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1. INTRODUCTION & MOTIVATION  
Historic and cultural resources feature prominently in Vermont community life; the preservation and 
restoration of theaters, libraries, churches, town halls, general stores, and other community meeting 
places are vital to the economic growth and revitalization of historic downtowns. Historic buildings pre-
date the development of prescriptive-based design standards (e.g., building codes, wastewater disposal 
rules) that are intended to promote serviceability and protect human health, safety, wellbeing and 
environmental quality. Meeting prescriptive design standards during redevelopment or rehabilitation of 
historic projects is often cost-prohibitive or impractical and involves economic risk. Consequently, historic 
buildings often go unoccupied or are razed to allow for new construction, leading to loss of cultural 
resources, and communities are unable to capitalize on economic opportunities. Preservation 
professionals and developers are often not aware of smart technologies and engineering expertise that 
could aid historic preservation; and there is a misperception that engineered solutions involve 
unacceptable impacts on resource integrity. At the same time, practicing engineers may be 
underprepared to address the unique challenges posed by historic structures (e.g., archaic building 
components; noncompliant design elements, lack of as-built plans) because issues of rehabilitation and 
preservation of the built environment are seldom addressed by engineering degree programs in the U.S. 
 

This research will integrate knowledge, expertise, and perspectives of the engineering community 
(research and practicing engineers, students, and regulatory agencies) with that of the preservation 
community (state and municipal governments, preservation nonprofits and professionals, and volunteers 
engaged in preservation) through projects in 15 municipalities in the state of Vermont. The PIs contend 
that exposing the engineering community to the values and design constraints associated with preserving 
cultural resources will better prepare engineers for the 21st century challenges posed by aging 
infrastructure. Likewise, the use of smart technologies (sensors, controls, digital documentation, analytics, 
and nondestructive testing) will improve the precision of preservation treatments and interventions, 
maximizing the retention of cultural resources. Smart decision support systems powered by machine-
learning and the Internet of Things have the potential to optimize management of infrastructure serving 
historic downtowns, leading to reduced operational costs and revitalized properties for improved 
economic opportunities. The benefits of connecting the engineering and preservation communities will 
extend beyond the specific expertise of either discipline to the Vermont municipalities and their citizens 
for improved resiliency and quality of life.  
 

This Track 1 proposal was developed in part through a Smart and Connected Communities (SCC) 
Planning Grant (Award #1737587). Planning workshops attended by regional, national and international 
experts in historic preservation and engineering identified impediments to the preservation and restoration 
of Vermont’s historic structures (e.g., inadequate or underperforming wastewater and stormwater 
treatment systems, unknown or insufficient structural integrity of archaic building materials). These 
conditions and associated uncertainties impart substantial economic risk for developers and safety and 
environmental risks for users, which hinder the revitalization of downtown and village centers. Engineers 
at the University of Vermont (UVM) possess considerable expertise in smart technologies and smart 
decision support systems that holds promise for resolving these challenges to redevelopment. A 
preliminary network analysis completed under the Planning Grant highlighted extremely low connectivity 
between Vermont’s preservation and engineering communities, underscoring an untapped potential and 
capacity for strengthening the connections between these two communities. We hypothesize that smart 
interventions in community preservation projects will transform preservation practice in Vermont, increase 
public support for historic preservation, and revitalize our historic downtowns. 

Our integrative research objectives are to: 
 

1) Advance preservation practice in Vermont using smart technologies; 
2) Transform design standards and regulations from prescriptive-based to performance-based to 

address the unique operational and economic challenges associated with historic restoration; 
3) Understand how smart technologies can influence social perceptions and public support for 

investments in historic downtowns; 
4) Strengthen connections between the engineering and preservation communities in a manner that is 

mutually beneficial; and 
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5) Provide educational and outreach opportunities to develop and sustain a new workforce of historic 
preservation engineers. 

2. COMMUNITY ENGAGEMENT 
To accomplish the proposed research, we will engage and connect several types of community, both 
figurative and literal/geographic. First, Vermont has a well-developed community of organizations and 
people (volunteers, conservators, architects, regulatory agencies, local and regional nonprofits) involved 
in preserving historic and cultural resources, developing affordable housing, preserving local meeting 
places, and promoting smart growth and land conservation. This preservation community is a de facto 
“community” that operates on a state-wide scale and is responsible for hundreds of historic preservation 
projects annually. A second state-wide “community” includes engineering professionals (i.e., the subset of 
research and practicing engineers, retired engineers, and technical service providers) who currently have 
relatively little involvement in or experience with the application of smart technologies for addressing 
obstacles to the preservation and reuse of Vermont’s historic resources. Through introduction of smart 
interventions, we aim to catalyze a new integrated network of engineering and preservation professionals 
– to be realized at three spatial scales (site, town/city, and state).  We will engage with fifteen, 
socioeconomically diverse, Vermont communities, including underrepresented regions, to carry out 
demonstration projects for smart technologies in 12 communities and apply smart-enabled decision-
support systems in three focal municipalities.  

 
Demonstration Projects: In order to 
transform the management and re-purposing 
of historic structures and enhance 
connections between the engineering and 
preservation communities, we will showcase 
the application of smart technologies at up to 
12 preservation demonstration projects 
distributed throughout the state (Fig. 1, 
circles). We will collaborate with the 
Preservation Trust of Vermont (PTV), an 
established conduit to the broader 
preservation community, to select and 
implement these projects. PTV provides 
grant funds for communities in need of 
preservation services (Fig. 1); however, 
engineering and technology services are 
rarely provided via this program, typically 
accounting for < 5% of the services provided. 
 

Projects will be selected based on the a) 
potential for transferability to other locations, 
b) likelihood that smart technologies will lead 
to successful rehabilitation, and c) potential 
to be an educational model. UVM will select 
consultants specializing in the appropriate 
technologies, primarily from members of the 

Association for Preservation Technology (APT) - an international membership organization that advances 
traditional and new technologies for the preservation of the built environment (see letter of collaboration). 
 

A primary challenge for historic structures in Vermont communities is the ability to meet modern building 
design standards for accessibility, energy efficiency, and fire suppression, given the age of the historic 
buildings. Successful redevelopment will require a shift in engineering design from prescriptive-based 
standards, which may be cost-prohibitive and impractical, toward performance-based analysis facilitated 
by smart and integrated technologies such as sensors, non-destructive testing (NDT) techniques, data 
analytics, and machine-learning algorithms. Planned workforce development and outreach activities will 
ensure that application of smart technologies in preservation approaches is sustained beyond the project. 
 

