicting their effects on radiative 
forcing and climate change, air quality, human exposure, and health effects by answering the following 
questions (with all properties and processes measured and modeled): Q1: How do pre-fire fuel properties 
(4.3.3) and environmental conditions (e.g., temperature, relative humidity, winds) influence FPs and optical, 
chemical, and toxicological properties of fire emissions and their consequent atmospheric aging? Q2: What 
are characteristic temporal and spatial scales of plume dilution and chemical oxidation? Q3: What is the 
influence of plume dilution and chemical oxidation on intensive smoke properties (optical, chemical, 
toxicological) and how do these properties change during transport? Q4: How do emissions and their 
properties change with fire area (i.e., laboratory to large wildland fire, 4.3.2.2)? 


4.3.6.5 Hypotheses: We will test the following hypotheses (with all properties and processes measured 
and modeled): H1: The spatial variability of intensive aerosol properties (optical, chemical, and 
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toxicological) in the plume is reduced during transport 
despite enhanced photochemistry near the plume top. H2: 
BC is conserved during plume transport, while BrC 
changes from destruction (i.e., bleaching) and creation 
(secondary organic aerosol (SOA)) of BrC. Bleaching is 
dominant, therefore BrC and its light absorption are 
reduced during plume transport. H3: Toxic compounds in 
wildland fire plumes become less concentrated and 
therefore less harmful during transport and aging due to 
dilution and decomposition of toxic compounds such as PAHs. H4: The scaling of fire emissions with spatial 
fire size can be quantified, thereby allowing for use of laboratory emission factors for the prediction of 
wildland fire emissions.  


4.3.6.6 Research Approach and Tasks: We propose the following tasks (Fig. 5): T1: Sample smoke 
emissions using UAS payloads and Doppler lidar remote sensing (Chen-UNLV, Khlystov-DRI, Lareau-
UNR, Moosmüller-DRI, Rowell-DRI, Samburova-DRI): Sensor payloads will integrate commercial sensors 
and be deployed on intelligent rotary wing UAS (4.3.7 CII T2.2) to characterize fire emissions (4.3.2.1) by 
measuring gas concentrations (O3, NOx, SOx, CO2, CO, VOCs), size segregated PM concentrations, and 
aerosol optical properties (scattering and absorption coefficients) and to relate them to fire radiative power 
(FRP) [289-291]. Scanning Doppler Lidar observations will characterize plume rise dynamics [203]. T2: 
Determine the chemical composition, physical and optical particle properties of fresh and aged 
biomass-burning emissions, and their distribution within a fire plume (Khlystov-DRI, Lareau-UNR, 
Moosmüller-DRI, Rowell-DRI, Samburova-DRI): We will expand capacity for, and measure and model 
changes of emissions with initial aging and within plumes (4.3.2.1). VOC, SVOC, and low-volatility organic 
compounds (LVOC) will be collected in fresh and aged fire plumes and analyzed for more than 200 organic 
compounds. PM physical and optical properties will be determined with size-specific optical particle 
counters, a multi-wavelength nephelometer, and a micro-aethalometer including time-resolved PM tape 
sampling for laboratory analysis of composition and morphology. A field 4x4 truck-deployed scanning 
Doppler lidar (Lareau-UNR) will be used for 3-d profiling of PM concentrations and fluxes and winds [203, 
204]. Results will quantify how concentration and phase state of different compounds and their properties 
are distributed within plumes and during real-life atmospheric aging, how this compares with model results. 
Data obtained will also be used in Task 3 to determine toxic properties. T3: Identify the toxicity of 
emissions and changes with aging (Khlystov, Moosmüller, Samburova; DRI): Organic and inorganic 
species—including harmful CO, PAHs, and PM2.5—are known to be modified by atmospheric photo-
oxidation processes [292-294]. A finding from our previous laboratory experiments is that gas- and aerosol-
phase PAHs contribute to the toxicity of biomass-burning emissions [238], and, therefore, the 
carcinogenicity of the gas-phase species must be studied. We will model the contribution of different 
species (CO, PM2.5, O3, PAHs, benzene, toluene, ethylbenzene, and xylenes) to the toxicity of biomass-
burning emissions and determine change in toxicity during aging of the plume. T4: Compare the wildland 
fire data with laboratory results (Khlystov, Moosmüller, Samburova, Stockwell, Tran; DRI): To close the 
scaling gap between laboratory and field fire studies (4.3.2.2), we will compare chemical, physical, and 
toxic properties of fire emissions at scales from 0.01 m2 (laboratory) to 1 km2 (prescribed burn). 
Representative samples of fuels will be collected in the field and burned in DRI’s combustion chamber 
[241]. Atmospheric aging will be simulated in the laboratory with an Oxidation Flow Reactor (OFR), 
previously characterized [221] and used [239, 240] by our group. The laboratory data will be compared with 
wildland fire data collected at different spatial scales using UAS (4.3.7 CII TA1, TA2) during Task 1. We 
will model wildland fire emissions and their aging (see T5 below) based on characterization of wildland fuel 
and environmental properties and on laboratory derived fuel-based emission factors and aging properties. 
Model uncertainties will be characterized from wildland and laboratory fire emissions data. T5: Simulate 
fire emissions and near-fire atmospheric aging (Tran, Stockwell; DRI): We will utilize the state-of-the-
science fire emission model coupled with weather and chemistry models to perform fire emissions and 
near-fire atmospheric aging. Weather Research and Forecasting (WRF) model [295], coupled with the fire-
spread model (SFIRE) module [162, 172] is an ideal candidate to simulate fire spread coupled with fire-
influenced environmental conditions. Fire area, moistures and heat fluxes simulated by WRF-SFIRE are 
coupled [296] with WRF-CHEM [297] to simulate fire atmospheric aging along with fire emissions and 


Fig. 5: Schematic of 4.3.6.6 Research Tasks 
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chemistry. Fire emissions are transported and undergo chemical transformations in the atmosphere and 
interact with atmospheric radiation and microphysics, modelled by WRF-CHEM. WRF-SFIRE-CHEM was 
designed to simulate landscape-scale fires, to which laboratory measurements cannot be directly 
translated. Size scaling resulting from 4.3.5 T3 and 4.3.6 T4 will be used for fire spreading/emission 
assimilation. Different WRF-CHEM gas-phase chemical mechanisms (e.g., RACM [266],  RADM2 [267], 
Carbon-Bond [298], MOZART [299]) as well as aerosol schemes (e.g., MADE/SORGAM [300, 301], 
MADE/VBS [302], MOSAIC [303]) will be tested to identify the most appropriate chemistry mechanism for 
simulating plume chemistry compositions. Model performance will be evaluated against prescribed burn 
measurements in 4.3.7 CII TA1, TA2. Sensitivity of emissions aging to fire sizes will be examined by 
performing WRF-SFIRE fire grid at different resolutions.  


4.3.6.7 Products and Outcomes: 1) capacity for smoke plume characterization with UAS-based 
instruments and samplers (4.3.6); 2) improved emission factors (including physical, chemical, and 
toxicological properties) and their scaling with fire size as function of fuel and environmental conditions; and 
3) quantitative characterization of aging of emissions and their properties as function of fire size. These 
products are essential for expanding our ability to predict radiative forcing and health risks from wildfire 
plumes as well as for predicting and mitigating effects of fires on human and natural systems [9, 217]. 


4.3.7 Cyberinfrastructure Innovations (CII): Technologies & Data Pipelines for Wildland Fire Science  
4.3.7.1 Introduction: Integration of ECO, HYDRO, FP, FEAA science questions will leverage advanced 


technologies and engineering in sensing, data, networking, and computing cyberinfrastructure to result in 
novel observational and modeling data and methods. Key challenges in scalable field observation, data 
processing and fusion, ML training datasets, accessible storage and computation, and data product 
development will be addressed by an integrated and interdisciplinary Cyberinfrastructure Innovations 
(CII) group. CII will combine innovative engineering and research activities across four areas of emphasis: 
Acquisition (UAS & sensor data acquisition), Transport (networks & software-managed data pipelines), 
Analytics (computer vision & machine learning), and Systems (data storage, high performance computing, 
& modeling software environment) (Fig.2, left middle disc). This coordinated human and computing 
infrastructure will build cyberinfrastructure capacity in NV aligned with the NV S&T Plan, to create persistent 
technology practices that enable breakthroughs across key HDRFS science questions and knowledge 
gaps, and to purposefully enhance multidisciplinary education and research. 


4.3.7.2 Current Statewide Capabilities and CI Gaps: Cyberinfrastructure is one of the five cross-
cutting strategic investment and capacity-building areas for NSHE [20]. While resources such as high-
performance computing, research networks, application servers, research software, data storage, and 
expert facilitators all exist in piecemeal forms at NV research institutions, these capacities are typically not 
available institution-wide or included in sustained strategic planning. This systematic underinvestment in 
technology has resulted in NV institutions ranking lower than peer groups for research technology capability 
[304]. The data-driven CII group will address these key gaps with cross-discipline team building and new 
hires across coordinated HDRFS investment areas: precision 4D data acquisition for plots and landscapes; 
robotic sampling of physical processes; ML-based representation/modeling of vegetation, soils, fire 
process, and emissions evolution; and unified and scalable computing and data pipelines. 


4.3.7.3 Team Introduction and Proposed Capacity Building: Our CII team includes faculty and staff 
in Acquisition (UAS, robotics, sensor systems: Papachristos-UNR [305-313], Muthukumar-UNLV [314-
316], Stephen-UNLV [27, 28, 317-319], Rowell-DRI, Lareau-UNR), Transport (data networks/architecture: 
Kent-UNR [4, 320-322], New Hires-UNR), Analytics (sensor fusion, CV, deep learning: Morris-UNLV [323-
325] & Tavakkoli-UNR [326-329]), and Systems (HPC, software infrastructure, data lifecycle: Strachan-
UNR [22-25, 182, 321, 330-333], Yan-UNR [334-337], New Hire-UNLV). This team of cross-disciplinary 
innovators integrates with student and faculty colleagues in the ECO, HYDRO, FP, FEAA, and E-WFD 
components. As part of this capacity-building activity, NV will make two strategic hires in the areas of 
data/network engineering and scalable AI computational pipelines. The CII team will create new solutions 
and leverage existing technology to address research innovation areas as part of facilitating project 
performance and integration across HDRFS science domains. 


4.3.7.4 Key Project Integration, Support, & Innovation Task Areas: CII human and machine 
infrastructure is coordinated across all three primary NV research institutions with four high-level integration 
task areas (TAs) and associated research innovations that span HDRFS fire science objectives: 
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TA1: Data acquisition, transport, and staging for pre- and post-fire landscapes. Our objective for TA1 is 
to overcome challenges of scaling, accuracy, and time-to-science faced by the HDRFS ECO (4.3.3) and 
HYDRO (4.3.4) fire science groups as they seek to move from manual or point field measurement to 
continuous high resolution representative data of plot- and landscape-scale variables. These challenges 
and associated CII research and innovation areas are as follows: 
Intelligent acquisition systems: How can UAS multisensory observation for fine-feature detection, 
quantification, and modeling be improved in scale, resolution, accuracy, and automation, at small scales? 
Remote sensing data integration: How can a pipeline of remotely sensed data be (a) performance-
optimized for HDRFS modeling, and (b) quality controlled for HDRFS science questions? 


T1.1: Intelligent aerial remote sensing for landscape, vegetation, and soils mapping and fine-
feature detection (Papachristos-UNR, Muthukumar-UNLV, Rowell-DRI). To address the science needs 
of intelligent UAS-based fine scale (<0.05 m) modeling of plots to the level of automated under- and over-
story plant species and soil properties classification (and subsequent related robotics tasks CII T2.1, T2.2), 
we will leverage our expertise in multi-modal Simultaneous Localization and Mapping (SLAM) and active 
robotic information-driven path-planning for new applications in field and environmental science. Often used 
for smart vehicles and restricted-space robotics, our SLAM approach [310, 311, 313] results in a perception-
aware adaptive multi-resolution mapping pipeline which provides online flight profile (re)-planning to ensure 
scientifically useful fidelity in challenging outdoor conditions. More specifically, we will rely on data fusion 
of modalities including fixed [305, 312, 338] and rotating mount [339] LiDAR, electro-optical imaging (e.g., 
Visible-Light (VL), Multi-Spectral (MS), Long-Wave Infra-Red (LWIR) thermal cameras), as well as Inertial 
Measurement Units (IMU), as factor graph optimization constraints [340] using GPU-accelerated 
registration [341]. Secondarily, Camera-Inertial odometry will also be extracted onboard the UAS, per each 
imaging modality, using a keyframe-based fixed-lag window approach, with appropriately tailored image 
alignment frontends including the full 16-bit radiometric data for thermal imagers [306, 307]. The target 
backend is the Georgia Tech Smoothing And Mapping (GTSAM) library [342], which offers critical features 
(loop-closure, IMU on-manifold pre-integration [343]). In addition to the onboard perception systems, our 
UAS’s will have additional payload capacity for specific science instruments (e.g., L-band radiometer; 
4.3.4). The raw data of each flight will be recorded on the aircraft’s onboard memory and transferred to 
project computing and data infrastructure (CII TA4) for feature modeling (CII T3.1) and training data 
development with the ECO and HYDRO groups (CII T3.3). 


