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Interdependent critical infrastructure and environmental assets



PROGRAM 
Friday, April 5, 2019 
Reading Room, Jordan Hall of Science 
 

8:00 – 9:00 am Registration and Reception 
Refreshments 

9:00 – 9:30 am Vilas Mujumdar, Formerly National Science Foundation 
Climate Change and Critical Infrastructure Systems 

9:30 – 10:00 am Kimberly A. Gray, Director Center for Resilient Communities, Northwestern University 
The Creation of Adaptive & Resilient Interdependent Networks: A Key to Climate Action 

10:00 – 10:30 am COFFEE BREAK 

10:30 – 11:00 am OVERFLOW OR ALTERNATIVE INTRODUCTION 

11:00 – 12:00 pm James Alleman, Cerwick Faculty Professor, Iowa State University 
• The Genesis of our Sustainability Ethos 
• Built Environment Thermodynamic Impact on Urban Climate 

12:00 – 12:30 pm Eddy Rojas, Dean of Engineering, University of Dayton 
Reimagining the Civil Engineering Curriculum to Stress Resiliency and Sustainability 

12:30 – 2:00 pm LUNCH 

2:00 – 2:30 pm Vijay Gupta, Professor and Associate Chair of Graduate Studies, Department of Electrical 
Engineering, University of Notre Dame 
Renewables and the Energy Market 

2:30 – 3:00 am Yanfeng Ouyang, Professor, Sustainable and Resilient Infrastructure Systems, University of Illinois 
at Urbana–Champaign 
Toward Reliable Design of Facility Location: Addressing the Threat of Probabilistic Disruptions 

3:00 – 3:30 pm COFFEE BREAK 

3:30 – 4:00 pm Roger Fairclough, Managing Director, Neo Leaf Global Ltd, New Zealand 
Infrastructure Resilience – Strategies, Policy and Practice 

4:00 – 4:30 pm Ashley Thrall, Associate Professor, Department of Civil & Environmental Engineering & Earth 
Sciences, University of Notre Dame. 
Mirela Tumbeva, Graduate Student, University of Notre Dame 
Theodore Zoli, Structural Engineer, National Bridge Chief Engineer at HNTB Corporation 
A New Approach for Resilient and Rapidly Erectable Steel Bridges 

4:30 – 5:00 pm Patrick Regan, Professor, Political Science and Associate Director, Environmental Change 
Initiative, University of Notre Dame 
Evaluating Social Vulnerability to Climate Change at Country and City Scales 

5:00 – 5:30 pm OVERFLOW AND WRAP-UP 

 



Saturday, April 6, 2019 
Reading Room, Jordan Hall of Science 
 

8:00 – 9:00 am Registration and Reception 
Refreshments 

9:00 – 9:30 am Joannes Westerink, Department Chair, Department of Civil & Environmental Engineering & 
Earth Sciences, University of Notre Dame 
Resiliency and Sustainability in Perspective - Our Very Brief Experience Base Living in 
Large Communities 

9:30 – 10:00 am Marc Muller, Assistant Professor, Department of Civil & Environmental Engineering & Earth 
Sciences, University of Notre Dame. 
Rahul Oka, Research Associate Professor of Global Affairs and Anthropology, University of Notre 
Dame. 
On the Topological Drivers of Network Resilience 

10:00 – 10:30 am COFFEE BREAK 

10:30 – 11:00 am OVERFLOW 

11:00 – 11:30 am Gopal Penny, Postdoctoral Scholar, Department of Civil & Environmental Engineering & Earth 
Sciences, University of Notre Dame. 
Resilience Principles in Socio-Hydrology: A Case-Study Review 

11:30 – 12:00 pm Rachata Muneepeerakul, Associate Professor, Department of Agricultural and Biological 
Engineering, University of Florida 
On Modeling Resilience, Sustainability, and Governance of Coupled Infrastructure Systems 

12:00 – 1:30 pm LUNCH 

1:30 – 3:30 pm UNDERGRADUATE RESEARCH AT NOTRE DAME IN RESILIENCY AND SUSTAINABILITY  

3:30 – 4:00 pm COFFEE BREAK 

4:00 – 5:00 pm UNDERGRADUATE RESEARCH AT NOTRE DAME IN RESILIENCY AND SUSTAINABILITY  
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Climate Change and Critical Infrastructure Systems 

 
Vilas Mujumdar, PhD, PE, SE 

Consulting Engineer and Adjunct Professor, University of Notre Dame 
 

Critical infrastructure systems in a community are essential to remain functional during a 
disastrous natural hazard event to minimize the damage on the society. However, climate change 
effects are impacting these critical systems in ways that  are not normal. All infrastructure systems 
are dependent on each other to some degree. These dependencies must be taken into account to 
address the impact of natural hazard events in a meaningful manner. This paper describes a 
framework to consider interdependencies of built infrastructure systems. 