 

Figure 1. Key VT, national and international partners 
and locations of 12 demonstration projects and three 
focal municipalities, against a backdrop of the 200+ 
communities engaged by PTV services in 2018 alone.  
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Focal Municipalities: To integrate smart technologies within a decision-support framework and transform 
management and redevelopment of historic downtowns/village centers, we have selected three focal 
municipalities (star symbols in Fig. 1). These three historic communities are on a continuum of sizes and 
stages of development, and thus, are representative of many Vermont and New England communities. 
Working with the Vermont Department of Environmental Conservation (VT DEC), we will address specific 
challenges around wastewater and stormwater management in each municipality. Two of the focal 
municipalities (Westford and Bristol) are in rural settings, where the inadequacy of existing wastewater 
systems is the primary constraint to redevelopment of their historic and cultural centers and thus, has 
limited the potential for economic growth and prosperity. We will work with town officials (the Planning 
Commission in Westford and Selectboard in Bristol), and paid collaborators, to integrate smart 
technologies into designs for wastewater system improvements and historic building preservation. 
Municipal boards and community members will engage in this process through a series of roundtables; 
and the influence of smart interventions on historic redevelopment potential will be evaluated (Section 7). 
Our third focal municipality (Rutland City) is representative of the post-industrial cities of Vermont and 
New England and has already begun to implement telemetry systems with distributed sensors to manage 
and control combined sewer overflow (CSO) events. They are building toward a Smart Data Infrastructure 
that fully integrates existing green and gray infrastructure leveraging the intrinsic storage within the 
existing stormwater/sewer collection system (e.g., pipes, catch basins) to attenuate stormwater runoff. We 
will apply our team’s expertise in dynamic decision support systems and machine-learning algorithms to 
support efforts in a larger urban setting with Rutland Department of Public Works to mitigate stormwater 
and abate and control CSOs as part of a long-term control plan required under Vermont’s CSO rule.   
Letters of collaboration are attached for all three communities. 
 
3. INTEGRATIVE RESEARCH  
To address technical, social and educational dimensions of this research, we have assembled a 
multidisciplinary team of engineers, preservation professionals and social scientists from academia and 
the private sector, identified in part through the SCC Planning Grant. UVM and PTV co-hosted two 
workshops and conducted surveys. Workshop 1 identified smart technology needs of the preservation 
community that might address recurring impediments to the redevelopment of Vermont’s historic 
resources. In Workshop 2, the PIs, Workshop 1 participants, and 13 national experts gathered to identify: 
i) opportunities to increase collaboration between the preservation and engineering communities, ii) 
barriers to integrating smart technologies, and iii) the scalability of a Vermont program to other regions. 
Participants identified five major areas where engineering technologies could be integrated with 
preservation efforts to overcome barriers to redevelopment and achieve enhanced economic prosperity 
and resilience in Vermont communities. These Opportunities and Challenges include:  
 
1) Smart wastewater and stormwater systems that enable a transition from prescriptive-based to 

performance-based design standards; this is the number one impediment to redevelopment of historic 
downtowns and village centers identified in our planning workshops. Successful communities 
assemble in historic downtowns to exchange ideas, often over food. Yet many towns struggle with 
aging, undersized or underperforming treatment systems that do not meet modern design standards 
and thus, constrain the building use or development of new facilities for community gathering.  

2) Making nondestructive testing (NDT) technology and smart sensors available for assessment, 
documentation, and monitoring is critical for management of Vermont’s aging buildings and associated 
infrastructure that date to the 19th - and early 20th century. These historic buildings are community 
landmarks and contain resources and artifacts of significant value.  Widespread adoption of NDT and 
sensor technologies by the preservation community will require training and technological refinements 
to improve affordability and ease of use.  

3) Technologies that offer greater resilience to extreme events are needed. Fires and floods are two of 
the biggest emergency preparedness issues facing the preservation community in Vermont. 
Stormwater solutions will protect cultural resources in flood-prone parts of the state, and affordable fire 
detection/suppression systems are needed to minimize building fabric impacts at installation and 
maximize protection of buildings and their contents in the event of fires.  

4) Achieving structural safety and ADA accessibility in historic structures can be technically challenging 
and cost prohibitive, particularly in small communities with limited resources. There is a need for 
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design adaptations and code improvements that promote historic preservation, while meeting the 

needs of safety and accessibility.  

5) Energy efficiency in heating and cooling historic buildings: Vermont has a cold climate, and has seen 
an increasing duration and frequency of summer heat waves in recent years. Creative design solutions 
are needed that promote energy efficiency while minimizing impacts to building envelope components 
and historic integrity.  

The integration of the engineering and preservation communities will also require workforce development 
and educational reforms. Early history of the U.S. preservation movement was largely concerned with the 
designation of archaeological sites and the preservation of relatively small buildings that are the legacy of 
the colonial era and the early 19th-century; neither activity included clear roles for engineers. This 
relationship is changing as historic preservation activities increasingly focus on the larger and more highly 
engineered buildings of the recent past. At the same time, engineering education focuses on the analysis 
and design of new structures; and the unique challenges associated with archaic buildings, materials, and 
structural systems are seldom addressed in university engineering programs. American universities have 
been slow to develop curricula focused on historic preservation for engineering students; and there are 
several critical constraints to developing an extended curriculum and resources. Undergraduate 
engineering programs already have crowded course schedules with little flexibility. At the graduate level, 
there are few programs on preservation engineering.  
 
3.1 RESEARCH QUESTIONS AND APPROACH  
Given the noted technical and social challenges to integration of smart technologies in preservation 
practice, and the opportunities for enhanced connections between these communities, our 
transdisciplinary team proposes to address the following integrative research questions. 
 
Q1 Will real-time sensor data and NDT technologies enhance (and reduce risks associated with) 
the preservation and revitalization of Vermont’s historic structures? 
 

Downtown redevelopment involving historic and cultural resources is complex due to gaps in knowledge 
(e.g., unknown building materials, foundations), aging materials (affecting structural integrity, energy 
efficiency, fire safety, and accessibility) and the limitations of legacy structures to accommodate 
nonstationary externalities (increased incidence and magnitudes of flooding, temperature extremes, land 
use change). Municipal managers and residents are often reluctant to invest public resources in the reuse 
of historic downtowns due to uncertainty, risk aversion, and lack of understanding. Smart technologies 
including sensor arrays, NDT methods, digital documentation, and data-driven decision making have the 
potential to transform the management and re-purposing of historic buildings, inform retrofit designs, and 
fill data gaps in a life cycle analysis of these legacy structures, thereby reducing risks for redevelopment 
in historic downtowns.  
 