T1.2: Satellite remote sensing data acquisition and ML processing (Stephen-UNLV, New Hires-
UNR, New Hire-UNLV). Interdisciplinary projects often suffer from uncoordinated data approaches, and 
remote sensing applications are especially vulnerable with wide disparity across projects in data quality and 
access. Here, we will develop a new remote-sensing data aggregation pipeline. Discovery, acquisition, and 
pre-processing of diverse remote sensing big data is key to supporting the scaling of pre-, synchronous-, 
and post-incidental wildland fire science for management [344, 345]. Such data are used to couple 
observations of plot-to-landscape scales of geophysical processes such as ecology [346], hydrology [347], 
and emissions [348]. Due to the diversity (spectral frequencies, spatio-temporal resolutions, formats) of 
remotely-sensed data and AI-coupled tools (e.g., Google Earth Engine) to study wildfires [349, 350], expert 
selection, pre-processing analytics, and tool development is required for this project. Our two task steps 
are: 1) explore a variety of open-source remote sensing data products (e.g., Landsat TM, AMSRE, MODIS, 
ASTER, SMAP), identify efficient data alignments (conversion steps, computing requirements, disk/memory 
size) and connections (download or pre-stage) for use in dynamic model runs with low overhead; 2) 
research various ML algorithms for performance in pre-incident risk and post-incident burn severity 
mapping, using supervised, unsupervised, and reinforced learning methods on known wildfire incidents in 
collaboration with agency partners (4.7). A combination of ArcGIS, MATLAB, and TensorFlow applications 
on project servers (CII TA4) will enable an innovative pipeline of pre-processed remote sensing data 
products for team wildfire science modeling, data fusion, and process scaling tasks put forward by other 
HDRFS scientists in the ECO, HYDRO, FP, FEAA, and SCALE tasks. As part of innovative partnerships 
(4.7), we will engage with private industry (e.g., GeoCollaborate toolbox) through Earth Science Information 
Partners (ESIP) working groups to refine our approach for wider impact and data exchange. 


T1.3: Field data network buildout and operation (Kent-UNR, Strachan-UNR, New Hire (4) – UNR, 
Rowell-DRI). Nevada’s ALERTWildfire cameras [4] and NevCAN ecohydrology monitoring stations [322] 
have leveraged the Nevada Seismological Laboratory (NSL) [320] statewide data network for hundreds of 
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remote sensor deployments connected in real-time. The network will be extended to the HDRFS field site 
(4.3.2.1) using high speed (~100 Mbps) point-to-point digital radios to support experiments and monitoring. 
Such connections are critical for data and infrastructure resiliency as well as time-to-science [321, 351]. 
Knowledge exchange between our wide-area research networking group and the national community will 
continue through The Quilt’s wireless working group (Strachan) and the ALERTWildfire consortium (Kent). 


T1.4: UAS-based WDPT test (Muthukumar-UNLV, Papachristos-UNR) (4.3.4 Berli-DRI). 
Development and operation of an UAS-based WDPT test using a mechanical/optical robotic system 
attached to our intelligent multi-rotor aircraft (CII T1.1). A suspended pipette micromanipulator and 
miniature camera system will be developed in collaboration with the HYDRO team and tested at DRI’s 
SEPHAS weighing lysimeter facility [352-354].    
TA2: Data acquisition, transport, and staging for fire processes, and fire emissions and their atmospheric 
aging. UAS integration with real-time fire observation and response is an emerging engineering research 
area ripe for innovation. Aerial remote sensing during fire events requires a different mission profile than 
plot or landscape mapping. In particular, long-term loitering and autonomous flight paths are desirable 
features. In addition to rotary-wing optimization, we will prototype tilt-rotor UAS with autonomous flight and 
recharging features to enhance long-term mission profile for extended observations under real-world field 
conditions. Our objective for TA2 is to overcome challenges of safe, coordinated UAS operations and burn 
experiment data collection faced by the HDRFS burning experiments science team and FP (4.3.5) and 
FEAA (4.3.6) groups. The challenges and associated CII research and innovation areas are as follows: 
Intelligent UAS operation: What are the physical/technical barriers in vision, localization, avoidance, and 
control for UAS flight in proximity to wildfires, resulting smoke plumes, and local fire weather/wind? 
UAS-borne fire and plume sensors: What are the flight profiles and system parameters needed to 
conduct fire front, ground temperature, smoke chemistry, and air movement observations using UAS, with 
adequate collision safety and scientifically useful 4D coverage throughout fire evolution? 
Rapid-deployment data coordination: Can real-time data coordination/exchange between UAS and 
ground sensors be prototyped using a combination of wireless networking, edge computing, pub-sub 
software tools, cloudy architecture, and a robust rapid-deployment design? 


T2.1: Aerial remote sensing of fire processes (Muthukumar-UNLV, Papachristos-UNR, Rowell-
DRI). Radiometric thermal imaging for continuous observation of spatial fire boundary evolution and 
temperature/intensity [355-357] will be performed using multiple intelligent flight systems with robust SLAM 
capabilities (CII T1.1). We will coordinate deployment of high-resolution temperature calibrated thermal 
vision, UAS localization and mapping, and data workflow between UNR, UNLV, and DRI UAS teams. 


T2.2: Aerial direct measurement of atmospheric chemistry and physics (Papachristos-UNR, 
Rowell-DRI). To facilitate the extraction of direct atmospheric measurements within an active smoke plume 
we will utilize intelligent flight systems (CII T1.1) and deploy UAS-mounted gas/particle & photochemical 
sensors provided by the FEAA group (4.3.6). We will leverage probabilistic model-based autonomous path-
planning approaches for spatial intensity distributions [e.g., ionizing radiation: 308, 309] and tailor solutions 
for active fire plumes. To ensure reliability and resiliency during challenging conditions, we will rely on our 
prior expertise in multi-modal perception (CII T1.1) to perform robust SLAM using see-through obscurant 
technologies (LWIR) [307, 358, 359], and investigate Short-Wave InfraRed (SWIR) cameras for their 
capacity to see through Black Carbon smoke in forest fires [360]. Atmospheric sampling data will be 
transmitted in real-time together with telemetry to the mission ground control and field networks (CII T2.3). 


T2.3: Real-time data coordination during fire experiment campaigns (Kent-UNR, New Hires-UNR, 
New Hire-UNLV). Site-level data coordination and feedback between ECO, HYDRO, FP, and FEAA 
ground-level sensors (e.g., weather stations, Doppler instruments; 4.3.3, 4.3.4, 4.3.5, 4.3.6) and intelligent 
UAS robots (CII T2.1, T2.2) is anticipated during HDRFS burn experiments. We will deploy a field site local 
area network, edge computing, and publisher-subscriber software frameworks (e.g., MQTT, NiFi, Kafka) 
similar to CII T4.3 (below) to exchange streaming data between ground-based sensors and aerial systems. 
We will prototype the software architecture and physical networking/compute systems for relatively rapid 
deployment rather than permanent installation, in order to prepare for partner-coordinated prescribed burns 
(4.3.2.1, 4.7) and to build additional NV wildfire response/research capacity leveraging the existing regional 
ALERTWildfire camera network [4] for additional bandwidth and wide-area connectivity.  







 21 


TA3: Data analytics: classification, prediction, and modeling with CV and ML. Field science observations 
in the form of UAS video, LiDAR, multispectral cameras, and other sources will generate large multimodal 
datasets. Answering the key scientific questions in ECO, HYDRO, FP, and FEAA groups across relevant 
scales (4.3.2) requires effective fusion of data, semantically accurate segmentation of appropriate spatial 
relationships, and extraction of objects of interest and their properties. Data processing and analysis 
components in this task area will employ CV techniques to map (CII T3.1, T3.2) and train ML algorithms to 
represent suitable feature manifolds (CII T3.3) as determined by HDRFS field science team manual 
measurements (4.3.3, 4.3.4, 4.3.5). Results will be fed into standard tool development and automated 
computational pipelines unique to these areas of environmental science (CII T3.3). Our objective for TA3 
is to address and solve the challenges of representing and tracking fire science variables based on 
comprehensive modeling of vegetation and landscape features. These challenges and associated CII 
research and innovation areas are as follows: 
Fusion: How can data represented across various modalities of scanned plots can be fused to utilize 
shared and complimentary features capable of accurately representing fire science parameters? 
Mapping and Segmentation: How can the fused data be integrated across modalities to appropriately 
segment semantically relevant regions of a plot? 
Classification and Detection: What is the object-level composition of the plot and its parameters? 
Modeling: How can we develop a model that maps the raw and multimodal data to the fire science variable, 
utilizing fusion, segmentation, and detection pipelines? 


T3.1: High resolution (<0.05 m scale) sensor fusion and segmentation mapping of study sites 
(Tavakkoli-UNR, Morris-UNLV). This task is focused on mapping data product development through 
sensor fusion and segmentation, as the Computer Vision pre-processing step to automated classification 
(CII T3.3). This pipeline’s outcome will be automatic formation of fire science variables (i.e., properties of 
topography [361, 362], soils [363-365], plant canopy [366, 367], understory [368], plant biomass [369]) that 
will enable model scaling (4.3.2.2) of pre- and post-fire process modeling parameters (e.g., fuel loading, 
soil moisture, hydrologic impacts). Stereo techniques [178, 179] will generate point cloud data from UAS 
video for combination with multi-modal observations made in CII T1.1. Several semantic segmentation 
techniques [180-183] are available to label the contents of an image into various representative regions, 
though not deeply explored for their effectiveness in mapping species from images of vegetation plots, 
especially in dryland ecosystems. We will use these semantic segmentation approaches to map gross 
features, (e.g., presence of shrub, annual grass, and PNH) and provide a measure of fractional cover for 
each. Simultaneously, these algorithms will generate greenness and NDVI maps useful for core ECO and 
HYDRO science questions. Based on these mappings we will investigate and implement various machine 
learning architectures for feature extraction and classification (SVM, random forest, multi-layer perceptron) 
for the fine-scale properties (e.g., species, leaf area, mass, texture) training data pipelines (CII T3.3). 


T3.2: Mapping of fire boundary and temperature evolution (Morris-UNLV, Tavakkoli-UNR, Rowell-
DRI). We will extend the CV techniques in CII T3.1 to map fire boundary and landscape temperature 
evolution as captured by UAS systems (CII T2.1) during fire events and to explore rapid onsite turnaround 
of resultant data products using onsite cyberinfrastructure (CII 2.3). Our video data will be augmented with 
other fire datasets such as FireNet [370] for more effective neural network training. We will use a 
convolutional encoder to identify the fire boundary, comparing the use of recurrent neural network structures 
(RNNs) such as LSTM [371] and GRU [372] or using 3D convoluted neural networks (CNNs; e.g. C3D [373] 
and I3D [374]) where the video is augmented with past frames to explicitly model spatio-temporal 
relationships. We will look to improve upon existing literature by incorporating additional sensing sources 
available in the project to assist project FP and SCALE tasks with physics-informed models [375].   


T3.3: Training data development for plot-level plant and soil property classification (Yan-UNR, 
Tavakkoli-UNR, Morris-UNLV). Given there is no existing training dataset for pre- and post-fire plant and 
soil property classification based on UAS sensors, we will build training benchmarks (“PlantNet” and 
“SoilNet”) for plant and soil property classification, respectively. Each benchmark includes two key 
components: a labeled dataset and example classification models. These will be created by a new GUI 
(Graphical User Interface) driven automated labeling software tool, in conjunction with the ECO and 
HYDRO field science teams who will use the tool to label key science parameters (e.g., PNH, species, 
canopy, greenness, biomass, soil burn severity, surface cover, structure and moisture content) as well as 
assist training validation. The labeling tool will perform transfer learning on existing image classification 
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models such as ResNet [376] using a sufficient hand-labeled proxy dataset [377] before application to 
unlabeled data. Software packaging and documentation following the standards of popular machine 
learning frameworks such as TensorFlow [378] and PyTorch [379] will ensure that these classification 
models and associated species-specific training data can serve as baseline tools in sagebrush ecosystems. 


TA4: RCD Systems for data storage, analytics environment, and federated computing. Our team will 
provide common RCD platforms using a combination of high-performance batch and interactive computing, 
linked storage resources, and core software infrastructures (data structures, I/O services, 
notebooks/applications, metadata). This includes 1) storage across a coordinated multi-institution 
environment; 2) data analysis on batch and interactive HPC systems; and 3) the ability to deploy software, 
models, and data services in a federated, containerized manner. This builds on existing NSF-funded UNR 
Science DMZ networks and computing infrastructure and leverages pilot software architectures. Our 
objective for TA4 is to create an RCD environment that is both robust and flexible to meet science 
and engineering needs for the diverse data storage and computational problems posed by the 
HDRFS project. Challenges and associated CII research and innovation areas are as follows: 
Edge-to-edge workflows: What software and hardware are appropriate, adequate, and sustainable to 
support the statewide, multi-institutional HDRFS science workflows in the integrating CII TA’s? 
Federated infrastructure: How can infrastructure at different institutions, commercial cloud, and potentially 
national platforms be linked together with common transport and access protocols, in a manner that makes 
it accessible to HDRFS scientists and engineers? 
CI planning, coordination, and training: How can planning for sustainable systems be better coordinated 
across NV institutions, aligned with national NSF CI investments, and included in institutional regimes? 