 

The Creation of Adaptive & Resilient Interdependent Networks:   
A Key to Climate Action 

 
Kimberly A. Gray, PhD 

Kay Davis Professor & Chair, Department of Civil & Environmental Engineering, Northwestern 
University 

 

The imperative of climate action has never been greater or seemingly more elusive.  We have long 
known what needs to done to mitigate the forces of a rapidly changing climate and we observe 
both the greatest progress and vulnerability at the local level.  In this presentation, examples of 
adaptive and resilient interdependent networks based on ecological principles will be explained 
and the challenges associated with reinventing urban districts using these strategies will be 
discussed.          
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The Genesis of Our Sustainability Ethos 

 
Jim Alleman, PhD, PE 

Professor, Civil, Construction and Environmental Engineering, Iowa State University 
 

This presentation will retrospectively examine the ‘who’ and ‘how’ circumstances when the 
conceptual “chain of connection” and “linkages” with our sustainability mindset were first 
conceived. While the term itself has reached a global scale of recognition, the reality is that few of 
its many advocates today know just how this line of thinking actually evolved. We know well who 
conceived the concepts of gravity and relativity, but the true author for sustainability remains 
largely unknown.  Many would probably credit the United Nations as the seminal source for this 
inspiration. Starting in 1972, their ‘Human Conference’ conference called for collaboration and 
harmony between man and nature, and by the 1980’s their Brundtland Commission was 
enthusiastically promoting ‘sustainable development’ for “Our Common Future.” Arguably, 
though, these UN notions were far preceded by a group of like-minded intellectual giants (e.g., 
Muir, Powell, Emerson, Thoreau, Marsh, Pinchot, McGee, Leopold, etc.) whose collective and 
overlapping environmental, conservation, and preservation efforts sequentially played a catalytic 
role for eventual adoption of our ‘sustainable’ ethos. However, the reality is that all of these 
scientists shared a common thread back to a single individual whose inspirational writings kick-
started the entire concept. This author’s notions about critical ‘chains of connection’ and ‘linkages’ 
were well captured within his memorable phrase: “Tug on one strand in the web of life, and the 
whole structure quivers”. Today this fellow is memorialized by an astounding number of named 
cities across the US, a prominent park in Chicago, a university in California, the State of Nevada’s 
massive (and highly unsustainable!) gold mining county, etc., etc., when in fact he never set foot 
on any one of these places. He was an intellectual rock star in his lifetime, known across the world, 
but today is largely forgotten. This presentation will, therefore, provide a 20-minute spotlight on 
this largely forgotten celebrity. 
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Built Environment Thermodynamic Impact on Urban Climate 

 
Jim Alleman, PhD, PE 

Professor, Civil, Construction and Environmental Engineering, Iowa State University 
 

Our built environment has a complex thermodynamic linkage with urban climate conditions, where 
‘urban heat island’ (UHI) impacts can impose negative sustainability and resilience consequences 
on both human health and energy demand levels. Driven by higher rates of daytime solar insolation 
uptake and consequent nighttime convective energy release, urban air temperatures are typically 
several degrees higher than rural locations. In turn, this resultant heat stress increase leads to 
respiratory complications amongst young and elderly populations, as well as higher cooling energy 
costs. This presentation will provide an overview of the involved thermodynamic factors, covering 
both modelling mechanisms for predictive analysis of UHI outcomes plus infrastructure 
remediation methods designed to mitigate these problems. In addition, an extremely unique case 
study will be explored in relation to UHI thermodynamics within the Great Mosque in Makkah, 
Saudi Arabia. This world-renowned holy location likely represents one of the largest, and most 
successful, examples of pro-active engineering strategies designed specifically to achieve a 
sustainable site solution for this challenge. 
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Reimagining the Civil Engineering Curriculum to Stress Resiliency and 

Sustainability 
 

Eddy M. Rojas, PhD 
Dean of Engineering, University of Dayton 

 

This appeal for reimagining the traditional civil engineering curriculum to stress resiliency and 
sustainability is grounded on Engineering that Matters, a vision of engineering education advanced at the 
University of Dayton.  Engineering that Matters advocates for technical knowledge that is closely coupled 
and integrated with a deep sense of duty towards the betterment of humanity.   This framework moves 
beyond an invitation for engineering students to be agents of change to the expectation that the profession 
requires them to do so.  In essence, Engineering that Matters is a cultural transformation of engineering 
education implemented through a holistic and integrative approach with the purpose of preparing engineers 
to serve the common good.  Civil engineering has always focused on enhancing the quality of life through 
the built environment and more resilient and sustainable infrastructure is clearly in the common good.   

