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Abstract 

Sustainable water management is needed to ensure quality supplies of our vital 

water resources in the face of growing human demand for water, high levels of 

pollution, and increasing spatial and temporal variability associated with climate 

change. An integrated approach to water management is recommended to address 

current water challenges, which are often interrelated with other environmental, 

economic and social issues.  Universities and colleges have missions, resources, and 

contexts that could enable them to lead the process of developing and applying 

sustainable and integrated water resource management (IWRM).  The opportunity to 

exemplify integrated water management has grown as institutions of higher education 

have made progress towards incorporating environmental sustainability into teaching, 

research, and campus operations. This dissertation examines the issue of campus water 

management at institutions of higher education through a review of campus 

sustainability literature, a survey of sustainability and facilities managers, and case 

studies of three campus water-related projects.   

Findings from the review of campus sustainability literature and websites 

suggests water is less of a campus management priority than issues such as energy and 

climate change; furthermore, where water is addressed, the focus is on water 

conservation, while water quality management is overlooked.  IWRM is not explicitly 

discussed in the campus sustainability literature reviewed, though principles relevant to 
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IWRM are included in some campus sustainability declarations and programs. Results 

from the survey substantiate the findings from literature review that water management 

is less of an institutional priority than energy management and water quality 

management is often underemphasized in campus management.  According to the 

survey respondents, campus water management at the institutions represented was on 

average just adequately managed and institutions were minimally prepared to deal with 

several types of future water problems.  Facilities managers tended to rate their 

institution’s water management as slightly more effective compared to sustainability 

coordinators. Many campuses relied on top-down, engineering based water 

management approaches, rather than integrated and interdisciplinary water 

management.  Individual initiatives, municipal codes and policies, campus community 

sustainability awareness, and campus environmental projects served as drivers for more 

sustainable water management, while budget constrains were a common barrier.  

Logistic regression analysis of the survey data revealed that institutions featuring stream 

and wetland restoration projects had greater odds of being described as having a 

developed watershed plan and taking into consideration multidisciplinary approaches 

to water management. 

Case studies showed that wetland creation and restoration projects can serve as 

effective teaching and research laboratories for institutions of higher education, but that 

none of the studied cases fully exemplified IWRM in their operation.  Of the three cases 
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studied, the Stream and Wetland Assessment Management Park project at Duke 

University most closely demonstrated a campus project designed and developed to 

address water problems in the campus watershed, while also offering an effective 

outdoor teaching and research laboratory for hundreds of students, professionals, and 

researchers.  The Olentangy River Wetland Research Park case at Ohio State University 

exemplified the potential for wetland creation and restoration projects to serve as a 

facility for educating thousands of students and visitors, training dozens of water 

experts, and influencing wetland and water resource management beyond the campus.  

The Radford University Stormwater Treatment Wetland Project case illustrated the 

potential for institutions with limited space and resources to establish effective outdoor 

teaching laboratories using environmental features already present or in development 

on campus.  

 Findings from the review, survey and case studies all point toward the need and 

opportunity for institutions of higher education to make greater efforts at implementing 

and promoting sustainable and integrated water resource management. Literature 

review and survey findings reveal that water is frequently overlooked as environmental 

resource at universities and colleges, while other environmental issues such as energy, 

climate change and recycling are prioritized in sustainability plans and efforts.  

Universities and colleges have made progress addressing water conservation, while 

water quality and stormwater need further attention and an integrated approach for 
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more effective management.
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1. Introduction  

Sustainability and sustainable development are relatively new concepts that have 

become increasingly understood as necessary for the long-term viability of human 

civilization.  Growth in human populations enabled by the scientific and technological 

advances arising from industrial revolution and accelerated by the process of 

globalization, has vastly increased the human footprint on earth.  Unprecedented 

demand for natural resources, transformation of landscapes through landuse, and 

output of wastes generated through human activity over the past century and a half 

have made humanity a dominant influence on natural ecosystems and biogeochemical 

processes.   

Water is an indispensable resource for human civilization and life on earth.  

Freshwater availability as a resource for human consumption and environmental needs 

varies geographically and temporally, furthermore water quality is susceptible to 

degradation due to pollutants and hydrological disturbances associated with landuse, 

industrial, agricultural, and residential activities.  Early water management endeavors 

focused on infrastructure and processes to supply water for human use.  In the process 

of transforming landscapes for agriculture, industry and urban development, many 

aquatic systems have been changed or eliminated, for example damming and 

channelization altered river systems, lakes and ponds have experienced eutrophication, 

and much of the world’s wetlands have been degraded or eliminated (Gleick 2000).  It 



 

 2

wasn’t until the 20th century that people started emphasizing the need to preserve water 

of good quality in the environment to sustain ecosystem services while continuing to 

meet human needs (Gleick 2000). 

Over the past half-century humans have gained awareness of the 

interconnectedness and scale of human alteration of the environment and ecological 

services upon which human life and economy are dependent.  A concern for immediate 

and long-term human and ecological wellbeing was reflected in development and 

application of environmental science and policies.  Starting in the 1980s the concept of 

sustainable development emerged as an important area of human endeavor and 

concern.  No single definition of sustainable development is universally accepted, but 

the most commonly cited definition describes sustainable development as “development 

that meets the needs of the present without compromising the ability of future 

generations to meet their own needs” (Brundtland and Khalid 1987).  Sustainability can 

be said to have a triple bottom line or three supporting pillars: environment, economic, 

and social (UN General Assembly 2005). Environmental sustainability emphasizes the 

environmental dimension of sustainable development, though it is integrated with the 

social and economic dimensions of sustainability.  The 1992 Rio Earth Summit drew the 

world’s attention to the subject of environmental sustainability, yet much of the 

population remained unaware of basic environmental issues or the ecological 

implications of their actions and lifestyle.  Environmental science and policy needs to be 
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promoted and integrated into educational systems if environmental sustainability and 

sustainable development are to be universally understood and successfully practiced. 

Institutions of higher education (IHE) should help provide the knowledge, skills, and 

tools needed for individuals and society to more effectively pursue a sustainable future. 

Furthermore, universities and colleges can serve as models where sustainable 

management practices and technologies are developed and tested for villages, towns 

and cities (Cortese 1999; Rochon, Nies et al. 2006; Alshuwaikhat and Abubakar 2008; 

Cortese 2010). 

Institutions of higher education have the potential to foster sustainable and 

integrated water management through their education, research, service, and 

operational activities (Cortese 2003).  The current need for consideration of campus 

water management is underscored by the development of two temporally parallel 

programs of the United Nations (UN), the UN Decade of Education for Sustainable 

Development (DESD), 2004-2014, and the UN International Decade for Action: Water for 

Life, 2005-2015 (UN 2002) (UN 2004). Both of these decades were established to draw 

special attention to the issues of water and sustainability in higher education considered 

important to meeting the Millennium Development Goals, particularly the one of 

environmental sustainability (UN 2000). The goal for the UN Decade of Education for 

Sustainable Development is “to integrate the principles, values and practices of sustainable 

development into all aspects of education and learning” (UN 2006), while the goal of Water 
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for Life is “a greater focus on water-related issues at all levels and on the implementation of 

water-related programmes and projects…” (UN 2004).  A better understanding of whether 

and how water is addressed in campus sustainability is needed. Universities could serve 

as models and development grounds for IWRM, particularly if they undertake 

experimentation, adaptation, training, and practice of sustainable water management. 

Furthermore, IWRM provides a management framework very much in line with 

systems-thinking approaches called for by some campus sustainability experts for more 

far-reaching and institution-wide campus sustainability (Sharp 2009). 

Universities eventually started recognizing the need to develop and operate in an 

environmentally sustainable manner, in addition to their role to teach, research and 

promote sustainability (Creighton 1998; Graedel 2002; Shriberg 2002; Lozano 2006; 

Rochon, Nies et al. 2006; Mascarelli 2009; Sharp 2009).  Institutional sustainability 

initiatives referred to as campus greening or campus sustainability programs and 

projects have been established at many universities to plan, develop and manage efforts 

on campus.  These greening initiatives have concentrated on environmental 

sustainability issues such as green building, recycling, sustainable transportation, energy 

conservation, water conservation, greenhouse gas emission reductions, green 

purchasing, and green dining.  Campus sustainability is a rapidly growing priority for 

university and college (collectively referred to as universities for convenience in this 

document) campuses across the US and abroad.   
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Integrated water resource management (IWRM) is a leading paradigm for 

sustainable water resource management that would enable university campuses to 

address both water quantity and quality issues. Universities have several characteristics 

that enable them to serve as effective models and testing grounds for sustainable water 

resource management; these characteristics include: considerable autonomy, a 

manageable physical campus landscape, multiple levels of influence, knowledgeable 

experts, and missions (education, research, and service) conducive to developing and 

promoting integrated water resource management and watershed management. This 

dissertation is an initial attempt at determining whether and how universities are 

sustainably managing their water resources and implementing IWRM practices. 

Chapter 2 is a review of how water management is addressed in peer-reviewed 

literature, campus sustainability declarations, campus sustainability assessment and 

rating tools, and institution websites.  There have been numerous endeavors to assess 

and evaluate university campus sustainability across multiple indicator areas (energy, 

water, recycling, purchasing, and transportation), however, efforts focused on 

evaluating and comparing water resource management (beyond water conservation) 

across multiple campuses are generally lacking. This chapter presents a synthesis and 

analysis of the framework for water management at universities, particularly within the 

context of their sustainability programs. 
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 Chapter 3 presents a survey study conducted to acquire a broad snapshot of 

water management efforts at universities from the perspectives and knowledge base of 

sustainability coordinators and facilities managers.  Responses from 201 universities in 

49 states and territories of the United States were collected though an online 

questionnaire.   Questions in the survey inquired about issues such as respondent 

perspectives on the effectiveness and preparedness of campuses at sustainably 

managing their water resources; level of development of campus environmental and 

water management plans; drivers and barriers impacting water resource management; 

level of involvement of different stakeholders and disciplinary approaches in water 

management processes on campus; and the frequency of the application of IWRM 

principles in campus water management.  The survey also solicited information on any 

exemplary and innovative water management projects and programs at the surveyed 

institutions that may serve as case studies for further research. 

 Chapter 4 presents three case studies conducted to explore in greater detail 

examples of campus water management projects that may implement sustainable and 

integrated campus water management and serve as instructive models for other 

university campuses.  The case studies were of the Stormwater Treatment Wetland 

Project at Radford University, the Stream and Wetland Assessment Management Park 

(SWAMP) at Duke University, and the Olentangy River Wetland Research Park 

(ORWRP) at Ohio State University.  All three of these wetland creation and restoration 
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projects serve as teaching and research laboratories for their respective institutions, and 

were hypothesized to feature characteristics that would enable them to potentially serve 

as examples for the application and promotion of IWRM at institutions of higher 

education. 

 Chapter 5 presents some conclusions derived from the research study results 

presented in the earlier chapters of the dissertation and describes some positive efforts 

and best management practices being implemented at universities and colleges in the 

United States.  The chapter also presents some information about the academic water 

programs found at many universities across the nation.
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2. Examining the framework for university and colle ge 
campus water management: A review of water in 
campus sustainability literature 

 

2.1 Abstract 

 As environmental sustainability has been recognized as an imperative 

issue for maintaining healthy ecosystems and societies, universities and colleges have 

started working on improving the environmental sustainability of their campus 

operations.  Several sustainability issues such as energy conservation, greenhouse gas 

emission reduction, and solid waste recycling seem to have emerged as priorities for 

most campuses working on environmental sustainability, while other important issues 

and environmental resources such as water have been virtually overlooked. This study 

examines environmental sustainability literature and websites to determine whether and 

how water is addressed in campus sustainability.  The results largely confirm that water 

management is somewhat marginalized relative to other issues such as energy 

conservation, carbon footprint reduction, and solid waste recycling in the framework 

and efforts at establishing green campuses at institutions of higher education.  While 

water conservation is addressed in much of the literature and websites, water quality 

management and sustainability remains largely unaddressed.  The review also reveals 

the absence of explicit consideration of integrated water resource management in the 
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campus sustainability literature and websites as an approach and framework for 

managing water on the campuses of institutions of higher education.  As water scarcity 

increases in the face of growing demand and greater climate-related variability, 

institutions of higher education have an opportunity and responsibility to study, 

practice, and educate their student body, staff and faculty about sustainable and 

integrated water management for the benefit of greater society and their local 

ecosystems. 

2.2 Introduction 

2.2.1 Water Resource Management 

2.2.1.1 Water Resource Issues 

Water is an indispensable resource for human civilization and life on earth.  

Freshwater availability as a resource for human consumption and environmental needs 

varies geographically and temporally, furthermore water quality is susceptible to 

degradation due to pollutants and hydrological disturbances associated with landuse, 

industrial, agricultural, and residential activities.  Assessment of rivers and streams in 

the United States has revealed widespread impairment of water quality with respect to 

different water uses (Table 1) (U.S. EPA 2011). Top causes of impairment include 

pathogens, sediment, nutrients, organic enrichment/oxygen depletion, polychlorinated 

biphenyls (PCBs), habitat alternations, metals, flow alterations and temperature change 

(U.S. EPA 2011).  Probable sources of water impairment include hydro-modification, 
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urban-related runoff/stormwater, and municipal discharges/sewage (U.S. EPA 2011).  In 

addition to water quality impairment issues, flooding and drought frequently present 

major challenges to human communities at various times and places, and such water 

variability is predicted to increase with climate change (Gleick 2001). These water issues 

necessitate proper water and landuse regulation and management. 

 

Table 1: Information on water quality in waterbodies of the United States from 

EPA’s report to Congress (U.S. EPA 2011) 

Water 

System 

Unsuitable 

for Public 

Water 

Supply 

Unsuitable 

for 

Recreational 

Use 

Unsuitable 

for aquatic 

life 

harvesting 

Unsuitable for Fish, 

Shellfish, and 

Wildlife Protection 

and Propagation 

Rivers and 

Streams 

24.4% 43.4% 44.5% 64.5% 

Lakes, 

Reservoirs, 

and Ponds 

22.8% 22.3% 44.7% 73.8% 

 

4.5.1.2 Integrated Water Resource Management 

Integrated water resource management (IWRM), defined as “a process which 

promotes the coordinated development and management of water, land and related 

resources, in order to maximize the resultant economic and social welfare in an equitable 

manner without compromising the sustainability of vital ecosystems” (GWP 2000), is a 

recommended approach for sustainable water management (WSSD 2002; Rahaman 2005; 

AWRA 2011).  The American Water Resources Association (AWRA) released a policy 
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statement in 2011 to recommend organizing goals, policies, programs, and plans for 

water management around the concept of Integrated Water Resource Management and 

AWRA requests planners, managers, and policy makers at all levels to embrace IWRM 

which provides for the sustainability of ecosystems and communities (AWRA 2011).  

While widely presented as the recommended conceptual approach for sustainable water 

management, IWRM has yet to be effectively applied in much of the world. 

 

2.2.2 Sustainability in Higher Education  

Sustainability and sustainable development are relatively new concepts that have 

become increasingly understood as necessary for to the long-term viability of human 

civilization. Sustainable development is often defined as “development that meets the 

needs of the present without compromising the ability of future generations to meet 

their own needs” (Brundtland and Khalid 1987), while  sustainability can be said to 

consist the triple bottom line of environmental, economic, and social considerations 

important for ensuring the well-being of humanity (UN General Assembly 2005).  

Sustainability in higher education has emerged as an important issue over the past 

couple decades, helping to address the fundamental role of education in the process of 

sustainable development and environmental sustainability.  Efforts for sustainability in 

higher education have led to the development of academic and research programs 

addressing sustainable development, initiatives to incorporate environmental 
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sustainability across institutional curricula, and the rise of organizations focused on 

campus environmental sustainability.  The potential impact of addressing and applying 

environmental sustainability within the higher educational sector becomes apparent 

when one considers the over 4300 institutions of higher education in the U.S. attended 

by over 20 million students, employing millions of faculty and staff, and supporting 

many associated businesses and local economies (The Princeton Review 2011) 

(CarnegieFoundation.org 2009).  Operating these educational institutions in an 

environmentally sustainable manner would not only minimize their ecological footprint, 

but could also complement efforts to study and teach sustainability to the next 

generation. 

 

2.2.3 Framework for Campus Sustainability  

A number of initiatives have developed over the past decades providing 

somewhat of a framework for sustainability at institutions of higher education. 

Declarations depicting sustainability commitments have been prepared and signed by 

hundreds of universities. These sustainability declarations and organizations were 

developed to stimulate and encourage universities to collectively practice and promote 

environmental sustainability (ULSF 1990; CRE-COPERNICUS 1994; Heinz Family 

Foundation 1995; GHESP 2001; ACUPCC 2006; ISCN 2010).  In order to identify campus 

sustainability needs and address environmental sustainability commitments many 
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universities have developed campus sustainability plans, hired sustainability 

coordinators, established sustainability committees, and implemented programs to 

foster and organize sustainability initiatives for the campus community (Calder and 

Clugston 2002; Wright 2002).  Websites and reports have been developed by many of 

these institutions to communicate their campus sustainability efforts and solicit 

information and participants to address environmental issues on campus. Various 

sustainability assessment tools have been developed to facilitate university efforts to 

assess their environmental impacts, examine the sustainability of their operations, and 

compare their performance with that of other universities (Glasser and Nixon 2002) 

(Shriberg 2002) (Dawe, Vetter et al. 2004) (Lozano 2006) (Sustainable Endowments 

Institute 2011) (AASHE 2011; GreenerU 2011).  A few sustainability rankings have also 

been created and published in recent years, adding an element of competition and 

public recognition to university endeavors at campus sustainability (CollegeProwler 

2011; Princeton Review 2011) (Forbes 2010) (Grist 2007) (Newsweek 2011) (Sierra 2010).  

Campus environmental sustainability declarations, plans, programs, and 

assessments address a suite of environmental issues, though focusing primarily on 

energy conservation, minimizing greenhouse gas emissions, recycling, green building, 

green purchasing, and water conservation (Cole 2003; Lozano 2006).  Given the complex 

and interrelated nature of environmental issues, an integrated and systematic 

management approach is needed to achieve sustainability, however such an approach is 
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lacking at most universities campuses (Alshuwaikhat and Abubakar 2008).  Many 

universities have addressed sustainability in a piecemeal fashion, while not achieving 

comprehensive organizational transformation necessary for a sustainable campus (Sharp 

2009). “Whether it is the campus energy system, purchasing, transportation, waste, or 

water system, there are numerous structured disconnects between all of the relevant 

stakeholders, with little or no effort to transcend these separations at critical planning 

times” (Sharp 2009).  While many universities and colleges are focused on energy 

management and minimizing their carbon (greenhouse gas) footprint, solid waste 

recycling, and alternative transportation, water (particularly water quality management) 

appears to be a marginalized issue in campus sustainability. The implementation of an 

integrated water resource management process on university campuses could 

potentially facilitate a more integrated approach to overall campus environmental 

sustainability.  A review of campus sustainability literature and resources is needed to 

assess whether and how water and integrated water management is currently being 

addressed. 

 

2.3 Objectives 

The purpose of this paper is to describe how water and integrated water resource 

management are addressed in the literature, documents, and websites providing a 

framework for environmental sustainability efforts at universities.  The article presents 
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findings from a review of these sources guiding, assessing, ranking, and describing 

environmental sustainability at institutions of higher education.  The specific objectives 

of the literature, document and website review was to (1) determine whether and how 

water is addressed in campus sustainability and (2) determine whether IWRM is 

addressed in campus sustainability.  

 

2.4 Methods 

Campus sustainability literature and documents were retrieved and, together 

with institutional websites, examined to better understand whether and how water and 

integrated water resource management are addressed in the present framework for 

sustainability programs at institutions of higher education.  Documents and materials of 

interest included: (1) Peer-reviewed articles addressing water management at 

universities; (2) Sustainability declarations providing conceptual and organizational 

framework for environmental management and sustainability at universities; (3) 

Assessment tools providing monitoring and evaluation of campus sustainability;  (4) 

Ranking systems offering a comparative and motivational facet to campus sustainability; 

and (5) websites describing and guiding sustainability efforts at campus sustainability 

organizations.  These data sources were discovered through keyword searches in online 

databases (Web of Science, ERIC, and Academic Search Premier) and web search 

engines (Google Web and Scholar), as well as through a snowball approach tracing 
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documents and links referred to in retrieved articles, documents, and websites.  Once 

retrieved the documents were read and searched for references to water and integrated 

management using manual and computer assisted search processes.  Data from the 

information sources was summarized, organized, and analyzed qualitatively using excel 

spreadsheets (data matrices).  Results from this review and analysis are presented and 

discussed in the following section of this paper. 

 

2.5 Results and Discussion 

2.5.1 Water in campus sustainability literature 

The number of published papers addressing education for sustainable 

development has increased over time, with US authors and institutions leading the way 

(Wright and Pullen 2007).  Much of this literature has focused on education and 

behavioral aspects of campus sustainability. Facilities managers have trailed somewhat 

in the adoption of green practices and this is reflected in the dearth of sustainability 

articles in campus operational and facilities management literature (Roskoski 2006).  

Water does not appear to have been as high as operational sustainability priorities for 

energy and solid waste recycling (Beringer, Wright et al. 2008) and few of the research 

studies examining operational issues of campus sustainability (Cole 2003) (Fien 2002; 

Shriberg 2002; Balsas 2003; Savanick, Baker et al. 2007; Ferrer-Balas, Adachi et al. 2008) 

have focus on water management.  A paper using focus groups at Michigan State 
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University to develop a model for watershed impact of organizational decision-making 

is one of the few studies focusing on campus watershed management (Habron, 

Kaplowitz et al. 2004).   

A report from a survey of 25 campus sustainability programs mentioned water 

conservation (quantity management) among the trends in campus sustainability 

priorities, but described water quality as a more unique [rare] issue specified as a 

priority by only 2 of the institutions surveyed (Meigs 2005). A couple of reports 

published by the Roberts Environmental Center at Claremont McKenna College present 

findings from a study assessing levels of sustainability reporting in university websites 

in which water was considered among an extensive list of sustainability variables 

(Roberts Environmental Center 2010) (Roberts Environmental Center 2010).  Their 

findings indicated water was addressed at many institutions, though not as many as 

those working on energy, recycling and greenhouse gas emissions.  A 2011 Campus 

Water Recycling and Reuse Projects survey by (C2E2 2011) found that 42% of 91 

campuses responding to the survey capture and recycle rainwater, 22% of the campuses 

use reclaimed/treated water and 12% capture and reuse graywater.  Respondents to the 

C2E2 survey indicated that potential cost savings, sustainability leadership, and potable 

water conservation efforts drove such water recycling programs.  Multiple 

implementation challenges were reported for recycling and reclaiming water, but 
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respondents also demonstrated cost savings and indicated that additional campus water 

projects were being planned and developed. 

Bourget (2006) conducted a survey study looking into integrated water resource 

management curriculums in the United States, but little or no research has been 

published on the implementation of integrated water resource management in 

university campus operations and sustainability programs.  Results from Bourget’s 

survey indicate existing interest in integrated water resource management (IWRM) from 

all water resource sectors and the need to further explore how the principles of IWRM 

relate to experiences in the United States (Bourget 2006).  Several papers have expressed 

the need for a systems thinking and interdisciplinary approach to campus management 

in order to overcome the sustainability barriers associated with compartmentalization at 

institutions of higher education (NTREE 1995; Henson, Missimer et al. 2007; McMillin 

and Dyball 2009; Sharp 2009); this is the sort of sustainability challenge integrated water 

resource management is theoretically designed to address. Campuses have been 

described as potential study focal points for watersheds, the preferred management 

units for integrated water management (Tolley, Everham Iii et al. 2002). 