T4.1: Project infrastructure servers and storage (Strachan-UNR, Stephen-UNLV, New Hire-UNLV, 
New Hires-UNR). Software and data infrastructure for HDRFS will reside primarily on local resources 
connected between the NV research institutions (see DMP). The server hardware for this mission will be 
identified from a combination of existing resources and new acquisitions (see Facilities & Budget 
Justification) and scaled appropriately for the engineering requirements of the science and CII tasks. The 
project will leverage a combination of HPC staging (DDN SpectrumScale, 2.0 PiB) and general-purpose 
research storage (Dell Isilon PowerScale, 1.5 PiB) on the UNR campus, as well as deploy dedicated 
HDRFS >50 TiB Data Transfer Nodes (DTNs) at the network edges for UNR and UNLV. Persistent service 
hosts for cloudy software frameworks (CII T4.3) and remote-interactive computing needs will be engineered 
and deployed in two multi-server clusters: one at UNR and one at UNLV. We will investigate the maturity 
of NSF-funded federated storage frameworks [e.g., OSN, 380] and evaluate the potential of HDRFS joining 
such a framework during Years 3-4 of the project. 


T4.2: High performance computing (CPU/GPU/TCU) environment (Strachan-UNR, New Hire-
UNLV, Yan-UNR). The CV, ML, fire process and ecosystem modeling to be performed by the HDRFS team 
requires a diverse combination of GPU and parallelized CPU HPC resources, as well as single-node 
interactive/training and persistent throughput computing. Therefore, we will leverage existing capacity of 
the UNR Pronghorn HPC and UNLV Supercomputing Center for delayed-execution batch computation, add 
new capacity for advanced GPU/TCU computing as part of establishing core AI expertise, and deploy new 
GPU-accelerated remotely accessed team workstation environments as part of UNR Silverwolf services for 
interactive multi-user computing. Our approach is to provide deep computational capacity adjacent to 
project data storage and staging in centralized, robust datacenters with anywhere-accessible connectivity 
rather than to piecemeal resources into office and lab workstations. Additionally, we will investigate the 
compatibility of nationally federated NSF-funded computing platforms (e.g., OSG, PRP, XSEDE) and 
evaluate the potential of HDRFS integrating with such frameworks during Years 3-4 of the project (PI Harris 
and co-PI Strachan are NSF-XSEDE Campus Champions). 


T4.3: Software infrastructures for data and computation (Strachan-UNR, Stephen-UNLV, Yan-
UNR, New Hires-UNR, New Hire-UNLV). In this task, we will develop modular and scalable software 
infrastructure for HDRFS data workflows. Science data flows as well as core technology backend services 
will be federated across NV institutions for scalability, resiliency, and collaborative capacity building. We 
will innovate with distributed data and services automation from field sites to campus datacenters, 
leveraging pilot work at UNR for streaming data management (OAC-2019164, co-PI Strachan) and 
introducing this technology at UNLV. This software infrastructure is made up of two primary components: 
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(1) a distributed private cloud for project services and data applications using the Kubernetes (k8s) [381] 
orchestration framework to enable abstraction of software microservices in portable and resilient Docker 
containers [382]; and (2) an applications layer of data transport and management services (e.g., data 
transfer, database connectors, analytics pipelines, HPC job dispatch, and systems telemetry). Data store-
and-forward applications (e.g., Apache Nifi and MQTT) [383, 384] will maintain resilience at the edge and 
automate movement of data from field sites (CII T1.3, T2.3) to DTNs and central storage, where 
unstructured databases (e.g., MongoDB) will catalogue raw science data for processing by analytics 
dispatched to interactive or HPC compute. CII infrastructure services for system health monitoring and 
telemetry (e.g., PerfSONAR, Nagios, Elasticsearch) [385-387] will be implemented at UNR and UNLV to 
help unify basic research cyberinfrastructure practices in NV.     


4.3.7.5 Products and Outcomes: The CII team will deliver critical and innovative observation, analysis, 
data products, software tools, and computational pipeline services to enable, enhance, and integrate 
advanced scientific workflows for HDRFS ECO, HYDRO, FP, and FEAA research questions. We will: (1) 
deploy/expand field data networks to facilitate short and long term fire science data acquisition and field 
hardware control (CII TA1, TA2); (2) develop and deploy intelligent UAS and associated robotic sensory 
systems for fine-resolution mapping, landscape inventory, innovative sampling, and fire/plume evolution 
under challenging control and navigation conditions (CII TA1, TA2); (3) develop and deploy new, effective 
CV and ML processing pipelines with unique data products for HDRFS applications (CII TA3); and (4) 
develop and deploy a computing, software, and data environment for end-to-end processing and integration 
of science data from manual measurements, in-situ sensors, satellite- and UAS-based remote sensing, and 
modeled products (CII TA4). In addition, we will use the HDRFS project opportunity to advance and 
coordinate general RCD awareness, planning, and investment at state and institutional levels (see 4.7 & 
4.9) These CII outcomes will serve as foundational infrastructure for NV to continue advancements in 
wildland fire science and related disciplines, while integration of CI personnel with domain scientists and 
students will accelerate the cross-training and workforce development goals outlined in the NV S&T plan. 
4.4. Education and Workforce Development  


For sustained innovation in wildfire and cyberinfrastructure, our Education and Workforce Development 
(E-WFD) program develops educational capacity by building pathways from HDRFS science and 
technology into STEM careers. E-WFD activities support the HDRFS capacity-building goal to increase 
NV capability in wildland fire science by focusing on the human infrastructure across middle and high 
school, undergraduate, and graduate levels. Given that 80% of NV’s land is federally managed, and that 
the fastest-growing demand for NV jobs is in the technology sector, workforce development for the next 
generation of tech-savvy land managers, fire specialists, and data scientists is crucial. This “Pathways” 
strategy was developed following a jurisdiction-wide analysis of the strengths, opportunities, and challenges 
of linking higher education to NV’s workforce. These pathways build new bridges that leverage existing 
infrastructure to address emergent STEM needs. We focus specifically on training and connecting diverse 
talent to all levels of the STEM pipeline. This RII Track-1 investment will engage 8,000 middle and high 
school students, over 400 undergraduates, and 19 graduate students through mentorship and broadening 
participation (E-WFD activities integrate strategies in 4.6). External partnerships include industry, national 
mentorship organizations, and school districts.   


4.4.1. Team Introduction, Current Capacity, and Proposed Capacity Building: Collins [DRI, education, 
388, 389], Casella [NSHE, workforce development], Kelley [UNR, undergraduate research/mentorship], 
Atici [UNLV, undergraduate research/mentorship], Skaza-Acosta [DRI, curriculum development, 390, 391, 
392], bring experience in building [45] and sustaining educational capacity. The E-WFD team will work 
closely with the HDRFS Research Scientists (Table 1) to integrate science related to fire, data acquisition, 
use of robotics, and cyberinfrastructure innovations, and advance the research capacity goals outlined 
above. We will build three new Pathways that leverage existing investments for workforce needs in NV:  


 Pathway (P1): Engagement with future middle and high school science teachers and students in 
grades 5-12. New capacity will be built by forming a much-needed pathway into the classroom for 
future teachers. NV EPSCoR has long-standing collaborations with DRI’s Science Alive [393], UNR’s 
NevadaTeach [394], UNLV’s Center for Mathematics, Science, and Engineering Education [395], 
UNR’s Mentoring for Achievement & Knowledge in Engineering (MAKE) Mobile Engineering Education 
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Lab [396], and UNLV’s STEM Ambassador program [397] that confer strong capacity for P1.  
 Pathway (P2): Partnerships for training community and state college students in data analytics. New 
capacity will be built to create internships to employ new skills, immediately following completion of the 
Data Analytics Certificate recently launched by TMCC in partnership with training specialists at NCLab.  


 Pathway (P3): Mentoring frameworks for current and future scientists in cutting-edge fire and 
cyberinfrastructure innovations. New capacity for stronger and more systemic mentoring frameworks 
will be created to improve diverse recruitment and retention across the STEM pipeline, including senior-
level faculty.  


The HDRFS E-WFD Plan advances three goals of the NSHE S&T Plan [20]: (a) foster talent and interest 
in STEM careers, (b) leverage private-sector partnerships, and (c) create work-based learning opportunities 
for NV students. For each Pathway, we will create pipelines that leverage excellence in existing programs, 
provide new education and training experiences, and build professional networks with potential employers 
in our jurisdiction. Each Pathway contains two stages, Knowledge-Building and Work-Based Learning, to 
provide the education and training necessary to develop skills and the experience needed to successfully 
navigate the career world. A work-based learning (WBL) approach was selected to develop career skills 
and knowledge through immersion in professional settings [398], and to integrate with the WBL goals in 
Nevada Revised Statute 389.167 and the NV S&T Plan [20] across our education system. WBL and 
internships correlate with higher retention and graduation rates in higher education [399], as well as build 
experience and create opportunities for professional network-building. This approach builds a clear pipeline 
for students to advance their careers in fire, data acquisition, robotics, and cyberinfrastructure.  


4.4.2 Pathway 1 (P1): Nevada’s workforce of high school STEM teachers (Casella, Skaza-Acosta). 
Workforce Gaps: A well-trained workforce of educators who are confident teaching science and 
engineering concepts is crucial to produce the STEM professionals of the future. NV is facing a shortage 
of qualified teachers in science, math, and computer applications [400]. The Nevada Accountability Portal 
[401] reports that one sixth of NV math and science classes were taught by teachers that were not highly 
qualified in those areas. The teachers who are employed report the need for better training and curriculum 
resources that are aligned to the Nevada Science Content Standards [402], which are based on the Next 
Generation Science Standards (NGSS). P1 will improve in-service teacher access to standards-aligned 
curriculum based on HDRFS research, build a new pipeline into STEM teaching for pre-service teachers 
(i.e., undergraduate students in Education majors), and directly engage classrooms with HDRFS content.  
(P1) Knowledge-Building Phase: To build knowledge among pre-service teachers in HDRFS research 
topics and improve access to standards-aligned lesson plans for in-service teachers, we will create new 
fire science-focused curricular units for middle and high school. Each year, one unique HDRFS curriculum 
theme will be chosen to create 3-5 replicate Green Boxes (self-contained science kits for 2-3 week 
classroom activities), using fire science to address NGSS related to ecosystem dynamics (ECO & HYDRO; 
Y1-2) and chemistry of fire emissions (FEAA & FP; Y3-4). DRI Science Alive [403] will develop this new 
curriculum to address standards and translate the outcomes of HDRFS research for circulation to 
classrooms during this project and beyond. 
(P1) Work-Based Learning Phase: NevadaTeach [394], CMSEE [395], STEM Ambassadors [397], MAKE 
[396], and MEL [404] will build a new Pathway into teaching for pre-service educators by directly engaging 
classrooms with the HDRFS Green Boxes (above), reaching an average of 60-70 middle and high school 
classrooms (~2000 students) each year in Y2-Y5. Pre-service educators benefit from early and frequent 
classroom engagement prior to student teaching. Therefore, P1 will create a new statewide bridge into 
teaching by building classroom engagement skills under the mentorship of in-service teachers, which 
creates teaching steppingstones, grows professional networks, and imparts teaching strategies through the 
Green Box activities. This WBL approach builds science content knowledge and pedagogical skills, which 
are investments in the participants’ careers. This will grow UNR/UNLV capacity to place pre-service 
teachers in classrooms. We will engage 20 pre-service teachers yearly in Y2-Y5. 
(P1) Objectives, activities, and milestones: O1: Create 3-5 replicate Green Boxes under one unique 
theme each year in Y1-Y4. Activities: Liaise with HDRFS researchers (ECO, HYDRO, FEAA, FP) to identify 
content on which to base the kits (June-July each year); write standards-aligned activities for Green Boxes 
(Aug-Oct); build and assemble materials for Boxes (Nov-Dec); and pilot and receive feedback on the Green 
Boxes with CSMEE and NevadaTeach program leads (Jan-April). O2: Pre-Service teacher engagement. 
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Activities: Recruit 20 pre-service science teachers statewide each year and develop curriculum for STEM 
activities with research faculty (Aug-Sept) (Baseline 0). Coordinate pre-service teachers to learn and master 
Green Box activities (Oct-Nov). Facilitate student placement at schools (Jan-April); and collect and 
summarize outcome data (May). Milestones: [Y1] build network of 60-70 middle and high school 
classrooms for pre-service teacher placement; [Y2-5] successfully engage 60-70 classrooms each year 
statewide with HRDFS curriculum through WBL experiences for pre-service teachers (Baseline 0). 