While Engineering that Matters applied to civil engineering goes beyond resiliency and sustainability, these 
are foundational areas for such a transformation.  Indeed, a curriculum that recognizes resiliency and 
sustainability at its core acknowledges the need to educate engineers that go beyond the passive observance 
of ethical responsibilities and into the active engagement in societal transformation.  However, while 
infrastructure projects are becoming more complex, challenging, and interdependent, the traditional civil 
engineering curriculum still emphasizes the study of fragmented and disingenuously isolated topics.  Such 
an approach precludes students from truly internalizing concepts such as resiliency and sustainability.  What 
the profession needs is a pedagogical revitalization that leverages systems engineering to instill social 
responsibility. 

The traditional civil engineering curriculum is arranged in a linear fashion beginning with foundational 
courses in the natural sciences and humanities, followed by courses in engineering sciences, engineering 
design, and culminating with a capstone experience.  The capstone is typically the first opportunity students 
have to integrate knowledge and skills acquired throughout the curriculum, apply systems engineering, and 
venture on assessing societal impacts.  An alternative approach could begin at the systems engineering 
level, providing students in their first year with an understanding of what an infrastructure project is, its 
economic rationale, societal and environmental impacts, and its interdependence with other projects and 
systems.  Humanities courses could be selected or even tailored to reinforce such a method and provide 
students with exposure to topics such as public economics and externalities, demography, ethnography, 
social systems, human rights, environmental studies, climate change, and natural and man-made disasters 
to name a few.  Such courses could then be followed with more advanced studies in the second and third 
years in project management and control, engineering economics and life-cycle analysis, process modeling 
and simulation, project delivery systems, and risk analysis.  If a project-based approach is used, the same 
infrastructure project could be developed across the curriculum by looking at different aspects in multiple 
classes.  The student experience would still include a capstone course where detailed design would be 
accomplished emphasizing resiliency and sustainability, but now with a holistic understanding of the 
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project developed throughout the curriculum.  Of course, this inverted pedagogical approach that begins 
with the big picture and narrows down to the detail would co-exist with the traditional technical tracks.  In 
fact, with some creativity and innovation, it should be possible to implement this philosophy within existing 
coursework and the development of a few selected new courses.  

 

 

Renewables and the Energy Market 
 

Vijay Gupta, PhD 
Professor and Associate Chair of Graduate Studies, Department of Electrical Engineering, University of 

Notre Dame 
 

His lecture will begin with a brief description of the grid market structure as it exists since 
deregulation. He will focus on the settlement market structure and illustrate how it is coming under 
stress with the increase in the penetration of renewables. He will finish by providing some direction 
of the work being done in his research group to solve such problems. 
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Toward Reliable Design of Facility Location: Addressing the Threat of Probabilistic 

Disruptions 
 

Yanfeng Ouyang, PhD 
Professor, Sustainable and Resilient Infrastructure Systems, University of Illinois at Urbana–Champaign 

 

While planning networks of infrastructure facilities to serve spatially distributed customers, we 
consider the case where facilities are subject to probabilistic failure (due to reasons such as adverse 
weather or disasters). If a facility in a distribution system fails, its customers either lose service 
and incur a high penalty, or have to seek farther facilities and bear excessive service costs. We 
focus on planning optimal facility locations as well as customer assignment strategies, so as to 
minimize the expected system costs under normal and failure scenarios. We start with the basic 
case where site-specific and independent facility disruptions occur in the traditional facility 
location problem context. Then we show extensions where inbound and outbound deliveries are 
conducted via vehicle routing, and where facility disruptions exhibit positive and/or negative 
spatial correlations (e.g. when interdependent facilities are exposed to similar hazards or the risks 
of cascading failures). We will briefly show how to develop compact mixed-integer program 
models that can be solved by customized algorithms such as Lagrangian relaxation. If time permits, 
we will also present a series of continuum approximation models that not only serve as very 
efficient heuristic method to find near-optimum solutions for large-scale systems, but also help 
provide useful managerial insights (e.g., solution robustness to input data errors, and effects of 
system heterogeneity).  
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Infrastructure Resilience – Strategies, Policy and Practice 

