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Abstract of Praxis 
 

 

Expanding the Stakeholder Requirements for Urban Water System Resilience 

 

 

 Although the literature recognizes the importance of stakeholder input, 

particularly during requirements elicitation, its implementation has been limited, 

particularly in addressing the needs of urban water systems. Urban water system 

resilience, the capacity of a water system to survive, adapt, and grow despite 

experiencing chronic stresses and acute shocks, has become an increasingly vital 

component of community plans and operations in addressing community needs and 

changing climate conditions. Despite growing water system resilience efforts, 

requirements elicitation from a broad range of stakeholders has not been prioritized and 

current stakeholder requirements elicitation for urban water systems often excludes 

important stakeholders, particularly at a grassroots level. As a result, existing resilience 

quantification efforts neglect to account for stakeholder engagement during 

requirements elicitation beyond conceptual value. Recent water crises have revealed 

that excluding such community stakeholders in the early stages of the decision making 

process can have an adverse effect on the entire community. The primary object of this 

work is to examine the impact of expanding the urban water system requirements 

elicitation process to include community stakeholders early in the decision-making 

process on urban resilience efforts in decision-making and engineering accountability. 

This study analyzes the relationship between the stakeholder engagement component of 

the requirements elicitation process and system outcomes. From an analysis of case 

study cities, the Participatory Implementable Engineering (PIE) Index and Participatory 
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Implementable Engineering (PIE) Matrix were developed to quantify the stakeholder 

engagement process for urban water systems. This requirements assessment index 

expands stakeholder requirements for urban water systems, including stakeholders from 

the community sector in the earliest stages of engineering decision-making and 

implementation. The outcome of this work provides a roadmap for future urban 

resilience strategies, improving urban water management techniques, and engaging a 

wide spectrum of stakeholder input for better engineering decision-making.  
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Chapter 1: Introduction 
 

This chapter provides a background to stakeholder engagement as a form of requirements 

elicitation and the relevance of this work to urban water system management.  The objectives and 

scope of this research are also outlined in this chapter.  

1.1 Background 
 

Requirements engineering is a core area of Systems Engineering processes and is a crucial 

tool in achieving end product objectives and minimizing errors, particularly for complex systems.  

This entails defining, documenting, and maintaining requirements (Buede, 2009; Salado and 

Nilchiani, 2015). It is a process that begins with initial ideas and continues to evolve into a stable 

requirement with an ultimate objective of developing boundaries in order to best satisfy 

stakeholder needs (INCOSE, 2011).  

The importance of satisfying stakeholder needs through stakeholder engagement is being 

increasingly recognized and in some contexts, such as environmental decision-making, has come 

to be viewed as a democratic right (De Stefano, 2003; UN Economic Commission for Europe, 

1998).  

The implications of successful stakeholder engagement on a system go beyond public 

voice and representation, but also increase the potential for long-term support and successful 

implementation, and ultimately increase the likelihood that a community’s needs will be met (De 

Haan et al. 2013; Gitsham and Page, 2014; Reed, 2008). In fact, the quality of the stakeholder 

engagement process can strongly influence the quality of attained outcomes. If a decision is 

perceived as unfair by stakeholders and the public, they may respond with reluctance to engage 

and accept the results (De Stefano, 2003; De Stefano, 2010).  

Water infrastructure construction remains one of the least transparent decision-making 

fields in water management with minimal efforts in inclusive stakeholder engagement (Brown et. 

al, 2009; CIS, 2003; Fratini et. al, 2012). Efforts to quantify the stakeholder engagement process, 
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particularly as applied to urban water system decision-making, have been minimal (Mathipa et. 

al, 2009). Recent water crises, such as the lead crisis in Flint, Michigan have brought attention to 

the significant public impact of urban water system decisions and the disastrous consequences of 

neglected stakeholder input that should be considered during or prior to engineering system 

planning and implementation (Stoutenborough, 2015).   

1.2 Problem Statement 
 
Current urban water infrastructure lacks a clear and defined framework for the development 

of proper stakeholder engagement in decision-making and implementation to ultimately be used 

in system resilience quantification efforts. Existing stakeholder engagement frameworks are 

qualitative and lack the ability to be quantitatively correlated with system performance measures 

and metrics. Therefore, it is the objective of this study to provide a framework that quantifies 

stakeholder engagement at various levels of engagement and demonstrate the impact of 

stakeholder engagement on system resilience. Ultimately, this will be used to inform the 

requirements elicitation process for future urban water systems.  

Research Hypotheses:  

Null Hypothesis: Broad-based stakeholder engagement at the earliest stages of 

urban water system project planning will not correlate with urban water system 

resilience. 

Hypothesis 1: Broad-based stakeholder engagement at the earliest stages of 

urban water system project planning will positively correlate with urban water 

system resilience. 

The following presented work provides guidance to infrastructure system engineers by 

proposing the Participatory Implementable Engineering (PIE) Index to quantify the stakeholder 

engagement process and demonstrate the impact of stakeholder engagement on system resilience. 

This method is based on the principles of broad and inclusive requirements elicitation to support 
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complex decision-making. This work has applied the PIE model to eight case study cities; Flint, 

Michigan; Lansing, Michigan; Madison, Wisconsin; Milwaukee, Wisconsin; Buffalo, New York; 

Washington, D.C.; Columbus, Ohio; and Philadelphia, Pennsylvania and quantified their 

respective stakeholder engagement processes. This work redefines stakeholder requirements to 

include broad and inclusive stakeholder engagement at the earliest stages of engineering 

planning.  

1.3 Objectives and Scope of Work 
 

 
The objectives of this study are the following:  

1. Provide a framework that quantifies stakeholder engagement at various levels of 

engagement 

2. Demonstrate the impact of stakeholder engagement on system resilience 

3. Inform the requirements elicitation process for future urban water systems.  

 
In order to meet the objectives of this work, the research scope will be focused to accomplish 

the following:  

 

1. Recognize and compile a comprehensive list of system stakeholders 

2. Categorize stakeholders 

3. Determine stakeholder relationships 

4.  Develop PIE Model, PIE Index, and PIE Matrix using the stakeholder categories and 

relationships 

5. PIE Index implementation through case study cities: 

5.1 Flint, Michigan 

5.2 Lansing, Michigan 

5.3 Madison, Wisconsin 

5.4 Milwaukee, Wisconsin 



4 
 

5.5 Buffalo, New York 

5.6 Washington, D.C. 

5.7 Columbus, Ohio 

5.8 Philadelphia, Pennsylvania 

6. Correlate quantified stakeholder engagement with identified system resilience parameter  

7. PIE Matrix application through case study cities: 

7.1 Flint, Michigan 

7.2 Lansing, Michigan 

7.3 Madison, Wisconsin 

7.4 Milwaukee, Wisconsin 

7.5 Buffalo, New York 

7.6 Columbus, Ohio 

7.7 Philadelphia, Pennsylvania 

8. Model refinement and applicability 

1.4 Research Contribution 
 

The work of this manuscript applies the greater concepts of requirements engineering to 

urban water systems to quantify broad-based stakeholder engagement in order to determine the 

impact of requirements elicitation on system resilience.  

The impact of stakeholder engagement on urban water system resilience related to water 

quality decision making was analyzed by correlating quantified engagement efforts with urban 

water system resilience parameters. Lead contamination was specifically identified as a resilience 

parameter of urban drinking water systems for this study due to its significant disruption impact 

and health concerns.    

The PIE Index was developed to introduce a standard process to quantifiable stakeholder 

engagement and demonstrate the value in diverse and broad-based stakeholder engagement at the 
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earliest stages of project decision-making and planning, as such a quantifying framework does not 

currently exist. Additionally, the PIE Matrix was developed to present effective stakeholder 

engagement strategies.   

1.5 Praxis Organization 
 

An introduction to the manuscript along with the problem statement, objectives, and scope of 

the research are given in this chapter. The next chapter focuses on a literature review of existing 

research and the influence on subsequent studies, including this work. In Chapter 3, the 

theoretical impact of the research is presented as well as the research methodology. In Chapter 4, 

the background of the individual case study cities is presented as well as the application of the 

PIE Model and PIE Matrix to case study cities. Chapter 5 expands the work to consider the 

resilience implications of stakeholder engagement. Finally, Chapter 6 includes the findings, 

conclusions, and recommendations of the manuscript.   

  



6 
 

Chapter 2: Literature Review 
 

This chapter provides relevant background on existing stakeholder engagement models, 

urban water system resilience, as well as information from previous studies related to the 

objectives of this work. 

2.1 Stakeholder Characteristics and Models 
 

As requirements elicitation is typically initiated by defining stakeholders and their levels 

of participation, this work presents a review of existing stakeholder identification and 

participation models. The models are presented to provide context for how stakeholder 

engagement discourse has been shaped and historically evolved, but also to identify areas of 

opportunity for new stakeholder engagement models to address, such as the PIE Model. 

2.1.1 Stakeholder Identification 
 

According to Freeman (1984), a stakeholder, in the broadest terms, is defined as “any 

group or individual who can effect or is affected by the achievement of the firm’s objective.” In 

an urban water system context, stakeholders are those with an interest in urban water systems, are 

affected by them, or can have either an active or passive influence on decision-making and 

implementation (De Stefano, 2010). Identifying stakeholders early in the system decision-making 

process is critical in order to best manage and understand the various expectations that different 

stakeholder groups hold as a result of the varying ways they are impacted by the system (Delli, 

2004; Fiskel, 2003).   

2.1.2 Stakeholder Models 
 

Although literature provides several prominent stakeholder participation models, these 

models are qualitative and do not provide a quantitative component, making it challenging to 

consistently assess engagement and participation efforts for different systems.  The following 
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three stakeholder participation models are common models that have been introduced in the 

literature and reviewed for application towards urban water system management, particularly for 

the purposes of effective requirements elicitation. They are presented in this work to serve as a 

review of widely accepted stakeholder participation models and identify the areas of opportunity 

for the proposed model to expand upon.  

2.1.2.1 The Stakeholder Salience Model  
 

The Stakeholder Salience Model considers the following three stakeholder criteria; Power 

(a stakeholder’s ability to impose their will on others); Legitimacy (the generalized perception 

that actions of that stakeholder are desirable and/or appropriate within socially construction 

system of values); and Urgency (whether a stakeholder’s interest is of immediate value to other 

stakeholders). 

The three criteria can be combined to provide seven different classes of stakeholders, 

which are illustrated in the form of a Venn diagram (Figure 1). 

 

   

Figure 1. The Stakeholder Salience Model (Mitchel et. al, 1997). 
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The more of the aforementioned attributes a stakeholder is perceived as having, the more 

prominent the stakeholder becomes in the decision-making process. Latent stakeholders are those 

with one attribute and are considered to be of the lowest-priority and may ultimately not even be 

considered to actually be stakeholders. Expectant stakeholders are those with two attributes and 

are perceived to be fairly passive and most likely to be engaged on a higher level. Definitive 

stakeholders have all three attributes and are given the highest priority.  

Although this model substantially contributes to furthering stakeholder theory, the model 

equally weighs the three stakeholder attributes and provides equal consideration to power, 

legitimacy, and urgency when determining the priority of engagement of stakeholders. However, 

this may not always be the case. Particularly in the field of environmental decision making, 

stakeholders with legitimate positions of power may not maintain their prominence in decision-

making if they are at odds with the demands of the community or faced with an urgent crisis. 

Additionally, this model neglects to account for relationships within stakeholder groups and how 

coordination between groups can leverage stakeholder influence, which can negatively impact the 

efficiency of the requirements elicitation process.    

2.1.2.2 Ladder of Citizen Participation  

 

The Ladder of Citizen Participation Model is based on a ladder pattern in which each 

rung corresponds with a level of stakeholder power. The model was introduced as an element of 

President Lyndon Johnson’s Model Cities Program, an effort to develop antipoverty programs 

and offer alternatives to traditional forms of municipal government. The rungs of the ladder are 

divided into three levels in ascending order of clout in decision-making: Nonparticipation; 

Tokenism; and Citizen Power (Figure 2).   
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Figure 2. Ladder of Citizen Participation (Arnstein, 1969). 

 
The bottom rungs (1 and 2) are Manipulation and Therapy, respectively, which are “Non-

Participation levels” in which stakeholders at these levels are not enabled to participate in 

planning programs but rather are educated by the more influential participants. Rungs 3 through 5 

address Tokenism which allows participants to express their opinions, but does not guarantee that 

their views will be received with any weight. The highest level (rungs 6 through 8) is Citizen 

Power, which is where clout and decision-making begin to appear.  

Although Arnstein claimed that an essential element of the model was to redistribute 

power, it has been suggested that the ladder metaphor of the model is problematic because of the 

implication that higher rungs are more valuable than lower rungs (Connor, 1988). This conflicts 

with the goals of coordinated requirements elicitation, which aims to collect input from all 

relevant stakeholders in order to achieve alignment. Additionally, this conflicts with the bottom-

up approach being presented in this research, which allows stakeholders to define their own 

categorizations and parameters, which is (in the author’s opinion) a more accurate reflection of 

their own perception. 
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2.1.2.3 Wheel of Participation  
 

Davidson’s wheel of participation was developed in response to the linear forms of 

stakeholder engagement, such as the Ladder of Citizen Participation. The objective of the wheel 

was to assist community planning in a way that promotes active involvement and empowerment.  