We will employ smart technologies (Fig. 2) at up to 12 demonstration projects in Vermont through PTV’s 
technical services grant program. A paid consultant (Robert Neeld – see letter), will participate in field 
service calls, and advise about smart technologies that could be deployed to facilitate redevelopment of 
historic or cultural resources in these communities in collaboration with UVM research team members. 
We will collaboratively select the services to be provided (e.g., deployment of environmental monitoring 
and vibration sensors; NDT using radar, x-ray imaging, photogrammetry, flood-proofing; fire safety 
assessments). Consultants specialized in the appropriate technologies will be selected from among APT 
members to make site visits (with the appropriate equipment) to complete testing and data analysis. 
These consultants will also participate in UVM outreach programming. The focus at these 12 
demonstration projects will be on the application of smart technologies in the context of historic buildings 
and the infrastructure supporting them, and on outreach and workforce development. 
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Sensor arrays deployed in demonstration projects will measure conditions related to assessing and 
improving the performance of (i) subsurface water infrastructure and (ii) buildings and structures. Smart 
technologies, used to monitor subsurface water infrastructure, would include: (a) geophysical instruments, 
such as ground penetrating radar and acoustic pipe locators to locate probable positions of subsurface 
infrastructure (i.e. pipes, septic tanks, vaults, geological formations and other non-water utilities), (b) 
acoustic ultrasonic leak detectors to identify sources of leaks and other nonrevenue water, (c) acoustic 
ultrasonic flow meters to detect volume and direction in sewers, and (d) inspection robots to observe 
interior of sewers, culverts and related large water pipes. For monitoring the condition of buildings and 
structures, smart technologies deployed would include: (a) crack-bridging displacement meters for crack 
growth monitoring, (b) digital image correlation methods for fine-scale geometric distortions under load, 
(c) accelerometers for motion and vibration sensing, (d) surface-penetrating radar, infrared thermography 
and backscatter x-ray to determine subsurface conditions, (e) interior moisture and temperature sensors 
for collections storage. Additionally, NDT and digital documentation can provide information on the 
existing condition of historic structures and materials as described below. 
 

Data generated from the smart technology deployments will be registered by location and timing (Huston, 
2017a; Burns, 2018; and Pereira, 2018) and stored as needed in a centralized database. Data sent to the 
data loggers will have three primary paths: (1) provide near real time data updates to operators through 
human interfaces, such as with smart phone apps; (2) integrate into databases (BIM, GIS and weather) 
and data processing schemes for detailed smart analytics; and (3) archiving for long-term analysis and 
historic continuity.  
 

Non-destructive Testing (NDT) methods and evaluation technologies are likely to include: (a) resistance 
drilling, to detect internal voids in in-service wood members; (b) moisture content measurements to 
determine if the wood is a favorable environment for wood decay; (c) visual grading of lumber and timber 
that, when used in conjunction with species identification and in situ grade determination, determines 
appropriate design properties for lumber and timber (for conducting structural analyses and to identify 
compatible material for repairs); (d) infrared thermography, used to detect subsurface anomalies and 
moisture gradients based on differing responses to temperature changes in the environment; (e) surface-
penetrating radar, to detect voids, location of hidden metal, and material discontinuities in masonry and 
concrete construction (post-processing of radar traces yields tomographic images of void spaces and 
allows for quantification of void volumes useful in structural analysis); (f) x-ray imaging, for determining 
the location, geometry, and depth of steel reinforcing, characterizing subsurface connection hardware, 
detecting corrosion, and characterizing section loss in small-dimension wood members, (g) ultrasonic 
thickness measurements for metal members. The use of these technologies in building investigation is 
well established, and training in the use of the instruments and interpretation of the data will ultimately 
allow Vermont engineers to add these to the list of services they already provide. 
 

 
Figure 2. Examples of smart technologies to be deployed in preservation projects. 



6 

Digital documentation of historic structures is a key component of many preservation projects (Yastikli, 
2007). The 3D information obtained by digital photogrammetry and laser scanning is used for structural 
health assessment (Korumaz et al., 2017; Hess et al., 2018;), visualization and interpretation (Kersten et 
al., 2014; Wei et al., 2014; Yilmaz et al., 2007), and creation of 3D digital models, or digital “twins” 
(Themistocleous et al., 2015). Both digital photogrammetry techniques and terrestrial laser scanning 
(TLS), also called lidar, capture true-color 3D measurements of structures and topography, although the 
precision of laser scanning provides greater utility for structural health assessment (Korumaz et al., 2017). 
Often, studies benefit from simultaneous use of TLS and digital photogrammetry (e.g., scanning of 
building interiors and photographs of structure exteriors from UAS to provide a complete 3D model). 
 

We will use digital technologies (e.g., TLS and digital photogrammetry) to: (a) capture bulk interior and 
exterior geometry in the form of 3D point clouds, (b) generate data for historic building information 
modeling (HBIM), and (c) conduct deviation studies to detect / quantify structural displacements. These 
projects will demonstrate best practices for digital documentation, lowering both the barriers to use of 
smart 3D documentation technology and the risks to communities and developers in undertaking historic 
preservation and restoration projects. These demonstration projects will also be used to promote 
preservation engineering and HBIM through UVM workshops and courses. 
 

Environmental life cycle assessment (E-LCA) will be used to help inform decisions related to the 
preservation and restoration of historic buildings, with particular attention to life cycle energy analysis 
(LCEA) including both embedded and operational energy considerations (Cabeza et al. 2014, Dixit 2017, 
Dixit 2019). LCA methods allow for the systematic evaluation of a building over its entire lifecycle from 
material sourcing, construction and operation, to final demolition (Curren 2006, Hauschild et al. 2018, ISO 
14040 2016). However, in the context of historic structures, materials and construction methods are often 
poorly understood. Digital documentation and sensor arrays will help to fill these data gaps. Several 
impact categories ranging across environmental, economic and social systems can be evaluated 
depending on the specified objectives of the project (Curren 2006, Munarim and Ghisi 2016, Hauschild et 
al. 2018, Lidelow et al. 2019). In our preservation projects, energy and water system impacts will be of 
particular interest.  
 

Recent reviews suggest LCA methods show promise in the context of whole building and historical 
building preservation and restoration. However unique challenges exist (Webb 2017, Lidelow et al. 2019) 
and the area is generally understudied compared to new construction (Stephan et al. 2012), with a focus 
on residential construction and less emphasis on rural buildings. Within the rural towns included in this 
proposal, the historic buildings of interest serve public functions that fill particular social and cultural roles 
within the community. Thus, social-LCA may also be employed to evaluate the socio-cultural aspects and 
unique tradeoffs of potential rehabilitation scenarios (UNEP 2009, Rodrigues and Freire 2017, Webb 
2017, Lidelow et al. 2019).  
 

Utilizing existing North American databases and tools (e.g. Athena Impact Estimator for Buildings or 
similar) as the starting point for analysis (Hu 2017, Webb 2017, Athena Software 2019), we will employ 
findings from inspection and NDT testing as well as uncertainty analysis (Dixit 2017, Webb 2017, 
Hauschild et al. 2018) to build a unique repository of regionally-specific life-cycle inventory data that will 
be transferrable across sites and projects (Webb 2017). 
 