4.4.3 Pathway 2 (P2): Nevada’s data analytics workforce (Collins, Kelley, Atici). Workforce Gaps: 
Data analytics skills are a core part of HDRFS related to Computer Vision, Sensor Fusion, and Machine 
Learning workflows, and are one of the fastest-growing workforce needs within NV’s economy. Because 
workforce demand for data analytics skills is outpacing supply, NV invested in development of a Data 
Analytics certificate program at TMCC with targeted-training local industry partner NCLab (see LoC) in 
2019. To help fill this critical workforce gap and to advance goals in the NSHE S&T Plan [20], P2 will create 
a new NSHE-wide training pipeline for certification and research immersion in data analytics. P2 leverages 
existing infrastructure in the UNR [405] and UNLV [406] Offices of Undergraduate Research (OUR), 
including programs that introduce students to research [407], community research partnerships [408], and 
investment in mentorship [409]. Our additional goal for student engagement in P2 is at least 60% 
underrepresented minority (URM) participation. P2 builds new capacity to recruit students to complete 
Data Analytics training and bridge them into Research Internships with HDRFS scientists. 
(P2) Knowledge-Building Phase: Through a statewide effort led by the P2 team comprised of 
undergraduate research and workforce development specialists at UNR, UNLV, TMCC, NCLab, and DRI, 
we will build the new P2 pipeline to broaden participation in data analytics careers. Students from all seven 
NSHE institutions are eligible, and time will be dedicated to building relationships with career centers at 
community and state colleges to recruit participants. After a competitive selection process, tuition will be 
provided for a total of 40 students over Y2-Y5 to complete the TMCC Data Analytics program [410]. This is 
a 320 hour, online, self-paced program. Skills include data management and visualization, qualitative and 
quantitative analysis of data, SQL and Python (in the top ten hard skills demanded by NV employers in 
2021 [411]), and predictive data analytics. This online program can be completed from anywhere in NV, 
which makes it accessible to students in rural communities.  
(P2) Work-Based Learning Phase: Following completion of the Data Analytics certificate, applications will 
be accepted for 20 participants to participate in new Research Internships with HDRFS researchers in fire 
science and cyberinfrastructure to apply their newly minted data analytics skills (Baseline: 0). The P2 
team will liaise with HRDFS researchers at UNR, UNLV, and DRI to identify Research Internship topics for 
Y2-Y5 that will be fully integrated with analysis tasks performed by members of the ECO, HYDRO, FP, 
FEAA, SCALE, and CII teams. Research mentorship in P2 will leverage the mentorship framework 
discussed in P3, including training and support. Each intern will be provided with a $4,000 scholarship for 
a 240-hour internship and credit in an independent study course. Overall, P2 will create a training pipeline 
that will broaden the options for participants for the next stage of their data analytics careers. 
Private-sector partnerships: To facilitate talent retention in NV, the P2 team will host annual networking 
events (Y2-Y5) with industry professionals at Economic Development Agency of Western Nevada 
(EDAWN) to host “Incubator Events'' with HDRFS students and professionals from Reno and Las Vegas 
tech startups, emerging industries, and leaders in natural resource management (see LoC). Here, students 
will have the opportunity to hear lightning talks from local industry and government leaders, share and 
promote their own research with private sector partners, and build their professional networks. 
(P2) Objectives, activities, and milestones: O1: Data Analytics training. Activities: Recruit 40 students 
into the TMCC/NCLab Data Analytics certificate program (6 in Y2; 10 in Y3; 14 in Y4; and 10 in Y5) and 
support participants by leveraging existing OUR infrastructure. O2: Research internships. Activities: Select 
20 Research Interns (3 in Y2, 5 in Y3, 7 in Y4, 5 in Y5) and coordinate with HDRFS faculty on data analytics 
research projects; pair interns with appropriate researchers based on skills and internship tasks; interns 
complete Research Internships; summarize participation data. Milestones: [Y1] Build P2 team capacity to 
recruit students statewide, focusing on new capacity with community and state colleges; develop Research 
Internship themes with ECO, HYDRO, FP, FEAA, SCALE, and CII; [Y2] Recruit students into certificate and 
internship program; support certificate completion and internship using mentorship frameworks described 
in P3 (Baseline: 0); host Incubator Events with industry to help fill workforce gaps [Y2-5] (Baseline: 0). 
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4.4.4 Pathway 3 (P3): Nevada’s workforce of diverse cutting-edge STEM researchers (Casella, 
Kelley, Atici). Workforce Gaps: The fire science and cyberinfrastructure aspects of HDRFS offer a 
huge opportunity to cross-train and mentor skilled STEM professionals for NV. As of Q2 2021, job postings 
in computer-related occupations outpaced all other job demand by more than double, followed by 
engineering occupations [412]. P3 will establish a new public/private sector mentoring framework for 
students and university faculty members in all areas of HDRFS research, leveraging past NSHE EPSCoR 
experience and current institutional programs at UNR and UNLV. It has long been recognized that barriers 
to the advancement of diverse students in the STEM fields are due to lack of access to mentors, support in 
career planning, and opportunities to increase familiarity with the norms of science [413]. Mentorship is also 
important to build and leverage social capital for graduate school applications [414], such as for meaningful 
letters of recommendation and introductions to potential advisors. Both junior and senior faculty members 
benefit from directed mentoring programs, such as the Mentoring the Mentor program [415]. 
(P3) Knowledge-Building Phase: P3 spans three levels of the STEM pipeline: 
Undergraduate Research Opportunity Program (UROP): Each year, the UROP will engage 35 
undergraduates (175 in Y1-Y5) in authentic research experiences. We leverage this existing program as 
one component of the new mentorship pipeline because evaluations have shown a statistically significant 
increase in participating students’ interest in STEM careers (UROP has funded 277 NV scholarships 
through our current RII Track-1 project, OIA-1301726), and because participation in undergraduate 
research increases the likelihood of students pursuing graduate studies [416]. The undergraduate research 
projects are developed by students, selected through a merit review process, and contribute to publications. 
To build student capacity for proposal development, our team will host writing workshops to help prepare 
applications and connect with potential faculty mentors. We will provide at least half of UROP scholarships 
in HDRFS areas and give HDRFS themes priority, although UROPs will also be open to student-mentor 
pairs working in other STEM topics where it will support advancement of diverse students. All NSHE 
students are eligible to apply, and all NSHE faculty are eligible to serve as mentors. UNR and UNLV will 
invite UROP student participation in annual undergrad research symposia. Each year (Y1-Y5), we will 
engage 35 scholarship recipients and 75 students in writing workshops. 
Graduate Research Assistantships (GRAs): Project GRAs provide wages and tuition for 19 graduate 
students (five at DRI, eight at UNR, and six at UNLV) to conduct their thesis/dissertation on topics outlined 
in 4.3. GRAs will be advised by their faculty mentors, encouraged to participate in professional development 
and competitive funding opportunities, and mentored in the research and publication process. To foster 
research visibility and collaboration, graduate student travel and publication support ($12,000 per year) will 
be made available, prioritizing students from underrepresented groups (Baseline: 10). 
Postdoctoral Fellows: To retain postdoctoral talent in NV, faculty mentors will be advised that they can 
promote excellent postdocs who were selected through national searches directly to an Assistant Research 
Professor position throughout the NSHE system (DRI, UNR, UNLV). 
(P3) Work-Based Learning Phase: By leveraging the existing infrastructure above, the new P3 
mentorship framework will strengthen the culture of mentorship across NSHE by: (1) pairing undergraduate 
students statewide with research faculty; (2) facilitating Mentoring Institutes with content from national 
programs for 25-30 administrators, students, and faculty to advance mentoring statewide (outlined in 4.6); 
and (3) coordinating science/CI cross-training for GRA co-advisor faculty to at least 15 team members, 
working with NRMN and national RCD organizations like NSF XSEDE/EMPOWER and CaRCC.  
(P3) Objectives, activities, and milestones: O1: Facilitate UROP (Baseline: 35); Mentor GRAs (Baseline: 
10). Activities: Provide UROP solicitations and work with campus Writing Centers on UROP application 
writing workshops. Provide opportunities for research mentorship. O2: Facilitate Mentoring Institutes for 
25-30 HRDFS team members (Baseline: 0), coordinate science/CI cross-training for 15 team members 
(Baseline: 0). Milestones: [Y1] recruit diverse participants into P3 programs; [Y2] build and mentor 
framework (4.6); [Y3-5] support participants to present or publish their work (4.7). 
4.5 Emerging Areas and Seed Funding  


HDRFS will engage faculty in areas that are closely related to, but not recognized in, the current research 
including social sciences to provide new opportunities and pursue high-risk, high-impact research. HDRFS 
seed funding is not intended to provide a substitute for NSF individual investigator funding. Seed grant 
funding will provide strategic mechanisms for additional research, E-WFD, and sustainability in relevant 
areas and will provide proof of principle results needed to secure external funding. Proposals will be 
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solicited in years 2-4 of the project to identify emerging and transformative areas of research that align with 
research aims of the proposed project. Target areas will be informed by NSF priorities in the proposal areas. 
Eighteen seed grants will be made available for innovative research during the lifetime of the project, (5 Y2, 
5 Y3, and 8 Y4). Review of proposals will be conducted by an NSHE faculty panel; review criteria will include 
intellectual merit, broader impacts, and project alignment. Top ranked proposals will be funded after review 
by the leadership team. Awards will be $30K for up to 12 months. PIs will be required to provide both six-
month and final reports describing progress, publications, presentations, and student participation. Seed 
funding will provide preliminary results to support proposals to NSF and other funding agencies. Faculty 
receiving seed funding will provide evidence of external funding applications and awards within one year of 
completing a seed funding award. These efforts will be coordinated by the project leadership team (4.10.1) 
(5 Y2, 5 Y3, and 8 Y4). 
4.6 Broadening Participation 


The NSHE Diversity data dashboard for 2019-2020 reported total minority enrollment for all NSHE 
institutions was 59.8% and 57% were females [417]. Underrepresented students enrolled as science majors 
at Nevada higher education institutions are 31% (1,650) of total science majors enrolled (5,302). Based on 
2020 data from the UNR and UNLV Diversity Offices, we lose the ethnic diversity of our undergraduates 
before they reach the graduate level: the largest group of graduate students are international (60% at UNR, 
37% at UNLV), followed by white (27% at UNR, 25% at UNLV) and Latinx/Hispanic (5% at UNR, 13% at 
UNLV). The HDRFS Broadening Participation plan (BP) will: (1) increase the number of URM STEM 
undergraduates in research opportunities, and (2) provide STEM career mentoring for both students 
and faculty with existing programs to achieve institutional cultural shifts, equity, and inclusion. 
Careful attention has been paid to ensure that URM, first-generation college-going, and low socioeconomic 
students and faculty are integrated by infusing broadening participation metrics through the pathway 
programs identified in 4.4. P3 will help narrow these diversity gaps at all NSHE institutions through authentic 
research experiences and mentorship, focusing on bridges between undergraduate, graduate, and 
postdoctoral levels, including at NV’s four minority-serving institutions (MSIs). P3 will support broadening 
participation of underrepresented minorities and first-generation college students into academic culture. 


4.6.1. Team Introduction: Casella [NSHE, workforce development], Collins [DRI, education, 388, 389], 
Kelley [UNR, undergraduate research/mentorship], Atici [UNLV, undergraduate research/mentorship], 
Zepeda [UNR Graduate School], Burke [UNLV Graduate College].     


4.6.2 Engaging URM STEM Students: At least 700 underrepresented, first-generation and/or low-income 
students will gain exposure to STEM opportunities thematic to the project (4.4). Collaboration with URM-
supporting organizations with local/cultural priorities will attract and engage a more diverse group of 
participants. Recruitment for the UROP will occur at all NSHE institutions, with concentrated efforts at the 
MSIs and PUIs. BP will support eight additional UROP scholarships to URM students with merit-worthy 
research applications and will facilitate UROP Application Writing Workshops at all NSHE campuses. 
Recruitment will be done in collaboration with such programs as UNLV’s Center for Academic Excellence 
and Outreach (McNair, Upward Bound, AANAPISI), TMCC’s STEM Club, and UNR’s Center for Cultural 
Diversity. We will also provide travel scholarships to four-to-six URM/female students per year (Y2-5) to 
present at national meetings, such as SACNAS (Society for Advancement of Chicanos/Hispanics and 
Native Americans in Science) or AISES (The American Indian Science and Engineering Society).  


4.6.3 Building Communities of Practice for Research Mentorship: Mentoring is a high impact strategy 
for promoting success beyond college and into the workforce. Tiered mentorship programs employ best 
practices by creating a community of practice (CoP) that shares concerns, problems, and passion, and who 
deepen their knowledge and expertise together. To further support Pathway 3 (4.4), we will coordinate with 
NSHE campus multicultural STEM programs, Offices of Undergraduate Research, and Graduate Colleges 
to provide near-peer mentorship opportunities and best practice trainings in effective career mentoring 
methodologies. In Y2-5, participants in HDRFS UROPs, GRAs, and postdocs will be placed into small 
groups to engage in professional networking and mentorship opportunities. Groups will engage in organized 
events to navigate the explicit and invisible rules of succeeding in academia and advancing to the next 
professional level; provide feedback on conference presentations and proposal ideas; and build subject-
based professional networks that will be sustained beyond the duration of the grant.  
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To foster systemic support for mentoring among institutions, we will work with national programs like 
National Research Mentoring Network and the Council on Undergraduate Research to facilitate Mentoring 
Institutes in Y2-5 to address opportunities to advance research mentoring statewide. Administrators, 
faculty, and students (25-30/yr) will gather to address topics like growing equity and inclusion, cultivating 
ethical behavior, enhancing work-life integration, promoting mentee research self-efficacy, and promoting 
professional development.  These build on the outcomes of the 2020 and 2021 Mentoring Institute: Growing 
Leadership & Support in Research within NSHE, supported by NV-EPSCoR. Website development for The 
Nevada STEM Mentor Network and Pathways to STEM Nevada will continue, providing access to NV 
mentors and students looking for STEM resources and opportunities in Nevada.  
Mentoring and hiring a diverse pool of students and faculty: Recruitment for graduate assistants and 
new faculty hires will follow institutional policies and will include project leadership. All recruitments of 
professional staff positions will be conducted nationally to yield diverse applicant pools. Examples of 
targeted advertising to be used include: (1) doctoral programs with a high number of minority and/or female 
candidates, including MSIs, HSIs, Historically Black Colleges and Universities, Women’s Colleges, Tribal 
Colleges and Universities and Native American-Serving Nontribal Institutions, and (2) to national minority 
and/or female serving organizations (e.g., SACNAS, AISES, AWIS). For specific vacancies, BP will work 
through UNLV’s Office of Diversity Initiatives and UNR’s Office of Diversity & Inclusion to identify a variety 
of recruitment sources. Early-career, diverse faculty will be mentored in leadership roles: e.g., four female 
faculty, three of which are junior (Tran, Hanan, Boisramé, Samburova) will be mentored to lead project 
sections. 