The model highlights four approaches to community involvement in decision-making, including 

Information, Consultation, Participation, and Empowerment (Figure 3). Based on the appropriate 

quadrant, a necessary action is selected.  

 

 

 

Figure 3. The Wheel of Participation Model (Davidson, 1998). 

 

Although the Wheel of Participation levels the hierarchy proposed in other stakeholder 

models and is more consistent with requirements elicitation goals to achieve alignment, it also 

recognizes that not all stakeholders ought to be engaged in the same way. The model reconciles 
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this by offering more passive approaches to engagement in these cases, such as the contrast 

between a partnership and providing limited information. This approach may not be conducive to 

public acceptance of decisions, if stakeholders feel their input is not as important as other 

stakeholders. The proposed model offers an alternative that allows all stakeholders to be fully 

engaged in the various sectors for which they are most relevant, rather than relegating some 

stakeholders to more passive roles.   

The aforementioned models are widely accepted as prominent stakeholder engagement 

models. The primary descriptions and limitations of the three aforementioned models are 

presented in Table 1 and demonstrate a need for a model that provides opportunities for broad-

based early stakeholder engagement. The PIE Model developed in this work is based off of 

fundamental concepts introduced in these models, particularly categorizing stakeholders into 

discrete levels in which it is most fitting they be engaged, but also introduces a bottom-up 

approach to the engagement approach that is unique from the previous models. Additionally, the 

PIE Model provides a quantification component in which engagement can be quantitatively 

assessed, rather than only qualitatively as has been done in previous models.    

2.2 Urban Water System Resilience 
 

One of the primary objectives of effective stakeholder engagement in an urban water 

system context is to ultimately increase system resilience and improve project outcomes.  

Additionally, building system resilience and the capacity to withstand disruptions has become a 

priority in the modern age (Rodin, 2014). Complex urban systems pose a need for a continued 

understanding of methods, processes, and practices that will protect communities from 

infrastructure threats.  

2.2.1 System Resilience 
 

System resilience has become a priority for systems managers and those affected by 

system failures, including civil society. As systems continue to become increasingly complex and 
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interactive with their surrounding environments, a need for community and interdisciplinary 

perspectives becomes critical to comprehensively address resilience. 

 

Table 1. Three Primary Models of Stakeholder Engagement. 

Stakeholder 

Engagement 

Model 

Reference Description Visual 

Depiction 
Limitation 

Stakeholder 

Salience Model 
(Mitchell, 

1997) 
Provides seven 

different classes of 
stakeholders based 

on stakeholder 

attributes   

Venn 

Diagram 
Provides equal 

consideration to power, 
legitimacy, and urgency 

when determining 

stakeholder priority 

Ladder of 

Citizen 

Participation 

(Arnstein, 

1969) 
Arranges 

stakeholders into 
three levels 

depending on order 

of clout in decision-

making 

Ladder The ladder metaphor of the 

model implies that higher 
rungs are more valuable 

than lower rungs, which can 

enforce hierarchy of 

stakeholders 

Wheel of 

Participation 
(Davidson

, 1998) 
Highlights four 

approaches to 
community 

involvement in 

decision making to 
promote 

involvement 

Wheel Assigns some stakeholders 

to more passive roles of 
engagement, including only 

providing information  

 

The literature provides several working definitions for resilience, all of which relate to a 

system’s ability to survive, adapt, and grow despite experiencing chronic stresses and acute 

shocks to the system- the definition that is used in this work. The United States Department of 

Homeland Security defines resilience as “the ability to resist, absorb, recover from, or 

successfully adapt to adversity or a change in condition,” (U.S. Department of Homeland 

Security, 2007). Although resilience is conceptually useful, its diverse interpretation and 

measurement has complicated its usage and application to critical infrastructure. In order to be 

considered resilient, a system should demonstrate the ability to reduce failure (Chang, 2004; 

Matthews, 2016). Systems with low levels of resilience can have profound impacts on human and 
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economic health.  

Although there have been disaster resilience studies of various structures, including hospitals 

and historical buildings, (particularly from a seismic perspective), there has been little study of 

water distribution system resilience (Bruneau, 2003; Chang, 2014; Matthews, 2016). Urban water 

system resilience should focus on planning for hazardous conditions and account for the 

unavoidable interdependencies between other aspects of critical infrastructure (Amarasinghe et. 

al, 2016; Bevington et. al, 2011; Mar, 1998).  

Literature indicates that stakeholder engagement is a critical component of resilience 

planning and the generally accepted resilience analysis framework consists of system 

identification, resilience objective setting, vulnerability analysis, and stakeholder engagement 

(Royce & Bekera, 2014). 

Improved stakeholder engagement has the ability to positively impact resilience by creating 

dynamic strategies that can adapt to changing community needs (Fiskel, 2003; Truex & Soreide; 

2010). Yet, even so, existing efforts to quantify resilience have not included stakeholder 

engagement.  

Matthews and Matthews (2013) studied water infrastructure system resilience and developed  

guidelines for utility managers to use before, during, and after the occurrence of disasters. These 

guidelines can be beneficial in determining which aspects of critical water infrastructure need to 

be prioritized in design and typically advise minimizing the adverse impact of water 

infrastructure disruption on people.  

Existing water resilience quantification efforts present resilience of a water distribution 

network as a function of system users access to water, system capacity, and water quality 

(Cimellaro, 2010; Cimellaro, 2015). However, these components do not account for stakeholder 

engagement, which is a crucial component of system resilience as suggested by literature for 

general resilience not only specific to water systems. 
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2.2.2 Leading and Lagging Indicators 

 
The terms leading and lagging indicators were traditionally introduced from the economic 

and financial sectors and modeling techniques to indicate a distinction between measures 

assumed to be proactive and those viewed to be retrospective (Hinze, 2013).  

Leading indicators have many definitions extending across several disciplines (Hopkins, 

2009). For example, in economics, leading indicators have come to reflect something that 

changes before the economy changes (Wreathall, 2009). In safety management, the term has 

come to encompass introducing proactive aspects of safety into organizations.  

Other definitions of leading indicators are any indicators that can be used as early detection 

signs of potential failure or precursors to harm (Shea et. al, 2016). Practices that change before a 

system’s exposed risks change, regardless of whether the system actually experiences harm are 

traditionally defined as leading indicators (Kjellen, 2009).  

Leading indicators tend to be used as predictors from which data can be extrapolated such as 

trends that can be recorded/analyzed, forecasting for future events, and predictions for future 

performance (Manuele, 2009). They are directly related to opportunities to reduce risk, identify 

areas for improvement, and prioritize actions needed for positive outcomes.  

Lagging indicators are characterized as being more “input” oriented with more difficulty in 

measuring. Additionally, they are deemed to be more influenced by external factors, such as 

leading indicators. It is an indicator that changes only after the system being observed has 

experienced a change or begun to follow a specific pattern. They are typically applied in the 

context of safety incidences or to determine how effective specific interventions have been for a 

system.  

Other literature prescribes a more fluid view of both leading and lagging indicators where any 

particular event can be interpreted as leading or lagging based on the perspective. For example, a 

safety incident can be viewed as a leading indicator if it is used to enhance safety policies and 

prevention measures but also as a lagging indicator of safety performance of the organization.  
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Additionally, such definitions allow for both positive and negative interpretations of indicator 

terminology. For example, in a positive connotation- a leading indicator can be used for proactive 

management, or in a negative connotation – as an early warning sign (Manuele, 2009).  

Identifying leading indicators early is critical because it provides systems operators and 

decision-makers the opportunity to not only resolve, but even potentially detect, harmful issues 

before the system failure even occurs (Sinelnikov et. al, 2016; Hinze et. al, 2013). Additionally, a 

thorough understanding of both leading and lagging indicators of a system can assist in achieving 

management goals (Wreathall, 2009). This research provides a more robust analysis of 

relationships between engagement strategies as indicators of urban water system outcomes, with 

priority placed on meaningful engagements that have demonstrated potential to improve system 

performance.  

A primary objective of identifying adequate indicators is to more effectively improve system 

performance in a predictive manner that minimizes negative consequences and disruptions of the 

system. As systems, particularly critical infrastructure systems, continue to become increasingly 

complex and interactive with their surrounding environments, a need to minimize disruption 

becomes critical in comprehensively addressing system performance.  

2.2.3 Urban Water Systems 

 

Traditional urban water systems can be simplified into four general processes:  

• Water Source: Water supply systems receive water from a variety of sources 

including groundwater aquifers, surface water (lakes, streams, rivers, and glaciers), or 

seawater. 

• Water Treatment: Upon obtaining water from the source, appropriate treatment 

schemes are necessary in order to provide water that is safe for human consumption. 

Treatment schemes can vary based on the quality of the source water and can include 

desalination, conventional water treatment schemes, chlorination, fluoridation, and 
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the application of corrosion inhibitors.   

• Water Distribution: Distribution is typically managed by public utilities and utilizes a 

system of pumps and pipes to distribute treated water to end users.  

• End User: Once sourcewater is treated and distributed, it is available for use by end 

users including community residents, municipalities, and industry.   

2.2.4 Lead  

 
The history of lead, particularly in the United States, is especially unique considering the 

range of public perception the naturally occurring metal has experienced. Throughout history, 

lead was commonly used in plumbing projects due its simultaneous characteristics of being 

sturdy yet malleable. In fact, lead was used throughout ancient history, including in the Roman 

Empire, which relied heavily on the metal for a variety of applications such as their expansive 

plumbing networks. The use of lead piping continued on for centuries and was also introduced in 

the United States in water distribution networks. It was not identified as a potential source of lead 

poisoning until the late 1800’s.     

Major cities, such as New York and Boston, began noting that areas that relied on lead 

service pipes were experiencing an increased number of lead poisoning cases. The earliest 

concerns were raised in 1859, but an effort to limit the use of lead in water systems was not 

initiated until the 1920s. In response to these efforts, the Lead Industries Association was formed 

in 1928 to continue to encourage the use of lead-based plumbing. It was not until 1991 that the 

United States Environmental Protection Agency implemented the Lead and Copper Rule for 

public water systems, which included treatment technique regulations to address the impacts of 

lead leaching from piping and requirements for water sampling and lead service line replacement. 

The regulations were revised to be more stringent in 2007.     

Lead as a source of poison in water distribution networks resurfaced in 2001 when 

Washington D.C.’s water crisis brought lead to the forefront of public health and engineering 
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discourse once again. More recently, lead has continued to be a public health concern in cities 

nation-wide. In both Washington D.C. and Flint, analysis of the crises revealed a strong 

connection between a lack of stakeholder engagement and the system decision making that 

occurred in the respective cities (Cohn, 2005; Conyers, 2016).  

Lead contamination in drinking water is often the result of aging urban water 

infrastructure, as pipes used to be made with lead. This can pose a serious community health risk 

and lead exposure is often associated with developmental and intellectual disorders, particularly 

in youth. It can also increase the risk for diabetes, cancer, and hypertension (World Health 

Organization, 2010).  

Lead found in drinking water is typically the result of lead pipes and fittings. The longer 

water is contact with lead piping, the higher the concentration of lead observed in the water is 

expected to be. As a result, observed lead levels can often fluctuate throughout the day and 

flushing can be used as a control mechanism. The more acidic water is, the easier it is for lead to 

come off of pipes and dissolve into drinking water (World Health Organization, 2010). 

2.2.4.1 Regulations 

 

United States Environmental Protection Agency 

 

The USEPA has established an action level for lead of 15 ppb (parts per billion). Systems 

are required to monitor lead levels in drinking water at customer taps. If samples are found to 

exceed the action level, the system is required to inform the public of the levels observed as well 

as provide information about necessary steps to protect public health (USEPA, 2017). 

World Health Organization  

 
The World Health Organization (WHO) has lead guidelines of 10 ppb. These guidelines 

are based on a dose analyses conducted by the Joint Food and Agriculture Organization of the 

United Nations (FAO) and WHO Expert Committee on Food Additives (JECFA) which also 
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concluded that there are no safe levels of lead (World Health Organization, 2010).  

2.2.5 Urban Water System Decision Making Points  
 

Urban water system decision-making regarding lead occurs in the water treatment 

process with the addition of corrosion inhibitors and the water distribution process with the 

removal of lead service lines. Figure 4 documents where decisions regarding lead treatment are 

made in the context of the overarching urban water system process.  These decision-making 

points in urban water system processes, specifically treatment and distribution, represent 

opportunities where requirements elicitation in the form of stakeholder engagement can influence 

project outcomes.   

 

Figure 4. Urban Water System Decision-Making Points. 
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Chapter 3: Research Matrix and Methodology 
 

This chapter presents the research matrix that was used for the scope of this work. The 

chapter also discusses the methodology used in this study.  

3.1 Research Matrix 
 

In order to quantify the impact of stakeholder engagement on urban water system 

resilience, eight case study cities were selected for further analysis of their stakeholder 

engagement efforts (Table 2).   

Table 2. Case Study Cities. 