Q2 Can the integration of smart technologies, capable of providing dynamic estimates within a 
decision-support system, transform management of historic infrastructure from prescriptive-
based toward performance-based design, in a manner that facilitates economic growth and 
redevelopment of historic downtown communities? 
 

A key impediment to redevelopment of Vermont’s historic downtowns is the inadequacy of existing 
wastewater and stormwater systems. Smart infrastructure and data-driven management that enables 
real-time monitoring and control of these systems have significant potential benefits to the operation of all 
types of water infrastructure (Eggimann et al., 2017). For instance, smart metering and real-time controls 
have enabled reduction of stormwater outflows from detention ponds (Gaborit et al., 2013), improved 
system performance and reduced overflows in combined sewer systems (Kerkez et al., 2016; Carbone, 
Garofalo, and Piro 2014), and reduced water consumption (Beal and Flynn, 2015). The generation of 
large amounts of data from sensors and monitoring of infrastructure also invites data-driven methods 
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(analytics and machine learning). For example, artificial neural networks have been trained to predict 
stormwater flows and flood discharges in stormwater systems with sensor networks (Hu et al., 2018). In 
combined sewer systems where overflows are a persistent issue, access to high-resolution (spatial and 
temporal) rainfall data and real-time data on system performance allow for implementation of real-time 
control (Eggimann et al. 2017). The application of real-time control and performance-based operation of 
infrastructure specifically serving historic structures and downtowns remains an area of needed study. 
Smaller scale, on-site wastewater treatment systems have been understudied for conversion to “smart” 
infrastructure, yet present significant opportunities due to their ubiquity in less densely populated regions 
(Eggimann et al. 2017); and small-scale tests have also shown potential of dynamic control (performance-
based operation) of on-site disposal fields to increase loading capacity (He et al. 2013).  
 

 
Figure 3.  Description of the three focal municipalities. 

 

 

A Smart-Enabled Decision Support System (SEDSS) framework will be piloted in our three Vermont focal 
municipalities (Fig. 3) to derive performance-based design standards, thereby reducing barriers to 
redevelopment of historic downtowns. In the two smaller towns (Bristol and Westford), we will evaluate 
the performance of smart technologies for on-site wastewater disposal in the case of a new system 
(Westford) and retrofit of an existing system (Bristol). We propose innovations in the monitoring of these 
disposal systems for real-time measurement of water levels and other parameters (e.g., Biological 
Oxygen Demand, Total Suspended Solids, phosphorus and temperature) to optimize system operations 
and provide dynamic data on system capacity. With timely system capacity estimates, towns may be able 
to permit additional users to share in the operational and maintenance expenses to help defray recurring 
system costs while simultaneously enabling growth and economic opportunity in their village/downtown 
centers. System operational parameters will be viewed in real time via a web-based “dashboard” 
accessible to the project team, system operators, the towns, and VTDEC. Sensor selection, deployment, 
integration, and data processing will be guided by key community stakeholders, their consulting engineer 
and an IoT consultant (paid collaborators, Alan Huizenga of Green Mountain Engineering and AJ 
Rossman of IoT Conduit; see letters). To enable effective, real-time control, we will develop an artificial 
neural network (ANN) module capable of predicting multi-step-ahead wastewater flows and soil moisture 
levels. The predictive model will be used within a decision-support framework to quantify the capacity and 
performance gains resulting from smart technology integration. 
 

In our third focal municipality (Rutland) we will leverage the existing efforts already in progress of 
implementing sensor networks and predictive modeling. Our research team will collaborate with the 
Department of Public Works to employ an enhanced sensor network for capturing additional data on 
nearby streamflows, water levels within conveyance pipes and control structures, and rainfall. Along with 
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predictions from an existing, calibrated stormwater system model, we will forecast the likelihood of system 
overflows at key locations within the network using an ANN. We will quantify the increase in system 
performance gained by dynamic management and control of the combined sewer system both 
systemwide and specifically for the historic downtown district. 
 

Real-time monitoring of system performance and capacity supports a dynamic performance-based 
approach to wastewater and stormwater management that is not accommodated by existing regulatory 
frameworks. Accordingly, we will liaise with VT DEC to gain approvals for flexible permitting (see letters 
from Commissioner Emily Boedecker and Lynnette Whitney Claudon).  Innovative solutions to wastewater 
and stormwater management issues in these three pilot communities will serve as a proof of concept for 
other communities facing similar challenges.  
 
Q3 Will smart-enabled decision support systems influence citizens to recognize the risks and 
benefits (e.g. economic, safety and well-being) of investing (e.g., taxes, zoning, volunteers) in re-
development and preservation efforts? 
 

Interventions such as sensor arrays and smart-enabled decision-support systems (SEDSS) employed by 
communities to manage their historic infrastructure have the potential to transform public opinion and 
perceptions around the functions, risks and benefits of heritage structures, and more generally, downtown 
redevelopment. The “Internet of Things” (IoT) has enabled a revolution in evaluating the design and 
impact of SEDSS. Real-time sensor data permit dynamic evaluation of pre- and post-intervention effects. 
In the context of human-computer interaction, the effect of real-time sensor information feedback on 
human behaviors (e.g. energy efficiency, wastewater or stormwater management) is not well understood. 
Experimental studies have contested findings (e.g., Dennis et al., 1990; Nolan et al., 2008; Peschiera and 
Taylor, 2012; Zia et al., Submitted); and behavioral and game-theory studies suggest the responses of 
private individuals and businesses to more detailed and accurate sensor information is variable and 
complex.  For example, studies have shown that more frequent provisions of residential energy usage 
and cost information can lead to a decrease in energy use (Petersen et al., 2007), but this often does not 
necessarily improve behavior (Abrahamse et al., 2005; Foster and Mazur-Stommen, 2012). 
 

We will deploy a SEDSS in the three focal municipalities to evaluate both pre- and post-intervention 
impacts of sensor information on key performance metrics (e.g. energy kwh/day consumed, wastewater 
and stormwater released). This near real-time sensor data will be analyzed via machine learning 
algorithms; and specific decision and planning recommendations will be communicated to the municipal 
resource managers through SEDSS. Working closely with municipal and state governments, we have 
already acquired pre-intervention baseline data on key performance indicators (energy, water, historical 
building integrity). As managers of our three focal municipalities respond (or not) to recommendations 
provided by the SEDSS, their decisions will affect the state variables (e.g., energy/water, waste- and 
storm-water released) monitored by our sensing network. Standard quasi-experimental analytical 
approaches will be applied to assess changes in state variables between pre- and post-intervention 
periods (e.g. see Pedhazur & Schmelkin, 2013). Results from this analysis will be communicated to key 
stakeholders and decision makers on periodical basis throughout the project.  In addition to system 
managers, we will inform the broader public in these communities through roundtables and website 
content, as well as public-facing dashboards of system performance.  Public perceptions will be evaluated 
through network analysis (next section) and evaluation activities and metrics (Section 7).   
 