 
Roger Fairclough, BE (Civil)(Hons), FEngNZ 

Managing Director, Neo Leaf Global Ltd, New Zealand 
 

Infrastructure systems are now so inter-dependent that loss of one system can often lead to loss of 
all systems. Government institutions, trainers, owners and operators of infrastructure are often 
structured in siloes. How do we drive resilience and sustainability outcomes in the face of such 
obstacles? 

Built environment Strategies, policies and practice need to be coordinated and aligned. There is a 
need to better recognize that infrastructure resilience is well beyond the physical pipes, wires, 
fibres, roads, rail lines, junctions, codes, guidelines and regulations. Resilience of the built 
environment supports resilient homes, families, communities, cities and regions. 

Experience in New Zealand demonstrates that the principles of “wellbeing”, including at the 
personal and business levels, can drive substantially improved resilience outcomes. Initiatives of 
the Department of Prime Minister and Cabinet as well as New Zealand Treasury are highlighted. 
Much of the material to be presented has been used in international forums and for work with the 
Asian Development Bank and the World Bank.     

Resilient is something you are not something you do. 
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A New Approach for Resilient and Rapidly Erectable Steel Bridges 
 

Mirela D. Tumbeva, Ashley P. Thrall, PhD and Theodore P. Zoli, PE 
Civil and Environmental Engineering and Earth Sciences, University of Notre Dame; and HNTB 

 

Natural and anthropogenic hazards often destroy civil infrastructure, leaving displaced populations without 
access to food, water, or medical aid. Damage to bridges can incapacitate transportation arteries, inhibiting 
evacuation efforts and preventing aid from reaching affected areas. Rapidly erectable bridges can reduce 
mortality and morbidity rates by restoring these transportation lines. 

This presentation will first review existing strategies for rapidly erectable bridge systems, largely developed 
by the military. Then it will present a new approach to rapidly erectable steel bridges: a universal connection 
that “modularizes” the joint to achieve connections that can form trusses of different depths and/or variable 
depth truss systems. The “modular joint” is a prefabricated, steel nodal connection comprised of a 
weldment/built up section of webs and flanges that includes a starter segment for each connecting member. 
It joins standard rolled wide flange sections through bolted splice connections in double shear. Flanges and 
webs are connected independently through these splice connections, forming a moment-resisting 
connection. This provides flexural stiffness for truss-like or beam-like behavior and enables the structure 
to tolerate member loss. The flange splice plates connecting the joint and any member can be bent to varying 
angles to achieve a variable depth geometry. This is a “kit-of-parts” type approach, where members are 
standard sections and the prefabricated modular joint can be repeated throughout a single structure and also 
used for many different structures. While this approach retains all the advantages of modular construction 
(e.g. prefabrication, mass-production, rapid erection, and reusability), it overcomes the prime deficiency of 
the existing technologies, that a fixed panel size results in limiting span length. In addition, the use of a 
bolted splice as opposed to pinned connections allows for a stronger, more durable and reliable connection 
between load carrying elements. 

This material is based upon work supported by the National Science Foundation under Grant No. CMMI-
1351272. The support of Program Managers Drs. Kishor Mehta and Y. Grace Hsuan is gratefully 
acknowledged. 
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Evaluating Social Vulnerability to Climate Change at Country and City Scales 

 
Patrick Regan, PhD 

Professor, Political Science and Associate Director, Environmental Change Initiative, University of Notre 
Dame 

 

Climate change will impose harsh conditions on people and communities across the globe, but 
climate consequences will not be distributed in direct relation to the intensity of climate changes. 
Climate adaptation acts as an intervening variable between expected/observed climate hazards and 
observed consequences to communities. That is, those communities least vulnerable to climate 
stress and/or more capable of adapting to expected climate driven events should be less likely to 
suffer harm to lives and livelihoods in their communities. I will explore the measures that assess 
climate vulnerability, one at the city level in the United States (Urban Adaptation Assessment, or 
UAA); the other at the country level in 180+ countries around the world. After describing the 
forms of measurement I will demonstrate how taking into account adaptive capacity informs 
empirical relationships about the consequences of climate change. 
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Resiliency and Sustainability in Perspective - Our Very Brief Experience Base 