Case Study 

Number 
City State 

Year of 

Analysis 

1 Flint Michigan 2015 

2 Lansing Michigan 2015 

3 Madison Wisconsin 2014 

4 Milwaukee Wisconsin 2016 

5 Buffalo New York 2013 

6a - 
Washington, 

D.C. 
2001 

6b - 
Washington, 

D.C. 
2002 

6c - 
Washington, 

D.C. 
2003 

6d - 
Washington, 

D.C. 
2004 

6e - 
Washington, 

D.C. 
2005 

6f - 
Washington, 

D.C. 
2016 

7 Columbus Ohio 2014 

8 Philadelphia Pennsylvania 2016 

 

  

 3.2 Methodology 
 

For this work, the diverse range of stakeholders was organized into categories based on 

their role and interest in water systems. Categories were developed based on based on reviewing 

engineering projects presented in literature and identifying the different stakeholders involved 
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based on their relationship to the efforts in question as well (Varna and Kumar, 2016). 

Stakeholders were then grouped and organized into categories based on respective professional 

work and/or participation. Mendelow’s Matrix was used to map the stakeholders and further 

categorize stakeholders in terms of power and interest.  

A case study approach was utilized in this study because of the ability of case studies to 

incorporate diverse sources of evidence (Yin, 1994). Case study cities for this work were selected 

based on whether they had experienced a significant lead contamination event that disrupted their 

respective water systems.  

Each city was analyzed based on the structure of the governance of their water systems as 

well as the decision-making that was made related to the lead contamination and the stakeholders 

that were engaged during that decision-making process and how it impacted system outcomes. 

This entailed an assessment of engagement efforts, which included published records, community 

bulletins, events, media reports, health assessments, and recorded water data. Engagement efforts 

were quantified based on a binary approach and input into the PIE Model. 

To examine the implication of stakeholder engagement on urban water system resilience 

related to water quality decision making, lead contamination was identified as a resilience 

parameter of urban drinking water systems due to its significant system disruption, severe public 

health impact, and current prominence in water management and public health discourse. PIE 

Model values were correlated with published lead data from the respective case study cities to 

verify the hypothesis of this work. 

The PIE Matrix was then developed to provide a framework for the development of 

proper stakeholder engagement in decision-making and implementation. It was applied to case 

study cities to determine which engagement strategies are most effective on system outcomes and 

determine whether specific engagement strategies can be identified as leading indicators for 

improved performance management. 
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3.2.1. Stakeholder Recognition 
 

Recognizing and categorizing stakeholders allows for avenues of action and engagement 

to be created based on the individual stakeholder groups and can increase the efficiency of 

requirements elicitation processes when engaging with the various groups. The majority of 

existing stakeholder identification frameworks are found primarily in the fields of management, 

economics, and policy literature (Yip, Phaal, & Probert, 2014). Table 2 presents 12 categories of 

stakeholders that are relevant to urban water system decision making (Morrison, 2003; Pratap, 

Redman, Fagen, & Dorevitch, 2013; Wang, Ge, & Lu, 2013).  

3.2.2. Stakeholder Mapping 
 

Mendelow’s Matrix is a visualization tool used for stakeholder mapping. It is a power/interest 

matrix that categorizes stakeholders according to increasing power and interest. It is a qualitative 

assessment that is used for preliminary stakeholder guidance. It is traditionally used to assist in 

prioritizing stakeholders for engagement. The matrix is segmented into four areas: high 

power/high interest; high power/low interest; low power/high interest; and low power/low interest 

(Olander, 2007). 

    The process of stakeholder mapping entails qualitative decisions on two primary issues: 

stakeholder interest in the process and outcomes as well as the extent to which the stakeholder has 

the power to impose its wants. 

The 12 categories of stakeholder groups were arranged into the four areas according to 

traditional views of interest and power. Interest was defined as how affected a stakeholder is by a 

decision, as stakeholders are generally interested in decisions they are impacted by. Stakeholders 

that would stand to benefit/lose greatly by the system decisions were given a high interest score, 

while stakeholders that would not be directly impacted were given a low interest score. 
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Table 3. The 12 Categories of Stakeholders. 

Stakeholder Stakeholder Description 

Owner 

 

The primary entity that is responsible for 
initiating the project, contracting it out if 

necessary, and ultimately benefits from 

the output. Owners can also be 
responsible for financing the project or 

obtaining necessary investors. 

 

Project Manager & Designer 
Responsible for designing the project 

and delivering it on time, on schedule, 
and on budget 

Industry 

A group of manufacturers or businesses 

that produce a good or service. 

Responsible for design, improvement, 
deployment, and installation of systems 

and products. Primarily motivated by 

financial gain. 

Regulating Agencies 
A governmental agency or public 
authority that exercises regulatory 

influence 

Investors 
A person or organization that commits 

capital or financial support towards an 
initiative 

Research-Based Industry 

A sector of industry primarily concerned 
with research and development in order 

to obtain innovative solutions and 
technologies 

Academia 
Academic and university institutions 
primarily motivated by  research and 

scholarship 

Professional Institutions 

Institutions that aim to promote career 

progression and professional 
development of practitioners within a 

specific field 

Community Organizations 
Organizations focused on the 

advancement of community welfare, 
typically from a social standpoint 

Media 
Parties involved in mass communication 

including television, radio, newspapers, 

internet, and social media 

NGOs 
Non-governmental organizations that are 
not-for-profit and independent from 

governmental organizations 

General Public 
Stakeholders not associated with any 

particular organization or institution 
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Power was defined as the ability to directly influence decision-making. Stakeholders that 

were perceived to have the ability to directly influence decision-making were given a high power 

score (i.e. regulating agencies, investors, owners) while stakeholders without the power to 

directly influence decisions were given a low score (i.e. media, general public, community 

organizations).   

Table 4. Mendelow Matrix Quadrant Descriptions 

Quadrant Traditional 

Description 
Power Interest 

“Keep Satisfied” A stakeholders 
whose needs 

should be met and 

kept satisfied  

High Low 

“Manage Closely” A key stakeholder 
that should be 

engaged closely 

High High 

“Monitor” Least important 

stakeholder, 
minimal 

engagement effort 

should be exerted 

Low Low 

“Keep Informed” Stakeholder 
should be kept 

informed, but 

extra effort to 
engage should not 

be exerted 

Low High 

 
* The 12 categories of stakeholders are displayed on Mendelow’s Matrix, Figure 5.  

 

Traditional views dictate high power/high interest stakeholders should be fully engaged 

and efforts made to satisfy them. Conversely, stakeholders determined to have less power should 

not be prioritized in engagement efforts in order to best use resources. Such concepts, along with 

the aforementioned traditional stakeholder engagement models, reinforce the notion that only 

stakeholders with clout will benefit the decision-making process. 

Hence, there is a need for introducing high interest/low power stakeholders at the earliest 

stages of decision-making, such that they are empowered and able to gain influence that is 

analogous to their interest and determining the impact on project outcomes by doing so.  
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Figure 5. Power/Interest Grid of the 12 Categories of Stakeholders. 

 

3.2.3 Stakeholder Engagement Identification 
 

Literature suggests that utilizing a number of methods for engagement together is more 

effective by reinforcing knowledge through multiple channels and providing a broader base of 

information for stakeholders to rely upon (Loken, 2007). Further, organizations that are receptive 

to inquiries and requests from many stakeholders are able to increase their exposure and integrate 

greater ability to meet needs of others into their performance (Brower and Mahajan, 2013).  

Based on this information, it is valuable to organize engagement strategies into categories, 

with particular emphasis on strategies that are effective from a systems and engineering 

perspective.  
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Classic stakeholder engagement strategy model suggests that the majority of 

organizations rely upon three specific strategies for knowledge sharing and engagement: 

informing, responding, and involving (Grunig & Hunt, 1984). Recent literature has elaborated on 

the classic engagement strategy model by reviewing similar strategies for community engagement 

and named the three strategies: transactional, transitional, and transformational (Brown et. al, 

2010). This work will rely on the terminology from the more recent Brown study.  

Transactional engagement strategies reflect strategies that center around the organization 

providing information to the target audience in a one-directional manager. This is typically a top-

down approach to engagement in which the ultimate goal is to inform the audience with little 

emphasis on receiving feedback, gaining knowledge, or changing. The goal is to ensure that the 

stakeholder is aware of imminent actions. 

Transitional engagement strategies are two-directional in which there is a flow of 

communication between the organization and the target audience. However, transitional 

engagement refers to engagements where the flow of information is asymmetrical with an 

emphasis on top-down information transfer. These engagement strategies provide opportunities 

for stakeholders to ask questions, provide feedback, and respond to the information they are 

receiving but in a way that is not intended to be an ongoing dialogue between the organization 

and target audience.  

Transformational engagement strategies are the most dialogue-centric engagement 

strategies in which the organization and target audience are engaged in an ongoing dialogue to 

address decision-making. The ultimate objective of transformational engagements is involvement 

and participation by multiple parties, even allowing space for joint decision-making. This permits 

the organization the opportunity to transform and evolve.  

Literature recognizes five characteristics for successful stakeholder engagement strategies 

(Manetti, 2011), reflected in Table 5.  
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Table 5. Characteristics of Successful Stakeholder Engagement Strategies 

Characteristic Description 
Directness of communication Communication strategy is concise, clear, and 

targeted  
Clarity in stakeholder identification Stakeholders selected for engagement are relevant 

and necessary 
Deliberateness of collecting feedback Clearly set objectives and intended outcomes set for 

communication with stakeholders- encourage 

feedback to achieve these goals 
Broadness of stakeholder inclusiveness Engagement strategies are inclusive and broad-based 
Utilization of stakeholder engagement 

for learning 
Dispersion of knowledge is encouraged (i.e. sharing 

with other agencies, groups, organizations, etc.)  

 

3.2.4 PIE Model Development 
 

The PIE Model was developed to establish a mechanism for introducing broad and 

inclusive stakeholder engagement at the earliest stages of requirements elicitation as timing of 

stakeholder engagement in development has been under-researched (Yip, Phaal, & Probert, 

2014).  The objective of the model is to provide a tool that incorporates broad stakeholder 

involvement at the earliest stages of system decision-making to promote community participation 

and improve system resilience. This includes stakeholders that may not be technically familiar 

with urban water systems but have an interest for other reasons, such as being consumers or 

community organizations. The inclusion of non-domain experts in the requirements elicitation 

process is important in order to provide balance to the input from domain experts, who often 

overestimate their understanding of the requirements as opposed to their peers (Hadar, Soffer, & 

Kenzi, 2014; Reddiyari et. al, 2015). As the project matures into phases of designing, planning 

and implementation, stakeholder participation becomes increasingly limited to the relevant parties 

at that level. 

The PIE Model is named after the concept of Participatory Implementable Engineering 

and considers identified stakeholders, their role in the urban water system, and their relationships. 

The proposed PIE Model is comprised of three levels: Participation, Implementation, and 

Engineering (Exhibit 6). Other fields, such as healthcare, have demonstrated the value of 
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considering various stakeholder interests during discrete stages of work (Smith, Fischbacher, & 

Wilson, 2007).  

The model is visually depicted as a pyramid in order to illustrate the bottom-up approach 

the model is based off of, with the most broad-based engagement occurring at the bottom level of 

the model, which is also supported by the allocated weights at each stage. Engagement narrows as 

the efforts proceed from initial participation to the more technical and nuanced engineering 

stages, in which fewer stakeholders are useful and necessary.     

 

Figure 6. The PIE Model. 

 

The base stage of the pyramid (Level 1), Participation, is the most inclusive and includes 

all 12 categories of possible stakeholders. It is the base of the pyramid as it is the stage which 

provides the foundation for decision-making by taking an expansive approach to requirements 

elicitation. The second stage (Level 2), Implementation, includes engineering-centric 

implementation of the decisions made in the first stage and therefore, there is a narrowing of the 

stakeholders engaged. The final stage (Level 3), Engineering, provides the engineering and 

technical value of the work and is the top of the pyramid as it represents the culmination of all of 
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the engagement conducted in the previous levels.  

Level 1 - Participation: This earliest stage introduces project concepts and addresses 

community needs by promoting an inclusive process to gain broad community input and support. 

Decision-making at this stage includes all 12 categories of identified stakeholders.  

Level 2 - Implementation: This stage introduces technical contextualization to the project 

and promotes the collaborative relationships necessary to achieve the desired outcomes. 

Stakeholders at this stage include professional institutions, industry, technically relevant 

organizations, academia, and financially relevant institutions.   

Level 3 – Engineering: This is the most technical stage of the model and entails 

implementation and operation. Stakeholders at this stage become more specific and technically 

and financially relevant (e.g., engineers, economists, environmentalists, etc.). 

The PIE Index was developed based off of the stakeholder engagement resulting from 

application of the PIE Model to the case study cities presented in this work. Each discrete stage of 

the PIE model is comprised of n stakeholders. This work evaluated urban water systems based on 

how many categories of stakeholders they are able to incorporate at each stage of the proposed 

PIE model. The data is used to obtain an overall composite score for stakeholder engagement, 

called the PIE Index.  

A system is scored using a binary score for each stakeholder engaged during their 

respective stage, as outlined by the PIE model. The stakeholder is numerically assessed as 

engaged (X_ENG=1), or not engaged (X_ENG=0). Engagement was determined to be any 

process with the stakeholder that involved active communication, input, or involvement in 

decision making.   

There are an ultimate total of nT = 23 engagement opportunities in the PIE model, where:  

𝑛𝑡 =  𝑛𝑝 + 𝑛𝑖 + 𝑛𝑒       (1) 

np = 12 total opportunities for stakeholder engagement in the participation stage 
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ni = 7 total opportunities for stakeholder engagement in the implementation stage 

ne = 4 total opportunities for engagement in the engineering stage;  

Table 6. Stakes of Stakeholder Involvement According to PIE Model. 