In summary a review of published campus sustainability literature thus reveals 

few papers and studies concentrating on water and its management at institutions of 

higher education.  Those reports and papers that do address, or include, water present 
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findings substantiating the idea that water is a somewhat undervalued issue in campus 

sustainability deliberations.  

2.5.2 Water in campus sustainability declarations 

Since the late 1970s and mostly since the 1990s over a dozen regional and 

international declarations addressing sustainability in higher education have been 

developed and committed to by hundreds of institutions of higher education.  These 

declarations and agreements define and list the main points of sustainability set forth to 

guide university efforts at functioning as a proponent and example of sustainability.  

The Swansea Declaration, which is almost identical in wording to the Kyoto and Halifax 

Declarations, for example, states “Universities have a major responsibility to help 

societies shape their present and future development policies and actions into the 

sustainable and equitable forms necessary for an environmentally secure and civilized 

world…   … the educational, research and public service roles of universities enable and 

impel them to be competent, effective contributors to the major attitudinal and policy 

changes necessary for a sustainable future…” (Association of Commonwealth 

Universities Fifteenth Quinquennial Conference 2008).   The Graz Declaration (2005) 

calls for universities to “to give sustainable development fundamental status in their 

strategy and their activities and to promote the creative development and 

implementation of comprehensive and integrated sustainability actions in relation to 

their three major functions – learning and teaching, research, internal and external social 
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responsibility… Universities are also called for closer interaction with other stakeholders 

in communities to better respond to their needs and requirements as well as to learn 

lessons from professional and life experiences” (International conference on Committing 

Universities to Sustainable Development 2005).  The Draft ISCN charter (2010) further 

expounds upon these ideas with the goals “of promoting awareness about 

environmental and social challenges, effecting behavioral changes, and providing tools 

for improved natural resource management,” and it furthermore describes the ISCN 

founding premise as “the development of a model sustainable campus by integrating 

design, construction, operation, renovation, management, research, education, and 

learning, is a prerequisite for fostering adoption of best practices in society at large” 

(ISCN 2009). These declarations and agreements establish a conceptual framework for 

sustainability at institutions of higher education.  In order to better understand the place 

of water management in campus sustainability it would thus be important to determine 

whether and how water is addressed in these sustainability declarations and 

agreements.   

Perusal of over a dozen of these declarations and agreements addressing 

sustainability in higher education revealed that water is only mentioned in four of the 

declarations, the Talloires Declaration, Agenda 21 of the Earth Summit, ISCN Charter 

and the Bonn Declaration ( 
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Table 2).  The Bonn Declaration (2009) is one of the few declarations that 

explicitly emphasizes the importance of water in sustainability efforts in higher 

education as it asks countries and organizations to “Intensify efforts in education and 

training systems to address critical and urgent sustainability challenges such as climate 

change, water and food security by developing specific action plans and/or programmes 

within the UN DESD umbrella and partnership framework” (UNESCO 2009). The 

Talloires Declaration mentions water pollution and destruction and depletion of water 

as among the many environmental issues plaguing the world.  Agenda 21 from the 

Earth Summit, which addresses sustainability at a universal level beyond the context of 

higher education, discusses water and its management extensively, with an entire 

chapter (18) dedicated to water management.  The other declarations make no mention 

of water, but it is important to also recognize that most of those declarations do not 

identify specific resources or issues but rather address more general concepts of 

sustainability.  Wright’s (2004) review of campus sustainability declarations concluded 

that sustainability in campus operations is not a priority for most of the declarations 

(Wright 2004). It has also been found that while sustainability declarations have been 

helpful for communicating and drawing attention to sustainability in higher education, 

the declarations have not effectively led to implementation of sustainability 

recommendations by institutions of higher education (Wright 2003). 
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Table 2: An overview of whether and how water is addressed in declarations, 

charters and commitments that are important to sustainability at institutions of higher 

education. 

 

 

Of the declarations and charters reviewed, IWRM is only explicitly addressed in 

Agenda 21 of the Earth Summit with its 18th Chapter focused on water resources and 

Declaration Year Water IWRM  

Tbilisi Declaration 1977 No No 

Talloires Declaration 1990 Water pollution; destruction 
and depletion of water 

No, but similar 
principles 

Halifax Declaration 1991 No No 

Earth Summit Agenda 21 1992 Water quality & quantity Yes 

Swansea Declaration 1993 No No 

Kyoto Declaration 1993 No No 

CRE-COPERNICUS Charter 1993 No No 

Thessaloniki Declaration 1997 No No 

Luneburg Declaration 2001 No No 

Ubuntu Declaration 2002 No No 

Graz Declaration 2005 No No 

ACUPCC (Climate Commitment) 2007 No No 

Draft International Sustainable 
Campus Network (ISCN) Charter 

2009 Water use No, but similar 
principles 

Bonn Declaration 2009 Water as a priority issue and 
challenge 

No 
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their management.  While not explicitly addressing IWRM, the principles set forth for 

campus sustainability by the Talloires Declaration and ISCN Charter are very much the 

same as those generally associated with IWRM. Among the IWRM related principles set 

forth by these declarations are: (1) fostering environmental awareness, education and 

outreach; (2) institutionalizing and practicing sustainability; (3) participatory 

involvement of all stakeholders; (4) interdisciplinary collaboration; and (5) capacity 

enhancement.  These two declarations, if adopted and acted upon by universities, thus 

set a helpful foundation and framework for an integrated and participatory process of 

resource management very much in harmony with IWRM. 

 

2.5.3 Water in campus sustainability assessments 

 Numerous assessment instruments have been developed over the past couple 

decades to facilitate and help standardize the process of monitoring and evaluating 

university initiatives and actions towards campus sustainability and sustainability in 

higher education.  These assessment tools usually consist of a questionnaire and 

accompanying protocols for conducting the assessment.  Various organizations have 

developed and sponsored these campus sustainability assessments and the goals and 

focus of the assessments may be reflective of the mission of these organizations.  The 

number of different tools has proliferated to the point where individuals responsible for 

sustainability at institutions of higher education may feel overwhelmed and possibly 
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frustrated with the redundancies of some of the assessments.  An effort is underway to 

standardize the language used in the different campus sustainability assessment tools in 

order to facilitate the process of completing the questionnaires associated with those 

assessments (Carlson 2011). 

Close examination of the campus sustainability assessment tools revealed 

differing levels of emphasis on water as a resource of importance in campus 

sustainability.  Water management appears to be assigned less value compared to 

energy conservation and climate in the three most popular campus sustainability 

assessment tools, which include the Association for the Advancement of Sustainability 

in Higher Education’s Sustainability Tracking Assessment and Rating System (STARS), 

the Sustainable Endowment Institute’s College Sustainability Report Card, and the 

National Wildlife Federation’s State of the Campus Environment (d to water compared 

to energy.  

Table 3).   STARS assigns 10.2 credits to water compared to 16.5 each for energy 

and climate, and 7 of the water related credits are dedicated to water consumption.  

STARS is fast becoming the standard protocol for campus sustainability assessment and 

rating and thus how it addresses water will likely influence the importance placed on 

water in sustainability programs at individual universities participating in STARS.  The 

College Sustainability Report Card does not assign a category to water, unlike climate 

change and energy, with water instead making up a portion of the green building and 
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investment priorities categories.  The State of the Campus Environment assessment 

similarly does not have water as a focal areas, but rather deals with water under its 

Energy and Utilities section for facilities managers, where half as many questions are 

related to water compared to energy.  

Table 3: An overview of how water and integrated water resource management 

(IWRM) is addressed in the most popular campus sustainability assessment tools. 

Assessment Tool Sponsor Water vs. Other Issues Quality / Quantity IWRM 

Sustainability 
Tracking, 
Assessment & 
Rating System 
(STARS 1.1) 

AASHE Water (10.25cr)  
Energy (16.5cr), Climate 
(16.5cr), Waste (12.5cr), 
Transportation (12cr) 

Stormwater: 2 cr 
Consumption: 7 
cr 

No 

College 
Sustainability 
Report Card 

SEI No Water category: Water 
(20% of Green Building 
Category), On-Campus 
Water/Energy Efficiency 
Projects (30% of Investment 
Priorities Category); 
Dedicated categories: 
Climate Change & Energy, 
Food & Recycling, 
Transportation 

Mainly water 
conservation, 
though mentions 
stormwater 
management 

No 

State of the 
Campus 
Environment 

NWF Water not a focal area;  
“Energy and Utilities” section 
for facilities managers: Water 
(5 Questions), Energy (10 
Questions) 

Water 
Conservation 

No 

 

While water seems somewhat undermined in the more popular campus 

sustainability assessment tools, several of the maybe lesser known assessments 

including the University Leaders for a Sustainable Future’s Sustainability Assessment 

Questionnaire (SAQ), the Sierra Youth Council’s Campus Sustainability Assessment 
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Framework (CSAF), the Campus Sustainability Assessment Project (CSAP) Snapshot 

Indicators, and Good Company’s Sustainable Pathways Toolkit all present water on 

equal footing as other sustainability issues such energy and recycling (stems. 
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Table 4). C2E2’s Environmental Management System Self-Assessment Checklist 

only mentions water in an example provided for a question and as a response option in 

another question about planning.  These other assessment and rating systems may not 

have as much of an influence on campus sustainability as they may have in the recent 

past, as they have become largely superseded by the more popular STARS and 

Sustainability Report Card systems. 
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Table 4: An overview of how water and integrated water resource management 

(IWRM) is addressed in several other campus sustainability assessment tools. 

Assessment Tool Sponsor Water vs. Other Issues Quality / Quantity IWRM 

Sustainability 
Assessment 
Questionnaire 
(SAQ) 

ULSF Equal emphasis of water, 
energy, recycling, 
transportation, etc… in 
questionnaire 

Water 
Conservation 

Integrate 
operations 
practices in 
educational 
and 
scholarly 
activities 

Campus 
Sustainability 
Assessment 
Framework 
(CSAF) 

SYC Water is a CSAF Core area 
same as Energy, Air, Land, 
Materials, etc… 

Water 
Consumption, 
Water Efficiency, 
Wastewater 
Production 

No 

Campus 
Sustainability 
Assessment 
Project (CSAP) 
Snapshot 
Indicators 

Western 
Michigan 
University 

Water is section same as 
Energy, Solid Waste, 
Transportation, etc… 

Water use, Water 
Disposal, 
Stormwater 
runoff 
management 

No 

Sustainable 
Pathways Toolkit 

Good 
Company 

Water is a core indicator 
same as Energy, Recycling, 
Transportation etc… 

Water Use,        
Impervious 
Surface 

Integrate 
sustainabilit
y in 
decision-
making 
structures 

Environmental 
Management 
System Self-
Assessment 
Checklist 

C2E2 Water mentioned in 
example for Environmental 
Policy Section question and 
in response option to 
Planning section question; 
Similar mentions of Energy, 
Emissions, Air,  and Solid 
Waste. 

Impacts from 
emissions 
including water; 

Water 
usage and 
efficiency 

No 

 

U.S. Green Building Council’s Leadership in Environment and Energy Design 

(LEED) protocols for existing, renovated and new structures were also reviewed to 
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better understand whether and how much emphasis is placed on managing water as a 

part of environmentally sustainable building design and management.   LEED’s Existing 

Buildings Operation and Maintenance rating system assigns 15 points to water, while 

other resources such as energy and atmosphere are assigned more than double that at 35 

points (
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Table 5).  Furthermore, the distribution of potential points assigned to water is such that 

water efficiency measures get up to 14 points while stormwater gets a mere point at 

most.  Similarly, LEED New Construction and Major Renovations rating system assigns 

water a maximum of 12 points, with 10 points for water efficiency, 2 points for 

stormwater, and a potential 2 points for wastewater solutions.  Analysis of the newly 

developed Sustainable Sites Initiative (SSI) system for sustainable landscaping, which is 

a joint effort of the American Society of Landscape Architects, the Ladybird Johnson 

Wildflower Center at the University of Texas at Austin, and the United States Botanical 

Garden, showed placement of a high level of importance on water, with uniquely strong 

emphasis on water quality management in the landscape.  SSI’s rating system, which is 

currently being pilot tested, assigns water (44 points) almost a fifth of the 250 total 

possible points and 35 of those potential water points is allotted to water quality related 

practices and technologies.  Potential plans are being considered for incorporating SSI 

into the LEED rating system, which should enable more balanced and integrated 

consideration of water in green infrastructure design and management. 
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Table 5: An overview of how water and integrated water resource management 

(IWRM) is addressed in green building and landscaping rating systems. 

Green Rating Tool Sponsor Water vs. Other 

Issues 
Quality / Quantity IWRM 

LEED 2009: Existing 
Buildings Operation 
and Maintenance 

USGBC Water (15pts)  
Energy & Atmosphere 
(35pts) 

Stormwater: 1pts 
Efficiency: 14pts 

No 

LEED 2009: New 
Construction and 
Major Renovations 

USGBC Water (12pts) 
Energy & Atmosphere 
(35pts) 

Stormwater: 2pts 
Efficiency: 10pts 
(2pts wastewater) 

No 

Sustainable Sites 
Initiative 

ASLA & 
LBJWC 

Water (44pts);  
Soil and Veg (51pts);  
Total (250pts) 

Quality: 35pts 
Quantity: 9pts 

Integrated 
site 
development 
process 

 

 None of the campus sustainability assessment tools explicitly mention or address 

integrated water resource management (IWRM), though some principles similar to those 

of IWRM are to varyingly degrees touched upon or incorporated in the different 

assessments. 

2.5.4 Water in campus sustainability rankings 

Half a dozen campus sustainability rankings systems have been developed and 

published.  These rankings, which are popularly cited in the mass media as well as on 

university websites, are usually based on dedicated questionnaires, SEI’s College 

Sustainability Report Card information, and/or results from another one of the ranking 

systems.  These ranking systems provide a means to distinguish and showcase the 

exceptional sustainability efforts of individual universities and thus theoretically create 
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greater incentive for institutions of higher education to implement sustainability 

measures that would raise their ranking.  An analysis of these campus sustainability 

ranking systems revealed that water is nowhere to be found in three of the rankings and 

largely overlooked in the other three (
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Table 6).  None of the ranking systems mentioned or addressed IWRM.  Princeton 

Review’s Guide to 311 Green Schools does not address water in its 10 assessment 

questions, though water is mentioned in the description of sustainability efforts at some 

of the ranked schools.  Similarly the Grist 15 Green Schools only mentions water in the 

description of a couple of the 15 ranked institutions.  Water is not amongst the 10 

categories used for Sierra Cool School’s ranking and is only brought up in a couple 

questions under the Efficiency and Food categories.   If universities strive to improve 

their sustainability rankings based on the criteria focused on in these established 

ranking systems, water may continue to be marginalized and underemphasized in 

campus sustainability programs. 
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Table 6: An overview of how water is addressed in campus sustainability 

ranking systems. 

Ranking Sponsor Water vs. Other Issues Quality / 

Quantity 
IWRM 

Guide to 311 Green 
Schools 

Princeton 
Review 

Water not addressed in 
the 10 questions used; 
Focus on energy, GHG 
emissions, waste, 
transportation, food 

Water 
mentioned in 
description of 
some schools 

No 

Top 10Greenest 2008  
 

Forbes 
Magazine 

No mention of water;  
Focus on energy and 
climate change (GHG 
emissions) 

N/A No 

The Grist “15 Green 
Schools”  
[Methodology 
unavailable online] 

The Grist Only 2 mentions of water 
(water use monitoring 
system at Oberlin, 
rainwater collection at 
Stanford); 
Focus on green building, 
energy, climate neutrality, 
food, transportation 

Water use and 
collection 

No 

Sierra “Cool Schools” Sierra 
Magazine 

No Water Category: water 
only addressed in 
question under Efficiency 
and Food Categories; 
10 Categories include 
Energy, Food, 
Transportation, Waste 

Water 
recycling for 
landscape 
irrigation; 
Bottled water 
sales 

No 

College Prowler CollegePro
wler.com 

Water not addressed N/A No 

College Rankings 2011: 
The Greenest 

Newsweek Water not addressed N/A No 

 

2.5.5 Water in campus sustainability organizations’ websites 

A number of organizations have played an important role as conceptual and 

informational resources for campus sustainability.  Organizations addressing campus 
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sustainability include: the Association of University Leaders for a Sustainable Future 

(ULSF); Second Nature; the National Wildlife Federation with its Campus Ecology 

Program; International Association of Universities (IAU); Disciplinary Associations 

Network for Sustainability (DANS); College and University Recycling Council (CURC) 

of the National Recycling Coalition; Higher Education Associations for Sustainability 

Consortium (HEASC); the Global Higher Education for Sustainability Partnership 

(GHESP) including UNESCO, ULSF, COPERNICUS-CAMPUS, and the IAU; the 

International Sustainable Campus Network (ISCN); Global University Leaders Forum 

(GULF); and the Association for the Advancement of Sustainability in Higher Education 

(AASHE).  Ideas presented by these organizations, particularly on their easily accessible 

websites, may influence university campus sustainability programs and operations. 

Analysis of the websites of twenty-five organizations focused on or highly involved in 

campus sustainability showed that only a few of these important online resources 

feature sections or pages dedicated to water and its management, and just a couple 

mentioned water in their mission or vision statements (
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Table 7).  Among the websites featuring sections or pages specifically on water are those 

for AASHE, CampusERC, EAUC, NWF, SUI and U.S. EPA.  AASHE.org features a 

section on water resources under the Campus Operations Resources subsection of its 

Resources section and features useful examples on campus stormwater policies, water 

conservation efforts, case studies, water conservation practices, AASHE Bulletin articles 

on water, student papers on water, and a discussion forum; however, all of this 

information is only accessible to AASHE members.   CampusERC.org, a collaborative 

effort of several campus sustainability related organizations, presents extensive 

information on water dispersed throughout the Resources, Virtual Tour and Topics 

sections of the website and includes helpful information on Clean Water Act and Safe 

Drinking Water Act regulations compliance, links to state water resources, and model 

(best) practices.  EAUC.org.uk has an Energy and Water page under its Resource Bank 

section, NWF.org has an dropdown menu option on its Case Studies section allowing 

one to narrow the list to case studies on water, and the SUI website simply has a water 

links subsection of its links page.   The U.S. EPA website, which features the most 

extensive information and data on water in general, may serve as the primary online 

resource on water related management ideas and best management practices for campus 

sustainability personnel and committees, though further inquiry would be needed to 

verify this.  
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Table 7:  A cursory overview of how water is addressed in the websites of 

organizations highly involved in campus sustainability. 

Organization Name 
Type of 
Organization 

Number of 
Member 
Institutions 

Water 
Explicitly in 
Mission or 
Vision 
Statement? 

Dedicated Water 
Section or Page on 
Website? 

Website 
URL 

American Association of 
Colleges and 
Universities (AACU)  

Network or 
Consortium 1200+ No No 

http://www
.aacu.org 

Associated Colleges of 
the South 

Network or 
Consortium 16 No No 

http://www
.colleges.o
rg 

Association for 
Advancement of 
Sustainability in Higher 
Education (AASHE) Network or 

Consortium 

926 (+291 
businesses 
and others) No 

Water section under 
Campus Operation 
Resources in 
Resources Tab 
(http://www.aashe.org
/resources/water-
resources) 

http://www
.aashe.org 

Association of Physical 
Plant Administrators of 
Universities and 
Colleges (APPA) [also 
known as: Association of 
Higher Education 
Facilities Officers] 

Network or 
Consortium 

1500 (300 
education 
related) No 

No, but partner for 
CampusERC website  
featuring water  

http://www
.appa.org 

Campus Consortium for 
Environmental 
Excellence (C2E2) 

Network or 
Consortium 27 No 

No, but partner for 
CampusERC website  
featuring water  

http://www
.c2e2.org 

Campus Environmental 
Resource Center 
(CampusERC) 

Network or 
Consortium 

NACUBO, 
C2E2, 
CSHEMA, 
APPA and 
EPA No 

Water Regulations 
Compliance 
(http://www.campuser
c.org/resources/EHSg
uide/CWA/Pages/defa
ult.aspx); and State 
Resources 
(http://www.campuser
c.org/resources/stater
esources/Pages/defa
ult.aspx) 

http://www
.campuser
c.org 

Education for 
Sustainability Western 
Network Network or 

Consortium N/A N/A N/A 

http://efsw
est.org 
(Not 
Accessible
) 

Environmental 
Association for 
Universities and 
Colleges (EAUC) Network or 

Consortium 300+ (UK) No 

Energy and Water 
page under Resource 
Bank section 
(http://www.eauc.org.
uk/energy_water) 

http://www
.eauc.org.
uk 

Global Higher Education 
for Sustainability 
Partnership (GHESP) 

Network or 
Consortium 5 No No 

http://web
apps01.un
.org/dsd/p
artnership
s/public/pa
rtnerships/
71.html 
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Good Company – 
Campus Sustainability Consulting 

Firm N/A   No 

http://www
.goodcom
pany.com/ 

Higher Education 
Associations 
Sustainability 
Consortium (HEAC) 

Network or 
Consortium 11 No No 

http://heas
c.aashe.or
g 

International Association 
of Universities (IAU) Network or 

Consortium 604 No No 

http://www
.iau-
aiu.net 

National Association of 
College & University 
Business Officers 
(NACUBO) 

Network or 
Consortium 2500+ No 

No, but partner for 
CampusERC website  
featuring water  

http://www
.nacubo.or
g 

 Association of College & 
University Housing 
Officers - International 
(ACUHO-I)  

Network or 
Consortium 900+ No No 

http://www
.acuho-
i.org 

National Association of 
Educational 
Procurement (NAEP) 

Network or 
Consortium 1500+ No No 

http://www
.naepnet.o
rg 

National Wildlife 
Federation – Campus 
Ecology Program 

NGO N/A 

Yes for NWF 
overall 
Mission 

Water Case Studies 
(http://www.nwf.org/Gl
obal-
Warming/Campus-
Solutions/Resources/
Case-Studies.aspx) 

http://www
.nwf.org/Gl
obal-
Warming/
Campus-
Solutions.
aspx 

New Jersey Higher 
Education Partnership 
for Sustainability 
(NJHEPS) 

Network or 
Consortium 48 No No 

http://www
.njheps.or
g 

Pennsylvania 
Consortium for 
Interdisciplinary 
Environmental Policy 

Network or 
Consortium 57 No No 

http://www
.pagreenc
olleges.or
g 

SC Sustainable 
Universities Initiative 
(SUI) 

Network or 
Consortium 16 No 

Watershed links page 
under Links Section 
(http://www.sc.edu/su
stainableu/Watershed
Links.htm) 

http://www
.sc.edu/su
stainableu 

Second Nature NGO N/A No No 

http://www
.secondna
ture.org 

Society for College & 
University Planning 
(SCUP) 

Network or 
Consortium 

(5000 
individuals) No No 

http://www
.scup.org 

University Leaders for a 
Sustainable Future 
(ULSF) NGO N/A 

Yes, when 
defining 
sustainability No 

http://www
.ulsf.org 

Upper Midwest 
Sustainability Group 

Network or 
Consortium 15 No No 

http://www
.umacs.or
g 

U.S. Environmental 
Protection Agency 
(EPA)_ 

Government 
Agency N/A 

No, except in 
example for 
Sponsor 
Partnerships 

Yes, Very extensive 
resources focused on 
water and its 
management 

http://www
.epa.gov 

US Partnership for the 
Decade of Education for 
Sustainable 
Development NGO N/A No No 

http://www
.uspartner
ship.org 
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2.6 Conclusion 

Universities, whose primary operational mission is to practice and promote 

education, research and service, have been an important source of knowledge, skills, 

technology, and leadership for the development and transformation of human 

civilization and more recently have started taking a lead in the field of environmental 

sustainability.  A number of resources and issues are being addressed through campus 

sustainability efforts and great strides have been made to bring environmental 

sustainability to the forefront at many institutions.  Among the most common 

sustainability topics and issues addressed are energy conservation and alternative 

energy, reducing greenhouse gas emissions and the institutional carbon footprint, solid 

waste recycling, alternative transportation, green dining, and water conservation. 