4.7 Partnerships and Collaborations  
HDRFS will create and leverage existing partnerships with private industry, government management 


and funding agencies, academia, and national/regional cyberinfrastructure providers to promote scientific 
and educational collaborations at state, national, and international levels. Mechanisms for fostering internal 
collaboration, also important for success, are found in Project Integration (4.3.2) and Communication and 
Dissemination (4.8), with additional internal/external linking as part of E-WFD (4.4). The PC coordination 
team (Stephen, Strachan, Hanan, Rowell) will foster these connections with project activities (highlighted 
below) that will accelerate development of partnerships, with emphasis on: 1) ensuring our ability to collect, 
process, and share widely useful data for wildland fires; 2) co-development of research and workforce 
development trajectories that meet the needs of related industry and management agencies; and 3) 
statewide development of RCD professionals, talent pipelines, and national CI community integration. Each 
dimension of partnership development includes the following general Milestones: [Y1] project/partner 
matchmaking; [Y2] partnerships formalized; [Y3] cooperative activities, shared infrastructure; [Y4] co-
produced publications/products; [Y5] co-produced proposals and sustainable cooperation plans. 


Government Partnerships: Our team has existing relationships with many relevant research and fire 
management agencies, including DoE LANL [FP], DoD Strategic Environmental Research and 
Development Program (SERDP), NASA, USDA-USFS, BLM, NV Division of Forestry, CalFire, DOI Office 
of Aircraft Services, FAA’s Unmanned Aircraft Systems Program Office, and Reno and Clark County Fire 
Departments. Prior contributions by the HDRFS team in developing partnerships with these agencies 
include the development of the Fire and Smoke Model Evaluation Experiment (FASMEE) at DRI and an 
invitation by BLM to operate UAS over wildland fires in NV (see LoCs).  We will collaborate with NV 
indigenous groups such as the Pyramid Lake Paiute Tribe for co-production of fire knowledge and inclusion 
of indigenous fire management practices. 


National and International Scientific Collaborations: U.S. Non-governmental organizations (NGOs) 
with whom we have existing relationships include Tall Timbers (TTRS), The Nature Conservancy (TNC), 
Aspen Global Change Institute (AGCI), and Western Forestry & Conservation Association (WFCA); 
international NGOs include the Association for Fire Ecology, the International Association of Wildland Fire, 
the Pau Costa Foundation, the Mountain Research Initiative (MRI), and the Global Mountain Biodiversity 
Assessment (GMBA). Alignment with national RCD and NSF-funded CI initiatives will be pursued, including 
communities such as the Campus Research Computing Consortium (CaRCC), the Extreme Science and 
Engineering Discovery Environment (XSEDE), the Coalition for Academic Scientific Computation (CASC), 
Internet2, and the Quilt Network. Example partnerships: we will partner with the NSF RCD Nexus Center 
of Excellence Pilot (#2100003) and NSF-EPSCoR CI Workshop (#2033519, co-PI Strachan is PI of 
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collaborative award with #2033483) to guide project and NV CI practices, development, & resource access.  
Industry Partnerships/Technology Development, Transfer, and Commercialization: The record of 


successful partnerships with industry (e.g., NV Energy, Las Vegas-based AviSight, Reno-based Drone 
America) naturally leads to transfer of technology, where refinement and commercialization can be 
continued through existing vehicles such as the NSHE Technology Transfer Office (TTO), Desert Research 
Corporation (DRC), and the NV Governor’s Office of Economic Development (GOED). The PC team will 
assist in liaisons between our project team and these entities, with assistance from the Nevada Center for 
Applied Research, to provide relevant contacts in industry that maximize student opportunities (4.4) and 
ensure that the benefits of our discoveries accrue to the public and the economy of NV. 


Workforce Development (WD) Partnerships: The PC team will assist in E-WFD (4.4) by emphasizing 
WD through our partnerships with industry and government agencies in Y1-5. Student and post-doc cross-
training into technical cyberinfrastructure tools will be integrated (4.4, 4.6), leveraging partnerships and 
fellowship opportunities within the Earth Science Information Partners (ESIP), Practice and Experience in 
Advanced Research Computing (PEARC), and Campus Champions (XSEDE-CC) communities. Campus-
level engagement with CaRCC RCD assessment and professionalization working groups, and the newly 
funded NSF RCD NEXUS CoE (#2100003) will help establish new personnel roles in RCD strategy in NV. 


4.8 Communication and Dissemination 
The goal of the Communication and Dissemination plan is to facilitate two-way communication, share 


data and findings, and promote the project’s scientific and educational accomplishments, both internally 
among project teams and externally with stakeholders (including academia, government regulatory and 
funding agencies, fire and land management agencies, policymakers, industry professionals, local 
communities, and the general public). This will build collaborations and partnerships, strengthen workforce 
development, and create informed and engaged citizens within NV, nationally, and internationally. 


Internal Project Communication: Begins with information disseminated during monthly virtual project 
component lead meetings (4.10.1, Fig. 9). These meetings will provide input from each component, with 
updates on recent accomplishments; component leads will share this information with their team.  There 
will be monthly virtual research integration meetings to facilitate back-and-forth discussion between all team 
members and provide an opportunity for faculty and students to present their research progress. As burn 
experiments approach, cross component meetings will discuss structure, timeline, tasks, and data for these 
joint experiments.  The annual state meeting will provide time to: 1) network with researchers across the 
project (e.g., to develop joint publications and proposals), 2) share project data and findings as outlined in 
the Data Management Plan, 3) review strategic plan deliverables, goals, and reports, and 4) receive and 
discuss feedback from the External Advisory Committee regarding project progress and opportunities. The 
Communication Specialist will create and update an internal, web-based presentation (starting Y 1) about 
the project for all team members to understand the research and education goals of the entire project and 
how their own work fits into the overall project structure. Training sessions in Y2 and Y4 will be provided to 
faculty, postdocs, and students on communicating their science effectively through presentations, 
publications, and media outreach. Project highlights will be communicated monthly to senior administrators 
including the NSHE chancellor, campus VPRs, and the NV EPSCoR External Advisory Committee. These 
monthly “E-Highlights,” and yearly summaries will inform of the project’s progress and findings. Baseline: 
0, Milestones: Create web-based presentation and 12 E-Highlights, Timeline: annually 


External Communication and Dissemination to Stakeholders: Communications with stakeholders 
will be coordinated by the project’s partnership coordinators and by the NV EPSCoR communications team. 
Research results will be disseminated via national and international conferences and publications in high 
impact, peer-reviewed journals. HDRFS External Communication will be consistent across multiple 
platforms.  The project external Web site will provide information to project collaborators and stakeholders. 
Web site design and content will be driven by efficient, easy communication with the public and other 
stakeholders, and by the need to archive team documents. The Communication Specialist in the NSHE 
office, working with a science writer, will publish quarterly feature articles that will translate scientific and 
technical information into lay language for a broad audience with the goal of enhancing recognition of the 
different research elements and project accomplishments. Articles will be posted on the project Web site 
and sent to stakeholders and media outlets, including campus news centers. The Communication Specialist 
will publish a bi-annual newsletter to promote sustainability by engaging target audiences including NSF, 
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the scientific community, other EPSCoR jurisdictions, the private sector, and the general public.  Concise 
content will focus on the relevance and applicability of the project results. A media kit will be developed and 
updated semi-annually for traditional public relations (e.g., radio, newspapers, TV, feature articles). A 
marketing/communications consultant will identify additional opportunities for media coverage, interviews 
with project scientists, op-ed ideas, and a compilation of custom media distribution lists.  The team will 
utilize social media (LinkedIn, Facebook, YouTube, Twitter) to communicate project activities and results. 
The project’s social media audience will be increased with links to the project Web site, nonprofit groups, 
and state and national agencies. Informational and educational videos will be produced for specific 
stakeholder groups and posted on the NV EPSCoR Web site and YouTube channel to promote and explain 
project activities. To increase community engagement and foster two-way communication with 
stakeholders, project leads will organize public forums, roundtable events, and annual meetings to bring 
together collaborating groups including public and private sectors and discuss project results and future 
sustainability tactics. Baseline: 0, Milestones: Publish 4 feature articles and 2 newsletters, 1 stakeholder 
meeting/public forum per year. Timeline: annually (Y1-Y5) 
4.9 Sustainability 
4.9.1 Sustainability of Project Activities  


The goal for HDRFS Sustainability is to support the proposed infrastructure and enable participants to 
sustain project activities via extramural funding sources and institutional adoption. The project: 1) topic 
areas are in alignment with priority areas of NV’s S&T [20] and Economic Development [418] plans, NSF 
funding priorities, and recommendations by the National Science Board; 2) maximizes use of existing NSHE 
research facilities, CI facilities, and educational programs; 3) integrates partnerships, marketing and 
outreach to other scientists and stakeholders; and 4) emphasizes involvement with national and 
international initiatives; and 5) integrates current recommendations for CI assessment and planning in 
EPSCoR jurisdictions (NSF-EPSCoR-WO #2033519, #2033483, co-PI Strachan is PI and collaborator). 
HDRFS will use the Program Sustainability Assessment Tool (PSAT) [419], a three-phase service provided 
by Washington University in St. Louis. PSAT facilitated development of a robust sustainability plan in NV’s 
current RII Track-1 project, including 22 actionable steps to increase partnerships and funding, 
development of business plans, and intellectual property for sustaining infrastructure beyond the support 
of NSF EPSCoR. The first PSAT phase (Y1, 2) introduces project leadership and other project members 
via a webinar to eight core areas of program sustainability (environmental support, funding, partnerships, 
organization, evaluation, adaptation, communications, and planning). The second phase (Y2, 3) assesses 
project capacity for sustainability using an online custom tool. The third phase (Y3) is a one-day 
sustainability action-planning workshop that includes an overview of the process, a review of "best 
practices," a discussion of past results, and step-by-step guidance to create an action plan. This plan 
includes activities (from Y3 on) for increasing proposal submissions and awards, partnerships and 
collaborations, and institutional and community support. Implementation of this plan will result in stronger 
partnerships, better long-term impacts from activities, diversification of funding, and better services to 
scientists and other stakeholders, both during the project and afterwards. Implementation of this 
sustainability plan will be the responsibility of the project leadership with the guidance of the PSAT group. 
The sustainability action plan, like the strategic plan, is a living document that will be reviewed and updated 
biennially. Progress will be evaluated by the project’s external evaluator (4.10.2). HDRFS will sustain the 
following Research, Education and Workforce Development, and Partnership activities that advance the 
S&T competitiveness of NV:   


Research: The capacity developed will be maintained and expanded across NSHE. Faculty hired under 
HDRFS will be on regular faculty lines and sustained accordingly. Equipment purchased for research 
activities (e.g., UAS, sensors, vehicles) will be maintained and upgraded by the campus and faculty using 
them. Technology systems implemented for project computing and data will be institutionalized as part of 
campus CI planning and program development. Overall capacity developed will be leveraged to obtain 
extramural funding during and after this project. (4.9.2)   


Education and Workforce Development: The graduate research assistant positions for this project 
rely upon RII Track-1 funding. Faculty hired will be mentored by more senior researchers of this project and 
sustained beyond the period of this proposal through institutionalization of their positions (see letters). The 
new elements of Pathways 1, 2, and 3 rely upon RII Track-1 funding for their initiation. These new elements 
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were developed with input from public and private sector stakeholders, and we will seek sustainable funding 
mechanisms for their continuation with these stakeholders such as UROP activities being institutionalized 
at both UNR and UNLV with additional support from student government and foundation donations. 


Partnerships and Collaborations (e.g., Federal Agencies, utilities, and companies) will flourish due to 
projected increases in fire potential in the western states; this will be critical for continued funding (4.9.2).  


4.9.2 Post RII Track-1 Extramural Funding  
Throughout this project, we will promote submission and success of research proposals through “funding 


incubator” mechanisms including a seed grant program and a science writing assistance program. A 
required strategic outcome of the seed grants is submission of proposals that target NSF and other agency 
programs. Proposal writing skills will be improved through workshops for graduate students, postdocs, and 
faculty (particularly early-career faculty), and a writer’s assistance program providing editorial services for 
proposal development. Each faculty participant will be required to participate in at least one annual proposal 
submission and each of the four science components is expected to lead at least one proposal per year. 