Stage of Stakeholder Involvement 

According to PIE Model 
Stakeholder 

Participation 

Owner 

Project Manager & Designer 

Industry 

Regulating Agencies 

Investors 

Research-Based Industry 

Academia 

Professional Institutions 

Community Organizations 

Media 

NGOs  

General Public 

Implementation 

Owner 

Project Manager & Designer 

Industry 

Regulating Agencies 

Investors 

Research-Based Industry 

Academia 

Engineering 

Owner 

Project Manager & Designer 

Industry 

Regulating Agencies 

 
 

In order to obtain the PIE index, a weighted average of the system’s engagement efforts 

is calculated. The average is obtained by using the number of stakeholder engagement points a 

system achieves in a specific stage of the PIE model and dividing it by the total number of 

engagement opportunities at that stage (nT). As the greatest number of stakeholder engagement 

opportunities are found in the earliest stage of the PIE model, the earliest stage has the greatest 

weight.  

Weight of the participation stage = wp = np/nt  

Weight of the implementation stage = wi = ni/nt 
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Weight of the engineering stage = we = ne/nt 

The weights to be used in the calculations for each stage of the model are found in Table 

6:  

Table 7. PIE Model Weights. 

Stage of PIE Model Weight 
Participation 0.52 

Implementation 0.31 
Engineering 0.17 

 

The PIE index is calculated as:  

 
PIE = Pwp + Iwi + Ewe       (2) 

  

 
where: 

 

 𝑃 =  ∑𝑘=12
𝑘=1 𝑘𝑃  

1

𝑛𝑝
      (3)  

 

𝐼 =  ∑𝑘=7
𝑘=1 𝑘𝑖

1

𝑛𝑖
      (4) 

 

𝐸 =  ∑𝑘=4
𝑘=1 𝑘𝑝  

1

𝑛𝑒
      (5) 

 

 It should be noted that the maximum PIE Index score that can be achieved by a system 

is a cumulative score of 1, which the highest scores that can be achieved in the participation, 

implementation, and engineering stages being 0.52, 0.31, and 0.17, respectively.  

PIE Engagement Matrix Development 

 

In order to establish a mechanism for identifying leading and lagging indicators for urban 

water systems to improve decision-making and refine the requirements elicitation process, the 

PIE Engagement Matrix was developed and built off of the PIE Model. The objective of the 

matrix is to provide a tool that incorporates various engagement strategies with their impact on 

the system to promote improved system outcomes appropriate stakeholder engagement strategies.  

The PIE Engagement Matrix features six columns for organization input. The first 
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column is for input of the city name, stakeholder, or organization deemed relevant. The second 

column is for specifying at what phase of decision making the engagement occurred, pre-event, 

planning, implementation, or post-event. The third column is designated for specifying the 

category of stakeholders engaged. The fourth column is for the engagement approach, in which a 

category of transactional, transitional, or transformational is determined. The fifth column is for a 

more specific description of the engagement strategy utilized, which can include context-specific 

information. The sixth column determines the impact of the engagement strategy. 

Table 8. PIE Engagement Matrix 

City 
Engagement 

Approach 

Phase of 

Engagement 

Category of 

Stakeholders 

Engaged 

Engagement 

Tools 

Engagement 

Strategy 

Description 

Engagement 

Impact 
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Chapter 4: Case Studies 
 

This chapter presents the individual case study cities researched for this work. This work 

utilized eight case study cities across the United States of America. The case study method 

adopted in this work entailed an initial identification of the water source used by the urban water 

system, water distribution system in place, as well as a review of the governance structure in 

place, documented lead conditions, stakeholders engaged at the system decision-points, and the 

reported water quality data. The PIE Model was applied to all case study cities in order to 

quantify the stakeholder engagement process for each city. Cities were selected based on their 

concern with lead and analyzed based on factors including geographic location, governance, and 

financial stressors.  

4.1 Flint, Michigan 
 

Flint is a city located in Genesee County, Michigan along the Flint River in an area 

known as Mid Michigan. It has a population of approximately 125,000 people.  

In April 2014, Flint city and Michigan state officials temporarily switched Flint’s primary water 

source from Lake Huron to the Flint River, by switching from the Detroit Water and Sewerage 

Department (DWSD) and constructing their own pipeline to connect to the Karegnondi Water 

Authority (KWA). The decision was financially motivated, with City Council meeting minutes 

projecting a $200 million savings over 25 years (Kennedy, 2016). Finances were a critical 

component of Flint’s decision making and they appointed an emergency manager tasked with 

governing Flint and reducing their financial vulnerability.  

During the construction of the pipeline, planning and engineering efforts called for Flint 

to use the Flint River as an interim water source, which Flint had previously used for water up 

until 1967, when it switched to DWSD. This decision led to the highly corrosive Flint River water 

being treated with an insufficient amount of corrosive inhibitors, and the Flint community was 

ultimately exposed to elevated levels of lead and other contaminants (Kennedy, 2016).  The 90th 
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percentile lead level was found to be 25.2 ppb, exceeding the regulatory limits of 15 ppb 

(flintwaterstudy.org, 2016).    

As a result, a task force, Flint Water Task Force (FWTF), was commissioned to evaluate 

the lead situation in Flint and identify possible causes of the issue and propose solutions. The 

Task Force found that the majority of decisions in Flint were made by a few higher authority 

officials, as a result of Flint’s governance structure and financial state, which created a dynamic 

where few officials were responsible for decision-making (Kennedy, 2016). Although 

stakeholders from the general public sector had voiced concerns after Flint’s water source change, 

indicating displeasing changes in taste, smell, and color, they did not have appropriate avenues 

for engagement. After it was realized in 2015, that Flint had a lead crisis and that citizens had 

been impacted by the contaminated water, community participation was made a priority and the 

EPA committed to meet with stakeholders to obtain their feedback on the crisis and include them 

in decision making (Fonger, 2016). The EPA issued an administrative emergency order including 

requirements and deadlines for Flint to achieve water system improvements (Fonger, 2016).    

Since then, Flint has implemented a FAST Start initiative to replace service lines with a 

target of replacing all lead service lines for Flint residents by 2020, and construction of a new 

water treatment plant (Fleming and Rahal, 2017). 

4.2 Lansing, Michigan 
 

Lansing is the capital city of the state of Michigan, mostly located in Ingham County, 

with a population of approximately 115,000. The city draws its water from the Saginaw Aquifer 

and is treated by two water plants. Lansing’s water budget and decision making is controlled by 

both the city and its residents.  The primary decision making agency regarding water decisions in 

Lansing is the Lansing Board of Water and Light (BWL), a publicly owned utility that manages 

light and water.  
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The BWL Board of Commissions is primarily comprised of Lansing residents and 

community members. They are required to meet periodically with stakeholders to discuss the 

quality of utilities, including water and light. The meetings and times are disseminated on the 

BWL website and the general public is encouraged to attend in order to increase participation of 

stakeholders in decisions that affect them.  

Lansing utilized corrosion inhibitors to treat its lead service lines. Water that passed 

through all of the lead service lines was tested multiple times daily and results did not pose a 

hazard to customers (Lacy, 2016). However, in 2004, Lansing collectively committed to replacing 

all lead service lines in the city in a decision that was motivated by community recognition of the 

dangers of keeping lead service lines in place, particularly after historic lead disasters in 

Washington D.C. (Clark, 2016).  

In response to community concern, a safe drinking water task force comprised of 

Michigan State professors and other experts to examine local water quality was formed. The 

result was a 10-year plan to replace all 14,000 pipes in the city for $42 million USD. Although 

the commitment to lead service line replacement came shortly before Lansing experienced severe 

financial stress, the decision to progress with the project was unchanged (Clark, 2016).  

Traditional lead service line replacement entails digging trenches and ultimately 

disrupting sidewalks and streets. However, as a result of broad stakeholder engagement that 

included engineers in the city, Lansing created a new tool to streamline the process and make it 

more efficient. By cutting a square at either end of the line (one to expose the water main and one 

to expose the service box), the old lead pipe can be threaded out and replaced with the new 

copper pipe (Clark, 2016). The innovative technique saves time, money, and inconvenience. 

When lead service line removal first started, the cost per line was about $9,000, which was 

reduced to $3,600 because of the more efficient technique (Lacy, 2016).      
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4.3 Madison, Wisconsin 
 

Madison is the capital city of the state of Wisconsin located in Dane County. It has a 

population of approximately 253,000. The city draws its water from a sandstone aquifer. The 

water distribution system is comprised of 22 wells, 30 reservoirs, and 840 miles of interconnected 

pipes. The water system is run by the Madison Water Utility, a public water system that is owned 

by the City. 

The Madison Water Utility is governed by the Water Utility Board, which is comprised 

of members that are appointed by the mayor. Both operations and infrastructure projects are 

funded by water rates set by the Public Service Commission, rather than taxes.  

In 2001, a decision was made to replace all lead pipes in order to avoid water 

contamination. Although Madison had started phasing out lead pipes and using copper for new 

piping in the 1920s, the majority of piping in downtown Madison and other older parts of the city 

were still lead and had not been replaced.  

The water utility in Madison had noticed that several water samples from the city’s water 

were exhibiting higher levels of lead than permitted by EPA’s lead and copper rule. The readings 

had been measured at 16 parts per billion, one part per billion over the 15 parts per billion EPA 

requirement, causing concern (Fears and Dennis, 2016).  

A local chemical engineer was tasked with water testing after treating the water with 

phosphate as recommended by authorities, but found that phosphates as well as other additives 

not only did not eliminate the lead readings but also caused concerns regarding algae and weeds 

in the local lakes because of water runoff and nutrient buildup (Corley, 2016).  

As a result, a decision was made to replace the lead piping, which was met with 

significant cost concerns from homeowners. Concerns stemmed primarily from the fact that water 

utilities are only legally required to pay for half of the water service line that runs from the city’s 

water main to the property line. Yet city officials wanted the entire lead service line to be 

replaced as research has shown that only partial removal of the lead service line would not 
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improve lead levels in water significantly. Furthermore, the city’s decision making weighed the 

repeated costs of regularly adding chemicals to the water system with the anticipated one-time 

investment of replacing the lead service line and deemed the replacement to be a financially 

advantageous decision for the city (Schmidt, 2016).     

However, in order to garner broader support and obtain decision-making alignment, the 

city developed significant community engagement efforts and obtain approval from regulators 

and lawmakers. Ultimately, the city decided to reimburse half of the cost of replacing lead service 

lines for homeowners as a means of incentivizing the replacement strategy. As a result, the city of 

Madison spent $15.5 million dollars over a period of 11 years to remove their 8,000 lead pipes 

(Corley, 2016).  

4.4 Milwaukee, Wisconsin 
 

The City of Milwaukee is the largest city in the state of Wisconsin with a population of 

more than 600,000 people. The source of Milwaukee’s water is Lake Michigan, the third largest 

lake of the five Great Lakes.   

The water is governed by the Milwaukee Water Works, a publicly owned utility whose 

policy is set by the Mayor and Common Council. It is regulated by the Environmental Protection 

Agency (EPA) and the Wisconsin Department of Natural Resources (DNR) for facilities, 

operations, and water quality. The Public Service Commission of Wisconsin (PSC) regulates the 

rates and accounting.  

Up until 1948, the City of Milwaukee required the use of lead service lines. It was not 

until 1962 that lead service lines were banned. As a result, the City has more than 70,000 lead 

service lines. In 2016, drinking water tests found elevated lead levels in 183 Milwaukee Public 

Schools drinking water fountains, including at early childhood program sites. As a result, the City 

committed to lowering lead in drinking water in 2016.     

The approach consisted of a plan to replace lead service lines by committing $6.8 million 
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in 2017 to replace the lead service lines at 300 day care centers and private schools and wells as 

300 leaking or failed residential lines (Lombardo, 2017). An additional half of a million dollars 

was budgeted for related costs. The funding was allocated by the Milwaukee Water Works 

customer revenue, the state Department of Natural Resources, and private property owners.  

However, this is only a fraction of the estimated costs for replacing all lead service lines, 

which is estimated to cost a total ranging between $511 million and $756 million. At this rate, it 

is estimated that it would take the City of Milwaukee more than 100 years to replace all of the 

necessary lead service lines (Lombardo, 2017). The city has also incorporated a system of 

replacing the entire lead service line, rather than only the city’s portion as research has shown that 

lead levels can still remain high when only part of the pipe is replaced.  

The city distributed free water filters to low-income residents of homes with lead service 

lines in 2016, but the supply was quite limited and they were only able to distribute filters for a 

short period of time (Lombardo, 2017). Milwaukee Water Works expanded upon the efforts to 

include outreach that notified all customers with lead service lines how to minimize the lead in 

their water. The utility also introduced a tool on their website that allows residents to track which 

buildings are still served by lead lines, so they have an understanding of which areas have yet to 

be replaced and are at risk (Gordon, 2017).  

After engagement and outreach efforts with the community, who felt the city should 

prioritize lead service line replacement and protection from lead exposure until all service lines 

could be replaced, a Water Quality Task Force was appointed and unanimously approved a report 

of recommendations to minimize exposure. These recommendations include potentially 

implementing laws that make testing of all schools and day care centers mandatory, a public 

health campaign to provide annual testing for blood levels, and establishing an annual review 

process before the Common Council (Spicuzza, 2017).   
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4.5 Buffalo, New York 
 

Buffalo is a large city in Western New York with a population of approximately 1.13 

million people. All of the water used by Buffalo comes from Lake Erie, the most southern of the 

Great Lakes (Buffalo Water, 2017).  