Q4 Can access to smart technologies and associated analysis catalyze and connect the 
preservation and engineering communities in a manner that is mutually beneficial? 
 

Relatively little has been reported on the integration of engineering and technological disciplines with 
communities engaged in cultural resource management and governance (McDonough and Wekerle, 
2011; Grodach, 2012; Rizzo, 2016). In the U.S., there is often a disconnect between civil engineering 
curricula and the needs of practicing engineers. Civil engineering education focuses on the analysis and 
design of new buildings and structures, but much of the practical needs of cities and towns include 
preserving the cultural resources of their 19th and early 20th century architecture. Although the 
participation of engineers in preservation has increased in the United States, as has the body of literature 
devoted to preservation engineering (Kasal and Anthony, 2006), the training of practicing engineers in 
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preservation engineering typically happens on the job (Boehm, 2009; Silman, 2009); and the analysis and 
rehabilitation of existing structures, particularly those of historic value, are rarely included in civil 
engineering curricula (Fidler, 2009; Dewoolkar et al., 2011). 
 

The long-term network analysis goals are to understand the structure and evolution of the interactions 
between the two communities, understand how these two communities have influenced the preservation 
practices throughout Vermont, and determine ways the two communities might enhance innovation and 
smart technological practices in the future. Our approach to addressing this research question is to: (i) 
identify existing and new network(s) of stakeholders who are engaged in the preservation development, 
education, and regulation; (ii) monitor the multi-scale and heterogeneous interactions in the preservation 
and engineering communities and our three focal municipalities pre- and post-interventions; and (iii) help 
developers, policy makers, engineers, and academics to track and assess connections in the new multi-
sectoral network (combined engineering and preservation communities) based on survey and roundtable 
data, specifically the risks and benefits in their socioeconomic and environmental contexts.  
 

 
Figure 4. An example network analysis conducted under NSF-Smart and Connected Communities (SCC) 

planning grant to capture the baseline community (network) data in VT. 
 
Network Analysis is used to determine how a collection of entities (e.g., individuals, organizations, groups 
called actors) interact with one another. The study of social networks and their change in structure 
(Cohen and Havlin, 2010) over time (Newman et al., 2006; Borgatti et al., 2009) have attracted interest in 
the past decades (e.g., quantifying network interactions between individuals (Cortes et al., 2003), groups 
(Newman, 2001) or both (Kossinets and Watts, 2006), conflict avoidance (Davis, 1963), social 
relationships (Hancock et al., 2007), ecological changes (Muscente et al., 2018), diffusion (Valente, 
1995). Modeled data are commonly represented as graphs with actors as vertices (or nodes) and the 
edges (lines) between nodes describing the relationship between actors. Line thickness often represents 
the strength of connections or interactions. Figure 4 shows an example of an undirected graph, 
developed using survey data from our NSF-SCC Planning Grant. This helped identify existing network 
connections among our workshop participants, and preliminary information on key features to possibly 
enhance future network functioning. This baseline analysis highlighted extremely low connectivity 
between our existing preservation and engineering communities, and identified three individuals (Paul 
Bruhn, Robert Neeld, and Doug Porter – all participating in the proposed research) vital to the effective 
functioning and resiliency of these networks. A loss of any of these individuals would jeopardize the 
sustainability of cultural resource preservation in Vermont, underscoring the need for an investment in 
greater connectedness, capacity and synergy among these resource networks. Network analysis can also 
provide information on the structure of existing prescriptive building codes (McLean 2018). 
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Network results are often post-processed using clustering methods (Melnykov et al. 2015) to identify 
communities within the network that share similar characteristics. Both clustering and feature selection 
methods will be used to illicit important structural features of our preservation and engineering 
communities. PI Rizzo has developed a genetic algorithm for feature selection that may be wrapped 
around various types of statistical classifiers or regression analyzers. To date, it has been applied to both 
a parametric quadratic discriminant analysis (Anderson et al., In Review) and a non-parametric ANN 
classifier (Hanley et al., 2019). Additionally, we plan to use dynamic network analysis to capture the 
successful workforce development, growth, and evolution over the 4-year project, and assess the 
emergence of collaboration across these two communities.  
 
3.2 TRANSFERABILITY AND SCALABILITY  
Vermont’s relatively small size makes it the perfect laboratory for conducting the proposed research. The 
smart technologies proposed for our 15 community-engagement projects in Vermont are transferable to 
other states by relying on regional planning organizations, agencies, or nonprofits to distribute digital 
storyboards and workshop materials developed under this grant. Historic preservation offices in other 
states might function as the coordinators of technical services, working directly with regional 
organizations and grant funds to connect smart-enabled preservation services and consultants to 
communities in need. By purposefully engaging consulting members of the APT in project work, our aim 
is to increase the likelihood that project outcomes are distributed widely amongst this organization’s 
national and international members. While the research products in our focal municipalities will be tailored 
to their specific needs, the framework and approaches for the smart-enabled decision-support systems 
will be transferable to other communities grappling with similar issues. We have purposely chosen a 
range of community and wastewater system sizes and stages of development to maximize the 
applicability of research outcomes to other regions. 
 

Educational products of this integrative research will be directly transferable to other regions without 
significant alteration for differences in scale: a) Continuing-education workshops aimed at practicing 
professionals will be useful in other states without alteration, working with architectural and structural 
engineering associations. Portions of these workshops can be scripted and/or pre-recorded for use as 
distance-learning or micro-learning modules; b) Graduate courses and modules developed for existing 
undergraduate engineering courses will be directly applicable in other university settings; c) Because 
there are currently relatively few international options for engineers seeking formal education in 
preservation engineering, the modules developed for UVM engineering courses and adapted for 
international audiences will be disseminated by the International Centre for the Study of the Preservation 
and Restoration of Cultural Property (ICCROM), aimed at improving conservation practices in UNESCO 
nations. 
 
4. INTELLECTUAL MERIT  
The integration of smart sensors and smart-enabled decision-support systems at both site and community 
scales will advance the state-of-practice of preservation engineering in Vermont, and subsequently 
transform the engineering and technical workforce engaged in historic preservation. This project will 
advance the fields of IoT and smart technology through this novel application to aging and outmoded 
infrastructure in historic downtowns. To our knowledge, this research also represents a novel application 
of dynamic network analysis and life cycle anlysis in the context of historic preservation activities 
enhanced by smart engineering technologies. Clustering and feature selection methods applied in the 
dynamic network analysis are expected to yield new insights into the technical and social dimensions that 
characterize the network resulting from these community collaborations. 
 