Opportunities for continued funding include 1) standard opportunities (e.g., NSF CAREER for our early 
career faculty), 2) discipline specific opportunities for the science in the following proposal sections: 
4.3.3. ECO: NSF Ecosystem Science Cluster (ES) [Y2-5]; 4.3.4 HYDRO: NSF Hydrological Sciences (HS) 
& ES [Y2-5]; 4.3.5 FP: NSF Harnessing the Data Revolution (HDR) [Y3-5]; 4.3.6 FEAA: NSF Atmospheric 
Chemistry & Dynamic Meteorology: [Y2-5]; 4.3.7 CII: NSF Office of Advanced Cyberinfrastructure (OAC) 
and Computer and Information Science and Engineering (CISE) [Y2-5], DARPA [Y2-5], NSF HDR [Y3-5]; 
and 3) cross disciplinary opportunities for combining the science in multiple sections and often applying 
it to fire management [Y2-5]: a) NSF/NIST DRRG (Disaster Resilience Research Grants), b) NASA 
ROSES, c) DoD SERDP & US ACE-UFDP, d) EPA STAR, e) NOAA, f) NIST, g) DOE, h) Joint Fire 
Science Program, and i) large, private landowners. HDRFS will allow focused and coordinated efforts 
for these funding opportunities. Mentorship of early-career faculty will assist them in their CAREER 
proposals. Integrated HDRFS teams will address cross disciplinary opportunities, and preliminary data will 
be used in the proposal development process. 


Through this project, we will enhance our capabilities in wildland fire science, UAS, data acquisition, 
processing, and modeling, and rapid deployment. We will also strengthen our network of external 
collaborators and stakeholders, who already include the major fire and land management agencies in the 
Great Basin and Western U.S. The next step will be to pursue planning for a national center:  


NSF Science and Technology Center for Data-Driven Wildland Fire Science and Management: 
This center will be proposed by the HDRFS team and others from NV and surrounding states to secure 
center funding for: 1) broadening the research focus to different fire prone ecosystems in the Western US 
and from prescribed burns to wildfires; 2) developing a rapid deployment capacity for our infrastructure to 
wildfires. HDRFS results will enable UAS-based data acquisition and analysis during wildland fires and 
engage land and emergency management agencies to use project outputs for more efficient management 
of prescribed burns and wildfires leading to the ultimate goals of human health and safety as well as a 
sustainable environment.  Integration experience across disciplines, collaboration with federal and state 
agencies, initial data gained, as well as collaboration teams gained through public presentation of our work 
will place researchers from NV in prime position to spearhead an STC proposal on wildland fire research. 


4.10 Management, Evaluation and Assessment  
4.10.1 Project Management Team  
The project management goal is to implement the proposed activities and effectively manage all aspects. 
We draw on the strength of the proposed project structure that includes the NV State EPSCoR Advisory 
Committee (NVEAC) (State Steering Committee), leadership, management, and operational leadership 
teams, and the evaluation and assessment group (Fig. 6). NVEAC’s charge is to provide guidance to NV’s 
EPSCoR programs by identifying potential research and development improvement strategies and activities 
that are consistent with NV’s S&T Plan [20] and most likely to advance a nationally competitive academic 
capability. The 10-member committee (5M, 5F, 1URM) meets bi-annually and is composed of 
representatives from academia (NSHE), government, and the private sector. The committee advises the 
state NSF EPSCoR Project Director (Harris) by providing guidance on research, education, and economic 
strategies; promoting state stakeholder support; reviewing and providing input to the NV S&T Plan; ensuring 
proposals are aligned with the state plans; identifying niche and emerging research and economic 
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development opportunities; and providing 
guidance on demonstrating importance of 
research. The NV NSF EPSCoR Project 
Director is a non-voting, ex officio 
member. The NSHE Sponsored 
Programs and EPSCoR Office serves 
as the fiscal agent and award project 
funds to member institutions based on the 
proposed research plan and budget. The 
basis for effective fiscal management is 
budgetary, reporting, and evaluation 
oversight by the NV EPSCoR office staff 
and the project leadership consisting of 
the PI/NSF EPSCoR Project Director 
(Harris), and the co-PIs (Science Lead 
Moosmüller, Strachan, and Stephen). 
Project management works under the 
direction of the NSHE Sponsored Programs Director (Jackson). Project components, under the direction of 
lead scientists/personnel, will be responsible for meeting the goals, timelines, and objectives of the 
proposed project (Fig. 7). The NV EPSCoR office staff includes a full-time project administrator (Keeth) 
responsible for budget administration, coordination with institutional research offices, collecting baseline 
information, overseeing evaluation activities, and general administration. An education, outreach, and 
diversity (EOD) administrator (Casella) manages student solicitations and facilitates broadening 
participation and education initiatives. A full-time communications specialist (TBD) responsible for the 
project’s Web site, will design brochures, facilitate dissemination of articles written by the project’s 
contracted science writer enhancing public understanding of the role of science, and work with the campus 
communication offices to incorporate NSF EPSCoR highlights. NSHE and its campuses have video and 
online conferencing. A full-time program coordinator (Cueto-Diaz) assists the project administrator with 
reporting and account management; assists the EOD administrator with scholarship competitions and other 
programs; maintains project Web sites and databases; and coordinates meetings. The nine-member 
Project Management Team has a diverse institutional, ethnic, and gender makeup: DRI (1), UNLV (1), 
UNR (2), and NSHE (5, one position is open and will be filled once this project starts); one member is 
Hispanic, and seven are white, non-Hispanic; four members are female, and four are male. The proposed 
project will follow a succession plan for key project personnel (developed and approved by NSF as part of 
NV’s current Track-1 project). The management and project teams will work with External Evaluator (Edu, 
Inc.) and External Advisory Committee (Table 2) that is charged with attending annual HDRFS meetings 
and providing feedback regarding project performance and opportunities. COVID-19 has changed how we 
operate.  NSHE is following the Nevada United: Roadmap to Recovery [420], to build a path forward and 
safely reopen NV. Our monthly leadership meetings, including PSAT reviews (4.9.1), have been virtual due 
to geographic distances and we structure events online to encompass all participants, stakeholders, the 
general public, and engage rural communities throughout NV.  


 


Table 2. Project External Advisory Committee (4 male, 2 female) 
Name and Title Affiliation Expertise 
Dr. Mary Jo Daniel - Director, Faculty 
Research Development Office 


U of New Mexico Education, Diversity & Inclusion, 
Program Management 


Dr. Shawn Urbanski - Research Scientist US Forest Service, Missoula FSL Emissions 
Mr. Vincent Ambrosia - Program 
Manager, Sr. Research Scientist 


NASA Ames CSU-MB  Wildfire UAS Applications 
Development 


Dr. Rod Linn - Team Lead, Atmospheric 
Modeling & Weapons Phenomenology  


Los Alamos NL, Earth and 
Environmental Sciences Division 


Modeling of Fire & Atmospheric 
Processes  


Dr. Dana Brunson - Executive Director 
for Research Engagement 


Internet2 CyberInfrastructure, HPC, 
Professional Development 


Dr. Donald Falk - Professor U Arizona, Natural Resources Wildfire, Ecology 


Fig. 6: Management structure for the proposed RII Track-1 project 
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4.10.2 Evaluation and Assessment 
HDRFS evaluation will monitor project activities, progress, and outcomes to provide leadership with 


meaningful feedback on project achievements. Evaluation will support a collaborative and iterative design 
that provides ongoing feedback to fine-tune, strengthen, and improve project operations [421, 422]. 


An external evaluator and an external technical advisory committee will contribute to the evaluation. The 
technical committee will meet annually to review progress towards outcomes, make constructive 
suggestions, advise on collaborations inside and outside NV, and suggest new funding opportunities. 
Committee members include nationally and internationally recognized experts in the project’s subject areas. 
Edu, Inc., will assess progress and outcomes and provide feedback to strengthen and improve the 
proposed project. Edu offers twenty years of experience evaluating large-scale research and education 
projects. In Y1, evaluators will work with the project to develop a strategic plan with clear goals, milestones, 
and metrics. Evaluators will help the project to record baseline data and develop annual performance targets 
for research and E-WFD activities. Evaluators will monitor research progress, productivity, and 
infrastructure, and document efforts to strengthen NV’s STEM pipeline and workforce development 
capacity. Evaluators will also document NSF broader impacts activities, especially efforts to broaden 
participation in STEM by women and minorities. A five-year longitudinal study will track the impact of 
EPSCoR funding on the careers of faculty, researchers, and students. The evaluation will adhere to the 
standards and guiding principles of the Joint Committee on Standards for Educational Evaluation [423] and 
the American Evaluation Association [424], respectively. 


Formative and Summative Evaluation: Formative evaluation will provide HDRFS with ongoing feedback 
that helps it to continuously improve. Quarterly feedback to project leadership allows course correction to 
strengthen the project. Annual reports measure the project’s progress toward the goals articulated in the 
strategic plan. A summative report in year five synthesizes formative data to evaluate long-term outcomes 
of the NV EPSCoR project.  Annual Review: Three main studies provide metrics and milestones to assess 
annual progress. The Research Study tracks progress against the strategic plan goals and objectives. 
Annual progress interviews and productivity indicators document research products, productivity, and 
infrastructure. The Communication Study rates communication across the EPSCoR project and maps the 


 
Fig. 7: Project timeline 
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quality of collaboration between researchers and between institutions and external partners. The 
Workforce Study uses an evaluation database and experience interviews to track the career paths of 
EPSCoR funded faculty, students, and interns. Evaluators will partner with the project to understand the 
impact of Education and Workforce Development (E-WFD) activities and the success of E-WFD to “fix 
leaks, close gaps, and broaden participation” in NV’s STEM pipeline. Broadening Participation Tracking 
analyzes demographic data to document participants from underrepresented groups. Evaluators aggregate 
the project’s Broader Impacts activities annually. Evaluators provide leadership with annual 
recommendations that are fed back into project to ensure continual progress. 


Evaluating Partnerships and Collaborations: The project will use a conceptual framework to evaluate 
efforts to create partnerships and collaborations. The three-stage framework tracks movement from early 
passive interactions with external partners to more collaborative approaches of mature partnerships. The 
external engagement coordinator will provide data to evaluate partnership and collaboration outcomes.  


Evaluation Methods: The mixed-methods evaluation is framed by five groups of guiding questions. 
Indicators and metrics from multiple data sources are mapped to evaluation methods shown in Table 3.  
 
 


Table 3: Mixed-Methods Evaluation Framework 
Evaluation Question Indicators and Metrics Evaluation Methods 
Research   
What is the evidence of increased 
research competitiveness and 
productivity? 


5 Ps research productivity (publications, 
presentations, patents, proposals, 
research products). 


Research – track key productivity 
indicators. 


What is the progress on strategic 
plan goals and infrastructure 
acquisition? 


Number and quality of outputs from 
strategic plan goals. 


Strategic Plan Score Card – number of 
tasks current, ahead, or behind. 


What are the lessons learned from 
progress interviews with 
researchers? 


Researchers’ insights, achievements, 
and barriers. 


Progress interviews track researchers’ 
accomplishments. 


Communication and Collaboration 
To what extent is there a clear 
research theme executed by 
conceptually unified collaborative 
projects? 


Number, frequency, and quality of 
communication and collaboration 
between research teams. 


Communication survey rates 
communication and maps collaboration 
between teams. 


What is the efficacy of spatial scaling 
of fire as a unifying research theme? 


Joint experiments and modeling by 
interdisciplinary EPSCoR faculty. 


Interviews with researchers and 
bibliometrics. 


Education and Workforce Development  
In what ways do education and 
outreach activities enhance STEM 
education and strengthen the STEM 
career pipeline in Nevada? 


Participant number and types. 
Change in interests and STEM content 
understanding. 


Descriptive statistics. 
Pre-post survey – interest and STEM 
content understanding. 


What are the benefits to PUI and MSI 
faculty and students in Nevada? 


Participants’ benefits and gains. 
Recruiting, retention, and graduation 
rates of women and minorities. 


Experience interview. 
Analyze jurisdiction-wide data across 
project years. 


Broader Impacts   
What is the reach and impact of 
science and engineering education 
and STEM programs for 
underrepresented groups resulting 
from the Nevada EPSCoR? 


Change in participant demographic data. Descriptive statistics. 
 


Experience of program participants. Interviews and project-led surveys, 
analyze and code data. 


Management and Sustainability 
In what ways does the project 
demonstrate effective management? 


Quarterly timelines are consistent with 
plans. 
Changes in strategy or personnel are 
implemented to optimize activities. 