In recent years, Buffalo has been identified as having one of the largest lead poisoning 

problems in Upstate New York, with hundreds of children being diagnosed with lead poisoning, 

particularly in minority neighborhoods of the East and Lower West sides (Ciotta, 2016).  

Although the primary source of the lead poisoning that was detected in children was 

identified as coming from lead paint in old homes, aging drinking water infrastructure has also 

been a source of concern regarding lead water service lines. In 2016, published media reports 

investigated Buffalo’s water testing procedures. Records for sampling conducted in the years of 

2002, 2005, 2008, 2011, and 2014 found that Buffalo’s testing program concentrated testing on 

areas that were less likely to have lead problems in the water, such as newer developments that 

were less likely to have lead service lines, rather than the more vulnerable homes and areas of the 

city (Telvock, 2016a).  

Only five of the city’s 300 reported collected samples were homes located in at-risk zip 

codes, in the East side with predominantly minority inhabitants of lower socio-economic 

background living in older homes. Contrastingly, 41 of the 300 samples collected were from 

predominantly white neighborhoods in North Buffalo where inhabitants are wealthier and lived in 

newer homes and also included homes belonging to city employees and their relatives (Telvock, 

2016 a).  

Additional concerns centered on the fact that the Eerie County Health Department did not 

prioritize drinking water testing for lead in homes where children had been identified as having 

blood lead levels and had not communicated the locations of existing lead service lines to 

community members, per federal recommendations. An example was that although more than 

20% of children diagnosed with elevated blood lead levels during the years of 2013-2016 were 
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was from zip code area 14211, no recorded sampling was conducted there. On the contrary, 

nearly half of the samples came from only five zip codes, which cumulatively represented 2.5% 

of the reported lead poisoning cases in children (Telvock, 2016  a).  

 Buffalo indicated that all residents have the ability to voluntarily participate in the city’s 

sampling program, for which reminders are placed in ratepayer’s bills. However, the sampling 

program is structured such that program fliers do not reach tenants whose water bills are paid for 

by their landlords, which can disproportionately impact lower-income neighborhoods that 

typically have a higher percentage of renters.  

Current federal law requires that at least half of sampled homes be identified as at-risk, 

every house sampled have lead plumbing, and at least half of homes sampled have full lead 

service lines that run all the way from the street into homes (instead of a partial lead service line). 

However, only 45% of reported sampled homes in 2014 could be verified as having lead service 

lines (Telvock, 2016 b).   

In efforts to increase transparency, the EPA instructed all utilities in February 2016 to 

publicly post updated records lead service line locations and plumbing within homes. However, 

many of the city’s records have not been publicly posted and are more than 100 years old, 

providing significant opportunity for inaccuracies in identifying homes with lead service lines due 

to unrecorded changes (Telvock, 2016 a).  

Additional concerns regarding water testing procedures centered on instructions to 

residents to implement testing measures that reduce the quantities of lead detected in water during 

sampling. These measures include flushing faucets prior to testing, running water slowly while 

collecting samples, and cleaning filter screens inside of faucets- all measures intended to prevent 

lead particles from coming off of the pipes and into the water. Buffalo has since changed 

sampling instructions to be line with EPA guidance (Milman & Glenza, 2016).   

 



40 
 

4.6 Columbus, Ohio 
 

The city of Columbus is the capital of the state of Ohio with a population slightly larger 

than 860,000 people. The City of Columbus relies on three sources of water, which include 

ground water from the Scioto River Valley and surface waters from the Scioto River and the Big 

Walnut Creek (City of Columbus, 2017c).  

The City of Columbus’ Department of Public Utilities has a Division of Water that is 

responsible for water treatment and distribution through the three water treatment plants, 

maintenance of the water distribution system and related infrastructure, water source protection 

programs, regulatory compliance, and water monitoring. Additionally, the Division also oversees 

the capital improvements program, which is often used by municipalities to allocate funding 

towards significant local infrastructure improvement initiatives, including water systems.  

Columbus has not had historical issues with lead contamination. However, prompted by 

contamination issues in other cities, the City of Columbus’ Department of Public Utilities 

launched an interactive map allowing Columbus residents specifically, and any other interested 

users to find out which areas of the city still have homes connected to the water distribution 

network with lead service lines (Rouan, 2017).  The maps meet the requirements of state 

legislation that requires all public water system operators to provide maps to the Ohio 

Environmental Protection Agency (OEPA) showing the location of lead service lines. The Ohio 

law requires water systems in the state to also provide information about buildings within the 

system that may contain lead fixtures and piping. The legislation was prompted by coordinated 

efforts to ensure that lead testing was properly done in areas that actually have lead service lines 

(Ohio Environmental Protection Agency, 2016).  

However, Columbus’ Department of Public Utilities decided to develop an interactive 

map. The ARC-GIS based map has an opening notification screen that provides information to 

the public about which buildings in the state of Ohio are more susceptible to leaching lead into 

the drinking water system. Additionally, the site has a search function that allows users to search 
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for specific addresses and a zoom-in function to focus in on different areas of interest (City of 

Columbus, 2017a).  

The map uses blue dots to indicate the location of publicly owned lead service lines and 

red dots to indicate locations where the publicly owned lead service line has either been removed 

or is no longer in use. Users of the map can click on the dots and additional details will be 

provided, such as the diameter of the pipe and lead service details (City of Columbus, 2017b).  

In efforts to maintain timely communication with the community, Ohio EPA is one of the 

only states to post water advisories online. Additionally, a bill has been proposed that the public 

would have to be notified of lead contamination within fifteen days. Furthermore, plans to resolve 

observed contamination would need to be submitted within six months, a drastic reduction from 

standard timeframes (Pohlman, 2016).   

 Of the 50 tested sites, none exceeded the EPA’s threshold for action. As a result of the 

low lead levels, testing is only required every three years as opposed to once or twice a year, like 

other communities (Rouan, 2017).  

4.7 Philadelphia, Pennsylvania 
 

Philadelphia is the largest city in the state of Pennsylvania and one of the largest cities in 

the United States with a population slightly larger than 1.5 million people.  The drinking water 

sources are the Delaware and Schuylkill rivers, which are surface waters rather than groundwater.  

Drinking water, wastewater, and stormwater services are all provided by the Philadelphia 

Water Department (PWD). The Department handles the management, operations, maintenance, 

and future planning of the physical infrastructure as well as treatment to provide safe water. In 

fact, Philadelphia was the first city in the United States to provide water as a public utility, a 

decision that was the result of community and public pressure. The centralized, city-wide water 

distribution system also incorporated then-new technologies such as using hydropower for pumps 

and installing centralized disinfection systems (Kramek & Loh, 2007).  
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More recently, Philadelphia was identified as a city with poor water testing practices, not 

in line with EPA guidance. The city was determined to ask testers to pre-flush their pipes, remove 

aerators (small filters that can be screwed onto a faucet head and deliver a mixture of air and 

water), and slowly pour water into sample bottles- all practices that can make lead levels appear 

lower than they are in actuality (USEPA, 2017).  

 In accordance with testing requirements, cities must test 50 homes determined to have 

lead service lines. Despite this, Philadelphia was found to have tested less than the required 50 

homes in the city’s last three testing cycles due to difficulties in enrolling residents in the testing 

program. Philadelphia’s water quality testing is conducted based on volunteers who opt to 

participate in testing procedures (Newhouse, 2016).  

However, letters sent to residents to solicit volunteers to have their water tested did not 

include any mention of the harmful effects of lead contamination in water. Residents claimed that 

the lack of engagement and communication dissuaded them from participating in the program as 

they did not understand the negative health consequences of the presence of lead in their water.  

Additionally, it was found that the city did not include high-risk homes in determined testing 

plans. The USEPA sent a letter to the PWD warning them to change the procedures for lead 

testing and to follow current guidelines and requested confirmation from the city of a plan to 

adjust sampling protocol (Glenza, 2016b).     

In response, a class action lawsuit was filed in 2016 accusing the city of failing to 

properly engage and inform the public of the dangers of increased lead exposure. The citizen-led, 

Philly Unleaded Project was organized to provide testing in hundreds of homes of vulnerable 

neighborhoods (Glenza, 2016b). Coupled with heightened public concern and community 

activism, the city announced that it would revise its water testing strategy. The city would no 

longer ask residents to pre-flush (asking residents to run their water for a few minutes before 

collecting water samples) or to remove their aerators before testing. The city also indicated that 

testing would be expanded to include more homes with lead fixtures and piping (Glenza, 2016 a). 
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Additionally, the city introduced three bills to improve lead testing practices and water 

safety measures. Of the three bills, two have a particular focus on lead testing for children and 

schools and require that all publicly-funded education institutions actually meet a lower standard 

of 10 ppb rather than the regulated 15 ppb. Child care centers are also required to be certified as 

being “lead safe” before being able to obtain a license from the Department of Licenses and 

Inspections. The third bill is an update to the existing Lead Paint Disclosure and Certification 

Law, requiring the disclosure of lead water service lines to renters and property purchasers 

(Philadelphia City Council, 2016).  

4.8 Washington, D.C. 
 

Washington, D.C. is the capital of the United States with an approximate population of 

681,170 people. Washington, D.C. purchases its drinking water from the Washington Aqueduct, 

which obtains water from the Potomac River.  

The D.C. Water and Sewer Authority (DC Water) is responsible for providing District 

customers with drinking water, wastewater collection services, wastewater treatment, and 

maintenance of fire hydrants.  

It is governed by a Board of Directors that consist of 11 principal members and 11 

alternates. Six of the 11 principal members are representatives from the District of Columbia, 

with two representatives each from Montgomery County, Prince George’s County, and Fairfax 

County. The remaining five members represent surrounding jurisdictions. All members are 

appointed by the Washington D.C. Mayor and confirmed by the Washington D.C. Council. All 

policy matters must receive a favorable vote by at least six members of the Board of Directors 

before any action can be taken (D.C. Water, 2017).    

To more accurately reflect the effect of Washington D.C.’s stakeholder engagement and 

its implications on water quality over a prolonged period of time, system events have been 

characterized into three discrete phases for a more detailed analysis and application of the PIE 
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Model.  

4.8.1 Phase I: 2001-2004 

 

In 2001, lead contamination was first publicly declared to be a public health concern 

during local testing of homes in the area. Of the 53 homes tested with lead service lines, more 

than half of them had water samples with observed lead levels exceeding the national standard of 

15 parts per billion (ppb). This was likely attributable to the fact that the majority of homes in the 

area had lead service lines from installations dating as far back as the early 1950s.  

Testing was subsequently conducted in 2002 for a year-long period, during which D.C. 

Water determined that homes within their service area with lead service lines had five times the 

EPA regulatory limit for lead. It was suggested that drought conditions during that year 

exacerbated the conditions by raising the alkalinity and changing the pH of the water from the 

Potomac River. As a result, D.C. Water was required to replace seven percent of the 23,000 lead 

service lines each year until observed levels had dropped below 0.015 milligrams per liter.    

In 2003, Dr. Marc Edwards (Virginia Tech) tested for lead in a home and observed a lead 

reading of 1,250 ppb. The level obtained in the reading required that D.C. Water conduct a 

broader testing of water quality, which indicated that approximately 
2

3
 of the 6,118 homes tested 

had lead levels that exceeded regulatory levels. Furthermore, 2,287 samples had samples 

exceeding 50 ppb and 157 homes exceeded 300 ppb. 

However, D.C. Water did not notify customers within their service area of their potential 

exposure to lead until the end of 2003. Even the Washington D.C. Mayor and members of the 

D.C. Council were uninformed about the high lead levels. A water quality manager informed 

superiors at D.C. Water and the EPA about the lead levels, but her job was terminated by the 

agency. A federal investigation later found that the employee had been improperly terminated.  

As a result of the elevated levels observed during sampling, federal regulations required 

D.C. Water to include a written warning in the water bills of all customers that could potentially 
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be impacted by the observed lead levels that stated, “Some homes in this community have 

elevated lead levels in their drinking water. Lead can pose a significant risk to your health.” 

However, D.C. Water omitted crucial phrasing to minimize the seriousness and did not refer to 

drinking water in the statement. The EPA later determined that the omissions were not only 

insufficient in communicating risks to the community, but violated federal law.  

Federal law also required D.C. Water to host public meetings so community members 

could discuss the lead levels and necessary actions for their safety within a forum and provide 

avenues for engagement. However, the meetings were misleadingly advertised as pertaining to 

D.C. Water’s Safe Drinking Water Act projects and never mentioned lead, significantly 

impacting public interest as well as participation. 

4.8.2 Phase II: 2005-2006 

 

As a result of the D.C. Water public lead crisis, the USEPA proposed modifications to the 

Lead and Copper Rule and provide more stringent regulations. The changes included 

requirements of communicating water quality results to homeowners and including state and 

federal regulators in any decisions to change water treatment methods (Leonnig, 2005). During 

this period, the USEPA also maintained active oversight over D.C. Water monitoring lead levels 

and requiring a submittal of 100 samples every six months, double the number of samples that are 

traditionally required (Nakamura, 2006).  