Extensive review of campus sustainability literature, documents, and websites leads us 

to conclude that water is generally overlooked or underemphasized in the current 

framework for campus sustainability and where water is addressed water quality 

management is given less importance and attention than water conservation.  Reasons 

for this are not entirely clear, though a likely explanation as to why energy conservation 

is often given priority over water may include the greater financial costs for energy than 

water and thus greater potential cost savings with its conservation – this is partly due to 

public subsidies and underpricing of water resulting in water being economically 
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undervalued (Serageldin 1995).  Another factor that may influence differences in how 

water and energy are valued may be related to the concept of water as a constantly 

cycling renewable resource, while energy generation often involves nonrenewable fossil 

fuels. 

Integrated water resource management, an increasingly recommended approach 

for water management, is currently virtually nonexistent in the literature, documents 

and websites associated with sustainability in higher education.  The only document of 

the many reviewed that explicitly addresses integrated water management was Agenda 

21 from the Earth Summit Agenda, which wasn’t specifically developed for the context 

of university campus sustainability but rather serves as a global document for 

environmental sustainability.  Principles important to IWRM (e.g. stakeholder 

participation and interdisciplinary management) are presented in some of the 

documents and thus a framework does exist which could facilitate the adoption of 

IWRM or a comparable integrated environmental management system.  One reason 

IWRM may not be addressed in campus literature is because IWRM has thus far 

primarily been tested and applied at the watershed and catchment scale, while many 

university campuses are smaller in scale and occupy just a portion of the watershed.  In 

this context it may make sense for those campuses to become more active stakeholders 

and collaborators in IWRM within the greater watershed.  Regardless of the scale of the 

campus, need remains for an integrated and systematic approach to managing water 
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and other resources that minimizes the campuses’ impact on the environment and 

IWRM could serve as a useful framework for such integrated management for campus 

sustainability. 

Water may not currently be at the top of the agenda for campus sustainability, 

yet great strides have and are being made by organizations and campuses to conserve 

water and minimize their institutions impacts to local and regional waterbodies.  As the 

availability of water resources becomes more variable, as anticipated with climate 

change, and demand for water grows along with human population growth and 

urbanization, sustainable water management will surely become a greater priority for all 

sectors of society.  Adoption and application of a more integrated approach to water and 

environmental management should facilitate the process of balancing the needs of 

humanity and the natural ecosystems upon which we depend for our survival and 

wellbeing. Without well-developed water management plans and processes, campuses 

could face major water issues in the decades ahead and importantly are losing the 

opportunity to train the next generation on properly managing one of the major limiting 

factors for civilization – a clean sustainable water supply. 
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3. Sustainable and integrated water resource 
management on the American university campus: A 
survey of institutional water management 

 

3.1 Abstract 

Water is a vital resource needing integrated management in our increasingly 

populated and complex societies which are facing greater water demand, shortages, and 

pollution.  In a time when environmental sustainability is evolving into a socio-

economic priority, institutions of higher education have an important role and 

opportunity to develop, apply and promote sustainable water management tools and 

processes. In this study a web-survey of sustainability coordinators and facilities 

managers at 201 universities and colleges across the United States was undertaken to 

assess the current state of campus water management and to gain a better 

understanding of institutional efforts at implementing sustainable and integrated water 

resource management.  Respondents described institutional water management as less 

of a priority than energy management, though they generally considered their campus 

water management as adequate. Integrated management approaches may be common to 

campus sustainability programs with 73% of sustainability coordinators describing the 

structure and style of their campus sustainability management as integrated; campus 

water resource management, however, was not as frequently described integrated, with 
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a quarter of the facilities manager respondents describing their water management 

structure and style as top-down. Campuses with stream and wetland restoration 

projects were more likely to have a watershed plan and apply multidisciplinary 

approaches to water management.  Comments from the respondents reflect the 

likelihood that many campuses still rely on this traditional “conveyance” approach to 

addressing precipitation and runoff water on the landscape.   Respondents identified the 

main drivers of sustainable water management and planning as including individual 

initiatives, local codes and policies, campus community awareness about sustainability 

issues, and the development of specific environmental projects on campus, while the 

main barrier was budgeted funds.  Among the campus initiatives frequently mentioned 

were water conservation measures and irrigation systems reusing grey water and 

rainwater. The findings from this study assess the current state of water management on 

campuses and hopefully will facilitate the development of a framework for more 

integrated water resource management at universities and colleges. 

 

3.2 Introduction 

Water is an essential resource for life on earth, provides habitat for many 

organisms, and is necessary for sustaining human civilization.  Freshwater supplies of 

adequate quality vary geographically and temporally, impacting water availability for 

environmental and human needs.  Flooding and drought frequently present major 
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challenges to human communities at various times and places, and such water 

variability is predicted to increase with climate change (Gleick 2001). Furthermore, 

pollutants including excess nutrients, sediment, and industrial chemicals generated by 

land use, industrial, agricultural, and residential activities frequently degrade water 

quality.  According to U.S. EPA assessments, river and stream water quality across 

much of the United States is impaired by pathogens, sediment, nutrients, organic 

enrichment/oxygen depletion, polychlorinated biphenyls (PCBs), habitat alternations, 

metals, flow alterations and temperature change (U.S. EPA 2011).  Sources of water 

impairment include hydro-modification, urban-related runoff/stormwater, and 

municipal discharges/sewage (U.S. EPA 2011). Addressing these water challenges 

requires effective water and land use management. 

Integrated water resource management is widely recommended as the key to 

sustainably manage water in the ecologically, geographically, and socio-politically 

complex world in which we live (WSSD 2002; Rahaman 2005; AWRA 2011). Integrated 

water resources management (IWRM), defined as “a process which promotes the 

coordinated development and management of water, land and related resources, in 

order to maximize the resultant economic and social welfare in an equitable manner 

without compromising the sustainability of vital ecosystems” (GWP 2000), involves a 

participatory, interdisciplinary, multi-scaled and multi-purposed management 

framework. While increasingly presented as the best approach for sustainable water 
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management, IWRM has yet to be effectively applied in much of the world.  

Experimentation, adaptation, training, and practice of sustainable water management at 

institutions of higher education could act as a model program and help facilitate IWRM 

adoption by the greater society as a whole. 

 Universities and colleges (collectively referred to as universities in this paper), 

whose primary operational mission is to practice and promote education, research and 

service, have been an important source of knowledge, skills, technology, and leadership 

for the development and transformation of human civilization. Over the past few years, 

universities have increasingly recognized their need to develop and operate in an 

environmentally sustainable manner, in addition to their role to teach, research and 

promote sustainability (Creighton 1998; Graedel 2002; Shriberg 2002; Lozano 2006; 

Rochon, Nies et al. 2006; Mascarelli 2009; Sharp 2009).  In 2002, a United Nations 

Resolution (57/254) was adopted establishing 2005-2014 as the United Nations Decade of 

Education for Sustainable Development (UNESCO 2007). University campuses across 

the United States and around the world are signing sustainability declarations, 

developing campus sustainability plans, hiring sustainability coordinators, establishing 

sustainability committees, and implementing programs to foster and organize 

sustainability initiatives for the campus community (Calder and Clugston 2002; Wright 

2002). Multiple sustainability declarations and organizations have been developed to 

stimulate and encourage universities to collectively practice and promote environmental 



 

 46

sustainability (ULSF 1990; CRE-COPERNICUS 1994; Heinz Family Foundation 1995; 

GHESP 2001; ACUPCC 2006; ISCN 2010).  Various sustainability assessment tools have 

been developed to facilitate university efforts at assessing their environmental impacts, 

examine the sustainability of their operations, and compare their performance with that 

of other universities (Glasser and Nixon 2002; Shriberg 2002; Dawe, Vetter et al. 2004; 

Lozano 2006; AASHE 2011; GreenerU 2011; Princeton Review 2011; Sustainable 

Endowments Institute 2011).  Universities can serve as convenient models where 

sustainable management practices and technologies can be developed and tested for 

towns and cities (Cortese 1999; Rochon, Nies et al. 2006; Alshuwaikhat and Abubakar 

2008; Cortese 2010).  Institutions of higher education have the potential to foster 

sustainable and integrated water management through their education, research, 

service, and operational activities (Cortese 2003). However, many universities and 

colleges are now focused on energy and the carbon footprint they leave, while water has 

become an overlooked resource on campus. 

Campus environmental sustainability declarations, plans, programs, and 

assessments address a suite of environmental issues, though focusing primarily on 

energy conservation, minimizing greenhouse gas emissions, recycling, green building, 

green purchasing, and water conservation (Cole 2003; Lozano 2006).  Numerous 

research studies have examined the issues of campus sustainability (Fien 2002; Shriberg 

2002; Balsas 2003; Cole and Wright 2005; Savanick, Baker et al. 2007; Ferrer-Balas, 
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Adachi et al. 2008), however few have focused specifically on the issues of water 

quantity and quality management (Habron, Kaplowitz et al. 2004).  Since the 

implementation of this Campus Water Management Survey, C2E2 conducted a 2011 

Campus Water Recycling and Reuse Projects survey focused on rainwater and 

graywater recycling and reclamation at university campuses in the United States, 

finding that 42% of the responding campuses are capturing and recycling rainwater 

while just 12% capture and reuse graywater and 22% use reclaimed/treated water (C2E2 

2011).  Results from a survey of 25 campus sustainability programs mentioned water 

conservation among the trends in campus sustainability priorities, but indicated water 

quality as a more unique issue mentioned as a priority by only 2 or less institutions 

(Meigs 2005). A study by the Roberts Environmental Center at Claremont McKenna 

College looked at the websites of the Top 50 National Universities and the Top 50 

Liberal Arts Colleges in the United States and measured levels of sustainability 

reporting using the Pacific Sustainability Index (PSI) benchmarking tool.  Results from 

their study of university websites indicate that water [quantity] used was reported by 

83% of the Top 50 National Universities and about 65% of Top 50 Liberal Arts Colleges 

studied, which is behind reporting rates for solid waste recycling, green transportation 

initiatives and energy used (Roberts Environmental Center 2010) (Roberts 

Environmental Center 2010).  Wastewater released to natural waterbodies [water quality 

issue] was reported by only about 32% of the national universities and liberal arts 
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colleges in the study (Roberts Environmental Center 2010) (Roberts Environmental 

Center 2010).   

Several papers have expressed the need for a systems thinking and 

interdisciplinary approach to campus management in order to overcome the 

sustainability barriers associated with compartmentalization at institutions of higher 

education (NTREE 1995; Henson, Missimer et al. 2007; McMillin and Dyball 2009; Sharp 

2009); this is the sort of sustainability challenge integrated water resource management 

is theoretically designed to address. Bourget 2006 conducted a survey study looking into 

integrated water resource management curriculums in the United States, but little or no 

research has been conducted specifically on the implementation of integrated water 

resource management on university campuses.  Results from Bourget’s survey indicate 

interest in integrated water resource management (IWRM) from all water resource 

sectors and a need to further explore how the principles of IWRM relate to experiences 

in the United States(Bourget 2006). Importantly, campuses can serve as study focal 

points for watersheds, the preferred management units for integrated water 

management (Tolley, Everham Iii et al. 2002). Clearly, a need exists for a better 

understanding of the water management at university campuses and in campus 

sustainability programs in the United States. 

 



 

 49

3.3 Objectives 

The purpose of this study was to investigate how water resources are managed 

at institutions of higher education.  This chapter presents findings from a survey of 

sustainability coordinators and facilities managers at colleges and universities across the 

United States.  The objectives of the survey were to (1) assess water management at 

institutions of higher education and (2) gain a better understanding of campus efforts at 

implementing sustainable and integrated water resource management. The article 

presents perceptions of current effectiveness and preparedness for water management, 

drivers and barriers to sustainable water management, water issues addressed and 

planned for on campus, application of IWRM principles, and discusses the importance 

and need for campus water management. This survey study will hopefully encourage 

further examination and consideration of campus water management at institutions of 

higher education. 

 

3.4 Survey Methodology 

This study used an online survey to assess the perceptions of the respondents on 

water management and campus sustainability programs at their respective institution, 

determine how campuses are managing their water resources, collect demographic 

information, and help identify candidate institutions for case studies (Figure 1).  Surveys 

were selected as the most appropriate research method for this study because of an 
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interest in an overview of the status of water management at the diverse range of 

institutions of higher education found across the United Sates from the perspective of 

stakeholders most likely responsible for coordinating the management of this resource 

on campuses. 
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Figure 1: Survey study research design flowchart. 

 

3.4.1 Survey Instrument 

A 30-question web-survey solicited information from respondents about campus 

sustainability and water management at the institution they represent (Appendix A).  
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The web-survey was designed and administered through the ViewsFlash 6, a web-

survey tool licensed by Cogix Inc. to Duke University. The survey consisted of 28 closed-

ended questions and 2 open-ended questions. The questionnaire used a branching 

design, which enabled to ask sustainability coordinators and facilities managers a few 

questions specific to their area of expertise in addition to 24 questions addressed to all 

respondents.  The questions included in the questionnaire addressed: use of integrated 

water management practices, drivers and barriers to sustainable management, 

sustainability and water management issues faced by the institution, management 

actions to address the issues, institutional demographics, and respondent demographic 

information.  The questionnaire was developed through several phases to ensure 

effective question selection, proper question design, and concise and intelligible 

wording prior to being administered in its final form. A list of topics and questions 

relevant to campus water management was generated based on literature review, 

published campus sustainability surveys, and personal reflection on the topic. Faculty, 

graduate students, an IWRM project manager, a sustainability coordinator, and a facility 

manager then provided feedback on the questionnaire.   

 

3.4.2 Pilot Survey Study 

A pilot study of 60 institutions of higher education was conducted to pre-test the 

survey instrument prior to administering the final survey.  The pilot study participants 
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were recruited using the same method as described for the final survey study, but in the 

pilot study the sample size was limited to 60 institutions and included associates 

institutions  (Table 8).   

Table 8: Pilot study survey sample size. 

Institution Type  
Number of 
institutions 

Pilot Study 
Sample 
(n=60) 

Number of 
Pilot Study 
Responses

1
 

Associates 1814 31 3 
Bachelors 767 13 3 
Masters 663 11 2 
Doctoral & Research 283 5 4 

TOTAL 3527 60 12 

 

Technical issues with the survey setup on ViewsFlash during the pilot study 

prevented most of the survey invitees from completing the survey, as they were 

unintentionally prompted to enter a username and password to access the survey. The 

technical issue was fixed after several debugging attempts, but by that point most 

respondents were reluctant to complete the survey and thus only 12 completed 

questionnaires were received by the close of the pilot study.  This small response rate 

limited the usefulness of the pilot study for refining the content of the survey 

questionnaire, though the pilot study did enable us to fix the survey access technical 

problem prior to launching the final survey study.   

 

                                                      

1 There were 13 pilot study responses, but 1 response was redundant and thus not considered here. 
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3.4.3 Sampling Design 

Invitations to participate in the final survey were sent as electronic mail to 

sustainability coordinators and facilities managers at a stratified random sample of 636 

university campuses across the United States. The sampling frame for the survey 

consisted of all bachelor’s, master’s and doctoral/research institutions listed in the online 

database of the Carnegie Foundation of the Advancement of Teaching 

(CarnegieFoundation.org 2009).  Associate’s degree institutions were excluded from the 

final survey due to resource constraints, the very low response rate observed in the pilot 

study, and the fact that associate’s institutions generally do not feature the on-campus 

residence and autonomous facilities management departments found at larger 

institutions (and thus are not as suitable as models for towns and cities).  The sampling 

frame was stratified according to Carnegie’s Basic Classification System of institutions of 

higher education. The individuals within the target population for the surveys were 

identified from university websites, online directories and phone calls to university 

administrators.  Participants were contacted via emails featuring an invitation to take the 

survey questionnaire and a link to the questionnaire.   

Sample sizes were determined using recommended minimum sample sizes for 

small populations suggested by Rea and Parker (Rea and Parker 1997). Their 

calculations are based on determining sample size for variables expressed in terms of 
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proportions, which is predominant data type of interest in the campus water 

management survey. The recommended sample sizes are based on the equation: 

 

Equation 1: n = (Zα
2(0.25)N) / (Zα

2 (0.25) + (N – 1) Cp2 

where  n = sample size 

 Zα = Z score for various levels of confidence (α) 

0.25 = a constant derived from setting the value of the sample 

proportion at value (p=0.5) resulting in the largest sample size for 

applying the most conservative handling of uncertainty associated with 

the unknown true proportion. 

 Cp = confidence interval in terms of proportions 

 N = population size 

 

The final sample sizes were determined based on the above equation for a 

sampling frame of 767 bachelors institutions, 663 masters institutions, and 283 doctoral 

institutions.  The determined sample size consisted of the sustainability coordinators 

and facilities managers at 724 institutions of higher education, which were determined 

based on a targeted 95% level of confidence with a +/-10% margin of error for each 

stratum and an anticipated survey response rate of approximately 33% (Table 9); 
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however, the actual invited population consisted of 316 sustainability coordinators and 

606 facilities managers whose contact information was retrievable. 

Table 9: Survey Sample Size Determination Based on a Stratified Random 

Sampling Design with a 95% Confidence Level and 10% Margin of Error. 

Carnegie 
Basic 
Institution 
Type 

Number of 
Institutions 
(% of Total) 

Sample for 
95% 
Confidence 
Level With 
+/-10% 
Margin of 
Error 

Sample 
Needed 
Assuming 
33% 
Response 
Rate 

Percent of 
Institution 
Type 
Represented 
by Sample 

Percent of All 
Institutions 
Represented 
by the Sample

2
 

Associates 1814 (51%)     

Bachelors 767 (22%) 85 256 33.4 7.3 

Masters 663 (19%) 84 252 38 7.1 
Doctoral & 
Research 283 (8%) 72 216 76.2 6.1 

TOTAL 3527 (100%) 91 724 42.3 20.5 

 

3.4.4 Respondent Demographics 

The respondents to the survey represented a wide range of types of institutions 

of higher education located across the United States from public to private, rural to 

urban, small to large.  The sustainability coordinators and facilities managers 

responding to the survey on behalf of the institutions were similar in many ways, yet 

also had some notable differences between them.  In this paper, most results are 

reported pooling together sustainability coordinator (SC) and facilities manager (FM) 

responses, while a latter section points out instances where statistically significant 

                                                      

2 The total number of institutions of higher education used here does not include Tribal Colleges and Special 

Focus Institutions. 



 

 56

differences were found between SC and FM responses. Similarly some variables 

exhibited significant differences between the responses based on the type (Carnegie 

Classification) of institution and those cases are also addressed later in the paper. 

3.4.5 Data Collection and Analysis 

Web-survey procedures were based on methods recommended by Dillman et al. 

(Dillman 2009).    The final survey opened on March 28, 2010, at which time initial email 

invitations were sent out to respondents, a couple of reminder emails were subsequently 

sent to respondents over the following months, and the survey was closed on August 4, 

2010. Survey responses were conveniently collected by the ViewsFlash web-survey tool 

and stored in an online database. The final survey data was exported as a spreadsheet 

and imported into Microsoft Excel for data cleaning, organizing, univariate (frequency) 

analysis and graphing. In this paper, results addressing percent of respondents to 

individual questions (particularly Likert scale questions) do not take into consideration 

non-respondents and those respondents who selected “don’t know” or “does not exist” 

answers to the questions, unless specified otherwise ( 
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Table 10). 

 



 

 58

Table 10: Data types, variables, and analysis methods in the study. Most of the 

questions had sub-questions (variables) that are not listed here, but can be found in 

the survey questionnaire (Appendix A). 

Data Type Question#: Variable  (X = Independent) Data Analysis 

Labeling Q1: Institution None 

Binary Q2 Respondent Role (X); 

Q7 Restrictions & Ordinances 

Q8 Sustainability Plan 

Bivariate:  

+Chi-Square Tests  

Nominal Q3 Sustainability Entities 

Q4 Sustainability Management Structure 

Q5 Water Management Entities 

Q6 Water Management Structure 

Q9 Water Issues in Sustainability Plan 

Q14 Participation 

Q23 Institution Ownership (X) 

Q24 Institution Setting (X) 

Q25 Student Population (X) 

Q26 Respondent Tasks 

Q27 Respondent Training 

----- NCDC Region (X) 

----- Carnegie Classification (X) 

----- Campus Wetland Project (X) 

----- Academic Water Program (X) 

Univariate:  

+Distribution 

Bivariate:  

+Contingency Tables  

+Chi-Square Tests 

Multivariate:  

+ Logistic Regression 

 

Ordinal 

(Likert 

Scale) 

Q10 Campus Plans 

Q11 IWRM Principles 

Q12 Drivers/Barriers 

Q13 Interdisciplinary 

Q15 Management Effectiveness 

Q16 Water in Core Activities 

Q17 Influential Factors 

Q18 Recession Funding 

Q19 Past Challenges 

Q20 Future Preparedness 

Q21 BMP Importance 

Q22 Water Use 

Q28 Respondent Age 

Univariate:  

+Distribution 

Bivariate:  

+Contingency Tables  

+Chi-Square Tests  

+Kendall’s tau-b  

Multivariate: 

+Logistic Regression 

 

Other Q29 Innovative Projects 

Q30 Comments 

Qualitative Analysis 
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Bivariate statistical analysis was conducted using statistical software (SAS JMP 

9). Chi-square tests were used to compare the responses of the sustainability 

coordinators and the facilities mangers.  Response categories were combined into fewer 

related categories prior to conducting the Chi-squared tests; for example, Likert scale 

(ordinal) variables were collapsed from a 5-point scale to a 3-point scale.  This data 

transformation was implemented in order to satisfy the requirement that no fewer than 

20% of the cells in the Chi-square contingency table have expected counts fewer than 5.   

Multivariate nominal logistic regression was run in JMP 9.0 to assess the 

relationship between multiple explanatory variables and response variables.  Survey 

data was reclassified and recoded to form binary variables as required for nominal 

logistic regression.  Binary dummy variables were created for institution Carnegie 

Classification (Bachelors or Masters = 0; Doctoral = 1), climate regions (NCDC regions: 

W, SW, or WNC = 0; NW, NE, SE, S, C, or Other = 1), the existence of an academic water 

program at an institution (no academic water program = 0, academic water program = 1) 

and the presence of a campus wetland restoration project at the institution campus (no 

wetland project = 0; wetland project = 1).  

Open-ended responses were manually analyzed using themes to categorize 

respondent comments.  Themes of interest included management practices and projects 

addressing water quantity (conservation), water quality (wastewater, stormwater, and 

watershed), education and research, and the lack of such water innovations and projects. 



 

 60

3.4.6 Limitations of the Study 

Best efforts were made to minimize the introduction of errors into the study; 

however, several assumptions and factors must be acknowledged as having potential 

effects on the results obtained.  Assumptions we had about the reliability and validity of 

data in this study include: (1) the Carnegie Foundation database of institutions of higher 

education from which the sample was randomly selected is comprehensive and 

accurate; (2) the randomized subsampling tool used in JMP 8.0 software is truly random; 

(3) institutional websites accurately present contact information for sustainability and 

facilities management personnel; (4) the invited sample of respondents for whom 

contact information was discovered is random and thus representative of individuals of 

similar roles at all institutions of higher education where such a position exists; (5) 

respondents to the survey were actually who they claimed to be in terms of 

sustainability coordinators and facilities managers for the institution; (6) the respondents 

were knowledgeable and accurate in their responses to the questions about their 

institution; (7) the Cogix ViewsFlash online survey system was accurate in collecting and 

storing the responses to the survey; and (8) JMP 9.0 software is accurate in its analysis of 

the data and effective in its handling of missing values.   