Quarterly updates compare progress to 
goals.  
Leadership receives and considers 
feedback. 
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4.10.3 Summary Tables of Requested NSF Support 
Budget Table A. Summary of Requested NSF Support by Organization  


Organization Year 1 
($K) 


Year 2 
($K) 


Year 3 
($K) 


Year 4 
($K) 


Year 5 
($K) 


5 - Year 
TOTAL 


% of NSF 
Request 


NSHE (Lead) $559  $786  $512  $648  $513  $3,018  15% 
DRI $1,283  $1,273  $1,470  $1,272  $1,275  $6,574  33% 
UNLV $853  $881  $954  $882  $815  $4,385  22% 
UNR $1,073  $1,284  $1,390  $1,324  $952  $6,023  30% 
Total $3,768  $4,224  $4,326  $4,126  $3,555  $20,000  100% 


Budget Table B. Summary of Requested NSF Support by Project Activity  
Activity Year 1 


($K) 
Year 2 
($K) 


Year 3 
($K) 


Year 4 
($K) 


Year 5 
($K) 


Total 
($K) 


% of NSF 
Total 


Cost 
Share ($K) 


ECO salaries & fringe  $181  $218  $222  $226  $187  $1,034  5% $0  
ECO Equipment $113  $10  $23  $3  $3  $152  1% $0  
HYDRO salaries & fringe  $168  $172  $175  $178  $181  $875  4% $0  
HYDRO Equipment $34  $0  $21  $0  $0  $55  0% $0  
FP salaries & fringe  $180  $159  $241  $229  $120  $928  5% $142  
FP Equipment $25  $10  $5  $3  $4  $47  0% $0  
FEAA salaries & fringe  $371  $381  $389  $397  $406  $1,944  10% $0  
FEAA Equipment $80  $0  $1  $0  $0  $81  0% $0  
CII salaries & fringe $419  $568  $651  $473  $472  $2,584  13% $218  
CII Equipment $321  $156  $25  $104  $3  $609  3% $0  
Education and Workforce 
Development $0  $191  $303  $216  $198  $908  5% $1,415  


Emerging Areas and Seed Funding $0  $0  $0  $0  $0  $0  0% $540  
Broadening Participation $11  $154  $103  $105  $0  $373  2% $755  
Partnerships and Collaborations $17  $6  $16  $16  $26  $81  0% $44  
Communications and Dissemination  $140  $173  $77  $151  $107  $648  3% $194  
Sustainability $43  $0  $31  $14  $15  $103  1% $18  
Management (Admin) $337  $390  $286  $350  $386  $1,749  9% $622  
Evaluation and Assessment $112  $112  $112  $112  $112  $560  3% $0  
Indirect Costs $978  $1,218  $1,354  $1,241  $1,114  $5,905  30% $0  
Other (Travel, Tuition, Supplies) $238  $306  $291  $308  $221  $1,364  7% $52  
Total $3,768  $4,224  $4,326  $4,126  $3,555  $20,000  100% $4,000  


Research Areas: 1) Ecology (ECO); 2) Hydrology (HYDRO); 3) Fire Processes (FP); 4) Fire Emissions and their 
Atmospheric Aging (FEAA); 5) Cyberinfrastructure Innovations (CII)  
                             


Broader Impacts: HDRFS research will benefit Western U.S. communities to reduce impacts of wildland 
fires in terms of smoke exposure and safety, ecosystem services (e.g., water supplies and recreational 
opportunities), and wildland and fire management. Educational activities, integrated with the research, will 
1) advance the abilities of 80 pre-service and 160 in-service NV educators to teach basic systems modeling 
through fire science to 8,000 students with standards-based materials; 2) increase access to STEM 
research for NV PUI students through 40 data analytics scholarships followed by 20 three-month project 
internships; and 3) broaden STEM research participation through proposal-writing workshops for 150 
Undergraduate Research Opportunity Program scholarships (UROPs). Broadening Participation will add 
40 URM-focused UROPs, 20 URM-focused publication scholarships, and mentoring workshops for 25-30 
per year. Investments in human infrastructure, including hiring of three faculty (fire process modeler-DRI, 
data/ML expert-UNLV, data network architect-UNR), a partial network engineer - UNR, three postdocs, and 
19 graduate students, will expand research capacity. Our plans for recruiting underrepresented students, 
postdocs, and faculty, and new educational programs, will build a larger, more diverse NV STEM workforce. 










Admin-Mgmt

		SPM EPSCoR Solar Energy-Water-Environment Nexus Project		UNR

		Task #1, Admin-Mgmt		Year 1 State Funds

		Project Director:  Gayle Dana		NSHE 14-04

		Campus PI:  Sergiu Dascalu		CURRENT 		PREVIOUS		CUMULATIVE

		Task Coordinator: Sergiu Dascalu		SPM Year 1 Funds		SPM Funds		SPM Funds

				Subawarded		Subawarded		Subawarded

		A.  SENIOR PERSONNEL						$   -

								$   -

				$   -		$   -		$   -

								$   -

		TOTAL SENIOR PERSONNEL		$   -		$   -		$   -



		B.  OTHER PERSONNEL

		  1.  Post Doctoral Associates		$   -		$   -		$   -

		  2.  Other Professionals		$   -		$   -		$   -

		  3.  Graduate Students						$   -

		  4.  Undergraduate Students						$   -

		  5.  Secretarial - Clerical						$   -

		  6.  Other						$   -

								$   -

		TOTAL OTHER PERSONNEL		$   -		$   -		$   -

		TOTAL SALARIES AND WAGES (A+B)		$   -		$   -		$   -



		C.  FRINGE BENEFITS		$   -		$   -		$   -



		TOTAL SALARIES, WAGES, & FRINGE BENEFITS (A+B+C)		$   -		$   -		$   -



		D.  EQUIPMENT		$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

		TOTAL EQUIPMENT		$   -		$   -		$   -



		E.  TRAVEL

		  1.  Domestic				$   -		$   -

		   Strategic Planning Session Travel to Las Vegas-19@$600, 2@$750		$   -				$   -

		  2.  Foreign		$   -		$   -		$   -

								$   -

		TOTAL TRAVEL		$   -		$   -		$   -



		F.  PARTICIPANT SUPPORT COSTS						$   -

				$   -		$   -		$   -

		TOTAL PARTICIPANT SUPPORT COSTS		$   -		$   -		$   -



		G.  OTHER DIRECT COSTS

		  1.  Material & Supplies		$   -		$   -		$   -

		  2.  Publicaton Costs/Documentation/Dissemination		$   -		$   -		$   -

		  3.  Consultant Services		$   -		$   -		$   -

		  4.  Computer Services		$   -		$   -		$   -

		  5.  Subawards		$   -		$   -		$   -

		  6.  Other		$   -		$   -		$   -

		         GRA Tuition (no F&A)		$   -		$   -		$   -

				$   -		$   -		$   -

								$   -

		TOTAL OTHER DIRECT COSTS		$   -		$   -		$   -



		H.  TOTAL DIRECT COSTS (A THROUGH G)		$   -		$   -		$   -



		I.  INDIRECT COSTS  (F&A)

		       None on State Funds



		TOTAL INDIRECT COSTS



		J.  TOTAL DIRECT AND F&A COSTS (H+I)		$   -		$   -		$   -

						cross check		$   -



		Initialed by:  		Date:

		Karen Smith, Manager, Pre-Award





































































































































































Date:  &D




Nexus Research

		SPM EPSCoR Solar Energy-Water-Environment Nexus Project		UNR

		Task #2, Nexus Research		Year 1 State Funds

		Project Director:  Gayle Dana		NSHE 14-04

		Campus PI:  Sergiu Dascalu		CURRENT 		PREVIOUS		CUMULATIVE

		Task Coordinator:  Etezadi-Amoli		SPM Year 1 Funds		SPM Funds		SPM Funds

				Subawarded		Subawarded		Subawarded

		A.  SENIOR PERSONNEL						$   -

				$   -		$   -		$   -

				$   -				$   -

				$   -				$   -

				$   -		$   -		$   -

				$   -				$   -

		TOTAL SENIOR PERSONNEL		$   -		$   -		$   -



		B.  OTHER PERSONNEL

		  1.  Post Doctoral Associates		$   -		$   -		$   -

		  2.  Other Professionals		$   -		$   -		$   -

		  3.  Graduate Students 		$   -				$   -

		  4.  Undergraduate Students		$   -				$   -

		  5.  Secretarial - Clerical  		$   -				$   -

		  6.  Other						$   -

								$   -

		TOTAL OTHER PERSONNEL		$   -		$   -		$   -

		TOTAL SALARIES AND WAGES (A+B)		$   -		$   -		$   -



		C.  FRINGE BENEFITS		$   -		$   -		$   -



		TOTAL SALARIES, WAGES, & FRINGE BENEFITS (A+B+C)		$   -		$   -		$   -



		D.  EQUIPMENT		$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

		TOTAL EQUIPMENT		$   -		$   -		$   -



		E.  TRAVEL

		  1.  Domestic		$   -		$   -		$   -

		  2.  Foreign		$   -		$   -		$   -

								$   -

		TOTAL TRAVEL		$   -		$   -		$   -



		F.  PARTICIPANT SUPPORT COSTS						$   -

				$   -		$   -		$   -

		TOTAL PARTICIPANT SUPPORT COSTS		$   -		$   -		$   -



		G.  OTHER DIRECT COSTS

		  1.  Material & Supplies		$   -		$   -		$   -

		  2.  Publicaton Costs/Documentation/Dissemination		$   -		$   -		$   -

		  3.  Consultant Services		$   -		$   -		$   -

		  4.  Computer Services		$   -		$   -		$   -

		  5.  Subawards		$   -		$   -		$   -

		  6.  Other		$   -		$   -		$   -

		         GRA Tuition (no F&A)		$   -		$   -		$   -

				$   -		$   -		$   -

								$   -

		TOTAL OTHER DIRECT COSTS		$   -		$   -		$   -



		H.  TOTAL DIRECT COSTS (A THROUGH G)		$   -		$   -		$   -



		I.  INDIRECT COSTS  (F&A)

		       None on State Funds



		TOTAL INDIRECT COSTS



		J.  TOTAL DIRECT AND F&A COSTS (H+I)		$   -		$   -		$   -

						cross check		$   -



		Initialed by:  		Date:

		(Please fill in)







































































































































































CI Research

		SPM EPSCoR Solar Energy-Water-Environment Nexus Project		UNR

		Task #3, Cyberinfrastructure Research		Year 1 State Funds

		Project Director:  Gayle Dana		NSHE 14-04

		Campus PI:  Sergiu Dascalu		CURRENT 		PREVIOUS		CUMULATIVE

		Task Coordinator: Sergiu Dascalu		SPM Year 1 Funds		SPM Funds		SPM Funds

				Subawarded		Subawarded		Subawarded

		A.  SENIOR PERSONNEL						$   -

				$   -		$   -		$   -

				$   -				$   -

				$   -				$   -

				$   -		$   -		$   -

				$   -

				$   -

				$   -				$   -

		TOTAL SENIOR PERSONNEL		$   -		$   -		$   -



		B.  OTHER PERSONNEL

		  1.  Post Doctoral Associates		$   -		$   -		$   -

		  2.  Other Professionals		$   -		$   -		$   -

		  3.  Graduate Students  (3)		$   -				$   -

		  4.  Undergraduate Students		$   -				$   -

		  5.  Secretarial - Clerical		$   -				$   -

		  6.  Other						$   -

								$   -

		TOTAL OTHER PERSONNEL		$   -		$   -		$   -

		TOTAL SALARIES AND WAGES (A+B)		$   -		$   -		$   -



		C.  FRINGE BENEFITS		$   -		$   -		$   -



		TOTAL SALARIES, WAGES, & FRINGE BENEFITS (A+B+C)		$   -		$   -		$   -



		D.  EQUIPMENT		$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

		TOTAL EQUIPMENT		$   -		$   -		$   -



		E.  TRAVEL

		  1.  Domestic		$   -		$   -		$   -

		  2.  Foreign		$   -		$   -		$   -

								$   -

		TOTAL TRAVEL		$   -		$   -		$   -



		F.  PARTICIPANT SUPPORT COSTS						$   -

				$   -		$   -		$   -

		TOTAL PARTICIPANT SUPPORT COSTS		$   -		$   -		$   -



		G.  OTHER DIRECT COSTS

		  1.  Material & Supplies		$   -		$   -		$   -

		  2.  Publicaton Costs/Documentation/Dissemination		$   -		$   -		$   -

		  3.  Consultant Services		$   -		$   -		$   -

		  4.  Computer Services		$   -		$   -		$   -

		  5.  Subawards		$   -		$   -		$   -

		  6.  Other		$   -		$   -		$   -

		         GRA Tuition (no F&A)		$   -		$   -		$   -

				$   -		$   -		$   -

								$   -

		TOTAL OTHER DIRECT COSTS		$   -		$   -		$   -



		H.  TOTAL DIRECT COSTS (A THROUGH G)		$   -		$   -		$   -



		I.  INDIRECT COSTS  (F&A)

		       None on State Funds



		TOTAL INDIRECT COSTS



		J.  TOTAL DIRECT AND F&A COSTS (H+I)		$   -		$   -		$   -

						cross check		$   -



		Initialed by:  		Date:

		(Please fill in)





































































































































