Living in Large Communities 
 

Joannes Westerink, PhD 
Professor and Henry J. Massman Department Chair, Department of Civil & Environmental Engineering 

& Earth Sciences, University of Notre Dame 
 

Our history as sapiens spans more than a million years, most of that time as nomadic hunter and gatherer 
tribes.  For 700,000 years we spread across the earth leaving behind us much environmental degradation. 
It was only upon the development of agriculture that we formed permanent communities which led to larger 
highly organized empires and cities.  The three major drivers of increased population growth rates were the 
first agricultural revolution, the industrial revolution, and the second agricultural revolution. However, our 
systems have never been balanced and we always attempt to solve problems without fully understanding 
the new problems our solutions create. Vital questions include: can we identify consequences of our now 
highly engineered world; can we control nature and our impact on it; and will be better off working in 
concert and or mimicking nature to ensure a more resilient, sustainable, and equitable future for our 
progeny. 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 

Workshop on the resil iency and susta inability of interdependent  
critical infrastructure networks and environmental assets 

April 5-6, 2019 
Notre Dame, Indiana 

 
On the Topological Drivers of Network Resilience 

 
Marc Muller, PhD; and Rahul Oka, PhD 

Assistant Professor, Department of Civil & Environmental Engineering & Earth Sciences; and 
Research Associate Professor of Global Affairs and Anthropology, University of Notre Dame 

 

The topology of a network plays an important and non-monotonic role on its ability to recover 
from external shocks. Depending on the topology, connectivity can either introduce redundancy 
or inter-dependence within a network, with opposite implications for its resilience. We developed 
a predator-prey model to simulate the interacting effects of human (migration) and hydrologic 
(shared river) connectivity on the ability of networked communities to recover from random 
rainfall shocks (droughts). We find that openness to exchanges beyond a shared river basin is 
critical to building resilience to climate shocks. We ground our numerical simulation results in the 
anthropological context of trade in Ancient Egypt. 
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Resilience Principles in Socio-Hydrology: A Case-Study Review 

 
Gopal Penny, PhD 

Postdoctoral Scholar, Civil and Environmental Engineering and Earth Sciences, University of Notre 
Dame 

 

 
Resilience has become more prevalent within the hydrological sciences to support an increasing 
focus on social drivers of hydrological change and regime shifts through the emerging field of 
socio-hydrology. Few studies systematically integrate theoretical developments from resilience 
research into model design and evaluation. We present a novel application of seven resilience 
principles to evaluate six coevolutionary models from socio-hydrology. The principles provide a 
structured framing of resilience grounded in decades of research characterizing social-ecological 
systems. We find that coevolutionary models incorporate aspects of all principles and that these 
influence socio-hydrologic system trajectories. We demonstrate the potential for resilience 
principles to serve as a theoretical frame for model design, evaluation, and comparison. We 
emphasize underexplored dimensions of resilience in the models and encourage future research to 
experiment with these principles to broaden our understanding of resilience in coupled social-
hydrologic systems. This abstract is based on a paper recently published in Water Security.  
 
Penny, G., & Goddard, J. J. (2018). Resilience principles in socio-hydrology: A case-study review. 
Water Security, 4, 37-43. 
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On Modeling Resilience, Sustainability, and Governance of Coupled Infrastructure 
Systems 

 
Rachata Muneepeerakul, PhD 

Associate Professor, Department of Agricultural and Biological Engineering, University of Florida 
 

In this talk, I will attempt to summarize several lines of my interrelated research pertaining 
resilience and sustainability of coupled infrastructure systems, with “infrastructure” broadly 
defined to mean hard, soft, natural, and human-made infrastructure.  In particular, a widely used 
conceptual framework of social-ecological systems has been mathematically operationalized into 
a number of stylized models corresponding to different settings: a society with clear labor division 
between resource users and infrastructure providers, a self-organized system where such labor 
division does not exist, and a more realistic system that relies on more than one resource.  These 
models are different but analyzed to address a consistent set of questions: What are possible system 
outcomes?  How can we determine such system properties as resilience and robustness?  How 
should one design governance structure and policies to achieve sustainability?  Collectively, 
analyses of these models yield insights that highlight the complex interplay between the system’s 
interdependent components, trade-offs between desirable aspects, and challenges in governing 
coupled infrastructure systems. 
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