The design of the questionnaire and wording of the questions and answer 

options potentially influenced how the respondents responded to the survey.  Some 

questions and specific terms used in the questions could have been understood 
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differently by different respondents and thus led to different reasoning behind response 

choices.  Additionally, how we interpret the questions and answers in our analysis and 

discussion of the results is likely not fully reflective of all the respondents’ reasoning for 

their responses to the different questions.  Despite the diverse source of potential error, 

we feel the findings from the study are informative and shed light on the current state of 

water management at institutions of higher education in the U.S. 

3.4.7 Ethical Clearance 

The questionnaire, informed consent statement, invitation email message and 

description of the survey study were submitted to Duke University’s Institutional 

Review Board (IRB) for ethical clearance for the research.  IRB approval was acquired 

prior to sending out invitations and launching the survey.  The primary investigators 

also completed several ethics workshops and modules to receive the ethics certification 

required by Duke’s IRB. 

 

3.5 Results 

3.5.1 Response Rate.  

The adjusted response rate for the survey was 24 percent (excluding invalid and 

redundant responses) from an adjusted (invited) sampling population of 922 

sustainability coordinators and facilities managers representing 606 institutions ( 
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Table 11). An adjusted sampling population of 922 invited individuals is used 

instead of the initial sampling population of 1448 individuals (1 sustainability 

coordinator and 1 facility manager at each of 724 institutions) because no contact 

information was found for sustainability coordinators at 408 of the initial sample of 724 

institutions and no contact information was found for facilities managers at 118 of the 

724 institutions.  The survey questionnaire had 231 respondents including 100 

sustainability coordinator responses, 130 facilities manager responses, and 1 response 

lacking both role and institution name information that was subsequently removed from 

the data set due to incompleteness.  During data cleaning, redundant responses (i.e. 2 or 

more responses received from sustainability coordinators or facilities managers at the 

same institution) were addressed by retaining only the first response for consideration 

during subsequent data analysis.  The final adjusted (cleaned) data set consisted of 98 

sustainability coordinator responses and 120 facilities manager responses from 201 

different institutions of higher education.  Only 17 institutions had both a sustainability 

coordinator and a facilities manager respond to the survey, while all other cases 

involved just a sustainability coordinator or a facilities manager responding for that 

institution.  In some cases individuals representing the two different roles may have 

collaborated in completing the questionnaire and in other cases a respondent may have 

identified with both roles yet was constrained to selecting one in the questionnaire. 
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Table 11: Survey sample size and response rates according to respondent role. 

 Sustainability 

Coordinator 

Facilities 

Manager 
TOTAL 

Initial Sample 724 724 1448 

Invited Sample 316 606 922 

Responded 100 130 2313 (25%) 

Redundant 2 10 12 

Retained (valid) 98 120 218 (24%) 

 

Response rates varied between sustainability coordinators (30%) and facilities 

managers (20%), as well as between individuals from different institution types.   The 

response rate was higher for respondents from doctoral institutions (30%) than for 

masters (21%) and bachelors (17%) institutions (

                                                      

3 One respondent did not specify a role or institution name and thus was removed from consideration here. 
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Table 12).  Factors explaining the observed differences in response rate may include the 

availability of staff to respond to the survey, program development levels and data 

availability. 

 



 

 65

Table 12: Survey response rates4 listed according to institution type and respondent 

role. 

Institution 

Type 

Sustainability 

Coordinator 

Facilities  

Manager 

TOTAL 

 Invited Responded Invited Responded Invited Responded 

Bachelors 69 23% (16) 185 14% (26) 254 17% (42) 

Masters 99 28% (28) 222 18% (41) 321 21% (69) 

Doctoral 148 34% (51) 199 27% (53) 347 30% (104) 

TOTAL 316 30% (95) 606 20% (120) 922 23% (215)5 

 

3.5.2 Respondents and the Institutions Represented 

The survey respondents represented 201 institutions located in 49 states and 

territories (Figure 2).  A greater number of respondents were from institutions in the 

eastern half of the United States, which likely corresponds with the prevalence of 

institutions of higher education in that part of the country.  Institutions spanning a wide 

range of sizes from less than 2500 to greater than 20000 students in size were well 

represented in the survey.  Many (40%) of the respondents were from urban institutions, 

though suburban (32%) and rural (28%) institutions were also well represented.  Slightly 

more of the respondents were from public (56%) rather than private (44%) institutions.  

                                                      

4 The response rate data in this table reflects the number of retained (valid) responses rather than the total number 
received. 
5 3 sustainability coordinators did not specify their institution and thus the numbers in this table do not 

include those 3 cases. 
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As mentioned above, doctoral institutions were better represented in the survey than 

masters and bachelors institutions.  

 

Other (Alaska, District of Columbia, Puerto Rico): 3 
Unknown: 3 

11 

5 

9 

24 

7 23 

32 

54 

30 

Map Source: NCDC.NOAA.gov  

Figure 2: Geographic distribution of institutions represented in the survey. 

Facilities managers (FM) tended to be older than the sustainability coordinators 

(SC), with almost 60 percent of facilities managers respondents older than 50 years, 

while over 70 percent of sustainability coordinators are 50 years or younger in age. The 

age disparity may be explained by the relative novelty of sustainability coordinator 

positions compared to the more established facility manager positions, with new 

employees earlier in their careers and younger in age. Facilities managers and 

sustainability coordinators indicated comparable water-related training backgrounds. 

Respondents predominantly acquired their water related training through informal 
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avenues such as training and experience gained on-the-job (SC=68%; FM=79%), 

attending workshops and seminars (SC=53%; FM=58%), and being self-taught (SC=46%; 

FM=47%) (Figure 3).  Sustainability coordinators and facilities managers typically have a 

wide range of responsibilities involving diverse disciplines, which could help explain 

the informal nature of their water training and why water management could be 

somewhat overlooked on campuses.  

 

Figure 3: Responding sustainability coordinators’ and facilities managers’ 

water-related training background. Percent of respondents reported here is based on 

the total number of SC (n=98) and FM (n=120) respondents to the survey. 



 

 68

Similar proportions of facilities manager and sustainability coordinators reported 

being responsible for water conservation (SC=63%; FM=77%), green building 

implementations (SC=57%; FM=69%), and wetland/stream conservation and restoration 

(SC=21%; FM=27%) in their jobs on campus (Figure 4).  Both sets of respondents 

indicated dealing with stormwater management (SC=46%; FM=73%), though a larger 

portion of the facilities managers addressed stormwater management in their jobs. As 

anticipated, responsibilities such as water supply (SC=18%; FM=82%), irrigation 

(SC=26%; FM=67%), and wastewater management (SC=22%; FM=58%) were 

predominantly facilities managers’ responsibilities, while more sustainability 

coordinators had responsibilities in education (SC=47%; FM=11%), outreach (SC=29%; 

FM=18%) and research (SC=21%; FM=5%).  
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Figure 4: Water-related tasks reported by the respondents.  Percent of 

respondents reported here is based on the total number of SC (n=98) and FM (n=120) 

respondents to the survey. 

 

3.5.3 State of Campus Water Management 

In order to assess the current state of campus water management, the survey 

included several questions examining respondent perspectives on the existence of active 

campus water management programs, impact of the recent economic recession on water 

and other environmental management programs, institutional effectiveness and 
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preparedness to address common water challenges, effectiveness at promoting water 

management, and the relative importance of various best management practices for their 

institutions.   

Active water management programs (noted as present on campus by 40% of the 

respondents) are less prevalent than active energy management programs (reported by 

69% of the respondents) at the surveyed institutions (Figure 5). Many respondents 

indicated that institutional funding for environmental management on their campus was 

not impacted by the recent economic recession. Water management (33%) and energy 

conservation (32%) were more frequently reported to have a recession-attributed 

decrease in funding than other environmental management activities including 

recycling, green purchasing, and sustainable transportation. On the other hand, energy 

conservation programs (35%) were most frequently reported to have experienced 

increased funding, compared to just 8 percent of the respondents who reported 

increased water management funding. 
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Figure 5: A comparison of the prevalence of energy and water management 

programs on campuses.  Percent of respondents reported here is based on the total 

number of institutions (n=201) represented by the respondents in the survey. 

Asked to rate institutional effectiveness at water management on a scale from 1 

to 5, where 1 is very ineffective, 3 is adequate, and 5 is very effective, the respondents on 

average described their campuses’ water management planning (3.19), implementation 

(3.22), monitoring (3.09) and evaluation (2.97) as generally adequate.  A portion of the 

respondents though, described water management planning, implementation, 

monitoring and evaluation as ineffective or very ineffective at their institution (Figure 6).  
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Figure 6: Rating the current status of water management at institutions. 

 Most respondents indicated a decrease in total quantity of water used on 

campus over the past 2 years (both overall and on a per capita basis). A majority of the 

campuses had no temporary or permanent water restrictions. Water quantity-based and 

quality-based municipal stormwater ordinances were reported by under 50% of the 

facilities respondents, while about a quarter of them did not know if such ordinances 

existed in their municipalities.   

According to the respondents, water related challenges have generally been 

somewhat effectively or effectively addressed when experienced on their campuses 

(Figure 7). On a scale from 1 to 5, where 1 is very ineffective, 3 is somewhat effective, 

and 5 is very effective, the mean response was between 3 and 3.5 (somewhat effective) 

for each of the water challenges.  Stormwater problems (n=143) were the most frequently 

rated water challenge, followed by erosion (n=110), water supply (n=101), flooding 

(n=94) and drought (n=89).  Many respondents (n=112) reported their institution not 

experiencing problems with wastewater; this may potentially be explained by the 
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absence of on-campus wastewater treatment at institutions relying on municipal 

facilities.   

 

 

Figure 7: Perceptions of institutional effectiveness at addressing water 

problems. 

Many respondents described their institution as prepared to address several 

water related challenges on campus, however, slightly over half of the respondents 

described their institution as minimally prepared, unprepared or very unprepared to 

deal with water supply issues, drought and wastewater system failure (Figure 8).  Asked 

to rate institutional preparedness on a scale from 1 to 5, where 1 is very unprepared, 3 is 

minimally prepared, and 5 is very prepared, the overall mean response was a little over 
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3 (minimally prepared) for water supply issues, drought, and wastewater system failure, 

while mean facilities managers’ ratings for stormwater, erosion and flooding were just 

above 3.5 (closer to a rating of “prepared”).  

 

 

Figure 8: Perceptions of institutional preparedness for water challenges. 

On a scale from 1 (very ineffective) to 5 (very effective), respondents rated their 

institution's effectiveness at promoting water management through teaching (3.12), 

research (3.17), and outreach/service (3.07) on average as somewhat effective, while 

operations (3.50) were rated on average as effective, with 50 percent of the respondents 

rating operations as effective or very effective (Figure 9). Many respondents indicated 

not knowing the level of their institution’s effectiveness of promoting water 
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management through teaching (n=45), research (n=44), and outreach activities (n=38), 

while most respondents provided a rating for effectiveness of promoting water 

management through operations.   

 

Figure 9: Rating institutions effectiveness at promoting water management 

through their core mission areas.  

Respondents were asked to rate on a 5-point scale (1=unimportant, 2=a little 

important, 3=important, 4=very important, 5=extremely important) the importance of 

several types of best management practices (BMPs) to the implementation sustainable 

water management at their institutions (Figure 10).  On average respondents considered 

the listed BMPs as important, including behavioral modification (3.74), technological 

fixes and enhancements (3.83), operational adjustments (3.83), training staff and capacity 

development (3.72), and financial action (3.71); however, on average less emphasis 

(importance) was placed on organization changes (3.08).  Which BMPs are considered 

important at any particular campus may depend on the current state of water 
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management at the campus and what factors are driving and hindering sustainable 

water management. 

 

 

Figure 10: Rating the importance of various best management practices for 

sustainable water management at institutions. 

3.5.4 Drivers and Barriers 

In order to determine what factors facilitate or hinder sustainable water 

management on campuses, we asked the respondents to classify a list of variables as 

either drivers, neutral or barriers to sustainable campus water management. 

Additionally, we asked the respondents to rate the influence of various factors on water 

management decisions on campus. 
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The main drivers of sustainable water management and planning include 

individual initiatives (58%), the development of specific environmental projects on 

campus (55%), municipal codes and policies (63%), campus community awareness about 

sustainability issues (54%), geographic location (50%), institution mission (48%), and 

pressure from the campus community (46%) (Figure 11).  The main barrier identified by 

the respondents is budgeted funds (54%).  Variables such as recent environmental crises, 

network of collaborators, and societal pressure were considered neither drivers nor 

barriers by most of the respondents. 
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Figure 11: Drivers and barriers to sustainable water management on campus. 
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According to over half the respondents, water management decisions on campus 

are strongly or very strongly influenced by an institution’s geographic location (69%), 

financial constraints (73%), and climate (55%); while decisions are more weakly 

influenced by factors such as local geopolitical culture, campus community culture, peer 

institution influence, and national trends (Figure 12).  

 

 

Figure 12: Factors influencing water management decisions on campus. 
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3.5.5 Water in Campus Sustainability Programs and P lans 

In order to determine what water management issues are covered in campus 

sustainability programs and planned for at universities and colleges, we asked the 

respondents to check which water management issues are addressed in their campus 

sustainability programs and to specify the degree to which water-related and 

environmental plans are developed at their institutions. 

The most commonly addressed water resource management issues in campus 

sustainability programs were water conservation (68%) and stormwater management 

(55%) (Figure 13).   Watershed management (25%), wastewater management (24%), and 

water quality management (21%) were less common elements of campus sustainability 

programs.  Over 10 percent of the respondents indicated that their campus sustainability 

programs did not address water.  Campus sustainability programs were more 

commonly focused on the conservation of water (quantity management) than 

addressing water quality issues, though stormwater management plans that involve 

water quality issues were addressed at over half the institutions according to the 

respondents. Further investigation of what issues campus stormwater management 

plans encompass would shed some light on the extent to which water quality issues are 

addressed at these institutions. 
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Figure 13: Water management issues addressed in campus sustainability 

programs. Percent of respondents reported here is based on the total number of 

institutions (n=201) represented by the respondents in the survey. 

According to the respondents, campus watershed management plans are mostly 

undeveloped (54%) or under development and not yet implemented (Figure 14). 

Sustainability plan development is under progress (48%) and not necessarily being 

implemented yet.  Water conservation plans and environmental management system 

(EMS) plans are mostly either undeveloped or developed and being implemented. 

Campus stormwater (and/or water quality) management plans are developed and 

implemented (43%), undeveloped (27%), or under development (24%). As one might 

expect, campus master plans are mostly developed and being implemented (58%), 
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though a considerable number of respondents indicated their campus master plans were 

in earlier stages of development or in some cases not developed yet to their knowledge. 

It seems as the degree of campus environmental plan development and implementation 

highly variable between institutions, with some further along than others.  

 

 

Figure 14: Development and implementation of campus environmental plans. 

3.5.6 Integrated Water Resource Management 

Integrated water resource management (IWRM) is widely presented as the 

recommended approach to managing water resources and the questionnaire was 

designed in part to determine to what extent features of IWRM are being incorporated in 

campus water management.  In order to assess IWRM, the questionnaire included 
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questions on the institution’s style/structure of water or sustainability management, 

frequency of application of different IWRM principles, the extent of participation of 

campus and off-campus stakeholders in water management, and the frequency of 

reliance on various disciplines in the management of water on campus.  

Many respondents consider their water management (FM=52%) and 

sustainability management (SC=73%) as integrated, however a top-down management 

style/structure was much more commonly reported for water management (SC=25%) 

than in sustainability programs (FM=8%) (Figure 15). 

 

 

Figure 15: Institutional style/structure for sustainability management 

(question addressed to SC) and water management (question addressed to FM). 

 Most respondents indicated that principles of integrated water management are 

applied or considered only once per year or less frequently (Figure 16).  The 

incorporation of campus community input (participation) is the only aspect of 
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integrated water management reported by close to 50% of respondents to be applied 

several times a year or more frequently at their campus, while over 60% of the 

respondents’ institutions took into consideration eight other IWRM principles listed in 

the survey only once a year or less frequently.  Quite a few respondents indicated that 

they never consider multiple spatial scales (44%), multiple time scales (34%), or the long-

term health of ecosystems (37%) in management and planning.  
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Figure 16:  Frequency of application of principles of Integrated Water 

Resource Management (IWRM) 

Campus operational departments (e.g. facilities and environmental health and 

safety) were identified as the most highly involved in all phases of campus water 

management (Figure 17).  Campus sustainability offices/taskforces and campus 

administration were also specified as highly involved in water management, 
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particularly in the planning phase.  Faculty, staff, and students were described as 

comparably involved in the various phases of water management. 

 

 

Figure 17:  Participation in campus water management.  Percent of 

respondents reported here is based on the total number of institutions (n=201) 

represented by the respondents in the survey. 

Water management practices and solutions are primarily engineering based, 

while solutions from other disciplines such as science, economics, policy and law are 

somewhat less frequently relied upon according to the respondents (Figure 18).  Most 

contemporary water works were designed and developed from a traditional engineering 
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approach of controlling and harnessing the environment, while more recent 

interdisciplinary and ecologically sensitive technologies and approaches are not yet as 

widely adopted. 

 

 

Figure 18: Disciplines relied upon for campus water management solutions. 

3.5.7 Campus Water Management Innovations 

 Two opened ended questions at the end of the survey requested 

respondents to describe any innovative water management programs and projects on 

their campus and to share additional comments and suggestions.  Few respondents 

described projects they considered to be particularly innovative; in fact a number of 

respondents mentioned the lack of innovations, a situation that may be reflective of the 

current state of the water management on campuses.  The term innovation was not 
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defined for the respondents and thus could have been interpreted differently by 

respondents, such that “innovations” described by some may have been considered a 

common practice by others and thus not worth mentioning in the questionnaire. Among 

the campus water project and program innovations listed were many focused on water 

conservation (quantity management) including: the installation of water-saving faucets, 

showerheads, urinals and toilets; recycling of steam water; re-use of grey water for 

irrigation; capture and storage of rainwater for irrigation; xeriscaping; and campaigns to 

reduce bottled water use on campus.  Comments addressing water quality management 

in the campus landscape focused primarily on stormwater management (controlling and 

treating water flowing off the landscape) with emphasis on best management practices 

such as: rain gardens; cisterns; swales; green roofs; permeable pavement; and 

capturing/storing/recycling rain and grey water for irrigation.  A few comments 

mentioned wetland and prairie ecosystem restoration projects and wastewater 

management systems on campus, though web searches have revealed the presence of 

such projects at well over a hundred campuses in the U.S..  

3.5.8 Bivariate Analysis of Differences from Respon dent Role and 
Institution Carnegie Classification 

Chi-square tests were conducted to determine whether there were significant 

differences in responses between sustainability coordinators and the facilities mangers 

and to determine if significant differences were reported between different types 
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(Carnegie classification, demographic setting, and ownership) of institutions.  Responses 

to the majority of the questions in the survey did not differ significantly (p<0.05) 

between sustainability coordinators and facilities managers.   

Significant differences were found between sustainability coordinator and 

facility manager responses for eleven sub-questions (response variables) in the survey 

(Table 13).  Sustainability coordinator and facility manager descriptions of the 

extent/progress in developing and implementing water conservation plans (χ2=7.46) 

differed significantly.  Facilities managers tended to rate water management slightly 

higher than did the sustainability coordinators such that respondents’ ratings of water 

monitoring (χ2=10.89) and evaluation (χ2=10.517) were significantly different (p<0.05) 

based on their role.  Sustainability coordinators and facilities managers’ ratings of their 

campuses’ effectiveness at addressing stormwater (χ2=6.882) were significantly (p<0.05) 

different.  Sustainability coordinator and facilities manager responses to the question 

about disciplines important to water management at their institution were only 

significantly (p<0.05) different for frequency of reliance on economics (χ2=6.817) in water 

management.  Facilities managers indicated on average that their institutions were 

effective at promoting water management through their operational activities (mean FM 

rating was 3.65 on a 5-point scale).  Interestingly, 40% of the sustainability coordinator 

respondents indicated participation of the campus sustainability office/taskforce in the 

monitoring & evaluation phase of water management, while only 24% of the facilities 
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manager respondents included the campus sustainability office/taskforce as a 

participant in that phase; this difference in responses could be reflective of the absence 

of sustainability offices and taskforces at many of the institutions the facilities managers 

are representing in the survey.   

Table 13: Variables found to have significantly different values between responses by 

sustainability coordinators and facilities managers (Respondent Role as the 

independent variable) based on Chi-Square Test. 

Question # Dependent (Y) Variable N R-squared DF 

Pearson's Chi-

Square p-value 

Kendal's 

tau 

10e Conservation Plan 207 0.02 2 7.464 0.024 0.16 

12c Campus Environ. Project 198 0.04 2 9.801 0.007 -0.10 

12f Institution Size 196 0.02 2 8.266 0.016 0.22 

12k Budgeted Funds 196 0.02 2 6.393 0.041 -0.16 

13c Economics 179 0.02 2 6.817 0.033 -0.18 

15c Monitoring 194 0.03 2 10.89 0.004 0.21 

15d Evaluation 193 0.02 2 10.517 0.005 0.20 

19d Landscape Erosion 122 0.02 2 6.016 0.049 0.19 

19f Degraded Waterbody 89 0.04 2 6.794 0.034 0.24 

19g Stormwater Problems 158 0.02 2 6.882 0.032 0.10 

28 Respondent Age 218 0.14 1 35.625 <0.0001 0.40 

 

 Significant differences in responses were found between bachelors, masters and 

doctoral/research institutions for a number of response variables.  Responses to twenty 

of the sub-questions in the survey differed based on the Carnegie Classification of the 

institution the respondents were representing (Table 14).  Of all the questions in the 

survey, question 17 (asking about factors influencing water decision making) had the 

most variables (sub-questions) for which responses differed significantly depending on 
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the Carnegie Classification of institution the respondent represented.  Differences were 

observed in respondent ratings of how strong a factor geography (χ2=11.821), climate 

(χ2=17.331), geo-politics (χ2=18.324), campus culture (χ2=18.640), peer institutions 

(χ2=18.551), and regional trends (χ2=12.307) were as an influence on their university’s 

water management decision-making, depending on whether they were at a bachelors, 

masters or doctoral institution. 

Table 14: Variables found to have significantly different values between bachelors, 

masters and doctoral/research institutions (Carnegie classification as the independent 

variable) based on Chi-Square Test. 