5. BROADER IMPACTS 
Successful demonstration projects at Vermont’s historic structures will improve scientific literacy and 
engage the public to integrate data in their decision-making around restoration and conservation 
practices. Innovative use of sensor networks, data analytics and machine-learning algorithms to better 
manage wastewater and stormwater in focal municipalities will improve public health and wellbeing, while 
simultaneously facilitating preservation and redevelopment of historic downtowns by employing 
performance-based operational and design standards. IoT and smart technologies can be of aging 
infrastructure can be a key tool to address infrastructure needs in rural and/or depopulating areas with 
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limited resources available to meet investment needs (Eggimann et al. 2017).  Project outcomes in these 
communities will lead to economic opportunity and growth and improved quality of life.  Specific outcomes 
will serve as a foundation for a sustainable infusion of smart technologies and engineering expertise 
within Vermont’s preservation community.  This integration of research engineers, practicing engineers, 
architects, conservators, and municipal and state officials to facilitate reuse and redevelopment of historic 
and cultural resources will serve as a model for communities across the nation and around the world.  
Successful project outcomes will fill the demand for preservation engineers and conservators skilled in 
the application of smart technologies. In addition, this new workforce will have transferable skills to tackle 
the 21st century challenges of our aging infrastructure. 
 
Digital stories (~10 minutes long) will document the 12 demonstration projects and appear on the 
websites of PTV and other project collaborators detailing “best practices” for smart technology in historic 
preservation. In addition, continuing education courses, offered to practicing architects and engineers and 
carrying AIA and ASCE credit, will focus on engineering for existing and historic structures. These 
courses will be jointly taught by UVM faculty and APT-affiliated experts working with PTV’s technical 
services grant program. In tandem with professional workforce development efforts, a number of UVM 
educational initiatives are proposed, including: 

 The addition of preservation engineering curricula to existing undergraduate and graduate courses 
such as Mechanics of Materials, Structural Analysis, Advanced Structural Analysis, Timber Design, 
Foundation Design, Water and Wastewater Engineering, Building Information Modeling, and Sensors 
and Circuits. Smart technologies will be targeted in these modules. Funds are requested to support 
course instructors. 

 The integration of preservation engineering projects within the senior-level Capstone Design 
experience in civil and environmental engineering degrees. This will include projects facilitated by 
PTV’s technical services grant program, where feasible. Projects will be co-mentored with a Historic 
Preservation graduate student and faculty. 

 Development a graduate certificate (15-18 credits) in preservation engineering jointly between 
Engineering, Historic Preservation, and Community Development and Applied Economics.  

 A monthly lecture series, focused on topics in preservation engineering, to facilitate discussion and 
dissemination of recent research results. A portion of the schedule each year will be devoted to 
lectures by APT-affiliated consultants showcasing the preservation technical services used in 
Vermont community-supported projects facilitated by PTV’s technical services grant program. 

 Graduate students (3) working on this project will be given the opportunity to spend a semester at the 
University of Minho, and/or ICCROM, which are international preservation engineering hubs (see 
letters of collaboration) with the hope that this will also attract high-quality graduate students to UVM.  

 
6. MANAGEMENT PLAN 
The UVM team is led by PI Rizzo, responsible for the overall management of the project. Her expertise is 
in surface and groundwater hydrology, machine-learning, advanced computational techniques and 
network analysis. Co-PIs include Dewoolkar (foundations, infrastructure health monitoring, engineering 
education), Huston (infrastructure health monitoring, sensing, robotics), Porter (historic preservation, non-
destructive testing) and Zia (social sciences – community development, applied economics, network 
analysis). Senior Personnel (SP) include Doran (social sciences, life cycle analysis), K. Hamshaw (social 
sciences, assessment and evaluation), S. Hamshaw (remote sensing, data visualization, machine 
learning), Underwood (hydrology, data science, community hazard mitigation), and Visser (historic 
preservation, Vermont architecture). This UVM team will meet semi-annually with and be guided by a 
Board of Advisors (Table 1), uniquely qualified and representing key organizations to ensure that 
research outcomes best meet societal needs.  The BOA will provide an outside assessment of the team’s 
progress toward project objectives. 
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Management of the 
project is organized 
under four broad activity 
headings: (1) Community 
Engagement, (2) 
Systems Engineering & 
Decision Support, (3) 
Workforce Development, 
and (4) Evaluation. 
Community 
Engagement activities 
will foster cross-

disciplinary learning and synergy. Co-PI Porter will lead the demonstration projects for integration of smart 
technologies along with collaborator Paul Bruhn, Executive Director of PTV. PTV is the statewide 
preservation nonprofit, and through its field services program will be our primary point of contact (POC) 
with the broader preservation community (see letter). This grant will also support a preservation 
engineering consultant (Robert Neeld) to accompany PTV field staff on all demonstration projects, and 
will provide funding for APT-affiliated consultants to bring smart technologies to Vermont communities 
engaged in historic preservation. APT will also act as our conduit to transfer the project outcomes 
elsewhere in the country using the digital story boards and workshops. SP Underwood will manage 
projects to integrate smart technologies within a decision-support system in the focal municipalities, 
whose managers are unpaid collaborators (see letters). Underwood will also be the primary liaison 
between municipalities and the VT Department of Environmental Conservation, to pilot the integration of 
smart-enabled, performance-based design standards into the management and regulatory oversight of 
wastewater infrastructure in these three communities. Juliana Dixon (stormwater specialist, IoT Conduit) 
and Alan Huizenga (wastewater engineer, Green Mountain Engineering) will serve as paid consultants in 
support to these projects (see letters). Systems Engineering & Decision Support activities will include 
selection of sensor arrays and compilation of their data (led by co-PI Huston with assistance from paid 
consultant AJ Rossman of IoT Conduit) and digital documentation and data visualization (led by SP S. 
Hamshaw). Advanced data analytical tools and machine learning will be employed to support decision-
making in the focal municipalities, led by PI Rizzo and assisted by SPs S. Hamshaw and Underwood.  

Educational aspects (course modules, capstone design projects, graduate certificate) of Workforce 
Development will be led by co-PI Dewoolkar (Chair of the UVM Dept of Civil & Environmental 
Engineering) and SP Visser (Director of the UVM Graduate Program in Historic Preservation).  
Professional and continuing education workshops, the UVM lecture series, and case study development 
will be led by co-PI Porter, in collaboration with PTV and the APT. Two prominent international partners 
(unpaid) will strengthen the educational and scalability components: the University of Minho, Portugal 
(coordinator of the Advanced Masters in Structural Analysis of Monuments and Historical Construction) 
and the International Centre for the Study of Preservation and Restoration of Cultural Property 
(ICCROM), Rome, Italy. Evaluation and assessment will be led by co-PI Zia, assisted by PI Rizzo on 
network analysis; SP K. Hamshaw on assessments using longitudinal surveys, interviews and focus 
groups (see Section 7); and SP Doran on life cycle analysis. 