D.C. Water also continued to replace lead service lines of customers and funded a 

voluntary blood-lead-level screening to identify public health impacts from the elevated lead 

levels. Additionally, orthophosphate treatments were implemented to reduce lead levels and 

chloramines would be used to maintain stability of water chemistry. Analysis of samples showed 

continuous declines in observed lead levels (Cohn, 2005).   
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4.8.3 Phase III: 2006-2017 

 
Currently, a variety of stakeholders are directly involved in the process of improving 

D.C.’s water supply, with specific efforts focused on engaging stakeholders earlier in system 

decision-making. Community outreach services and education efforts include the ability to 

request an expert speaker from D.C. Water’s Speakers Bureau or a D.C. employee to come teach 

students in the classroom or at community events.  As of 2017, D.C. Water reports found that the 

lead levels in their service area were well below the EPA Lead Action Level of 15 parts per 

billion (ppb). 

D.C. Water also implemented an interactive service line map allowing customers to see 

whether a property has a lead service line. Pipe material data for service lines was collected based 

on permit records, main tap records, meter records, and maintenance, repair and replacement 

work. The type of pipe material by the sections of the service line in public space and the private 

portion from the property line to the building has also been recorded and integrated into the map.  

The website features a section called “Help us update our records” that provides citizens 

with opportunities for early engagement and participation by assisting in identifying lead piping. 

If a property is listed as “unknown,” the pipe coming into the property can be examined to 

determine  whether it is made of copper, lead, or galvanized iron using the “Guide to Identifying 

Household Plumbing” to determine service line material. Customers can take a photo of their pipe 

where it enters their home and e-mail it to be included in record updates (Rives, 2016). Another 

section includes a schematic to help people understand water service pipes using simplified 

representations of private property piping, public space piping, and the point of entry. Steps are 

also included to provide guidance on how to minimize potential lead exposure until all sources of 

lead have been removed.  

D.C. Water now replaces lead service pipes during construction projects and in 

coordination with individual property owners in addition to also providing all residents with free 

sampling kits so that they can take their own lead measurements. Test results are provided within 
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four-six weeks of receiving the samples from residents. If any levels are observed to be above the 

EPA actionable limit, residents are immediately notified. Residents can observe trends in their 

lead measurements as all of their previous data is accessible within their personalized online 

accounts (D.C. Water, 2017). 

Additionally, legislative changes increase transparency and opportunities for community 

engagement. In 2017, the Childhood Lead Exposure Prevention Amendment Act of 2017 was 

introduced which requires all public schools, public charter schools, and parks and recreation 

facilities, to mark all drinking and cooking water sources with unique bar codes, install filters to 

reduce lead at each of the sources, and publish all of the sources and their results online. The 

results of water quality testing at these sources and any necessary actions are shared with all 

parents and families. Additionally, specific testing dates at schools are posted online in a 

document called the “Annual Water Testing Schedule for DC Public Schools” (District of 

Columbia Public Schools, 2017a). If a source tests above 5 ppb, it is required to be immediately 

removed from service and can not be returned to operation until results show a reading less than 5 

ppb. The requirement of 5 ppb is the standard with which the Food and Drug Administration 

(FDA) regulates bottled water and is less than the 15 ppb actionable limit enforced by the USEPA 

(District of Columbia Public Schools, 2017b).    
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Chapter 5: Results and Discussion 
 

This chapter presents the data obtained from this study and discussion of the various 

factors studied and how the observed stakeholder engagement of the case study cities influenced 

urban water system resilience.  

5.1 PIE Index  
 

Stakeholder engagement at the three stages of decision making (planning, 

implementation, and engineering) was quantified for each case study city (Appendices A-M). A 

summary of the total stakeholder engagement is presented in Tables 9-15.  

Table 9. Stakeholder Engagement: Flint, Michigan. 

 Flint, Michigan 

Planning 3 

Implementation 3 
Engineering 3 

Total 9 
 

Table 10. Stakeholder Engagement: Lansing, Michigan. 

 Lansing, Michigan 

Planning 10 

Implementation 5 
Engineering 3 

Total 18 
 

Table 11. Stakeholder Engagement: Madison, Wisconsin. 

 Madison, Wisconsin 

Planning 8 

Implementation 4 
Engineering 4 

Total 16 
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Table 12. Stakeholder Engagement: Milwaukee, Wisconsin. 

 Milwaukee, Wisconsin 

Planning 10 

Implementation 3 
Engineering 4 

Total 17 
 

Table 13. Stakeholder Engagement: Buffalo, New York. 

 Buffalo, New York 

Planning 6 

Implementation 5 
Engineering 3 

Total 14 
 

Table 14. Stakeholder Engagement: Columbus, Ohio. 

 Columbus, Ohio 

Planning 8 

Implementation 5 
Engineering 4 

Total 17 
 

Table 15. Stakeholder Engagement: Philadelphia, Pennsylvania. 

 Philadelphia, Pennsylvania 

Planning 5 

Implementation 3 
Engineering 3 

Total 11 

 

To more accurately reflect the effect of Washington D.C.’s stakeholder engagement and 

its implications on water quality over a prolonged period of time, the PIE Model was applied to 

years 2002-2004 of Phase I, the year 2005 of Phase II and the year 2016 of Phase III. A summary 

of the total stakeholder engagement for Washington D.C. is presented in tables 16-19.  
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Table 16. Stakeholder Engagement: Washington, D.C., 2002. 

 
Washington, D.C. 

2002 

Planning 3 

Implementation 2 
Engineering 2 

Total 7 
 

Table 17. Stakeholder Engagement: Washington, D.C., 2003. 

 
Washington, D.C.  

2003 

Planning 3 

Implementation 2 
Engineering 2 

Total 7 
 

Table 18. Stakeholder Engagement: Washington, D.C., 2004. 

 
Washington, D.C.  

2004 

Planning 4 

Implementation 2 
Engineering 2 

Total 8 
Table 19. Stakeholder Engagement: Washington, D.C., 2005. 

 
Washington, D.C.  

2005 

Planning 8 

Implementation 5 
Engineering 4 

Total 17 
 

Table 20. Stakeholder Engagement: Washington, D.C., 2016. 

 
Washington, D.C.  

2016 

Planning 10 

Implementation 5 
Engineering 4 

Total 19 
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The range of the observed stakeholder engagement values was 10, with the lowest 

observed value being 9 (Flint, Michigan) and the largest observed value being 19 (Washington, 

D.C.e). The greatest difference between case study cities was observed in the Planning stage with 

an observed range of 6, while the Engineering stage had an observed range of 1.   

Using equation 2, the PIE Index was obtained for the case study cities and the results are 

presented in Table 19 and Figure 7. The observed range in PIE Index was 0.43, and ranged from 

0.39 (Flint, Michigan) to 0.82 (Washington, D.C.e).  Five of the case study city measurements had 

a PIE index below 0.50 while seven of the case study city measurements had a PIE index above 

0.50. 

Table 21. PIE Index for Case Study Cities. 

Case Study City PIE Index 

Flint, MI 0.39 

Lansing, MI 0.78 

Madison, WI 0.69 

Milwaukee, WI 0.74 

Buffalo, NY 0.61 

Columbus, Ohio 0.74 

Philadelphia, PA 0.48 

Washington D.C.a 0.30 

Washington D.C.b 0.30 

Washington D.C.c 0.35 

Washington D.C.d 0.74 

Washington, D.C.e 0.82 
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Figure 7. PIE Index for Case Study Cities. 

 

In the case of Washington, D.C., the PIE Index was determined over a period of time in 

order to observe changes in a single urban water system as decision-making evolves. After the 

lead crisis in 2002-2004, additional stakeholders began to be engaged and the PIE Index was 

found to increase significantly (Figure 8).   

 

Figure 8. PIE Index: Washington, D.C. 

Based on the PIE Index for all of the case study cities, it was observed that the most 
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commonly engaged stakeholders were the Owners for all three stages (Planning, Implementation, 

and Engineering) of the PIE Model. In the Planning stage, the least engaged stakeholders were 

observed to be the stakeholder category of research-based academia. In the Implementation stage, 

the least engaged stakeholders were observed to be the stakeholder category of research-based 

industry. In the Engineering stage, the least engaged stakeholders were observed to be the 

stakeholder category of investors. The frequency of engagement for each stakeholder for each 

stage of the PIE Model is presented in Figures 9-11. 

 

Figure 9. Engagement Frequency of Stakeholder Categories: Planning Phase. 
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Figure 10. Frequency of Stakeholder Categories: Implementation Phase.  
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Figure 11. Engagement Frequency of Stakeholder Categories: Engineering Phase. 

 

5.2 Lead Data  
 

This study investigated the impact of stakeholder engagement on urban water system 

resilience, using lead as a resilience parameter due to its significant system disruption, severe 

public health impact, and relevance in contemporary engineering management and public health 

discourse. The PIE Index for the respective case study cities was correlated with published lead 

data from each city. Lead data is typically presented in terms of the 90 th percentile of measured 

samples and the number of samples that exceed the USEPA actionable limit of 15 ppb.  This data 

is presented in Tables 23-34.  
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Table 23. Lead Data: Flint, Michigan. 

Urban Water System Resilience Metric: Lead Flint, Michigan 

Water Quality: Lead (ppb) (9 out of 10 homes tested below)** 25.2 

Water Quality: Lead (number of samples above action level) 37 

 

Table 24. Lead Data: Lansing, Michigan. 

Urban Water System Resilience Metric: Lead Lansing, Michigan 

Water Quality: Lead (ppb) (9 out of 10 homes tested below)** 7.8 

Water Quality: Lead (number of samples above action level) 2 
 

Table 25. Lead Data: Madison, Wisconsin. 

Urban Water System Resilience Metric: Lead Madison, Wisconsin 

Water Quality: Lead (ppb) (9 out of 10 homes tested below)** 3.5 

Water Quality: Lead (number of samples above action level) 0 
 

Table 26. Lead Data: Milwaukee, Wisconsin. 

Urban Water System Resilience Metric: Lead Milwaukee, Wisconsin 

Water Quality: Lead (ppb) (9 out of 10 homes tested below)** 8.2 

Water Quality: Lead (number of samples above action level) Not published 
 

Table 27. Lead Data: Buffalo, New York. 

Urban Water System Resilience Metric: Lead Buffalo, New York 

Water Quality: Lead (ppb) (9 out of 10 homes tested below)** 5 

Water Quality: Lead (number of samples above action level) 12 
 

Table 28. Lead Data: Columbus, Ohio. 

Urban Water System Resilience Metric: Lead Columbus, Ohio 

Water Quality: Lead (ppb) (9 out of 10 homes tested below)** 1 

Water Quality: Lead (number of samples above action level) 0 
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Table 29. Lead Data: Philadelphia, Pennsylvania. 

Urban Water System Resilience Metric: Lead 
Philadelphia, 

Pennsylvania 

Water Quality: Lead (ppb) (9 out of 10 homes tested below)** 5 

Water Quality: Lead (number of samples above action level) 7 
 

Table 30. Lead Data: Washington, D.C.a 

Urban Water System Resilience Metric: Lead Washington, D.C.a 

Water Quality: Lead (ppb) (9 out of 10 homes tested below)** 49 

Water Quality: Lead (number of samples above action level) 26 
 

Table 31. Lead Data: Washington, D.C.b. 

Urban Water System Resilience Metric: Lead Washington, D.C.b 

Water Quality: Lead (ppb) (9 out of 10 homes tested below)** 63 

Water Quality: Lead (number of samples above action level) 35 
 

Table 32. Lead Data: Washington, D.C.c. 

Urban Water System Resilience Metric: Lead Washington, D.C.c 

Water Quality: Lead (ppb) (9 out of 10 homes tested below)** 59 

Water Quality: Lead (number of samples above action level) 74 
 

Table 33. Lead Data: Washington, D.C.d. 

Urban Water System Resilience Metric: Lead Washington, D.C.d 

Water Quality: Lead (ppb) (9 out of 10 homes tested below)** 9 

Water Quality: Lead (number of samples above action level) 15 
 

Table 34. Lead Data: Washington, D.C.e. 

Urban Water System Resilience Metric: Lead Washington, D.C.e 

Water Quality: Lead (ppb) (9 out of 10 homes tested below)** 3 

Water Quality: Lead (number of samples above action level) 1 
 

Of all of the case studies, Washington, D.C. was observed to have the highest observed 

90th percentile of lead (ppb) during the years 2002-2004 with Flint having the second observed 

highest value of 90th percentile of lead data. Of the case study cities, only Flint and Washington, 



58 
 

D.C. had 90th percentile data that exceeded the USEPA actionable level of 15 ppb.   

 

 

Figure 12. Observed 90th Percentile of Lead Data for the Case Study Cities. 

 

However, all of the case study cities exhibited samples that measured above the USEPA 

actionable level of 15 ppb, except for Madison, Wisconsin and Columbus, Ohio. Milwaukee, 

Wisconsin was not included in this analysis because their utility does not publish this data in their 

water quality report. Washington, D.C. (2004) exhibited the greatest number of samples above 

the USEPA actionable level and Flint, Michigan was the second highest.   

 



59 
 

 

Figure 13. Measured Samples that Exceeded USEPA Actionable Lead Target. 