Question # Dependent (Y) Variable N R-squared DF 

Pearson's Chi-

Square p-value 

Kendal'

s tau 

10b Sustainability Plan 210 0.03 4 10.511 0.033 -0.11 

11g Multi-sector 187 0.03 2 7.133 0.028 -0.11 

12a Environmental Crisis 185 0.05 4 7.961 0.093 -0.07 

12p Academic Pressure 195 0.04 4 11.414 0.022 -0.13 

13a Sciences 185 0.03 4 10.66 0.031 0.03 

13b Engineering 182 0.03 4 11.568 0.021 0.00 

16b Research 135 0.04 4 13.092 0.011 -0.07 

16d Operations 197 0.04 4 13.259 0.010 -0.07 

17a Geography 202 0.03 4 11.821 0.019 -0.01 

17c Climate 203 0.04 4 17.331 0.002 -0.02 

17d Geopolitics 197 0.04 4 18.324 0.001 -0.09 

17e Campus Culture 199 0.05 4 18.64 0.001 -0.07 

17f Peer Institutions 196 0.05 4 18.551 0.001 -0.02 

17g Regional Trends 200 0.03 4 12.307 0.015 -0.09 

18e Transportation 192 0.04 4 12.925 0.012 -0.11 

20g Wastewater Future 142 0.03 4 10.195 0.037 0.05 

22b Quantity 2yrs Ago 178 0.03 4 10.491 0.033 0.08 

23 Ownership 215 0.18 2 48.492 0.000 -0.19 

24 Setting 215 0.05 4 45.489 0.000 0.00 

25 Population 214 0.29 6 160.648 0.000 0.03 
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Chi-squared analysis also revealed significant differences in responses to eight 

sub-questions between rural, suburban and urban institutions (
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Table 15) and between private and public institutions ( 

Table 16).  While potentially noteworthy, differences observed between 

institutions based on their settings (rural, suburban, and urban) were likely confounded 

by correlations with other explanatory variables, most notably institution Carnegie 

classification status.  Logistic regression results indicate a significant relationship 

between institution Carnegie classification and both the setting (rural vs. 

suburban/urban) and student population (<10000 vs. 10000+).  Doctoral institutions are 

more likely to be located in an urban setting and to have a larger student population 

(10000+ students) than bachelors and masters institutions, after accounting for the effects 

of the other explanatory variables included in the model.  Results from multivariate 

logistic regression analysis, which can help test for significant explanatory variables 

while accounting for the potential confounding effects of other variables included in 

regression model, are presented in the next section. 
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Table 15: Variables found to have significantly different values between rural, 

suburban and urban institutions (institution setting as the independent variable) 

based on Chi-Square Test. 

Question # Dependent (Y) Variable N R-squared DF 

Pearson's Chi-

Square p-value 

Kendal's 

tau 

11j Time Scales 167 0.03 2 6.021 0.049 0.17 

12b Municipal Codes* 198 0.03 4 10.018 0.040 -0.18 

15c Monitoring 194 0.02 4 9.669 0.046 -0.04 

16a Teaching 152 0.03 4 10.204 0.037 0.07 

17a Geography 205 0.04 4 12.778 0.012 0.16 

19h Wastewater* 75 0.10 4 11.009 0.027 0.21 

25 Population 217 0.08 6 46.500 <0.0001 0.39 

Dummy NCDC Region* 215 0.06 18 47.129 0.0002 -0.03 

Dummy Carnegie Classification 215 0.10 4 45.489 <0.0001 -0.00 

* Warning: 20% of cells have expected count less than 5, Chi-Square suspect. 

Table 16: Variables found to have significantly different values between public and 

private institutions (institution ownership as the independent variable) based on Chi-

Square Test. 

Question # Dependent (Y) Variable N R-squared DF 

Pearson's Chi-

Square p-value 

Kendal's 

tau 

11d Local Input 184 0.03 1 6.261 0.012 -0.18 

11i Spatial Scales 145 0.03 1 4.630 0.031 -0.15 

12e Collaborators* 165 0.04 2 7.959 0.019 0.18 

12j Coordination 177 0.02 2 6.154 0.046 0.06 

12k Budgeted Funds 196 0.03 2 12.173 0.002 0.04 

16b Research Mission 138 0.03 2 9.088 0.011 -0.10 

17a Geography 205 0.04 2 13.151 0.001 -0.21 

17b Finance 206 0.00 2 11.050 0.004 -0.22 

18c Recycling 200 0.02 2 8.667 0.013 0.20 

21d Training & Capacity* 195 0.05 2 7.852 0.020 -0.17 

25 Student Population 217 0.19 3 93.053 <0.0001 -0.60 

Dummy NCDC Region* 215 0.03 9 20.257 0.016 -0.16 

Dummy Carnegie Classification 215 0.12 2 48.492 <0.0001 -0.19 

* Warning: 20% of cells have expected count less than 5, Chi-Square suspect. 
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3.5.9 Multivariate Nominal Logistic Regression Anal ysis Results 

Nominal logistic regression was conducted to explore several questions about 

the relationship between explanatory variables of interest (respondent role, Carnegie 

classification, institution setting, institution ownership, student population, NCDC 

region, presence/absence of an academic water program, and presence/absence of a 

campus wetland restoration project) and responses to several key questions in the 

survey.  Multivariate models were built to pinpoint significant explanatory variables 

while accounting for possible confounding variables; results are reported for models 

where full model effects were also significant (i.e. significant difference in the response 

variable outcome between a full model with all the included explanatory variables to a 

reduced model with none of the explanatory variables), unless specified otherwise 

(Appendix B).  Results are reported here in terms of changes in odds ratios, while data 

tables for the logistic regression analysis can be found in Appendix B. 

3.5.9.1 What Variables Help Explain Differences in Campus Environmental Plan 

Development? 

Logistic regression models were built to assess which independent variables are 

associated with responses concerning the development of campus environmental plans. 

NCDC region was the only significant explanatory variable in the model analyzing the 

level of development of master plans, with the odds of an institutions having a 

undeveloped master plan increased by a factor of 3.52 when an institution was located 
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in a wetter region (NW, NE, SE, ENC, S, C, or other) as compared to being in a drier 

region (W, SW, and WNC). NCDC was also the only significant explanatory variable in 

the model for the development of campus sustainability plans, with the odds of an 

institutions having an undeveloped campus sustainability plan increased by a factor of 

3.40 when an institution was located in a wetter region as compared to being in a drier 

region.  Respondent role was a significant variable for water conservation plan 

development, with the odds having an undeveloped water conservation plan changing 

by a factor of 0.44 when the respondent is a facilities manager as compared to a 

sustainability coordinator; in other words, facilities managers tended to report their 

institution’s water conservation plan as further along than sustainability coordinators 

reported.  The odds of an institution stormwater plan being reported as undeveloped 

changed by a factor of 0.42 for institutions featuring an academic water program as 

compared to institutions without an academic water program; thus institutions with 

academic water programs were more likely to be reported as having a developed 

stormwater plan.  Having a campus stream and wetland restoration project changed the 

odds of an institution having an undeveloped watershed plan by a factor of 0.34, though 

including any additional explanatory variables made the full model non-significant. 
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3.5.9.2 What Variables Help Explain Differences in Reported Campus Water 

Management Process Effectiveness? 

 None of the explanatory variables were significant for water planning 

effectiveness and water implementation effectiveness.  Respondent role was the only 

significant explanatory variable in the logistic regression models for both water 

monitoring and evaluation effectiveness.  Having a facilities manager as the respondent 

changed the odds of water monitoring being reported as ineffective by a factor 0.31 and 

changed the odds of water evaluation being described as ineffective by a factor of 0.32 

compared to a sustainability coordinator.  Facilities managers thus tended to describe 

water monitoring and evaluation more positively (as more effective) than did 

sustainability coordinators. 

3.5.9.3 What Variables Help Explain Differences in University Ability to Effectively 

Deal with Water Issues on Campus?  

 Effectiveness at addressing water supply issues differs between institutions with 

different Carnegie classification status.  Doctoral institutions were more likely to be 

described as more effective at addressing past water supply issues compared to 

bachelors and masters institutions, with the odds of water supply issues being described 

as ineffective changing by a factor of 0.16 for doctoral institutions compared to bachelors 

and masters institutions.  Effectiveness at addressing drought, flooding, landscape 

erosion, polluted waterbodies, and stormwater problems were all reported differently 

based on the respondents’ role, and in all these cases facilities managers tended to 
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describe water management at their institutions as more effective compared to the 

responses from sustainability coordinators.  No significant differences or relationships 

were found for wastewater system failure. 

3.5.9.4 What Variables Help Explain Differences in University Preparedness to 

Address Future with Water Issues?  

 Institution preparedness to address future water supply issues differed based on 

institution Carnegie classification, with the odds of an institution being described as 

unprepared or minimally prepared for future water supply issues changing by a factor 

of 0.23 for doctoral institutions compared to bachelors and masters institutions; thus 

doctoral institutions tended to be described as better prepared for future water supply 

issues than bachelors or masters institutions.  Differences in university preparedness to 

address future flooding differed based on NCDC region, such that institutions from wet 

regions (NCDC regions: NW, NE, SE, ENC, S, C and other) were less likely (odds change 

by a factor of 0.19 for responses from wet regions compared to dry regions) to be 

described as unprepared or minimally prepared for future flooding events than 

institutions found in dry regions (NCDC regions: W, SW, WNC).  None of the assessed 

explanatory variables were statistically significant in helping to describe universities’ 

preparedness to deal with future drought, erosion or stormwater problems. 
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3.5.9.5 What Explanatory Variables Help Explain Institution Consideration of IWRM 

Principles in Campus Water Management? 

Respondents representing rural universities tended to describe their institution’s 

water management structure as top down or bottom up (not integrated) compared to 

respondents for suburban and urban institutions, with the odds of water management 

being depicted as not integrated changing by a factor of 0.37 for suburban/urban 

universities compared to rural universities. The odds of an institution being reported as 

using an iterative management approach once per year or less frequently changed by a 

factor of 0.33 for respondents from larger institutions (student population 10000+) as 

opposed to those from smaller institutions (student population <10000); thus smaller 

institutions tended to less frequently consider the IWRM principle of using an iterative 

management approach in their campus water management than did larger institutions.  

The odds of multidisciplinary solutions and practices being considered once per year or 

less frequently changed by a factor of 0.28 for institutions featuring campus stream and 

wetland restoration projects compared to institutions without such projects.  Similarly 

the odds of multiple time scales being considered once per year or less frequently 

changed by a factor of 0.29 for institutions featuring campus stream and wetland 

restoration projects compared to those without these projects.  Universities featuring 

campus stream and wetland restoration projects therefore tended to more frequently 

consider multidisciplinary solutions and practices and to more frequently consider 
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multiple time scales in their campus water management than universities without such 

campus projects. The odds of multi-sector collaboration being considered once per year 

or less frequently change by a factor of 0.43 for private universities compared to public 

universities, in other words private universities are depicted by respondents as 

considering multi-sector collaboration more frequently than public universities. 

 

3.5.9.6 Are Universities with Academic Water Programs More Likely to Have A 

Campus Stream and Wetland Restoration Project? 

Of the universities participating in the campus water management survey study, 

54 had academic water programs and 23 had planned or conducted stream and wetland 

restoration projects (15 had both an academic water program and a campus stream and 

wetland restoration project).  The odds of success (not having a wetland project) are 

changed by a factor of 0.117 at institutions with an academic water program compared 

to institutions without an academic water program, after accounting for the effects of all 

other explanatory variables included in the model (Role, Carnegie Classification, NCDC, 

Ownership, Setting and Population). In other words, institutions with academic water 

programs were more likely to have wetland restoration projects than institutions 

without water programs. 
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3.6 Discussion 

Sustainability coordinators and facilities managers participating in this study 

represented a wide spectrum of institutions of higher education throughout the United 

States, offering a broad overview of the state of campus water management from the 

perspective of those most involved.  The results from this study shed some light on the 

circumstances, challenges, and opportunities for sustainable water management at 

universities and colleges in the United States.   

Campus water management is currently considered less of an operational 

priority at many institutions of higher education than other resource and environmental 

priorities such as energy management.  Water management was the least frequently 

reported sustainability activity (compared to energy conservation, recycling, green 

purchasing, and sustainable transportation) to have experienced an increase in funding 

during the recession, with over a quarter of all respondents reporting a decrease in 

water management funding due to the recession.  Several respondents explicitly 

mentioned that water was currently or until recently not a high priority at their campus, 

but several also noted growing interest and plans to address the issue.  Given the 

popularity and political attention drawn to energy management and conservation, along 

with the often clear and immediate financial advantage of addressing energy issues, it 

can be understood why energy management is currently a greater priority than water 

management for many campuses. An aspect of water resource management often 
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addressed on campuses is water conservation, with many institutions installing water 

saving fixtures, recycling rain and grey water for irrigation, and moving towards 

xeriscaping to minimize campus water demand. Stormwater management plans and 

infrastructure also often exist, which is likely due to regulatory requirements driving 

campuses to address stormwater; furthermore, logistic regression analysis revealed that 

institutions featuring academic water programs were more likely to have a developed 

stormwater plan.  Integrated and watershed management approaches necessary for 

sustaining water quality, on the other hand, seem somewhat overlooked and need 

further consideration and implementation on campuses, to improve water resource 

utilization and conservation.  Institutions featuring campus stream and wetland 

restoration projects had greater odds of having a developed watershed management 

plan.   

Responses to the survey reveal a moderate sense of satisfaction with campus 

water management processes and efforts, implying recognition of the ability and 

opportunity for more effective water management. Logistic regression analysis revealed 

that facilities mangers responding to the survey tended to describe their institution’s 

water management as more effective relative to sustainability coordinators. Results 

suggest the need for better preparedness for future water problems, which are 

anticipated to become more challenging with population growth and climate change. 

Stormwater management was reported as one of the more challenging water issues for 
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campuses. Challenges implementing graywater and rainwater recycling and reclamation 

projects were similarly reported by respondents in a C2E2 Campus Water Recycling and 

Reuse Projects survey, with capital costs and existing infrastructure among the major 

hurdles (C2E2 2011).  There were multiple implementation challenges, but also 

demonstrated cost savings, with additional campus water projects being planned or 

under development.  Water in the landscape is often approached through a traditional 

stormwater management perspective of moving the water off the institution’s landscape 

as efficiently as possible, often leading to flooding, erosion, and water quality 

degradation downstream.  Comments from the respondents reflect the likelihood that 

most campuses still rely on this traditional “conveyance” approach to addressing 

precipitation and runoff water in the landscape.  Lack of prioritization and potentially 

high costs associated with upgrading to more effective watershed technologies and best 

management practices may explain the continued reliance of less-sustainable 

stormwater systems as further substantiated by the findings from the 2011 C2E2 survey; 

another likely factor is the dearth of research and development of more sustainable 

watershed management approaches and innovations on campuses.  Some of the 

respondents did refer to the capture, storage and reuse of stormwater and grey water for 

campus irrigation and/or heating and cooling systems, which helps address both water 

conservation and water quality management, if reuse/irrigation is conducted in a 

manner that minimizes surface runoff and includes measures to ensure water quality 
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improvement (sedimentation, filtration, and quality improving biogeochemical 

processes) prior to flowing out of the landscape and watershed.  

A number of respondents commented on the absence of innovative water 

management projects on their campus.  The respondents rated best management 

practices on addressing behavioral modification, technological fixes, operational 

adjustments, capacity building, and financial measures on average as all very important 

to implementing sustainable water management at their institution.  Organizational 

changes, on the other hand, were viewed as a relatively less important best management 

practice for this purpose, in contrast to observations of some campus sustainability 

experts about the need for organizational restructuring at institutions of higher 

education to actualize more comprehensive campus sustainability (Sharp 2009). 

According to the respondents, sustainable water management on university 

campuses is frequently driven by individual initiatives, the development of specific 

environmental projects on campus, municipal codes and policies, campus community 

awareness about sustainability issues, geographic location, institution mission, and 

pressure from the campus community.  Further inquiry into the role of each of these 

factors in driving sustainable water management will provide helpful insights that could 

facilitate efforts at other institutions to address water and sustainability on their 

campuses. Geographic location and local climate were the most frequently identified 

influences on water management decisions on campuses.  The water resource 
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availability is geographically variable and the hydrologic cycle is a key element of 

climate, which substantiates why those two variables influence water management 

decisions.  Water management issues are quite different from one geographic and 

climatic region to another requiring potentially different models and approaches to 

campus water management in different parts of the country.  Unsurprisingly, limited 

budgets serve as a barrier to sustainable water management and financial constraints 

often influence water management decisions on campus.   

Integrated management approaches are common to campus sustainability 

programs with 73% of sustainability coordinators describing the structure and style of 

their campus sustainability management as integrated; campus water resources, 

however, are not as commonly managed in an integrated manner, with a quarter of the 

facilities manager respondents describing their water management structure and style as 

top-down.  Respondents from rural institutions more frequently described their water 

management structure/style as not being integrated compared to suburban and urban 

institutions. While a little over half of the facilities managers described their water 

management as integrated, over 50% also revealed infrequent application of integrated 

water resource management principles at their institutions.  Out of a list of ten IWRM 

principles, campus input (participation) was the only principle reported by over 40% of 

the respondents as being applied more frequently than once a year. Multi-sector 

collaboration was also among the more frequently applied of the listed IWRM 
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principles, with private universities taking this principle into consideration more 

frequently than public universities. The main campus participants in all phases of water 

management were operational departments (e.g. facilities departments) and 

sustainability offices (and taskforces), while campus administration, students, and 

faculty and staff were also frequently reported as involved, particularly in the planning 

phase of water management.  Multidisciplinary approaches to managing water were 

reported as applied once per year or less frequently by over 50% of respondents, which 

is further substantiated by the findings that engineering was the discipline 

predominantly relied on in campus water management.  Most universities have faculty 

who are experts in different disciplines relevant to water resource management and 

sustainability who could be called upon to provide input in the water planning and 

management process, yet it appears faculty in those disciplines are rarely often called 

upon to assist their institutions in such a capacity.  Having a campus stream and 

wetland restoration project may offer opportunities for such multidisciplinary 

interaction as suggested by logistic regression analysis results revealing that universities 

featuring stream and wetland restoration projects had greater odds of more frequently 

considering multidisciplinary approaches to water management. 

One goal of the survey study was to help us identify candidate campuses for case 

studies focused on innovative water management projects, however, few respondents 

reported innovative water projects and programs at their institutions and in fact some 
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noted the lack of innovations.  Among the campus initiatives most frequently mentioned 

were water conservation measures and irrigation systems reusing grey water and 

rainwater. 

 

3.7 Conclusions 

Universities and colleges serve as important centers for the development and 

communication of knowledge, processes and skills for the development of human 

civilization.  The growing recognition of the need for humanity to pursue a more 

sustainable and environmentally sound approach to managing natural resources in 

order to maintain societal wellbeing has led institutions of higher education to integrate 

sustainability concepts and practices in their research, teaching, outreach, and 

operational endeavors.  Water is one of the basic natural resources increasingly in need 

of sustainable quantitative and qualitative management, yet on many university and 

college campuses water management (particularly water quality management) seems to 

have taken somewhat of a back seat to efforts at conserving energy and minimizing 

climate change, despite water’s inter-connectivity with those other important 

environmental sustainability issues.  Top-down, engineering-dominated, non-integrated 

water management still prevails at many campuses.  The area of water management that 

has received a fair amount of attention is the implementation of water conservation 

measures. While institutions have generally been effective at addressing past water 
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problems, increasing pressures on water resources from population growth and climate 

change will necessitate greater preparedness to deal with water challenges, particularly 

water quality issues that are not receiving as much attention on campuses at this time.  

Other notable findings from the survey include: 

• A number of respondents commented on the lack of innovations with respect to 

water management on campuses; 

• Universities featuring campus stream and wetland restoration projects were more 

likely to have a developed watershed plan and consider interdisciplinary approaches 

to campus water management; 

• Universities featuring academic water programs were more likely to have developed 

stormwater plans compared to institutions without such an academic program; 

• Limited budgets was described as the main barrier to sustainable water management 

and a major influence on water management decision-making; 

• Respondent ratings of factors driving or hindering water resource management 

differed depending on the type (Carnegie Classification) of the institution they were 

representing; 

• Facilities managers tended to rate institutional water management processes such as 

monitoring and evaluation slightly higher (more effective) than did sustainability 

coordinators; 
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• Organization changes were considered relatively less important than other types of 

best management practices, which is in contrast to a perceived need by some 

sustainability experts that organizational restructuring at universities is imperative 

to achieving more comprehensive sustainability on campus. 

The development of campus sustainability programs and evolution of facilities 

departments at a growing number of campuses offers institutions of higher education an 

opportunity to adopt, adapt, and advance integrated approaches to water management, 

improving operational sustainability.  More funds and focused effort needs to be 

invested towards developing innovative sustainable and integrated water resource 

management on campuses. Further research is needed to better understand how 

integrated and sustainable water management can be adapted to the university and 

college campus context and what institutions have exemplary water management 

systems, practices and experiences that may be of benefit to other institutions seeking to 

improve their water management.  
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4. Outdoor Teaching and Research Laboratories for 
Sustainable Water Management: Campus Stream and 
Wetland Restoration Project Case Studies 

 

4.1 Abstract 

Universities and colleges are increasingly striving to integrate and exemplify 

environmental sustainability in their operational as well as education and research 

activities.  Campus wetland creation and restoration projects are often described as 

living laboratories for teaching and research at institutions of higher education and have 

particular qualities that may enable the wetland projects to serve as models for 

integrated processes for sustainable water resource management.  A case study research 

design was conducted to explore how three unique campus wetland creation and 

restoration projects serve as outdoor teaching and research laboratories and may apply 

and engender a sustainable and integrated approach to water resource management.  

Findings from analysis of data collected through multiple methods including site visits, 

document review and interviews, suggests that campus wetland creation and 

restoration projects do indeed serve as very effective teaching, research and outreach 

resources for their home institutions and the greater community, while their function as 

models of integrated water resource management lies primarily in their impact as a 

popular and convenient training facility for future water resource managers.  Each case 
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project had unique strengths and qualities that could be of benefit for other universities 

and colleges. Radford University’s Stormwater Treatment Wetland Project exemplifies 

how, on a smaller scale, institutions of higher education can take advantage of existent 

campus environmental wetland restoration projects as a teaching and educational 

resource.  Ohio State University’s Olentangy River Wetland Research Park serves as an 

internationally recognized example of the immense educational and research potential 

of wetland creation and restoration initiatives.  Duke University’s Stream and Wetland 

Assessment Management Park Project demonstrated a watershed perspective and 

adaptive design more closely resembling an integrated campus stormwater 

management program. 

 

4.2 Introduction 

4.2.1 Outdoor Research and Teaching Laboratories 

Service learning and hands-on (applied) study opportunities are valued as 

pedagogical approaches and are integrated into formal education programs to enhance 

students’ classroom learning experiences (Carlson and Sullivan 1999).  Diverse local and 

regional resources are being used to facilitate such immersion learning activities.  

Classes and programs focused on the environment sometimes visit natural ecosystems 

to observe, interact, and experiment with organisms and natural resources to better 

understand the concepts they are learning about in the classroom or laboratory.  The 
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idea of studying natural phenomena outside the classroom is nothing new; as far back as 

the late 19th century biological research stations (particularly marine stations) were 

established to bring students and researchers closer to the organisms, processes and 

environmental context they were studying (Arvey and Riemer 1966) (Kohler 2002).  The 

concept of biological research stations grew for several decades, though by the mid 20th 

century many of the biological stations (particularly the inland ones) had closed down as 

biologists shifted to predominantly conducting indoor laboratory research (Arvey and 

Riemer 1966) (Odum 1984; Kohler 2002).    

In the latter half of the 20th century, as environmental and ecological sciences 

matured into recognized and appreciated disciplines, the need for outdoor research and 

teaching facilities once more became relevant (Kolata 1974; Odum 1977).  Long-term 

ecological research (LTER) sites were established throughout the country and remaining 

inland biological research stations served as convenient outposts for research and 

training (LTER 2011), While LTER and biological research stations are wonderful 

research and teaching facilities, they are not readily accessible for most university 

classes. Eugene Odum, one of the most prominent ecologists, proposed greater use of 

mesocosms, partially enclosed outdoor experimental setups, to help bridge the gap 

between the environmental science in the laboratory and real world (Odum 1984). Since 

in late 1980s David Orr, an environmental studies professor at Oberlin College, has 

become a recognized proponent for the development and use of campus facilities as 
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outdoor teaching and research laboratories.  A campus outdoor teaching and research 

laboratory is often a natural space/ecosystem (campus natural area) that serves as a 

multipurpose resource for academic instruction and research and a good example of this 

is Oberlin’s internationally acclaimed Adam Joseph Lewis Center for Environmental 

Studies, which integrated indoor and outdoor teaching and research facilities into its 

design (Oberlin.edu 2011).  The Campus Ecosystem Model has also been proposed as a 

natural extension of traditional classroom education and indoor laboratory research 

activities of universities (Tolley, Everham Iii et al. 2002).  Institutions are starting to 

systematically consider the value of such natural campus resources, for example Iowa 

State University established an Outdoor Teaching Laboratory Committee to manage and 

plan the future of such facilities on their campus (Gucciardo 1997).  In recent years the 

relevance of on-campus facilities and natural ecosystems serving as teaching and 

research laboratories has become more pertinent with the rise of interest in campus 

sustainability and green operations. 