Date:  &D




CI Plan

		SPM EPSCoR Solar Energy-Water-Environment Nexus Project		UNR

		Task #4, Cyberinfrastructure Plan		Year 1 State Funds

		Project Director:  Gayle Dana		NSHE 14-04

		Campus PI:  Sergiu Dascalu		CURRENT 		PREVIOUS		CUMULATIVE

		Task Coordinator:  Sergiu Dascalu		SPM Year 1 Funds		SPM Funds		SPM Funds

				Subawarded		Subawarded		Subawarded

		A.  SENIOR PERSONNEL						$   -

				$   -		$   -		$   -

				$   -				$   -

				$   -				$   -

				$   -		$   -		$   -

								$   -

		TOTAL SENIOR PERSONNEL		$   -		$   -		$   -



		B.  OTHER PERSONNEL

		  1.  Post Doctoral Associates		$   -		$   -		$   -

		  2.  Other Professionals		$   -		$   -		$   -

		  3.  Graduate Students						$   -

		  4.  Undergraduate Students		$   -				$   -

		  5.  Secretarial - Clerical		$   -				$   -

		  6.  Other						$   -

								$   -

		TOTAL OTHER PERSONNEL		$   -		$   -		$   -

		TOTAL SALARIES AND WAGES (A+B)		$   -		$   -		$   -



		C.  FRINGE BENEFITS		$   -		$   -		$   -



		TOTAL SALARIES, WAGES, & FRINGE BENEFITS (A+B+C)		$   -		$   -		$   -



		D.  EQUIPMENT		$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

		TOTAL EQUIPMENT		$   -		$   -		$   -



		E.  TRAVEL

		  1.  Domestic		$   -		$   -		$   -

		  2.  Foreign		$   -		$   -		$   -

								$   -

		TOTAL TRAVEL		$   -		$   -		$   -



		F.  PARTICIPANT SUPPORT COSTS						$   -

				$   -		$   -		$   -

		TOTAL PARTICIPANT SUPPORT COSTS		$   -		$   -		$   -



		G.  OTHER DIRECT COSTS

		  1.  Material & Supplies		$   -		$   -		$   -

		  2.  Publicaton Costs/Documentation/Dissemination		$   -		$   -		$   -

		  3.  Consultant Services		$   -		$   -		$   -

		  4.  Computer Services		$   -		$   -		$   -

		  5.  Subawards		$   -		$   -		$   -

		  6.  Other		$   -		$   -		$   -

		         GRA Tuition (no F&A)		$   -		$   -		$   -

				$   -		$   -		$   -

								$   -

		TOTAL OTHER DIRECT COSTS		$   -		$   -		$   -



		H.  TOTAL DIRECT COSTS (A THROUGH G)		$   -		$   -		$   -



		I.  INDIRECT COSTS  (F&A)

		       None on State Funds



		TOTAL INDIRECT COSTS



		J.  TOTAL DIRECT AND F&A COSTS (H+I)		$   -		$   -		$   -

						cross check		$   -



		Initialed by:  		Date:

		(Please fill in)







































































































































































Budget

		Proposed Budget - HDRFS Seed Grants 2023

		Title of the Project:

		PI:

		Institution:



				Proposed

		A.  SENIOR PERSONNEL

		(insert name & FTE)		$   -

		(limited to no more than 10% of total)		$   -

				$   -



		TOTAL SENIOR PERSONNEL		$   -



		B.  OTHER PERSONNEL

		Graduate Students 		$   -

		Undergraduate Students		$   -

		Other		$   -



		TOTAL OTHER PERSONNEL		$   -

		TOTAL SALARIES AND WAGES (A+B)		$   -



		C.  FRINGE BENEFITS		$   -



		TOTAL SALARIES, WAGES, & FRINGE BENEFITS (A+B+C)		$   -



		D.  EQUIPMENT		$   -

		(list)		$   -

				$   -

				$   -

		TOTAL EQUIPMENT		$   -



		E.  TRAVEL

		  1.  Domestic 		$   -

		  2.  Foreign		$   -



		TOTAL TRAVEL		$   -



		F.  PARTICIPANT SUPPORT COSTS

		TOTAL PARTICIPANT SUPPORT COSTS		$   -



		G.  OTHER DIRECT COSTS

		  1.  Material & Supplies		$   -

		  2.  Publicaton Costs/Documentation/Dissemination		$   -

		  3.  Consultant Services		$   -

		  4.  Computer Services		$   -

		  5.  Subawards		$   -

		  6.  Other		$   -

		         GRA Tuition (no F&A)		$   -

				$   -



		TOTAL OTHER DIRECT COSTS		$   -



		H.  TOTAL DIRECT COSTS (A THROUGH G)		$   -



		I.  INDIRECT COSTS  (F&A)

		       None on State Funds



		TOTAL INDIRECT COSTS



		J.  TOTAL DIRECT AND F&A COSTS (H+I)		$   -







		APPROVED BUDGET (NSHE Use Only)		$   -		$   -		$   -





		PI/PD Signature                                                                      		  Printed Name				DATE





		SPO/Institutional Representative Signature                                		  Printed Name				DATE



















































































































































Date:  &D




Ex. Engage.

		NSF EPSCoR Solar Energy-Water-Environment Nexus Project		UNR

		Task #6, External Engagement		Year 1 Federal Funds

		Project Director:  Gayle Dana		NSHE 14-03

		Campus PI:  Sergiu Dascalu		CURRENT 		PREVIOUS		CUMULATIVE

		Task Coordinator:  None		NSF Year 1 Funds		NSF Funds		NSF Funds

				Subawarded		Subawarded		Subawarded

		A.  SENIOR PERSONNEL						$   -

				$   -		$   -		$   -

								$   -

								$   -

				$   -		$   -		$   -

								$   -

		TOTAL SENIOR PERSONNEL		$   -		$   -		$   -



		B.  OTHER PERSONNEL

		  1.  Post Doctoral Associates		$   -		$   -		$   -

		  2.  Other Professionals		$   -		$   -		$   -

		  3.  Graduate Students						$   -

		  4.  Undergraduate Students						$   -

		  5.  Secretarial - Clerical						$   -

		  6.  Other						$   -

								$   -

		TOTAL OTHER PERSONNEL		$   -		$   -		$   -

		TOTAL SALARIES AND WAGES (A+B)		$   -		$   -		$   -



		C.  FRINGE BENEFITS		$   -		$   -		$   -



		TOTAL SALARIES, WAGES, & FRINGE BENEFITS (A+B+C)		$   -		$   -		$   -



		D.  EQUIPMENT		$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

		TOTAL EQUIPMENT		$   -		$   -		$   -



		E.  TRAVEL

		  1.  Domestic		$   -		$   -		$   -

		  2.  Foreign		$   -		$   -		$   -

								$   -

		TOTAL TRAVEL		$   -		$   -		$   -



		F.  PARTICIPANT SUPPORT COSTS						$   -

				$   -		$   -		$   -

		TOTAL PARTICIPANT SUPPORT COSTS		$   -		$   -		$   -



		G.  OTHER DIRECT COSTS

		  1.  Material & Supplies		$   -		$   -		$   -

		  2.  Publicaton Costs/Documentation/Dissemination		$   -		$   -		$   -

		  3.  Consultant Services		$   -		$   -		$   -

		  4.  Computer Services		$   -		$   -		$   -

		  5.  Subawards		$   -		$   -		$   -

		  6.  Other		$   -		$   -		$   -

		         GRA Tuition (no F&A)		$   -		$   -		$   -

				$   -		$   -		$   -

								$   -

		TOTAL OTHER DIRECT COSTS		$   -		$   -		$   -



		H.  TOTAL DIRECT COSTS (A THROUGH G)		$   -		$   -		$   -



		I.  INDIRECT COSTS  (F&A)

		       Rate (Percentage)		43.00%

		       MTDC (or Base)		$   -

		TOTAL INDIRECT COSTS		$   -		$   -		$   -



		J.  TOTAL DIRECT AND F&A COSTS (H+I)		$   -		$   -		$   -

						cross check		$   -



		Initialed by:  		Date:

		(Please fill in)







































































































































































Diversity

		NSF EPSCoR Solar Energy-Water-Environment Nexus Project		UNR

		Task #7, Diversity		Year 1 Federal Funds

		Project Director:  Gayle Dana		NSHE 14-03

		Campus PI:  Sergiu Dascalu		CURRENT 		PREVIOUS		CUMULATIVE

		Task Coordinator:  None		NSF Year 1 Funds		NSF Funds		NSF Funds

				Subawarded		Subawarded		Subawarded

		A.  SENIOR PERSONNEL						$   -

				$   -		$   -		$   -

								$   -

								$   -

				$   -		$   -		$   -

								$   -

		TOTAL SENIOR PERSONNEL		$   -		$   -		$   -



		B.  OTHER PERSONNEL

		  1.  Post Doctoral Associates		$   -		$   -		$   -

		  2.  Other Professionals		$   -		$   -		$   -

		  3.  Graduate Students						$   -

		  4.  Undergraduate Students						$   -

		  5.  Secretarial - Clerical						$   -

		  6.  Other						$   -

								$   -

		TOTAL OTHER PERSONNEL		$   -		$   -		$   -

		TOTAL SALARIES AND WAGES (A+B)		$   -		$   -		$   -



		C.  FRINGE BENEFITS		$   -		$   -		$   -



		TOTAL SALARIES, WAGES, & FRINGE BENEFITS (A+B+C)		$   -		$   -		$   -



		D.  EQUIPMENT		$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

		TOTAL EQUIPMENT		$   -		$   -		$   -



		E.  TRAVEL

		  1.  Domestic		$   -		$   -		$   -

		  2.  Foreign		$   -		$   -		$   -

								$   -

		TOTAL TRAVEL		$   -		$   -		$   -



		F.  PARTICIPANT SUPPORT COSTS						$   -

				$   -		$   -		$   -

		TOTAL PARTICIPANT SUPPORT COSTS		$   -		$   -		$   -



		G.  OTHER DIRECT COSTS

		  1.  Material & Supplies		$   -		$   -		$   -

		  2.  Publicaton Costs/Documentation/Dissemination		$   -		$   -		$   -

		  3.  Consultant Services		$   -		$   -		$   -

		  4.  Computer Services		$   -		$   -		$   -

		  5.  Subawards		$   -		$   -		$   -

		  6.  Other		$   -		$   -		$   -

		         GRA Tuition (no F&A)		$   -		$   -		$   -

				$   -		$   -		$   -

								$   -

		TOTAL OTHER DIRECT COSTS		$   -		$   -		$   -



		H.  TOTAL DIRECT COSTS (A THROUGH G)		$   -		$   -		$   -



		I.  INDIRECT COSTS  (F&A)

		       Rate (Percentage)		71.00%

		       MTDC (or Base)		$   -

		TOTAL INDIRECT COSTS		$   -		$   -		$   -



		J.  TOTAL DIRECT AND F&A COSTS (H+I)		$   -		$   -		$   -

						cross check		$   -



		Initialed by:  		Date:

		(Please fill in)







































































































































































Sustainability

		SPM EPSCoR Solar Energy-Water-Environment Nexus Project		UNR

		Task #8, Sustainability		Year 1 State Funds

		Project Director:  Gayle Dana		NSHE 14-04

		Campus PI:  Sergiu Dascalu		CURRENT 		PREVIOUS		CUMULATIVE

		Task Coordinator:  Sergiu Dascalu		SPM Year 1 Funds		SPM Funds		SPM Funds

				Subawarded		Subawarded		Subawarded

		A.  SENIOR PERSONNEL						$   -

		Dascalu, Sergiu (0.25 months)				$   -		$   -

		Ewing-Taylor (0.25)						$   -

								$   -

				$   -		$   -		$   -

								$   -

		TOTAL SENIOR PERSONNEL		$   -		$   -		$   -



		B.  OTHER PERSONNEL

		  1.  Post Doctoral Associates		$   -		$   -		$   -

		  2.  Other Professionals		$   -		$   -		$   -

		  3.  Graduate Students						$   -

		  4.  Undergraduate Students						$   -

		  5.  Secretarial - Clerical						$   -

		  6.  Other						$   -

								$   -

		TOTAL OTHER PERSONNEL		$   -		$   -		$   -

		TOTAL SALARIES AND WAGES (A+B)		$   -		$   -		$   -



		C.  FRINGE BENEFITS				$   -		$   -



		TOTAL SALARIES, WAGES, & FRINGE BENEFITS (A+B+C)		$   -		$   -		$   -



		D.  EQUIPMENT		$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

				$   -		$   -		$   -

		TOTAL EQUIPMENT		$   -		$   -		$   -



		E.  TRAVEL

		  1.  Domestic				$   -		$   -

		  2.  Foreign		$   -		$   -		$   -

								$   -

		TOTAL TRAVEL		$   -		$   -		$   -



		F.  PARTICIPANT SUPPORT COSTS						$   -

				$   -		$   -		$   -

		TOTAL PARTICIPANT SUPPORT COSTS		$   -		$   -		$   -



		G.  OTHER DIRECT COSTS

		  1.  Material & Supplies		$   -		$   -		$   -

		  2.  Publicaton Costs/Documentation/Dissemination		$   -		$   -		$   -

		  3.  Consultant Services		$   -		$   -		$   -

		  4.  Computer Services		$   -		$   -		$   -

		  5.  Subawards		$   -		$   -		$   -

		  6.  Other		$   -		$   -		$   -

		         GRA Tuition (no F&A)		$   -		$   -		$   -

				$   -		$   -		$   -

								$   -

		TOTAL OTHER DIRECT COSTS		$   -		$   -		$   -



		H.  TOTAL DIRECT COSTS (A THROUGH G)		$   -		$   -		$   -



		I.  INDIRECT COSTS  (F&A)

		       None on State Funds



		TOTAL INDIRECT COSTS



		J.  TOTAL DIRECT AND F&A COSTS (H+I)		$   -		$   -		$   -

						cross check		$   -



		Initialed by:  		Date:

		Karen Smith, Manager, Pre-Award







































































































































