 

To examine the implication of stakeholder engagement on urban water system resilience 

related to water quality decision making, lead contamination was identified as a resilience 

parameter of urban drinking water systems due to its significant system disruption, severe public 

health impact, and current prominence in water management and public health discourse. PIE 

Model values were correlated with published lead data from the respective case study cities. The 

90th percentile of observed lead was the parameter used for this analysis as it is the measurement 

used by utilities in order to meet USEPA standards (Figure 14).  
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Figure 14. PIE Index vs. 90th Percentile of Observed Lead. 

 
A similar correlation is observed when analyzing Washington, D.C (Figure 15). The two 

data points with a PIE index over 0.50 correlate to the two lead measurements that were below 

the USEPA actionable limit. They represent D.C. Water’s shift in decision making to focus 

efforts on engaging stakeholders and prioritizing community awareness.  

 
Figure 15. PIE Index vs. 90th Percentile of Observed Lead: Washington, D.C. 

The correlation between the PIE Index and urban water system resilience was found to 
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exhibit a logarithmic regression (eq. 6).  

y = -53.41ln(x) - 12.815    (Equation 6)  

where x is the PIE Index determined through stakeholder engagement and y is the resilience 

parameter of lead contamination. This regression has a coefficient of determination of 0.80.  

5.3 PIE Engagement Matrix Application 

 
The PIE Engagement Matrix was applied to seven case study cities investigated in this 

work to identify impact of their engagement strategies. An engagement matrix for each case study 

city is presented in Tables 35-41. Engagement strategy impact was evaluated using a quantitative 

discrete scale of k = 1, 2, or 3 where k correlates to the impact of the engagement strategy. A 

designation of k = 1 is determined to be a low impact engagement and a designation of k =3 is 

designated as a high impact engagement strategy, with assessment being determined based on the 

resulting actions that were a result of the engagement.   

Table 35. PIE Engagement Matrix: Flint, Michigan 

City 
Engagement 

Approach 

Phase of 

Engagement 

Category of 

Stakeholders 

Engaged 

Engagement 

Tools 

Engagement 

Strategy 

Description 

Engagement 

Impact 

Flint, 

Michigan 
Transactional Planning 

Local 

Government 

In-person 

meeting 

City Council 

Meetings 
1 

Flint, 

Michigan 
Transitional Post-event 

Academic/ 

Educational 

Task Force 

(Research) 

Flint Water 

Task Force 

commissioned 

to evaluate 

lead situation 

3 

Flint, 

Michigan 
Transformational Post-event 

Community 

members 

In-person 

meeting 

Stakeholder 

meetings, 

community 

outreach 

conducted 

3 
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Table 36. PIE Engagement Matrix: Lansing, Michigan 

City 
Engagement 

Approach 

Phase of 

Engagement 

Category of 

Stakeholder

s Engaged 

Engagement 

Tools 

Engagement 

Strategy 

Description 

Engagement 

Impact 

Lansing, 

Michigan 
Transformational Planning 

Community 

members 

In-person 

meeting 

General 

public 

meetings 

3 

Lansing, 

Michigan 
Transitional Planning 

Academic/ 

Educational 

Task force 

(research) 

Safe drinking 

water task 

force of 

Michigan 

State 

professors and 

other experts 

to examine 

local water 

quality 

3 

Lansing, 

Michigan 
Transformational Implementation Technical 

In-person 

meeting 

Engineers 

engaged to 

develop 

streamlined 

process for 

lead service 

line 

replacement 

3 

 

Table 37. PIE Engagement Matrix: Madison, Wisconsin 

City 
Engagement 

Approach 

Phase of 

Engagement 

Category of 

Stakeholders 

Engaged 

Engagement 

Tools 

Engagement 

Strategy 

Description 

Engagement 

Impact 

Madison, 

Wisconsin 
Transitional Planning 

Water 

utilities/Local 

government 

Water 

testing/analysis 

Water utility 

worked with 

local 

government 

to determine 

need for lead 

service 

replacement 

based on 

water quality 

testing 

3 

Madison, 

Wisconsin 
Transformational Planning 

Community 

members/Loc

al government 

In-person 

meeting 

Outreach 

efforts 

conducted 

with local 

community to 

gain support 

and alignment 

for lead 

service line 

replacement 

3 
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Table 38. PIE Engagement Matrix: Milwaukee, Wisconsin 

City 
Engagement 

Approach 

Phase of 

Engagement 

Category of 

Stakeholders 

Engaged 

Engagement 

Tools 

Engagement 

Strategy 

Description 

Engagement 

Impact 

Milwaukee, 

Wisconsin 
Transformational Pre-event 

Community 

members 
Digital 

Web site that 

allows 

residents to 

track which 

buildings still 

have lead 

2 

Milwaukee, 

Wisconsin 
Transformational Planning 

Community 

members 

In-person 

meeting 

Stakeholder 

engagement 

meetings 

conducted  

3 

Milwaukee, 

Wisconsin 
Transitional Planning 

Academic/ 

Educational 

Task force 

(research) 

Water Quality 

Task Force 

was appointed 

and 

unanimously 

approved 

report of 

recommendati

ons to 

minimize lead 

exposure 

3 

 

  



64 
 

 

Table 39. PIE Engagement Matrix: Buffalo, New York 

City 
Engagement 

Approach 

Phase of 

Engagement 

Category of 

Stakeholders 

Engaged 

Engagement 

Tools 

Engagement 

Strategy 

Description 

Engagement 

Impact 

Buffalo, 

New York 
Transactional Pre-event 

Community 

members 

Distributed 

documentation 

Flyers 

regarding lead 

safety were 

included in 

water bills 

(but tenants 

who have 

landlords that 

pay water 

bills never 

received 

flyers) 

1 

Buffalo, 

New York 
Transactional Pre-event 

Community 

members 

Distributed 

documentation 

Water testing 

procedures 

were 

distributed to 

residents that 

included 

measures to 

reduce lead 

measurements  

1 

Buffalo, 

New York 
Transactional Post-event 

Community 

members 

Distributed 

Documentation 

Updated 

records of 

lead service 

line locations 

2 
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Table 40. PIE Engagement Matrix: Columbus, Ohio 

City 
Engagement 

Approach 

Phase of 

Engagement 

Category of 

Stakeholders 

Engaged 

Engagement 

Tools 

Engagement 

Strategy 

Description 

Engageme

nt 

Impact 

Columbus, 

Ohio 
Transformational Pre-event 

Community 

members 
Digital 

Interactive 

website 

launched that 

allows 

residents to 

update map 

and find out 

which areas 

of city still 

have homes 

connected to 

lead service 

lines 

3 

Columbus, 

Ohio 
Transactional Pre-event 

Local 

Government 
Legislation 

Legislation 

introduced 

that requires 

public to be 

notified of 

any lead 

contaminatio

n in the 

system with 

requirements 

for plans to 

resolve 

3 
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Table 41. PIE Engagement Matrix: Philadelphia, Pennsylvania 

City 
Engagement 

Approach 

Phase of 

Engagement 

Category of 

Stakeholders 

Engaged 

Engagement 

Tools 

Engagement 

Strategy 

Description 

Engagement 

Impact 

Philadelphia, 

Pennsylvania 
Transactional Pre-event 

Community 

members 

Distributed 

Documentatio

n 

Water testing 

procedures 

were 

distributed to 

residents that 

included 

measures to 

reduce lead 

measurements 

1 

Philadelphia, 

Pennsylvania 
Transactional Pre-event 

Community 

members 

Distributed 

Documentatio

n 

Letters sent to 

residents for 

water testing 

volunteers, 

but excluded 

health effects 

of lead 

1 

Philadelphia, 

Pennsylvania 
Transactional Post-event 

Local 

Government 
Legislation 

Three bills 

introduced to 

expand lead 

testing and 

improve lead 

testing and 

water safety 

practices  

3 

 

5.4 Results of PIE Engagement Matrix Application 

 

The results of the PIE Engagement Matrix application for the seven case study cities 

yielded a range of impacts, from low to high. The results of the strategies are presented in Tables 

42-44.  
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Table 42. Summary: High Impact Engagement Strategies 

Engagement Tools Engagement Approach City 

Task force (Research) Transitional 

Flint, Michigan 

 

Lansing, Michigan 

 

Milwaukee, Wisconsin 

In-person meeting Transformational 

Flint, Michigan 

 

Lansing, Michigan 

 

Madison, Wisconsin 

 

Milwaukee, Wisconsin 

 

Lansing, Michigan 

Testing/Analysis Transitional Madison, Wisconsin 

Digital Transformational Columbus, Ohio 

Legislation Transactional 

Columbus, Ohio 

 

Philadelphia, 

Pennsylvania 

 

Table 43. Summary: Medium Impact Engagement Strategies 

Engagement Tools Engagement Approach City 

Digital Transformational Milwaukee, Wisconsin 

Distributed documentation Transactional Buffalo, New York 

 

Table 44. Summary: Low Impact Engagement Strategies 

Engagement Tools Engagement Approach City 

In-person meeting Transactional Flint, Michigan 

Distributed documentation Transactional Buffalo, New York 

Distributed documentation Transactional Buffalo, New York 

Distributed documentation Transactional 
Philadelphia, 

Pennsylvania 

Distributed documentation Transactional 
Philadelphia, 

Pennsylvania 

 

Nineteen discrete engagement strategy opportunities were identified for the seven case 
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study cities. Of these, twelve were identified as resulting in positive high impact actions, two 

were identified as medium impact, and five were identified as low impact or negative impact 

engagement strategies. 

Of the high impact engagement strategies, 50% were identified as being transformational 

engagements in which there was an ongoing dialogue with engaged stakeholders or stakeholders 

had an opportunity to interface and contribute to developments, 33% were identified as 

transitional, and 17% were identified as being transactional with an ultimate goal of 

communicating information in a top-down manner. Of the medium impact engagement strategies, 

one was identified as transformational and one was identified as being transactional. All of the 

low impact engagement strategies were identified to be transactional. Both transactional 

engagements that were identified as being high impact were legislative in nature because they 

provided high-impact protective and regulatory measures for urban water systems.  
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Chapter 6: Conclusions and Recommendations 
 

This chapter summarizes the findings of this work and discusses the implications of this research 

for urban water system management. Recommendations for future work are also discussed. 

6.1 Summary of Findings 
 

This research characterized the impact of broad-based early stakeholder engagement on 

urban water system resilience. This was achieved by developing a framework, the PIE Index, to 

quantify stakeholder engagement at discrete stages of engineering work (Planning, 

Implementation, and Engineering). In order to determine the impact of stakeholder engagement 

on system resilience, lead contamination was used as a resilience parameter.  

Lansing, Michigan; Milwaukee, Wisconsin; Madison, Wisconsin; and Washington, D.C. 

(2005 and 2016) were found to have the highest observed PIE Index with the greatest discrepancy 

between them and other cities being observed in the Planning stage of the PIE Model. This is 

attributed to the diversity of stakeholders that were engaged during the requirements elicitation, 

which led to alignment in the form of innovation which included interactive websites, new 

methods for replacing lead service lines, and new legislation to improve system resilience.  

Flint, Michigan represents a community where additional engagement efforts were 

exerted in the Initiation and Engineering stages of the Model. Madison, Wisconsin represents a 

community where stakeholders were not in initial alignment and engagement efforts were 

directed at achieving alignment. On the other hand Milwaukee, Wisconsin represents a 

community where although alignment between stakeholders was achieved early on in the 

decision-making process, engagement efforts were focused on the limited resources available for 

implementation.   

Communities that engaged stakeholders at early stages in decision-making were able to 

make proactive decisions with stakeholder involvement and ultimately increase their system 

resilience by minimizing the probability of future system disruption and/or jeopardized water 
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quality.  

This research also demonstrated the impact that governance structures can have on 

stakeholder engagement. Cities with democratic water utilities in place enable stakeholder 

engagement by already having a governance structure in place that reinforces community 

participation in decision-making. Alternatively, it is important to note that other governance 

structures, such as emergency management (as observed in the case of Flint) can make 

stakeholder engagement far more difficult and complex as a result of the financial/natural disaster 

crises they are typically governing.  Although certain governance structures are not conducive to 

stakeholder engagement, this work shows the value in pursuing community participation in 

decision-making and the impact it can have on project outcomes and achieving alignment.  

The most commonly identified high-impact engagement strategies were in-person 

meetings that were used to gain alignment among community members as well as determine their 

needs and priorities and task forces that utilized academic expertise and diverse participants to 

prioritize community issues. The most commonly identified low-impact engagement strategies 

were distributed documentation in which urban water systems relied on written communication 

only to convey material to community members and stakeholders. Stakeholders often felt that 

information was left out or that they were not able to access the information that they needed to 

make informed decisions or participate adequately in system decision making.   

Based on this work, it was found that transformational engagement strategies could be 

strongly correlated with positive system outcomes and could potentially be used as leading 

indicators for future system decision-making. Similarly, transactional engagement strategies 

correlated with negative system outcomes or minimal system impact. 

This study highlights the fact that simple changes in requirements engineering regarding 

the way managers and high-level officials engage stakeholders in urban water system decisions 

can influence project outcomes on a variety of parameters, such as community health, finances, 

system disturbance, water quality, and media perception. The PIE Index and PIE Matrix introduce 
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standardization to the stakeholder engagement process in a quantifiable manner and demonstrate 

the importance for achieving buy-in from a diverse and broad-based stakeholder base at the 

earliest stages of project decision-making and planning. Specifically, this approach provides 

engineering managers with a practical process for structured stakeholder engagement and a 

method to quantify targeted engagement efforts during discrete stages of work.  