4.2.2 Campus Sustainability and Integrated Water Ma nagement 

Campus sustainability has become more and more common at institutions of 

higher education with growth in the recognition of the importance and benefits of 

operating and developing campuses in an environmentally sustainable manner 

(Creighton 1998; Graedel 2002; Shriberg 2002; Lozano 2006; Rochon, Nies et al. 2006; 

Mascarelli 2009; Sharp 2009).  Campus greening or sustainability initiatives are 
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sprouting at many universities as they strive to plan, develop and manage their 

campuses in a manner reflective of social and environmental consciousness (Calder and 

Dautremont-Smith 2009).  Campus greening initiatives have concentrated on 

environmental issues such as green building, recycling, sustainable transportation, 

energy conservation, water conservation, greenhouse gas emission reductions, green 

purchasing, and green dining. Integrating environmentally sustainable practices and 

technologies into campus operations can be highly complementary to fulfilling 

universities’ mission of teaching, research and service, helping to demonstrate harmony 

between institution vision and function. The complex and interrelated nature of 

environmental issues require an integrated and systematic management approach to 

achieve sustainability, however such an approach is lacking at most universities 

campuses (Alshuwaikhat and Abubakar 2008).  Many universities address sustainability 

in a piecemeal manner, failing to achieve the comprehensive organizational 

transformation necessary for a sustainable campus (Sharp 2009). “Whether it is the 

campus energy system, purchasing, transportation, waste, or water system, there are 

numerous structured disconnects between all of the relevant stakeholders, with little or 

no effort to transcend these separations at critical planning times” (Sharp 2009).  

Implementation of an integrated water resource management process on university 

campuses may facilitate a more integrated process for campus sustainability.  
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Integrated water resource management (IWRM) is a leading paradigm for 

sustainable water resource management that can be defined as “a process which 

promotes the coordinated development and management of water, land and related 

resources, in order to maximize the resultant economic and social welfare in an equitable 

manner without compromising the sustainability of vital ecosystems” (GWP 2000).  

While IWRM is recommended as a conceptual framework through which planners, 

managers, and policy makers at all levels should develop and implement goals, policies, 

programs, and plans for water management, the IWRM approach has yet to be 

effectively applied in much of the world (WSSD 2002; Rahaman 2005; AWRA 2011).  

Implementation of such a framework for campus environmental resource management 

would draw university attention to the importance of addressing water quality and 

stormwater issues, which have been somewhat overlooked at many campuses (see 

chapters 2 and 3). Through the process of adopting and adapting IWRM to their 

campuses, universities have an opportunity to function as a laboratory for developing 

and applying the principles of integrated water resource and watershed management 

(Tolley, Everham Iii et al. 2002).  Universities have several characteristics qualifying 

them to serve as effective models of sustainable water management for greater society; 

these characteristics include: considerable autonomy, a manageable physical campus 

landscape, multiple spheres of influence, knowledgeable experts, and missions 
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(education, research, and service) conducive to developing and promoting integrated 

water resource management.  

4.2.3 Campus Wetland Restoration Projects 

Outdoor teaching and research laboratories can serve as development and 

training facilities for interdisciplinary and collaborative management practices, central 

to integrated water resource management.  Many of the early biological research stations 

were based adjacent to aquatic systems including oceans, lakes and rivers, though none 

(at least by the peak of their popularity in 1940s) were built at swamps (Kohler 2002).  In 

the 1973 Howard Odum established The Center for Wetlands at the University of 

Florida and in 1991 both William Mitsch (a student of Odum’s) and Curtis Richardson 

established wetland centers at Ohio State University and Duke University respectively.  

The wetland centers at Ohio State and Duke subsequently developed wetland creation 

and restoration projects on or adjacent to their university campuses to serve as outdoor 

teaching and research laboratories. Over the past couple decades, stream and wetland 

restoration projects have been implemented on a growing number of university 

campuses and many of these campus stream and wetland restoration projects have been 

characterized as outdoor teaching and research laboratories (Appendix C).  Ecological 

restoration, particularly of stream and wetland ecosystems, is a multi-billion dollar 

industry, yet the science of restoration is still under development.  Campus wetland 

creation and restoration projects provide important research and training opportunities 
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to further our understanding of ecological restoration. Furthermore, wetland projects 

designed as outdoor teaching and research laboratories could exemplify the application 

of the an integrated approach to water management and facilitate sustainable campus 

water management. 

Several characteristics of wetland ecological creation and restoration projects 

make them good candidates as settings for interdisciplinary and collaborative 

management, research, and training conducive to more integrated resource 

management.  First of all, wetland ecosystems are conceptually at the interface 

(transition zone) between upland and aquatic ecosystems, requiring an ecological 

understanding encompassing both terrestrial and aquatic biomes and the diverse 

functions performed by wetlands.  Secondly, wetland creation and restoration often 

necessitates interdisciplinary collaboration with engineers, landscape architects and 

others to help design and implement the structural modifications required for more 

extensive restoration projects.  Federal, state and municipal regulations applying to 

wetlands, water quality, and water rights could require the involvement of 

policymakers and legal experts in the permitting and monitoring of wetland projects.  

Other considerations may encourage the participation of individuals from other 

disciplines such as health (e.g. mosquito concerns and water quality) and humanities 

(e.g. aesthetics, recreation, and landuse history).  Thirdly, effective wetland restoration 

recognizes the impact of the surrounding landscape and watershed on the wetland 
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ecosystem and vice versa, requiring a multi-scaled landscape and watershed 

management approach as is also recommended for IWRM. 

Projects designated for outdoor teaching and research should reflect the 

university mission of teaching, research, and service.  The interdisciplinary teaching, 

research and outreach opportunities offered by the project are complemented by the 

ecological functions of the wetland ecosystems and the socio-economic services derived 

from those functions (Figure 19).  Important wetland ecological functions include 

hydrological flux and storage, biogeochemical cycling, primary productivity, 

biodiversity and community habitat (Richardson 1994).  These functions yield valuable 

services including flood attenuation, water quality improvement, carbon sequestration, 

recreational opportunities, and food resources (Richardson 1994).  Campus wetland 

creation and restoration projects serve as demonstration and education sites for 

institutions and organizations beyond the university, offering fieldtrip destinations for 

K-12 classes and afterschool programs, training facilities for working professionals (e.g. 

wetland experts), recreational spaces for hikers and birdwatchers, and an awareness-

enhancing resource for the general public.  
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Figure 19: Model of campus wetland restoration projects as outdoor research 

and education laboratories. It should be noted that not all of these components would 

necessarily be present at every restoration project.   

This unique combination of qualities make wetland creation and restoration 

projects serving as outdoor teaching and research laboratories useful cases to study as 

potential models and catalysts for the application of principles and practices important 

to integrated water resource management and environmental sustainability. 
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4.3 Objective 

The purpose of this study was to describe a few key examples of university campus 

wetland creation and restoration projects serving as outdoor teaching and research 

laboratories and to explore how they may foster a more integrated approach of water 

resource management.  The research questions, which evolved through an inductive 

case study research process, are: (1) how have some campus wetland restoration projects 

served as outdoor teaching and research laboratories? And (2) do campus wetland 

restoration projects demonstrate integrated and sustainable water management 

practices?   

  

4.4 Methods 

Case studies of three campus wetland creation and restoration projects were 

conducted to address the research questions.  Case studies investigate contemporary 

phenomena within their real-life context and are thus an effective research design for 

studying the experiences of wetland creation and restoration projects serving as outdoor 

teaching and research laboratories in the university campus context and for determining 

whether these campus projects promote integrated water resource management (Yin 

2009).  The case study research involved several methods of data collection including 

site visits, document analysis, and interviews.  The aim of the data collection was to 
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assemble qualitative and quantitative information building several cases bounded by the 

research objectives. 

 

4.4.1 Case Definition and Selection Process 

At the outset of this research project, the potential was identified for university 

campuses to serve as models or testing grounds of integrated water resource 

management for developing greater society benefits. Wetland creation and restoration 

projects were of particular interest because of the multidisciplinary knowledge and skills 

involved in creating, restoring, managing, and studying wetland ecosystems. Outdoor 

teaching and research laboratories at institutions of higher education often have 

objectives very much reflective of the teaching, research and service mission of 

universities.  Wetland systems serving as outdoor teaching and research laboratories 

provide the added benefit of ecological services such as stormwater control, nutrient and 

sediment retention, water quality improvement, biodiversity and habitat provision for 

which wetlands are greatly valued.  Collectively, these attributes were identified as a 

working model for integrated water resource management, which involves multi-

purpose, interdisciplinary, and collaborative (participatory) management of water and 

related resources in a sustainable manner.  Cases were thus defined as university 

campuses featuring campus wetland creation and restoration projects serving as 

outdoor teaching and research laboratories. 
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The cases selected for inclusion in this research study needed to meet the case 

definition criteria of being a created and/or restored wetland ecosystem serving as an 

outdoor teaching and research laboratory. Extensive web searches revealed the existence 

of at least 114 developed or planned stream and wetland creation/restoration projects at 

universities and colleges in the U.S. (Appendix C). Fifty-eight of the wetland creation 

and restoration projects were described as outdoor research and teaching laboratories or 

demonstration projects, and thus could have potentially satisfied the case definition 

requirements. Many of these stream and wetland restoration projects were at institutions 

also featuring academic water programs (Appendix D). 

The Olentangy River Wetland Research Park (ORWRP) at Ohio State University 

was selected for inclusion in the study because it met the case definition and is one of 

the earliest and most extensively studied campus wetland creation and restoration 

projects.  The Stream and Wetland Assessment Management Park (SWAMP) at Duke 

University was selected because it met the case definition, the site is fairly unique in its 

watershed-based approach to treating stormwater from a large portion of the university 

campus, and the site is familiar to the researchers who are based at Duke University. 

Radford University’s Stormwater Treatment Wetland Project (RUSTWP) was selected 

because it met the case definition and was of a different scale (smaller size) compared to 

the ORWRP and SWAMP sites yet appeared to still serve extensively as an outdoor 

teaching and research resource for the university. The research was limited to three case 
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studies because of time, financial and human resource constraints.  A review of other 

similar sites suggests that our inclusion of Ohio State, Duke and Radford provided us 

with a rich database from which to do in-depth case study analysis of what was being 

implemented on a large tier-one state university campus, a private tier-one research 

university campus and at a smaller tier-two university campus.   The cases selected for 

this study are not necessarily representative of the diverse stream and wetland 

restoration projects at universities and colleges across the United States, as this study 

does not involve a random sampling design, but lessons learned from the experiences of 

the SWAMP, ORWRP and RUSTWP projects could prove beneficial to other institutions 

considering or planning to implement similar projects on their respective campuses. 

4.4.2 Data Collection Methods 

Data on each of the cases was collected using multiple methods and sources (
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Table 17).  Web searches were conducted using Google (keywords: college, university, 

campus, wetland, stream, creek, river, restoration) to discover what campus wetland 

and stream restoration projects exist and once the specific cases were selected further 

searches were conducted to find online sources of information about those cases.  

Websites specifically designed to showcase and share information about the selected 

wetland creation and restoration projects of interest were closely studied and analyzed 

as a data source.   Documents including annual reports, published papers, grant 

proposals, presentations, and posters were also collected and analyzed. The three cases 

differed in the quantities and types of readily accessible documentation. Visits to the 

case study institutions enabled observation and photographing of the wetland project 

sites and surrounding campus.  During the site visits, semi-structured interviews were 

conducted with some of the main stakeholders involved in the design, management, and 

use of the wetland projects.  The interviews were guided by an interview guide with a 

pre-developed list of points of interest related to the research objectives for this study 

(Appendix E). 

Notes were written during each interview and the interviews were audio 

recorded when possible to supplement the note taking.  These multiple information 

sources and data collection methods were relied upon to enrich the study and facilitate 

the process of triangulation for ensuring and substantiating (validating) findings.  Duke 
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University’s Institutional Review Board (IRB) ethical clearance was sought and acquired 

prior to conducting the interviews for this research (Protocol #2846). 
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Table 17: Checklist for case study method implementation. Adapted from 

Hancock and Algozzine (Hancock and Algozzine 2006). 

Research Sub-Questions Information Needed Data Collection Process 

What are the primary 

goals/objectives (purpose) of 

the project? 

List and description of 

goals and objectives, 

included any changes over 

time 

Interviews, obtain reports and 

examine project website for goals 

and objectives 

What ecological functions are 

performed by the project? 

(Designed and determined 

functions) 

Project goals and objectives; 

Reported / measured 

ecological functions 

Site visits, interviews, and obtain 

reports and proposals describing 

ecological functions 

What socio-economic benefits 

are generated by the project? 

Observed and reported 

socio-economic benefits 

Site visits, interviews, and obtain 

reports describing socio-economic 

benefits of the project 

How does the project site 

serve as an outdoor teaching 

laboratory?  

Educational goals, courses 

using the site, outreach and 

awareness activities and 

resources 

Interviews, search through website 

for education materials, and obtain 

documentation on site use 

How does the project site 

serve as an outdoor research 

laboratory? 

Lists, descriptions and 

results from research 

studies using the site 

Site visits, interviews, obtain 

documentation on site use, 

published papers and 

presentations 

Is IWRM explicitly 

considered in the design and 

management of the project? 

Descriptions and 

documents detailing project 

design, development, 

management, use and 

evaluation 

Obtain documents describing 

project design; interviews  

Is the project collaborative 

and participatory?  

(Does the project involve 

intersectoral collaboration?) 

Information on all 

stakeholders involved and 

how / when they 

participated in the project 

Interviews, obtain documentation 

describing site development and 

use 

What disciplines are involved 

in the project? (Is it 

multi/interdisciplinary?) 

Information on project 

design, courses taught, and 

research conducted 

Interviews, obtain documents 

describing classes and research 

involving the project 

What spatial and temporal 

scales are considered in the 

project? 

Information on project 

goals and plans 

Obtain documents on project 

design, plans and progress reports. 

How has the project impacted 

campus sustainability and 

water management?  

Description of influences 

and interactions between 

the project and campus 

sustainability program 

Interview campus sustainability 

personnel; visit campus 

sustainability website 
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4.4.3 Data Analysis Framework and Approach 

The data analysis framework for the case studies is based on the research 

questions exploring the concept of a campus wetland outdoor teaching and research 

laboratory serving as a model (testing ground) for the practice of principles important to 

integrated water resource management (IWRM).  The principles of particular interest for 

this study include: interdisciplinary approaches; collaborative (participatory) processes; 

multi-purposed objectives; multi-scaled (spatially and temporally) considerations; and 

capacity development.  The criteria and indicators for analysis of the cases as functional 

wetland outdoor teaching and research laboratories include: ecological functions 

documented at the project site; educational and instructional use designed into and 

conducted through the wetland project (number and diversity of teaching and outreach 

activities); and research designed for and using the wetland project (number and 

diversity of research studies).  The criteria and indicators used for analyzing whether the 

cases apply principles of an IWRM conceptual framework include: incorporation of 

IWRM principles in project mission and objectives; implementation of IWRM principles 

in the design, development, management, research, teaching, and outreach activities of 

the wetland projects; and knowledge and capacity building for the application of 

integrated water management. 

The data collected through document analysis, observation, and interviews was 

analyzed thematically.  Audio recordings of some interviews were topically transcribed 
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and notable statements were transcribed verbatim for quoting in the paper.  Data was 

manually coded using three levels of coding.  First interview notes and documents were 

topically coded to outline and determine what the interviewees and documents are 

talking about, particularly with respect to project goals and objectives, drivers and 

barriers, and the project functions as an outdoor teaching and research laboratory. Then 

analytical coding was used to extract possible implications (intentions) of the concepts 

conveyed, particularly with respect to the concept and principles of IWRM; and finally 

categorical (attribute) coding was used to organize the information based on data source 

and type. Excel spreadsheets were used to facilitate the organization and analysis of 

coded data. 

The topical coding themes included: project goals and objectives; drivers and 

barriers to project development; teaching, education, and outreach; research; ecological 

and water management functions; and participants and stakeholders.  Analytical coding 

looked for references to IWRM principles including: multiple purpose design and use; 

interdisciplinary and multidisciplinary input and methods; participatory and 

collaborative processes; multiple scales (temporal and spatial); and capacity 

development. Categorical coding was based on data source and type.  Coded data of 

particular interest was summarized in spreadsheets (matrices) for comparative analysis 

between data sources and between case study sites.  The use of data matrices facilitated 

the process of triangulation (cross-validation) and permitted the research findings to be 
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compared and contrasted between several different data sources and across different 

cases as well.  The findings from the selected cases were subsequently summarized and 

synthesized in accordance with the analytical conceptual framework, the product of 

which is this research paper. 

4.4.4 Biases and Limitations  

While striving to maintain some level of objectivity in conducting the case 

studies, researcher perspectives and experiences inevitably influenced the design, data 

collection and interpretation of findings from this study. The individual case results are 

presented in a manner permitting the objective reader to reach his or her own 

conclusions regarding the cases with respect to the conceptual framework and research 

questions of interest.  It should be noted that I, the researcher, am a graduate student at 

Duke University and my academic advisor is Curtis Richardson, the founder of the 

SWAMP project included as a case in this research. 

 

4.5 Results & Discussion 

This section presents results from the study of each individual case followed by a 

cross-case comparison of findings with respect to their design and functioning as an 

outdoor teaching and research laboratory. Case study findings are then discussed in 

light of the integrated water resource management framework of interest, to reflect on 
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whether and how the cases implement and foster a more integrated approach to water 

resource management. 

4.5.1 Case A: Duke University 

4.5.1.1 The Institutional Setting 

Duke University is a private doctoral (research) university on a 1395-acre campus 

(8610 acres with Duke Forest and Marine Lab) located in the city of Durham and lying 

partly within the Cape Fear and Neuse River Basins in the piedmont region of North 

Carolina.  Duke has over 6500 undergraduates and 7700 graduate students attending the 

ten schools and colleges making up the university.  Over 3100 faculty and 8000 

employees work on Duke’s campus, which features 220 buildings excluding 

maintenance and support facilities (Duke University 2011).  Duke University’s mission 

is, “to provide a superior liberal education to undergraduate students…; to prepare 

future members of the learned professions for lives of skilled and ethical service by 

providing excellent graduate and professional education; to advance the frontiers of 

knowledge and contribute boldly to the international community of scholarship; … [to] 

contribute in diverse ways to the local community, the state, the nation and the world; 

and to attain and maintain a place of real leadership in all that we do” (Duke University 

2011).  Duke’s Strategic Plan for leadership is based on making “contributions to society 

through the education we provide, the research that faculty pursue, the lives our 

graduates lead, and our direct involvement in making our local community a better 
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place to live and work” (Duke University 2011). The plan also strives to “Increase the 

capacity of our faculty to develop and communicate disciplinary and interdisciplinary 

knowledge” and  “strengthen the engagement of the university in real world issues” 

(Duke University 2011). Duke pursues signature initiatives to “serve as models for other 

universities” including the Nicholas School of the Environment whose mission is “to 

provide unsurpassed environmental leadership through interdisciplinary education, 

research and outreach”  (Duke University 2011). The Duke Wetland Center, which is 

spearheading the campus wetland creation and restoration project, is part of the 

Nicholas School of the Environment.  Duke is ranked among the top national 

universities in the U.S. (U. S. News & World Report 2011). 

Duke University is listed as one of the Top 311 Green Colleges in the Nation (The 

Princeton Review 2011) and received a Sustainability Report Card grade of B+ 

(Sustainable Endowments Institute 2011).  Duke University has an Environmental Policy 

committing the institution to leadership in (1) environmental research and education, (2) 

environmentally responsible operations, and (3) environmental stewardship in the 

community. Duke has a sustainability committee made up of 61 administrators, staff, 

faculty, and students (Sustainable Endowments Institute 2011).  Duke University’s 

Sustainability program seeks to achieve and maintain the “leadership in environmental 

stewardship and sustainability on our [Duke’s] campus, in our medical institutions, and 

in the larger community of which we are a part” called for in Duke’s Environmental 
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Policy.  The campus sustainability program examines actual and potential impacts of 

Duke’s activities to improve environmental performance – “engage in pollution 

prevention activities and develop and promote practices that maximize the beneficial 

effects and minimize the harmful effects of operations, research and activities on the 

surrounding environment” (Brodhead, Dzau et al. 2011). Duke’s sustainability program 

staff include an Environmental Sustainability Director, Sustainability Outreach 

Coordinator, Carbon Offsets Initiative Director and Associate, and Duke Campus Farm 

Project Coordinator, as well as work study students.  Duke has developed a 

sustainability pledge signed by close to 7000 individuals at Duke, which states, “I pledge 

to become an integral participant in the Sustainable Duke program. I will consider the 

environmental, social and economic impact of my daily decisions and make every effort 

to reduce my ecological footprint. I will also share my individual sustainability efforts 

with others at Duke” (Duke Sustainability 2011).  In addition to the pledge, students, 

faculty and staff are encouraged commit to taking steps towards more sustainable 

lifestyles through a series of Green Devil Challenges.  Over a dozen environmental 

sustainability organizations exist at Duke, including the interdepartmental 

Environmental Management Advisory Committee (EMAC) bringing together students, 

faculty and staff in planning greening initiatives at the university.  Scores of 

sustainability related courses are taught at Duke, several academic programs address 

environmental science, policy and management, and various centers and institutes on 
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campus conduct research on sustainability.  Duke has sustainability initiatives 

addressing climate change, energy efficiency, LEED certified buildings, sustainable 

campus dining and local food production, green grants and investments, green 

purchasing, alternative transportation, waste management (recycling since 1989), and 

sustainable land and water management (Duke Sustainability 2011).  

Duke has worked on conserving water over the past decade, though historic 

drought conditions in 2007-2008 led Duke to greatly increase its water conservation 

efforts resulting in a sustained 35 percent reduction in water consumption ( 

Table 18). Duke University and Health System consumed 449 million gallons of 

water in 2010, making it the top consumer of water in the City of Durham and thus 

conservation efforts at Duke are important for the city (Duke Sustainability 2011).  

Stormwater is considered one of the five central utilities managed by the university, 

which has an extensive stormwater system including miles of pipes, cisterns and tanks, 

ponds, and streams.  The City of Durham requires a Stormwater Impact Analysis for the 

campus and charges the university annually for the environmental impact of 

stormwater running off of the impervious surface on campus (Duke A, Personal 

Interview Communication, May 26, 2010). Duke Stream and Wetland Assessment 

Management Park (SWAMP) project, which is the focus of this case study, is listed on 

Dukes Sustainability website as helping to improve the quality of stormwater leaving 

Duke’s campus (Duke Sustainability 2011). 
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Table 18: Water conservation initiatives at Duke University (Duke Sustainability 

2011) 

 Conservation Measures – Buildings 

• Installed over 3,000 low-flow aerators on lavatories 

• Installed over 3,000 low-flow flush valves on urinals and toilets 

• Installed over 500 low-flow shower heads 

• Corrected single pass cooling on lab equipment 

• Installed hand sanitizers in residential hall bathrooms, kitchens, laundry room and 
common areas 

• Installed 200 new high efficiency front load washing machines 

• Modified sterilizers at all Duke University Medical Center facilities 

• Performed a water audit on campus buildings 

• LEED green building commitment 

 Conservation Measures – Central Plants 

• Piped the reclaimed reverse osmosis water (RO) and air handler unit (AHU) 
condensate from campus buildings to use for make-up water in the Chilled Water 
Plant cooling towers 

• Installed a RO system on the cooling tower blowdown to clean this water and reuse 
in the cooling towers 

• Drilled two wells to provide the cooling tower make up water 

• Pumping water out of the creek for cooling tower make up 

• Installed a condensate transfer system to move condensate between Steam Plants 

• Alternate sources of water accounted for over 40 million gallons of water (33%) in 
FY10 at Chilled Water Plant 2 

 Conservation Measures – Campus 

• Installed drought-tolerant landscaping on campus 

• Designed temporary system to irrigate essential athletic fields that involves the use 
of reclaimed water.  Tanks installed under the bleachers at Soccer/Lacrosse 
Stadium 

• Installed cisterns to collect water for watering of Williams Field 

• Increased the size of irrigation ponds on golf course for more natural water storage 

 Conservation Measures – Educational and Community 

• Supplied the University and Medical Center staff, employees and students with 
10,000 free low flow shower heads for homes (savings of ~73 million gallons water) 

• Raise water conservation awareness by strategically placing signs at decision-
making points like faucets, showers, water fountains and toilets 
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• Several monthly Green Devil Challenges have focused on water conservation.   