 

Figure 5. Project timeline. 

Table 1: Board of Advisors 

Ron Anthony Wood scientist, Anthony & Assoc., Inc., APT Fellow 

Nick Artim Fire safety engineer, Heritage Protection Group 

Angelyn Bass Anthropology, Univ. of New Mexico 

Judith Ehrlich VTRANS Historic Preservation Officer 

Rebecca Foster Director, Efficiency Vermont 

Donald Friedman Principal, Old Structures Engr., APT Fellow  

Marilyn Kaplan Principal, Preservation Architecture, APT Fellow   

Rick Kerschner Principal, Kerschner Museum Conservation Services 

Carroll Lawes Developer specializing in redevelopment of historic 
properties, Retired 

Task Descriptions Yr 1 Yr 2 Yr 3 Yr 4
Community Engagement

12 Demonstration Projects - Smart Technologies

3 Focal Municipalities - Integrated Technologies/ SEDSS

Systems Engineering & Decision Support Systems

Sensor Arrays, Digital Documentation, Data Visualization

Active Learning, Multi-objective Optimization

Workforce Development

UVM Curriculum Development & APT Workshops

Smart Technologies Training

Evaluation and Reporting
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A project schedule is presented in Figure 5. Task leaders will meet with PI Rizzo bi-monthly to ensure 
timely implementation of demonstration projects and activities in the focal municipalities; progress in 
continuing-education and curriculum development, and effective graduate student recruitment and 
mentoring. PI Rizzo will lead semi-annual forums to assemble project team members, the Board of 
Advisors, and invited community members and stakeholders to ensure project activities are integrated 
across disciplines, and that engaged communities interact and learn from project progress and outcomes 
in other towns. Select forums will be held in the focal municipalities themselves, and project-related 
websites and promotional materials will disseminate research outcomes to other Vermont communities. 
Dynamic network analysis will provide a measure of tracking the emerging connections and 
collaborations between the engineering and preservation communities facilitated over the 4 years.  

7. EVALUATION PLAN 
Access to smart analytics would enable data-driven community conversations to cultivate support for 
public investment in historic infrastructure. A new network will emerge that integrates professionals from 
both the preservation and engineering communities that uses data gained from the smart technologies to 
collaboratively identify opportunities, conduct feasibility analyses, and develop stewardship plans. Finally, 
training modules and curriculum innovations will strengthen and expand the workforce of historic 
preservation engineers who will have greater capacity to engage in historic preservation efforts.  

Table 2. Evaluation activities and metrics. 

Obj. 1: Advance preservation practice in Vermont using smart technologies 

Key Evaluation Activities Evaluation Metrics  

 Key informant interviews with local building stewards 

 Documentation of demonstration projects  

 Life Cycle Analysis 

 Number of buildings preserved/restored 

 Number of designs that incorporate real-
time sensor data or smart analytics 

Obj. 2: Transform select design standards/regulations from prescriptive-based to performance-based 
to address unique operational and economic challenges associated with restoring historic 
infrastructure. 

 Key informant interviews with preservation and 
engineering communities 

 Community roundtables 

 Documentation of demonstration projects and focal 
municipalities  

 Number of designs that incorporate 
performance-based standards 

 

Obj. 3: Understand how smart technologies can influence social perceptions and support public 
investments in historic downtowns. 

 Case studies of focal municipalities 

 Key informant interviews with local managers 

 Public resident perception surveys 

 Roundtables, public meetings 

 Percent of residents willing to support 
public investments in historic downtowns 

Obj. 4: Strengthen connections between the engineering and preservation communities in a manner 
that is mutually beneficial 

 Network analysis (pre and post) to quantify 
connections  

 Key informant interviews  

 Documentation of demonstration projects and focal 
municipalities 

 Number of new connections created 
between preservation and engineering 
professionals 

 Number of actors identified as critical hubs 

 Number of designs using data from smart 
technologies 

Obj. 5: Provide educational and outreach opportunities to develop a new workforce of historic 
preservation engineers. 

 Student surveys to assess historic preservation 
competencies pre-and post-curriculum intervention 

 Professional surveys to assess competencies gained 
from training modules 

 Number of students participating in 
curriculum efforts 

 Numbers of professionals completing 
training modules 

 Increases in historic preservation 
competencies  



14 

 
 

Using a mixed-methods evaluation approach, we will engage in a series of activities to measure progress 
towards successful completion of the proposed objectives. We will seek to understand the important 
contextual factors that may promote or inhibit the integration of smart technologies within communities 
and the collaboration between the preservation and engineering communities throughout the project 
timeline. Table 2 maps the key evaluation activities and metrics by project objective. The PIs have a 
strong history of complying with UVM’s terms and conditions for Institutional Review Board approval. 

At a state scale, a successful research outcome will be defined by greater integration of the engineering 
and preservation communities, ultimately resulting in improved quality of historic preservation projects.  
We will measure the integration of these two resource communities through pre- and post-research 
network analyses.  A change in metrics will define greater connectedness. If fewer actors are identified as 
critical hubs, then partnerships should be more sustainable over the long term. We envision that 
implementation of community projects in the 15 Vermont municipalities will alter the network connections. 
 

8. SCOPE AND SCALE   
Through integration of smart interventions, we aim to enhance connections between the engineering and 
preservation communities at three scales (site, town/city, and state) under scopes of effort ranging from 
month-long to multi-year. As detailed in the Management Plan, key personnel possess a range of 
expertise and skills to ensure synergy in research approaches and successful outcomes.   
 

At the site scale, our 12 demonstration projects will showcase application of discrete smart technologies 
to preservation engineering at historic structures, with the intention of early and successful 
implementation to build awareness and serve as opportunities for curriculum enhancements and 
development of continuing education workshops. These sites will be geographically distributed throughout 
VT in rural to urban settings, and the devised solutions will be transferable elsewhere. Project personnel 
will connect VT nationally via APT and internationally via the University of Minho, Portugal, and ICCROM. 
 