6.2 Conclusions 
 
Complex social-environmental systems, such as urban water systems, continue to experience 

challenges in setting priorities for mitigation efforts to improve resilience, which has emerged as 

a fundamental concern for systems managers and communities affected by system failures. These 

challenges coupled with recent public health crises resulting from urban water system failures 

motivate the need for improved decision-making.  This study concludes the following: 

●  A model (The PIE Model) was developed as a framework indicating when specific 

categories of stakeholders should be prioritized for engagement. Twelve categories of 

stakeholders were identified and analyzed. 

● An Index (The PIE Index) was developed in order to quantify stakeholder engagement at 

various system stages and applied to eight case study cities: Flint, Michigan; Lansing, 

Michigan; Madison, Wisconsin; Milwaukee, Wisconsin; Buffalo, New York; Columbus, 

Ohio; Philadelphia, Pennsylvania, and Washington D.C.    

● Early broad-based stakeholder engagement, especially at early planning stages, has 

significant impact on the PIE Index.  

● Efforts to elicit requirements through stakeholder engagement at urban water system 

process decision points, such as water treatment and distribution, allows stakeholders 

opportunity to influence project outcomes. The opportunity to participate entailed 

consistent dialogue and outreach that kept stakeholders informed, engaged, and part of 

decision-making. 
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● Cities can most effectively improve their PIE index values by implementing stakeholder 

involvement that is early and dynamic.  

● Collaborative stakeholder requirements elicitation is most valuable at the early stages of 

system planning and should be prioritized due to vital dialogue that clarifies and 

prioritizes community needs and helps achieve alignment earlier in the system design 

process.   

● A matrix (The PIE Engagement Matrix) was developed as a guiding matrix to summarize 

engagement strategies.  

● The PIE Engagement Matrix was applied to seven case study cities: Flint, Michigan; 

Lansing, Michigan; Madison, Wisconsin, Milwaukee, Wisconsin; Buffalo, New York; 

Columbus, Ohio, and Philadelphia, Pennsylvania.    

● Transformational engagement strategies that support ongoing dialogue between 

stakeholders have the highest impact on system outcomes and include in-person meetings 

and academic task forces. 

● Transactional engagement strategies that are top-down in disseminating information have 

the lowest impact on system outcomes and include most often distributed documented or 

in-person meetings intended to inform stakeholders about decisions that have already 

been made. 

● The type of engagement can be used as a leading indicator for stakeholder participation 

and system outcomes.  

● Systems can most positively influence their decision-making outcomes by relying on 

transformational engagement strategies with their stakeholders.  

 

6.2.1 Implications 
 

Although the PIE Index and PIE Matrix are applied to urban water systems in this work, 

urban water systems are not the only systems facing the modern pressures of increased 
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complexity, disruptions, and urbanization impact. Many systems face a disconnect between 

decision-making and stakeholder engagement. The PIE Index was developed utilizing a bottom-

up and streamlined approach to stakeholder engagement so that it can be applied to a number of 

projects/initiatives in other disciplines. The results of this work expand existing stakeholder 

requirements to better reflect stakeholder engagement efforts that assist in improved urban water 

system decision making prior to project execution by demonstrating the impact of specific 

engagement strategies on project outcomes.  Future applications of the PIE Index and PIE Matrix 

can include the emerging area of smart city technologies that aim to enhance urban experiences 

by increasing connectivity between citizens and urban services, in which there is increasing 

recognition that improved communication, community development, and social cohesion are 

imperative for success (Rodin, 2014). Similarly, the PIE Index and PIE Matrix may also be 

applied to other engineering disciplines including innovative transportation initiatives such as 

connected mobility including autonomous vehicles due to the anticipated high interrelated 

impacts on infrastructure, economy, and people.   

6.2.3 Future Recommendations 

Stakeholder engagement and its applications is a growing topic of interest that has 

recently begun to become a focus or urban water system decision making, but additional topics 

remain that can be addressed in future work. Potential areas of research extending from this 

manuscript can include evaluating additional resilience parameters beyond lead and incorporating 

the PIE Model and PIE Matrix into formalized requirements elicitation processes to better reflect 

stakeholder engagement efforts to assist in improved urban water system decision-making prior to 

project execution. Additionally, there is potential to apply the PIE Model and PIE Matrix to fields 

beyond urban water systems and use it in other systems engineering applications.  
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Appendix A: Research Summary 
 

 

Case Study City PIE Index 
90th Percentile Lead 

(ppb) 
# of Samples Above 

EPA Action Level 
Flint, MI 0.39 25.2 37 

Lansing, MI 0.78 7.8 2 

Madison, WI 0.69 3.5 0 

Milwaukee, WI 0.74 8.2  

Buffalo, NY 0.61 5 12 

Columbus, Ohio 0.74 1 0 

Philadelphia, PA 0.48 5 7 

Washington D.C.a 0.30 49 26 

Washington D.C.b 0.30 63 35 

Washington D.C.c 0.35 59 74 

Washington D.C.d 0.74 9 15 

Washington, D.C.e 0.82 3 1 
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Appendix B: Flint, Michigan Summary 
 
Stage of Stakeholder 
Involvement 

according to PIE 

Model 

Stakeholder Flint, MI 

Participation Owner 1 

Project Manager & 

Designer 
1 

Industry 0 

Regulating Agencies 1 

Investors 0 

Research-Based 

Industry 
0 

Academia 0 

Professional 
Institutions 

0 

Community 

Organizations 
0 

Media 0 

NGOs 0 

General Public 0 

Implementation Owner 1 

Project Manager & 
Designer 

1 

Regulating Agencies 1 

Investors 0 

Research-Based 

Industry 
0 

Academia 0 

Professional 

Institutions 
0 

Engineering Owner 1 

Project Manager & 
Designer 

1 

Regulating Agencies 1 

Investors 0 
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 Appendix C: Lansing, Michigan Summary 
 

Stage of Stakeholder 

Involvement 
according to PIE 

Model 

Stakeholder Lansing, MI 

Participation Owner 1 

Project Manager & 
Designer 

1 

Industry 1 

Regulating Agencies 1 

Investors 1 

Research-Based 

Industry 
1 

Academia 0 

Professional 

Institutions 
1 

Community 
Organizations 

1 

Media 1 

NGOs 0 

General Public 1 

Implementation Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors 1 

Research-Based 

Industry 
1 

Academia 0 

Professional 
Institutions 

0 

Engineering Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors 0 
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 Appendix D: Madison, Wisconsin Summary 
 

Stage of Stakeholder 

Involvement 
according to PIE 

Model 

Stakeholder Madison, WI 

Participation Owner 1 

Project Manager & 
Designer 

1 

Industry 1 

Regulating Agencies 1 

Investors 1 

Research-Based 

Industry 
0 

Academia 0 

Professional 

Institutions 
0 

Community 
Organizations 

1 

Media 1 

NGOs 0 

General Public 1 

Implementation Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors 1 

Research-Based 

Industry 
0 

Academia 0 

Professional 
Institutions 

0 

Engineering Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors 1 
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 Appendix E: Milwaukee, Wisconsin Summary 

 
Stage of Stakeholder 

Involvement 

according to PIE 
Model 

Stakeholder Milwaukee, WI 

Participation Owner 1 

Project Manager & 
Designer 

1 

Industry 1 

Regulating Agencies 1 

Investors 1 

Research-Based 
Industry 

0 

Academia 1 

Professional 

Institutions 
1 

Community 

Organizations 
1 

Media 1 

NGOs 0 

General Public 1 

Implementation Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors   

Research-Based 
Industry 

0 

Academia 0 

Professional 

Institutions 
0 

Engineering Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors 1 
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Appendix F: Buffalo, New York Summary 

 
Stage of Stakeholder 

Involvement 

according to PIE 
Model 

Stakeholder Buffalo, NY 

Participation Owner 1 

Project Manager & 
Designer 

1 

Industry 1 

Regulating Agencies 1 

Investors 1 

Research-Based 
Industry 

0 

Academia 0 

Professional 

Institutions 
0 

Community 

Organizations 
0 

Media 0 

NGOs 0 

General Public 1 

Implementation Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors 1 

Research-Based 
Industry 

0 

Academia 1 

Professional 

Institutions 
0 

Engineering Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors 0 
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 Appendix G: Columbus, Ohio Summary 

 
Stage of Stakeholder 

Involvement 

according to PIE 
Model 

Stakeholder Columbus, Ohio 

Participation Owner 1 

Project Manager & 
Designer 

1 

Industry 1 

Regulating Agencies 1 

Investors 0 

Research-Based 
Industry 

0 

Academia 0 

Professional 

Institutions 
0 

Community 

Organizations 
1 

Media 1 

NGOs 1 

General Public 1 

Implementation Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors 1 

Research-Based 
Industry 

  

Academia   

Professional 

Institutions 
1 

Engineering Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors 1 
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Appendix H: Philadelphia, Pennsylvania Summary 

 
Stage of Stakeholder 

Involvement 

according to PIE 
Model 

Stakeholder Philadelphia, 

Pennsylvania 

Participation Owner 1 

Project Manager & 
Designer 

1 

Industry   

Regulating Agencies 1 

Investors 0 

Research-Based 
Industry 

0 

Academia 0 

Professional 

Institutions 
1 

Community 

Organizations 
0 

Media 1 

NGOs 0 

General Public 0 

Implementation Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors 0 

Research-Based 
Industry 

0 

Academia 0 

Professional 

Institutions 
0 

Engineering Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors 0 
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 Appendix I: Washington, D.C. (2002) Summary 

 
Stage of Stakeholder 

Involvement 

according to PIE 
Model 

Stakeholder Washington, 

D.C. (2002) 

Participation Owner 1 

Project Manager & 
Designer 

0 

Industry 0 

Regulating Agencies 1 

Investors 0 

Research-Based 
Industry 

0 

Academia 0 

Professional 

Institutions 
0 

Community 

Organizations 
0 

Media 1 

NGOs 0 

General Public 0 

Implementation Owner 1 

Project Manager & 

Designer 
0 

Regulating Agencies 1 

Investors 0 

Research-Based 
Industry 

0 

Academia 0 

Professional 

Institutions 
0 

Engineering Owner 1 

Project Manager & 

Designer 
0 

Regulating Agencies 1 

Investors 0 
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Appendix J: Washington, D.C. (2003) Summary 

 
Stage of Stakeholder 

Involvement 

according to PIE 
Model 

Stakeholder Washington, 

D.C. (2003) 

Participation Owner 1 

Project Manager & 
Designer 

0 

Industry 0 

Regulating Agencies 1 

Investors 0 

Research-Based 
Industry 

0 

Academia 0 

Professional 

Institutions 
0 

Community 

Organizations 
0 

Media 1 

NGOs 0 

General Public 0 

Implementation Owner 1 

Project Manager & 

Designer 
0 

Regulating Agencies 1 

Investors 0 

Research-Based 
Industry 

0 

Academia 0 

Professional 

Institutions 
0 

Engineering Owner 1 

Project Manager & 

Designer 
0 

Regulating Agencies 1 

Investors 0 
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Appendix K: Washington, D.C. (2004) Summary 

 
Stage of Stakeholder 

Involvement 

according to PIE 
Model 

Stakeholder Washington, D.C. 

(2004) 

Participation Owner 1 

Project Manager & 
Designer 

0 

Industry 0 

Regulating Agencies 1 

Investors 0 

Research-Based 
Industry 

0 

Academia 0 

Professional 

Institutions 
0 

Community 

Organizations 
0 

Media 1 

NGOs 0 

General Public 1 

Implementation Owner 1 

Project Manager & 

Designer 
0 

Regulating Agencies 1 

Investors 0 

Research-Based 
Industry 

0 

Academia 0 

Professional 

Institutions 
0 

Engineering Owner 1 

Project Manager & 

Designer 
0 

Regulating Agencies 1 

Investors 0 
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Appendix L: Washington, D.C. (2005) Summary 

 
Stage of 

Stakeholder 

Involvement 
according to PIE 

Model 

Stakeholder Washington, 

D.C. (2005) 

Participation Owner 1 

Project Manager & 

Designer 
1 

Industry 0 

Regulating 

Agencies 
1 

Investors 0 

Research-Based 

Industry 
0 

Academia 1 

Professional 

Institutions 
0 

Community 
Organizations 

1 

Media 1 

NGOs 1 

General Public 1 

Implementation Owner 1 

Project Manager & 

Designer 
1 

Regulating 
Agencies 

1 

Investors 0 

Research-Based 

Industry 
0 

Academia 1 

Professional 
Institutions 

1 

Engineering Owner 1 

Project Manager & 

Designer 
1 

Regulating 
Agencies 

1 

Investors 1 
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Appendix M: Washington, D.C. (2016) Summary 

 
Stage of Stakeholder 

Involvement 

according to PIE 
Model 

Stakeholder Washington, 

D.C. (2016) 

Participation Owner 1 

Project Manager & 
Designer 

1 

Industry   

Regulating Agencies 1 

Investors   

Research-Based 
Industry 

1 

Academia 1 

Professional 

Institutions 
1 

Community 

Organizations 
1 

Media 1 

NGOs 1 

General Public 1 

Implementation Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors   

Research-Based 
Industry 

  

Academia 1 

Professional 

Institutions 
1 

Engineering Owner 1 

Project Manager & 

Designer 
1 

Regulating Agencies 1 

Investors 1 

 
 