4.5.1.2 The Wetland Project 

Duke University’s Stream and Wetland Assessment Management Park 

(SWAMP) consists of 8 hectares (~20 acres) of stream and wetland restoration and 

creation areas along sections of Sandy Creek, which receives stormwater and runoff 

from a large portion of Duke University’s campus in Durham. The SWAMP project was 

conceived and designed in1998 by Professor Curtis Richardson, Director of the Duke 

Wetland Center, to restore ecological functions performed by healthy stream and 

wetland ecosystems and to serve as “an outdoor classroom and field laboratory for 

students and researchers” providing a research site for studies on biodiversity, 

hydrology, mosquito and invasive species control, and other environmental issues 

(Duke University Wetland Center 2011).  SWAMP is strategically situated to treat most 

of the runoff from much of Duke’s water catchment, and thus help the institution 

address stormwater treatment and attenuation needs and meet municipal and National 

Pollution Discharge Elimination System (NPDES) requirements.  The inspiration to do 

the SWAMP project arose from the Richardson’s various observations over the years 

including: water quality related environmental challenges affecting regional 

waterbodies, student interest in going out into the environment as part of their studies, 

and the Olentangy River Wetland Restoration Project at Ohio State University, which is 

discussed in depth below as the third case for this study (Duke A, Personal Interview 
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Communication, May 26, 2010).  While inspired in part by the project in Ohio, Duke’s 

project was designed to involve more ecologically functional restoration of streams and 

wetlands, specifically in terms of providing water treatment in the landscape both for 

Duke and the City of Durham.  Furthermore, the individuals driving the SWAMP 

project wanted to make Duke University a model blue campus in terms of high water 

quality and habitat to complement institutional emphasis on establishing a model green 

campus. This was particularly important because the campus had lots of poor quality 

runoff, eroded streams, and a lack of bio-retention areas that all needed remedying 

(Duke A, Personal Interview Communication, May 26, 2010). 

The project has developed over several planned phases (Figure 20) and has thus 

far included: (Phase I) construction of an earthen dam and 1.6 hectare stormwater 

reservoir designed to replace another deteriorating dam assisting with the regulation of 

stormwater flow downstream and the retention of sediment and excess nutrients from 

the water; (Phase II) re-contouring of over 600 meters of degraded portions of Sandy 

Creek in order to hydrologically reconnect the stream with the surrounding floodplain 

and restore biogeochemical processes important to improving water quality; (Phase III) 

re-contouring a tributary to Sandy Creek facilitating overflow into a series of created 

treatment wetland cells designed to increase stormwater retention and improve water 

quality through sediment retention and excess nutrient removal by natural 

biogeochemical processes (Richardson et al., 2011); and (Phase IV) restoring another 
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tributary of Sandy Creek (draining 210 acres of watershed) using  a “new method of 

stream restoration” called  anabranching, which involves dividing a stream channel into 

multiple channels spread across the floodplain to replicate the braided streams often 

resulting from beaver activity along streams (Duke University Wetland Center 2011). A 

fifth phase has been proposed, but is on hold until funding comes through, which was 

initially awarded by the state then withdrawn due to the recent North Carolina state 

budget crisis (Duke A, Personal Communication, May 26, 2010).   Trails, boardwalks and 

a bird blind have been built to allow access to various sections of the project site and 

several signs inform visitors about the project and the value of wetlands. Collaborators 

from different academic and facilities departments as well as students in Duke Wetland 

Center classes participated in the design and development of the different project 

phases. SWAMP has received nearly $4.7 millions of dollars of educational, research and 

water quality improvement funding from federal, state (>$1.2million), local, and 

university ($2.5 million) sources of support (Richardson 2009; Richardson 2011). 
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Figure 20: Schematic depicting the first three phases of Duke University’s 

SWAMP Project (Duke University Wetland Center 2011)  

Various barriers had to be overcome in the process of implementing the SWAMP 

project.  The greatest challenge, particularly in terms of the resulting years of project 

delays, was trying to get the required federal and state permits.  The project required 

permission from Duke University, City of Durham permits, 401 Water Quality Permits, 

404 permits and high hazard dam permits from the state, and a CLOMAR from FEMA 

for altering the floodplain.  The proposed high hazard dam also necessitated the training 

of state personnel in newer dam modeling methods by a collaborating Duke University 
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engineering department faculty member.  The CLOMAR permitting process operated 

such that the same review process was required regardless of whether one was 

proposing to eliminate a wetland to build a Walmart store or trying to restore wetlands 

in the landscape, as was the case of this project (Duke A, Personal Interview 

Communication, May 26, 2010).  Further barriers included the need to change 

engineering firms working on the stream restoration project after graduate students 

class designs (ENVIRON 309: Restoration Ecology) showed potential problems with the 

initial engineering firm plans, which ranged from including too many hardened 

structures to a lack of utilizing natural system design criteria.  The withdrawal of state 

awarded funds for construction of phase five of the project has been disappointing since 

$256,000 was already spent on the design of phase V.  Lessons learned from these 

experiences include the importance of carefully selecting the engineering firm doing the 

wetland construction and restoration and making sure they were designing ecologically 

sound projects. The value of outsourcing the permit application process to the 

engineering firms who are much more experienced at working on such permits is also 

recommended.  

4.5.1.3 Teaching and Research Laboratory 

According to Professor Richardson the SWAMP project was designed to serve as 

“a model laboratory on wetlands” and will “provide unique teaching potential and 

research opportunities for both graduate and undergraduate students” on “real world 
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restoration techniques and modern hydrologic modeling approaches, as well as basic 

principles of stream, lake, and wetland ecology” (Duke University Wetland Center 

2011).   Students have not only participated in classes and research using SWAMP, they 

have also been involved in helping with the project’s design and development from the 

very beginning through its various phases.  This student input, which helped 

continually foster new ideas, happened primarily through student design projects in a 

Nicholas School of the Environment restoration ecology class and Wetland Center 

affiliated graduate students’ designing experimental sites for their master’s projects 

(over a dozen) and dissertations (four).  Nicholas School Master of Environmental 

Management (MEM) students were inspired to establish Duke Student Association of 

Wetland Scientists (SAWS), a local chapter of the Society of Wetland Scientists, thanks in 

part to their involvement in classes and research using SWAMP.  SWAMP helps provide 

a convenient outdoor teaching laboratory for classes at the Nicholas School and other 

departments and institutions and incorporating SWAMP into classes has proven to be 

an exciting facet of the Nicholas School’s teaching program (Duke University Wetland 

Center 2011). Hundreds of students from Duke University, the University of North 

Carolina at Chapel Hill, North Carolina School of Science and Math, Durham Club Scout 

Troops, and other areas schools have participated in classes visiting and using SWAMP 

as a teaching tool.  Tours were provided to 2011 North American Association of 

Environmental Education National Conference and 2008 Association for the 
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Advancement of Sustainability in Higher Education (AASHE) Biennial Conference 

attendees. Additionally, the Wetland Center has conducted stream and wetland 

restoration training sessions for the North Carolina Museum of Life and Science and 

local and state agency personnel based upon experience gained from implementing and 

managing SWAMP. 

Over the past eight years SWAMP has been used extensively as an outdoor 

research laboratory for ecological restoration and watersheds and water quality 

management, complementing the Wetland Center and other university laboratory 

facilities. Duke University has officially designated SWAMP as a research site, though 

the university hasn’t advertised it much (Duke A, Personal Interview Communication, 

May 26, 2010).  Over a dozen masters students, at least five doctoral students, several 

postdoctoral associates and faculty, and a high school student have conducted research 

at SWAMP thus far.  Faculty members from different departments at Duke University 

have served as co-principle investigators and advisors on some of the projects, 

facilitating interdisciplinary collaboration. Work at the site has addressed research 

questions related to biological diversity, hydrology, water quality, mosquito control, 

invasive plant species and other ecological issues. Duke University Wetland Center has 

been awarded several EPA, USDA and NSF grants for monitoring and research projects 

at SWAMP, including studies on: innovative approaches to stormwater management 

and water quality improvements in urban watersheds; ecological impacts from the 
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interactions of climate change, land use change and invasive species; and the role of 

plant functional diversity in regulating nitrogen removal in a restored riparian Wetland.  

Several reports, papers and conference proceedings have been published thus far on 

research conducted at SWAMP (Richardson and Pahl 2005) (Pahl, Richardson et al. 2006; 

Richardson, Elting et al. 2006; Osland, Pahl et al. 2009; Unghire, Sutton-Grier et al. 2010; 

Richardson, Flanagan et al. 2011; Sutton-Grier, Wright et al. 2011). 

4.5.1.4 Ecological Functions and Socio-Economic Benefits 

A goal of the SWAMP project was to restore the ecological functions of streams 

and wetlands in order to help improve the quality of water flowing off Duke 

University’s campus, a source of impairment to Jordan Reservoir (DUWC 2004).  Water 

flowing through Sandy Creek had impaired water quality due to excessive sediment 

load, high nutrient concentrations (nitrogen and phosphorus), and coliform bacteria 

transported from the surrounding watershed (Richardson, Flanagan et al. 2011).  The 

stream and wetland creation and restoration was thus designed to help treat stormwater 

in Sandy Creek and its floodplain, a headwater stream for the Cape Fear River.  Water 

quality assessments and monitoring results show encouraging improvements to the 

ecological landscape and water quality following the establishment of the SWAMP 

wetlands, stream and lake.  Stream riparian hydrology now functions in a more 

ecologically sustainable manner with attenuated hydrologic pulses, erosion control, and 

sediment retention.  Furthermore, nutrient budget monitoring has indicated 
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considerable reduction in nitrogen and phosphorus as stormwater flows through the 

SWAMP system, with a measured 64% reduction in nitrate-N/nitrite-N and a 28% 

reduction in phosphorus loads (Richardson, Flanagan et al. 2011).  In addition nearly 500 

MT of sediment are retained annually, mostly in the riparian floodplain. Duke 

University has incorporated the SWAMP project into long-term campus greening plans 

with SWAMP featuring as an integral part of plans to completely restore all campus 

streams and wetlands in order to improve water quality (Richardson 2007).  The Duke 

Wetland Center will collaborate with university planners and architects preparing 

ecologically informed designs for campus water features (Richardson 2007). 

SWAMP generates socio-economic benefits to the institution and community.  

While Duke University has invested millions of dollars in the SWAMP project, that 

investment in SWAMP helped bring in research grants and is expected to provide cost-

savings over time (Curtis Richardson, Personal Communication, December 9, 2011).  

SWAMP serves as an easily accessible on-campus teaching resource, which helped 

attract the interest of perspective graduate students.  The project has potential for use in 

Duke marketing campaigns, has featured on various news media platforms including a 

CNN International news story, and has drawn the attention of various organizations 

and guests interested in touring the facility, including world-renowned actor and 

environmental activist Robert Redford, who toured the SWAMP site while at Duke to 

receive the inaugural Lifetime Environmental Achievement in Fine Arts (LEAF) award.  
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Duke University does not have a required stormwater plan and as a result has had to 

pay the City of Durham around a quarter million dollars annually; SWAMP has 

importantly served as a starting point for more extensive stormwater control and 

treatment on the campus and Duke has since hired an engineering firm to help design 

campus stormwater plans which should eventually save the institution from having to 

pay the stormwater related fees (Duke A, Personal Interview Communication, May 26, 

2010).  Further cost savings are anticipated from nutrient credits provided by the 

restored stream and wetlands once TMDL regulations are put in place in North Carolina 

(Curtis Richardson, Personal Communication, December 9, 2011).  SWAMP’s restored 

stream and wetlands and the wildlife inhabiting the site provide aesthetic benefits to the 

many thousands of trail users passing through the area. 

4.5.1.5 Application of IWRM Principles 

 The SWAMP project was designed to fulfill multiple purposes including 

restoration of ecological functions and services, improvement of water quality, and 

development of an outdoor teaching and research facility for Duke University and an 

educational and recreational facility for the greater community.  The project has 

effectively improved stormwater quality, restored ecologically functional wetlands in 

the landscape, and stabilized campus streams.  Hundreds of students at Duke and other 

institutions have participated in classes making use of SWAMP as a teaching resource 

and a growing number of student and faculty researchers have used SWAMP as an 
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outdoor research laboratory.  Individuals from multiple academic departments 

(including Biology, Engineering, and Environment), Duke Forest, and Duke Facilities 

Department have collaborated in designing and developing SWAMP and graduate 

students have also been involved in the process over the years.  The project has evolved 

and continues to grow in scale through multiple phases, permitting adaptive integration 

of new and experimental ecological designs and features.  SWAMP was designed as an 

integrated stream and wetland restoration project focused on using a watershed 

approach for addressing water quality and ecological degradation (Richardson, 

Flanagan et al. 2011).  Pursuit of grants and funding combined with university support 

has helped maintain the stability of the project, while university recognition of the 

project as an integral part of campus environmental management and greening efforts 

assures some level of sustainability. 

4.5.2 Case B: Ohio State University 

4.5.2.1 The Institutional Setting  

Ohio State University (OSU) is a public doctoral (research) university on a 

1700+acre campus located in the city of Columbus along the banks of the Olentangy 

River in Ohio.  Ohio State University has close to 50000 undergraduate and 10500 

graduate students attending the fourteen colleges making up the university (Ohio State 

University 2011). Over 42000 employees, including over 5000 faculty work for OSU and 

the Columbus campus has 454 buildings (Ohio State University 2011).  Ohio States 
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University’s Vision says the University’s purpose is “To advance the well-being of the 

people of Ohio and the global community through the creation and dissemination of 

knowledge” with an overarching goal for Ohio State University to “be among the 

world’s truly great universities” (Ohio State University 2011).  Among OSU’s core 

values are to ignite in students “a lifelong love of learning” and to “produce discoveries 

that make the world a better place” (Ohio State University 2011).  Ohio State University 

envisions a future where the University “will be recognized worldwide for the quality 

and impact of its research, teaching, and service” and “will set the standard for the 

creation and dissemination of knowledge in service to its communities, state, nation, and 

the world” (Ohio State University 2011). OSU is ranked among the top public 

universities in the U.S. (U. S. News & World Report 2011). 

Ohio State University is ranked as one of the Top 311 Green Colleges in the 

Nation (The Princeton Review 2011) and got a Sustainability Report Card grade of B+ 

(Sustainable Endowments Institute 2011).  A message on OSU’s sustainability website 

from OSU president Gordon Gee states “sustainability is one of the vital issues of our 

time” and Ohio state seeks to “lead the way in finding solutions.  Our approach is 

comprehensive – engaging the vast intellectual resources of students, faculty and staff.”  

Eight fulltime employees work on campus sustainability efforts at OSU (Sustainable 

Endowments Institute 2011).  OSU recognize “the whole campus as part of the learning 

environment” and strives to “use the campus as a classroom and laboratory for 
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furthering sustainability education and research” (OSU Sustainability 2011).  A 

sustainability council comprising members across multiple departments and sectors on 

campus is charged with promoting university sustainability initiatives, managing a 

university-wide sustainability website, and developing a process for achieving the 

President’s Climate Commitment of which OSU is a signatory institution. The Office of 

Energy and Environment and Facilities Operations and Development’s division of 

Energy Services and Sustainability help facilitate, advocate and implement initiatives for 

sustainability on campus.  Sustainability initiatives at OSU include programs to reduce 

and recycle waste, improve the natural environment, promote research initiatives, and 

minimize the institution’s collective impact on the environment (OSU Sustainability 

2011).  Other initiatives include those for the built environment, planning (sustainability 

in the institution’s One Ohio State Framework vision for institutional development), 

sustainable food practices, energy conservation and renewable energy, landuse 

management, smart purchasing, reduce-reuse-recycle efforts, and sustainable and 

alternative transportation.  Water related sustainability initiatives include: trayless and 

water conserving dining facilities, water conserving fixtures, monitored minimal 

irrigation, developing a river management plan, a stormwater management plan, and 

stormwater pollution prevention measures. As many as eighteen water-focused student 

organizations exist at OSU including the American Water Works Association (AWWA) 

and Water Environment Federation (WEF) chapter, Buckeyes for Children’s Safe 
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Drinking Water, H2O for Life, South Africa Water Reuse Initiative and TerrAqua 

Student Chapter of the Soil and Water Conservation Society. Over a dozen institutes, 

centers and programs are involved in OSU sustainability efforts, including OSU’s 

Climate, Water and Carbon Program and Olentangy River Wetland Research Park.  

4.5.2.2 The Wetland Project 

OSU’s Olentangy River Wetland Research Park (ORWRP) is a long-term, large-

scale wetland research facility consisting of a 21-hectare (52 acre) site adjacent to Ohio 

State University’s Columbus campus.  ORWRP was designed to “provide teaching, 

research, and service related to wetland and river science and ecological engineering” 

and also serves as a nature park featuring habitat with diverse plants and wildlife  

enjoyed by the population in the region (ORWRP 2011). An objective of the ORWRP 

project was to help build understanding on how wetlands, rivers, and watersheds 

function, and to see if and how these ecosystems can be restored (ORWRP 2011). 

ORWRP’s mission includes “the dissemination of wetland science and ecological 

engineering around the world” and is described as unique with “no other facility of its 

kind on any university campus in the world” (ORWRP 2011). The Donald Hey’s Des 

Plaines River Wetland Demonstration Project site in Illinois helped inspire Professor 

William Mitsch, founder and director of ORWRP, to develop a wetland facility on OSU’s 

campus where Mitsch works (Hey 2011).  Over 90% of the wetlands in the state of Ohio 

had been drained and a need was perceived to create and restore the wetlands of the 
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state (OSU A, Personal Interview Communication, August 23, 2010).  Impetus to start 

the project was driven by a published news story on restoring wetlands in which Mitsch 

was cited as expressing interest in restoring wetlands at Ohio State University.  

Institutional bureaucracy was a major barrier that had to be dealt with in the process of 

developing ORWRP and the continual need to find funding for building and sustaining 

the project has also been a challenging process, particularly as competition for public 

grants has grown (OSU A, Personal Interview Communication, August 23, 2010).  Land 

for the project became available as the director of ARC Industries, a member of Duck’s 

Unlimited, supported the idea of returning a piece of land along the Olentangy River to 

the University for the wetland project (OSU A, Personal Interview Communication, 

August 23, 2010). 

ORWRP was established along the floodplain of the Olentangy River through 

multiple phases over the past two decades (Figure 21).  The initial project (Phase I) 

started with the development of two experimental 2.5-acre deep-water wetlands 

(marshes) and river water pump system designed to test theories about ecosystem 

restoration and succession.  Phase 2 involved the development of further research and 

teaching infrastructure including boardwalks through the experimental wetlands, a 

pavilion overlooking the wetlands, a 7-acre oxbow wetland (billabong), and 

experimental wetland mesocosms.  The Heffner Wetland Research and Education 

Building, stormwater treatment wetlands and a couple other wetlands were built on the 
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site for Phase 3.  The current phase (4) has included the construction of an experimental 

stream, research access to Olentangy River (boat ramp and boat), a city bike path shelter, 

and establishment of Ohio and international collaborations (ORWRP 2011).  In 2008 

ORWRP was designated as a Ramsar Wetland of International Importance, making it the 

first wetland restoration site to achieve that special recognition, and in 2010 it was 

awarded the World Wetland Network’s first Green Globe Award for the best wetland 

restoration in America (ORWRP 2011). Despite its international acclaim and years of 

educational and research contributions, ORWRP’s wetlands and the long-term 

experimental systems, are currently facing the threat of being disturbed by proposed 

plans by energy developers to run a large natural gas pipeline through the site (ORWRP 

2011). 
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Figure 21: Map of ORWRP depicting the different ecosystems and 

infrastructure developed for teaching, research and service (ORWRP 2011) 
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4.5.2.3 Teaching and Research Laboratory 

Teaching and research were among the main goals for establishing ORWRP, 

which was designed to serve as a convenient outdoors laboratory next to OSU’s 

Columbus campus.  In addition to the 52 acres of created wetland and stream systems, 

considerable infrastructure has been built up progressively at the site to facilitate 

teaching and research.  A pavilion and extensive boardwalks allow researchers, 

students, and visitors to view and access the various parts of the experimental wetlands, 

while a boat and ramp allows excursions on the Olentangy River.  Educative signs 

located throughout the site share information about wetlands and their functions, while 

the $2.8 million Heffner Research and Education Building provides modern indoor 

laboratory, classroom, and office space. Multiple departments at OSU and other 

universities have used ORWRP as a teaching instrument.  Over the years thousands of 

students have benefited from ORWRP as a unique outdoor teaching laboratory.  In 2010 

alone 55 different university courses from over seven colleges and programs totaling 

over 1000 students incorporated ORWRP in some manner (ORWRP 2011).  Annual 

summer Short Courses offer working professionals training on wetland delineation, 

creation and restoration, while hosted seminars and talks such as the Moonlight on the 

Marsh Distinguished Lectures inform diverse audiences about environmental and 

ecological issues.  Outreach activities are also important for ORWRP which hosts 

activities such as football game parking, annual spring cleanup projects, and World 
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Wetland Day celebrations.  Tours for visitors has been a very common activity with 

ORWRP providing more than 1750 tours for close to 34000 participants interested in 

visiting the wetlands (ORWRP 2011).  Scores of newspaper articles, press releases, and 

other publications have brought attention to the ecological, teaching and research 

services provided by the project (ORWRP 2011).  ORWRP has also served as a catalyst 

for new stream and wetland restoration projects at other university and high school 

campuses in Ohio and around country (OSU A, Personal Interview Communication, 

August 23, 2010).   

As a long-term, large-scale research facility, ORWRP has served as a unique 

campus resource for graduate students, postdoctoral associates, and faculty members 

(ORWRP 2011).  The Heffner Building provides a convenient on-site modern indoor 

laboratory to complement the outdoor experimental facilities offered by the wetlands, 

stream, and river.  Student researchers have completed at least 67 dissertations and 

theses over the 20-years since ORWRP’s beginning (ORWRP 2011).  Research at the site 

has focused primarily on wetland functions and how to create and restore wetland 

ecosystems, though over time new research projects have been developed addressing 

new questions relevant to other issues of interest to the scientific community and 

society.  For example, the role of wetlands in climate change is currently being assessed 

through a research project at ORWRP and several other study sites around the world 

(ORWRP 2011).   
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4.5.2.4 Ecological Functions and Socio-Economic Benefits 

 The wetland and stream ecosystems at ORWRP are functioning as an exemplary 

restored wetland system, as evidenced by the Golden Globe restoration award.  A 

complex plant community has grown up within the wetlands, attracting over 174 

different species of birds and diverse types of wildlife over the years.  ORWRP functions 

as a nature park, where visitors and users of an adjacent public trail are able to enjoy the 

biodiversity and ecosystem.  River water pumped into the wetlands undergoes quality 

improvement as it flows though the wetland systems and out through a stream back 

into the river.  A stormwater wetland also treats runoff draining off the roof of the 

Heffner building at the ORWRP site.  