At a community scale, the integration of multiple smart technologies in a decision-support framework 
employing machine-learning and other computational techniques will be executed over 3-4 years, as the 
challenges addressed through these approaches will involve complex technical and social dimensions.  
Our focal municipalities have been purposely selected to represent the range of community sizes (hamlet 
to city) and wastewater system stages of development (design stage, to retrofit of existing onsite system, 
to a post-industrial wastewater/stormwater collection system with tertiary treatment and persistent CSOs) 
that characterize Vermont communities. While the research products in our focal municipalities will be 
tailored to their specific needs, the overall framework and approaches for the smart-enabled wastewater 
solutions will be transferable and exported to other Vermont communities facing similar infrastructure 
limitations through our research activities and existing programs of the VTDEC, VT Department of 
Housing & Community Development (VDHCD), and Downtown and Village Center designation programs.  
  

Given Vermont’s small size, nearly all key people and organizations regularly engaged in VT preservation 
activities are represented in this research effort as either a key partner, collaborator, consultant, board of 
advisor member, or UVM investigator. We envision that implementation of site-scale demonstration 
projects and improvements in our focal municipalities will lead in changes to the network connections 
between the statewide engineering and preservation communities that will be measurable over the four-
year project duration. Up to 75 communities in VT, including 23 state-designated downtowns overseen by 
the VDHCD and possessing water/sewer systems of varying sizes and types, are described as “but for” 
communities with an evident economic pulse – where but for the presence of a high-functioning 
community wastewater treatment system, these downtowns or village centers would be able to realize 
expanded economic development, prosperity, and increased quality of life with historic and cultural 
resources playing a central role (Ingulsrud, VDHCD Planning Coordinator, personal communication). 
More than half of the 300 communities in VT are un-sewered, potentially constraining their economic 
growth. However, this potential, and the degree to which insufficient water and sewer services are the 
limiting condition, is information presently not tracked by Vermont. Through this project, we will digitize 
existing data on the engineering and preservation communities, and the more than 300 preservation 
engineering projects undertaken each year. These data will be merged with economic databases to set 
up a tracking system that can be used (beyond the four-year project duration) to assess the potential for 
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future economic development associated with historic preservation activities and facilitated by integration 
of smart technologies and smart-enabled decision support systems. 
 
9. RESULTS FROM PRIOR NSF SUPPORT   
Dewoolkar has received funding for (a) Award #1728172, $377,339, 09/01/17-08/31/20, Role: PI (b) Title: 
Collaborative Research: Novel Measurement of Shear Strength Evolution in Liquefied Soil and Calibration 
of a Fluid Dynamics-based Constitutive Model for Flow Liquefaction; (c) Intellectual Merit: Centers on 
developing a potentially transformative understanding of the shearing resistance of liquefiable soils 
(including its evolution during pore pressure generation, residual strength mobilization, and pore pressure 
dissipation) in an environment with greater realism than conventional laboratory tests. Broader Impact: 
Interdisciplinary project; doctoral student; utilizes NHERI centrifuge facility; (d) Banerjee et al. (2019). 
 

Huston has received funding for (a) Award # 1640687, $200,001, 09/01/2016-08/31/2019, Role PI (b) 
Title: Smart City: Underground Infrastructure Sensing and Mapping for Smart Maintenance, Sustainability, 
Usage and Resilience; (a) Award # 1647095  (b) Title: US Ignite: Collaborative Research: Focus Area 1: 
Fiber Network for Smart Mapping, Monitoring and Managing Underground Urban Infrastructure 
(Collaborative project with University of Tennessee at Chattanooga), (b) Amount: $202,818. Period: 
01/01/2017-12/31/2019; (c) Intellectual Merit: The project supports the NSF/NIST US Ignite Global City 
Teams Challenges. Efforts are directed at building a multi-channel cognitive ground penetrating system, 
condition monitoring sensors on high-speed network, and developing BIM/GIS database to present and 
manage the underground infrastructure. Broader Impact: The overall approach examines sensing and 
information technology to determine the state of infrastructure and provide it in an appropriate, timely and 
secure format for the city managers, planners and users. Products: 4 Graduate students are recruited. 
Published 6 conference articles (Huston 2017a; 2017b; Pereira 2018; Xia 2018; Zhang 2017a; 2017b), 
one provisional patent application (Burns 2018) and 1 journal article (Orfeo 2018). 
   
Porter has received funding for (a) Award #1737587, $99,993, 09/01/17 – 12/31/18, Role: Co-PI (b) Title: 
SCC-Planning: Smart Connections for Conserving and Catalyzing Cultural Community Resources; (c) 
Intellectual Merit: Applied smart analytics to identify baseline data on community connections; identified 
research needs, barriers, opportunities and potential enhancements to the cultural resource and 
engineering networks in Vermont. Broader Impact: Two workshops; engagement of three graduate 
students (d) Rizzo et al. (2018). 
 

Rizzo has received funding from several NSF directorates over the past 5 years. The Intellectual Merit & 
Broader Impact for (a) EEID-BCS Award #1216193, (2012-2018), $2,462,000, PI, (b) Title: Collaborative 
Research: Modeling disease transmission using spatial mapping of vector-parasite genetics and vector 
feeding patterns supports modeling to understand the dynamics and map transmission risk of Chagas 
Disease. To date, this project has 11 publications and numerous conference presentations with students 
(Stevens et al. 2013, de la Rúa et al. 2014, Lucero et al. 2014, Hanley et al., 2015; 2016; 2019; Hanley 
and Rizzo 2017; Orantes et al. 2018; Cahan et al., Accepted 2019). Most recent funding is from (a) NSF: 
EAR Award #1724171, $300,204, (2018-2021), Co-PI (b) Title: Collaborative Research: Combining 
complex systems tools, process-based modelling and experiments to bridge scales in low temperature 
geochemistry, which evaluates differential influences of catchment properties on dissolved organic carbon 
(DOC) exports in response to changes in acid deposition. (c) Intellectual Merit & Broader Impact: 
Development of clustering tools and evolutionary algorithms using a multiscale approach that combines: i) 
statistical modeling on big data from across the US; ii) process-based (reactive transport) modeling for 
several watersheds; and iii) select experiments to refine and test hypotheses on DOC dynamics. Results 
include two manuscripts and a conference presentation (Underwood et al. 2017; 2018; and In Review). 
 

Zia: OIA-1556770, $20,000,000, 6/1/16-5/31/21, Role: Science Leader, RII Track-1 – Resilience to 
Extreme Events in Social Ecological Systems of the Lake Champlain Basin (BREE). Zia co-leads the 
Integrated Assessment Modelling (IAM) team. Intellectual Merit: The IAM is designed as a computational 
intelligence engine to simulate the cascading impacts of climate change induced extreme events on 
hydrological, land use, economic and ecological systems. Significant papers include Zia et al. 2016, Zia 
and Koliba 2017, Coleman et al. 2018, Zia et al. (accepted), Zia et al. (in submission). Broader Impact: 
The IAM produces holistic, science-based management strategies and policies across scales that 
promote resilience to extreme events in social ecological systems. 