There have been considerable socio-economic benefits from the establishment 

and development of the ORWRP project at OSU.  Research grants and private donations 

for ORWRP have brought millions of dollars to the university.  Use of the ORWRP site, 

which is conveniently located adjacent to the main campus, enables cost-savings for the 

dozens of classes making use of the wetlands for instructional and research purposes.  

As an internationally recognized ecological, teaching and research facility, ORWRP 

helps bring further distinction and attention to OSU.  Dozens of newspaper and 

magazine articles written over the years about ORWRP describe the diverse ecological 

and socio-economic qualities and benefits ORWRP brings to the academic and greater 

community. The wetlands and stream provide aesthetic benefits including a convenient 
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observation pavilion for viewing the diverse birds, wildlife and plants inhabiting the 

wetlands.  A bike shed with an air pump serves bikers using the adjacent public trail.  

4.5.2.5 Application of IWRM Principles 

 The multiple purposes fulfilled by ORWRP are emphasized by Ramsar 

Secretariat’s description of ORWRP as  “a unique combination of 1) a biologically 

diverse assemblage of different wetland and riverine habitats both representative and 

unique to the region; 2) high-quality university teaching, research, and publishing 

related specifically to wetland ecology and management; and 3) significant wetland 

ecotourism and outreach for an urban community where few wetlands remain” 

(ORWRP 2011).  The many different departments integrating ORWRP into their courses 

and the various research studies at the site demonstrate the interdisciplinary function 

and value of the project.  Collaborative efforts have expanded beyond OSU to other 

institutions in Ohio and around the world.  ORWRP hosts the Ohio Center for Wetland 

and River Restoration with over 80 affiliated professors and researchers from 9 

campuses and institutions in Ohio (ORWRP 2011).   Larger scale collaborations also 

include the LSU/OSU Partnership on The Mississippi-Ohio-Missouri Basin Restoration 

and membership in the Global Wetland Consortium consisting of various wetland 

centers around the world (ORWRP 2011).  Through its many educational, research and 

outreach programs ORWRP has made considerable scientific and ecological engineering 

contributions towards the enhancement and protection of the world’s water resources, 
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training capable water managers and raising societal environmental awareness.  The 

project is designed and managed as a long-term research site and ORWRP personnel are 

working on raising funds for an endowment ensuring the sustainability of research and 

teaching opportunities. 

4.5.3 Case C: Radford University 

4.5.3.1 The Institutional Setting 

Radford University is a public master’s university on a 177-acre campus in the 

city of Radford in the New River Valley of the Blue Ridge Mountains in Virginia.  

Radford has close to 8000 undergraduate and 1000 graduate students attending seven 

colleges making up the university (Radford.edu 2011).  Radford University’s mission 

states, “First and foremost, the university emphasizes teaching and learning and the 

process of learning in its commitment to the development of mature, responsible, well-

educated citizens… Research is viewed as a vital corollary to the teaching and learning 

transaction as it sustains and enhances the ability to teach effectively. Radford 

University believes in the dynamics of change and has a strong commitment to 

continuous review, evaluation, and improvement in the curriculum and all aspects of 

the university, so as to meet the changing needs of society” (Radford.edu 2011).  Radford 

is ranked among the top public master’s level universities in the South (U. S. News & 

World Report 2011). 
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Radford has been recognized as one of the Top 311 Green Colleges in the Nation 

(The Princeton Review 2011).  Among the principles of Radford’s code of ethics is 

stewardship: “We will use university resources in a wise and prudent manner in order 

to achieve our educational mission and strategic objectives. We will not use university 

resources for personal benefit or gain” (Radford.edu 2011).  Radford’s website clearly 

states the institution’s commitment to sustainability: “Radford University is committed 

to being a model for sustainable campus practices and policies and recognized for our 

stewardship of economic, social, and environmental resources and for our academic 

commitment to sustainability” (Radford University 2011).  Radford has a sustainability 

coordinator, recycling coordinator, a sustainability steering committee, and interns and 

work-study students.  A number of sustainability initiatives have happened or are 

underway at Radford including: establishing the RU Environmental Center; signing the 

Presidents’ Climate Commitment and developing climate action plan; installing energy 

conserving retrofits on vending machines and developing Energy Star Certified 

buildings; improving public transportation and use of biodiesel and electric vehicles; 

selling sustainable coffee and local foods; hosting sustainability themed speakers, film 

showings and Sustainability Week activities; organizing student and faculty discussion 

sessions and activities focused on sustainability; and implementing various solid waste 

recycling efforts.  Water related sustainability initiatives have included: establishing 

trayless dining halls; installing low-flow showerheads and faucets aerators; water bottle 
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filling stations; water monitoring; participating in the 2010 Campus Conservation 

Nationals (energy and water reduction) competition; and developing stormwater 

treatment wetland on campus.   

4.5.3.2 The Wetland Project 

Radford University’s Stormwater Treatment Wetland Project (RUSTWP) 

revolves around a constructed surface flow wetland system (Figure 22) developed by 

Radford University’s Capital Design and Planning department to treat stormwater 

flowing off some campus parking lots and facilities management buildings before it 

flows into the New River, a designated American Heritage River. The main goal of the 

National Science Foundation (NSF) funded outdoor teaching and research laboratory 

program using the campus wetland was to help equip science students with a broad 

multi-disciplinary background, strong quantitative skills and a realistic understanding 

of the methods of scientific inquiry needed for addressing complex real-world problems 

they may encounter in the academic and work environment (Radford University 2011).  

Expectations for the project included cross-disciplinary interaction between faculty 

members of the four disciplines involved in the project and deepened student research 

skills through exposure to iterative and collaborative scientific processes beyond the 

classroom (Radford University 2011). The project’s service-learning design was expected 

to enhance students’ interest and motivation to conduct quality research, writing and 

public speaking (Radford University 2011).  Through the courses, independent research 
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projects and an annual Wetland Symposium, students were responsible for assessing, 

evaluating, and reporting about the wetland’s effectiveness at improving water quality 

(Radford University 2011).  Other expected outcomes from the project included 

improved knowledge for the university about its facility and enriched state knowledge 

about biological remediation facility operation and financing (Radford University 2011).   
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Figure 22: Aerial photograph of the Radford University Stormwater Treatment 

Wetland site and parking lots draining into the wetland (Google Maps 2011) 
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The 16 hectare constructed stormwater treatment wetland includes a 

sedimentation pool where runoff water flows in, a meandering channel separated by 

berms, and a couple deep pools located midstream and just before the outflow.  Upon 

being contacted by the wetland constructors for advice on what to plant at the wetland, 

a faculty member in the biology department suggested to several colleagues in science 

departments the idea of collaborating on a grant to make use of the conveniently close 

wetland as a teaching and research laboratory (Radford ABCD, Personal Interview 

Communication, October 21, 2011).  Those contacted agreed that it was a good 

opportunity; they prepared and were awarded a NSF grant for the development of a 

cross-disciplinary teaching program using the created wetland as an outdoor laboratory.  

The education and research project designed for the wetland was inspired by David’s 

Orr’s ideas for using “university facilities as laboratories to teach real-world solutions to 

problems” and a wetland ecology course developed by Andrew Baldwin at the 

University of Maryland (Radford University 2011). Modules were developed to integrate 

study of the wetland into classes in four disciplines (biology, chemistry, geography and 

geology) (Radford University 2011).  The objectives of the courses studying the wetland 

were for students to (1) learn scientific research skills including methods of data 

collection and analysis, (2) understand the interdisciplinary nature of ecosystem studies, 

and (3) acquire applied real-world experience in environmental science (Radford 

University 2011).  An early and frustrating hurdle the project had to overcome was a 
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faulty wetland system that leaked water, requiring remedial construction to ensure it 

could retain water.  For those using the wetland as a teaching and research laboratory, 

this meant the wetlands were not yet vegetated and functional during the first year of 

the NSF-funded program when classes started using the site.  Eventually the leakage 

was fixed and the site started developing into a functioning wetland usable for the class 

projects, though by then there was some loss of momentum due to the initial 

unreliability and unavailability of the wetland site (Radford AB, Personal Interview 

Communication, October 21, 2011). 

4.5.3.3 Teaching and Research Laboratory  

The wetland was to serve as an outdoor teaching and research laboratory 

enhancing students’ understanding of interdisciplinary science and standard methods 

for scientific assessment and research.  The wetland outdoor teaching and research 

laboratory project was expected to demonstrate “how students can benefit from using a 

campus facility for service and instruction,” and the participating faculty hoped “other 

schools will explore similar strategies” (Radford University 2011).  Hundreds of students 

taking classes from at least four different disciplinary departments at Radford 

University benefited from the enhanced coursework enabled by the wetland outdoor 

teaching laboratory.  Classes using the wetland included introductory and capstone 

courses in biology, ecology, entomology, pollution biology, chemistry, geography and 

geology.  The wetland was very helpful for teaching particular classes, like those that are 
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environmentally related, and samples from the site proved very useful for class projects, 

such as building Winogradsky columns for demonstrating microbial biodiversity and 

biogeochemical processes (Radford BD, Personal Interview Communication, October 21, 

2011).   Student awareness about the importance of wetlands increased thanks to the use 

of the stormwater wetland in classes.  Students, many of whom parked their cars in the 

lots draining into the wetland, felt responsible, were more engaged and were willing to 

do academic work they normally wouldn’t like such as statistics and public speaking 

(Radford C, Personal Interview Communication, October 21, 2011).  An annual wetland 

symposium provided an opportunity for students to present their class research projects 

to a wider audience and a unique forum for interdisciplinary interaction and learning.  

In terms of outreach, groups from other institutions (high schools) were invited to attend 

and make presentations at the symposium.  Also awareness about the wetland was 

raised among prospective students during tours of campus research and sustainability 

resources and is visible to users of an adjacent parking lot, trail, and athletic fields.  Since 

the NSF funding finished a couple years ago however, the annual symposium is no 

longer held and class instructional use of the wetland started to diminish (Radford 

ABCD, Personal Interview Communication, October 21, 2011).  Several classes that used 

the wetland are no longer taught and have been replaced by new classes with no 

connection to the wetland. 
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 The project was designed to strengthen student’s research abilities and there was 

some thinking that more people would be interested in scientific research using the 

wetland, but academic research beyond class projects was never really a major part of 

the plan (Radford C, Personal Interview Communication, October 21, 2011).  Faculty did 

not necessarily view the wetland as offering good opportunities for finding new ideas in 

their disciplinary fields, but rather as a training facility for students (Radford A, 

Personal Interview Communication, October 21, 2011).   Research at the Radford 

wetland has been largely limited to student class projects, though a peer-reviewed 

article and several conference presentations have resulted from faculty involved with 

the wetland project (Baldwin, Bodo et al. 2010). 

4.5.3.4 Ecological Functions and Socio-Economic Benefits 

Despite plans for the wetland to serve as a model biological remediation facilities 

for the state of Virginia, the stormwater treatment system’s faulty initial design or 

construction puts into question how effectively it has functioned as a treatment wetland.  

Despite several years of student led assessment of the hydrological, chemical and 

biological properties of the wetland, there is still expressed uncertainty as to how 

effectively the wetland functions ecologically (Radford ABC, Personal Interview 

Communication, October 21, 2011).  An immediate thought that came to mind upon 

observing the wetland site was how it treats stormwater from only a small portion of the 

university’s campus, while runoff from the rest of the campus including extensive 
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athletic fields adjacent to the treatment wetland, flows untreated directly into the New 

River.  The water quality improvement impact of the project wetland is thus very 

limited and there are no other stormwater treatment wetlands at Radford (Radford E, 

Personal Interview Communication, October 21, 2011).  

The RUSTWP project also provided socio-economic benefits to the institution 

and Radford community.  The wetland credits gained from constructing the stormwater 

treatment wetland and the NSF project grant provided economic benefits to Radford 

University.  There are potential cost-savings associated with using the on-campus 

RUSTWP site for class field trips and research projects, compared to having to travel 

further afield to access comparable outdoor facilities for instructional and research use.  

RUSTWP serves as a marketing tool for the university, which offers visiting prospective 

students tours of the site as a campus teaching, research and sustainability enhancing 

resource.  The wetland site also provides aesthetic qualities such as attracting birds and 

other wildlife, which may be viewed by users of the adjacent public trail. 

4.5.3.5 Application of IWRM Principles 

Radford University’s Stormwater Treatment Wetland Project was designed for 

and served multiple purposes, though the wetland’s predominant value appears to have 

been as a teaching resource.  The project was to “provide students a truer picture of 

science as a collaborative and iterative process " and set the stage for cross-disciplinary 

faculty development and collaboration (Radford University 2011).  Actual 
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interdisciplinary and interdepartmental collaboration proved difficult to sustain, 

particularly in the context of contemporary university policies, which are based on a 

structure with distinct disciplines and which hardly rewards collaborative teaching 

endeavors (Radford B, Personal Interview Communication, October 21, 2011).    The 

Radford wetland project has thus far been relatively limited in its timeframe, as the 

wetland addressed stormwater from just a small fraction (small spatial scale) of the 

Radford campus, with much of the academic activity integrating use of the site confined 

to the timeframe of the NSF grant. It is evident, however, that while the project was 

funded and vibrant it had a strong educational impact improving the scientific research 

capacity of the students who experienced working with the wetland and was much 

appreciated by the faculty teaching the classes.  Classes using the wetland strove to 

prepare broadly trained students who could integrated ideas from various fields at 

various temporal and spatial scales as required for multi-scale interdisciplinary 

environmental synthesis (Radford University 2011).  Several classes from multiple 

disciplines still make use of the wetland and Radford’s Environmental Center, which 

was instrumental in spearheading the wetland project, is being revitalized, so there may 

yet be further use and reemergence of the wetland project in the future.  The wetland 

site will continue to increase general awareness, particularly to nearby river trail users, 

as the university is currently constructing a couple of educative signs to place next to the 

wetland and the wetland may be featured in a campus sustainability map currently 
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under development and the wetland is viewed as a piece of over all puzzle of 

environmental sustainability efforts going on at Radford (Radford E, Personal Interview 

Communication, August 21, 2011).  Finally, it was clear that the university facilities 

department designed the site without any consultation from the faculty who had 

expertise in this area.  This is not atypical on most university campuses.  This led to 

initial problems in design and use.  Moreover, the continued development and use of 

this site will require funding and continued support from Radford administration.  

4.5.4 Cross-Case Comparison 

4.5.4.1 Purpose and Objectives 

All three cases shared similar kinds of objectives as outdoor research and teaching 

laboratories, though with differing levels of emphasis on expected teaching, research, 

and service (ecological and outreach) functions (
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 ).  Radford University’s wetland was specifically designed for stormwater treatment, 

however the academic program developed for the site emphasized use of the wetland as 

a teaching tool for science classes with an emphasis on scientific research methodologies.  

Faculty research does not appear to have been an important objective for the project and 

has been largely limited to the evaluation of the project as required by the NSF grant 

program.  Duke University’s SWAMP project was designed specifically to serve as an 

outdoor teaching and research laboratory that was ecologically functional, particularly 

in terms of addressing stream incision and water quality issues arising from campus 

stormwater runoff.   Ecological functions and research are particularly emphasized at 

SWAMP, while teaching efforts (integrating usage of the wetland in to courses) has thus 

far been largely focused on a few core graduate wetland classes supplemented by 

occasional visits by other university or K-12 classes.   Ohio State University’s ORWRP 

site was initially designed primarily as a research project and evolved into an 

internationally recognized teaching facility, while ecological services such as water 

quality improvement appear, at least initially, to have been a more secondary objective, 

but became emphasized and recognized over the years. 
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Table 19: An overview of the case studies including their goals, services and 

functions. 

  Radford University 

Stormwater Treatment 

Wetland Project 

(RUSTWP) 

Duke University Stream 

and Wetland Assessment 

Management Park 

(SWAMP) 

Ohio State University 

Olentangy River 

Wetland Research Park 

(ORWRP) 

Wetland Site 

Age 

6 years (~9 years since 

planning started) 

7 years (~13yrs since plans 

first published) 

17 years (~20yrs since 

plans first published) 

Description 1.6-hectare stormwater 

treatment wetland 

features a 

sedimentation pool at 

the inflow, a long 

serpentine channel 

separated by raised 

berms, a deep mid-

stream pool, and 

another deep pool 

before the outflow. 

 8-hectare SWAMP 

ecosystem developed in 

multiple phases including: 

restored sections of Sandy 

Creek and floodplain; 

constructed dam and 

reservoir; created 

treatment wetlands; 

experimental plots. 

21 hectare site: two 2.5-

acre deep-water marshes 

and a river water 

delivery system; 7-acre 

naturally flooded 

oxbow; constructed 

mesocosm; Research and 

Education Building and 

infrastructure 

Goals / 

Objectives 

“to improve the way in 

which we prepare our 

students for careers in 

the sciences, so that 

they will be challenged 

by complex 

problems…, gain a 

“serves as an outdoor 

classroom and field 

laboratory for students 

and researchers”; “inform 

the public about the 

project and the role of 

wetlands” 

“designed to provide 

teaching, research, and 

service related to 

wetland and river 

science and ecological 

engineering” 
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more thorough 

understanding of the 

multidisciplinary 

nature of scientific 

issues, and experience a 

more realistic approach 

to scientific inquiry.” 

Water 

Resource 

Management 

“designed as a surface-

flow [stormwater 

remediation] wetland to 

receive runoff from 

impermeable surfaces 

on campus” 

“Restoration activities to 

improve Sandy Creek’s 

impaired waters and 

reduce sediment load 

entering Jordan Lake;  

What we learn here will 

benefit many wetlands and 

watersheds nationwide; “ 

“Wetlands…important 

parts of the natural 

landscape because of 

their functions in 

cleaning and retaining 

water naturally, 

preventing floods, and 

providing a habitat” 

Ecological 

Functions / 

Services 

Stormwater 

remediation; Habitat 

for birds;  

Watershed level 

Stormwater remediation; 

Wildlife habitat; 

Nutrient retention and 

cycling; sediment retention 

Water treatment; 

Wildlife habitat; 

 

Research “Ecological succession 

following construction 

provided a unique 

opportunity for field 

studies concerning the 

colonizing plants and 

animals” 

site for research on 

biological diversity, 

hydrology, mosquito 

control, invasive plant 

species and other 

environmental concerns; 

successional study 

“a long-term, large-scale 

wetland research 

facility” 

Teaching “(1) teach students to 

collect and analyze data 

using methods and 

standards commonly 

practiced by industrial 

and academic 

researchers, (2) improve 

students’ scientific 

research skills, and (3) 

prepare students with a 

better understanding of 

the multidisciplinary 

nature of real-world 

“The project was also 

designed to create a state-

of-the art outdoor teaching 

and research laboratory 

promoting 

interdisciplinary research 

and education for graduate 

and undergraduate 

students at the interface of 

environmental science, 

engineering, and biology” 

 

 

“also has as its mission 

the dissemination of 

wetland science and 

ecological engineering 

around the world” 
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environmental issues.” 

Outreach “High school students 

and teachers were 

encouraged to attend or 

participate [in the 

annual wetland 

Forum]” 

the site has unique 

instructional value as an 

example of a rare 

Piedmont wetland; 

accessible as an 

educational resource by a 

wide array of public users 

Other institutions have 

been inspired by the 

ORWRP project and 

developed their own 

wetland projects… 

 

4.5.4.2 Outdoor teaching and research laboratories 

SWAMP, ORWRP, and RUSTWP have several similarities, most importantly 

their overall purpose and goals are to serve as outdoor teaching laboratories that 

facilitate and encourage research, teaching, and outreach activities, while also serving 

ecological/wetland functions in the landscape.  ORWRP was designed initially as an 

experiment for testing self-design versus designer theories of restoration/succession, 

RUSTWP’s wetland was designed largely as a functional wetland for treating 

stormwater accompanied by development of a educational program, and SWAMP was 

designed to serve a combination of these purposes but with an emphasis on watershed 

level stormwater treatment functions. SWAMP and ORWRP seem to be functioning 

quite well in their respective focus areas, while having added value from other functions 

(habitat and diversity) acquired over time; RUSTWP on the other hand has effectively 
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served as a teaching resource, while its water quality improvement and ecological 

functions remains limited.  SWAMP and RUSTWP are passively maintained, while 

ORWRP relies on pumped water from the Olentangy River for its continual water 

supply, though the bottomland hardwood and oxbow phases rely on floodwater from 

the river.  Both SWAMP and ORWRP have been developed and expanded in phases 

over time guided by master plans, while RUSTWP wetland was built as a mitigation 

wetland and its outdoor teaching and research laboratory development has been 

somewhat limited to the duration of NSF grant funding and limited university support.  

The planning and capital department at Radford designed RUSTWP’s site with limited 

biology faculty input, a team of ecologists and engineers designed SWAMP (with 

student input), while ORWRP was designed by a team of engineering faculty and 

postdocs (with student input) - differences in such professional backgrounds are likely 

reflected in project designs management styles and successes of the campus wetland 

projects.  

ORWRP has quite an extensive list of educational and outreach services 

provided over the years, while SWAMP, which was established a decade later than 

ORWRP, is at an earlier stage of growing and expanding its educational and outreach 

services.  RUSTWP’s formal education program flourished for a few years but wound 

down with the ending its funding cycle.  ORWRP has also led to many research studies 

and publications, again many more than RUSTWP and SWAMP, but of course ORWRP 
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has been around much longer and had more time to be studied. ORWRP has been 

funded with the help of millions of dollars of personal financing including endowments 

from various individuals and organizations; these funds have enabled the development 

of extensive infrastructure at the site as well as enhanced publicity for the project and 

program.  SWAMP, on the other hand, has largely relied on external grants and 

university funds for its development and operations.  RUSTWP’s wetland was 

developed for mitigation credits and an NSF grant funded the outdoor teaching and 

research laboratory program.  All three case wetland sites are quite strategically placed 

in the landscape, as they all conveniently lie along popular public biking, running and 

hiking trails allowing hundreds of thousands of trail users access to the wetlands and 

stimulating appreciation for the projects contribution to the local community. The 

placement of educative signs along the trails and site helps raise awareness of the value 

of the project and wetland ecosystems. Furthermore, boardwalks at SWAMP and 

ORWRP allow closer access to the extensive project streams, wetlands and other 

facilitates. 

4.5.4.3 Integrated Water Resource Management 

SWAMP seems to more readily fit the IWRM framework since it was designed 

and developed based on a watershed approach addressing stormwater from the campus 

catchment; SWAMP is managed by the Duke University Wetland Center in the 

interdisciplinary Nicholas School of the Environment; SWAMP has involved the 
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collaboration of multiple departments and organizations in project design, development 

and funding; students, faculty members and others participated in the design and 

management process; various classes from across campus and beyond are using the site 

for teaching purposes; SWAMP’s development phases have been adapted to fit a 

dynamic regulatory, financial, and ecological landscape; and SWAMP has drawn 

considerable interest and attention from campus administrators and others as an 

exemplary project.  While ORWRP fits the framework for many similar reasons, it does 

not seem to strongly integrate a watershed approach as it does not inherently 

incorporate a watershed perspective in its physical design and placement in the 

landscape; however, ORWRP’s plans have recently expanded to include extensive 

restoration along the Olentangy and thus is evolving towards adopting operating 

through a river basin management approach.  RUSTWP does not seem to fit the IWRM 

framework quite as effectively, possibly because the project has operated at a much 

smaller spatial and temporal scale and did not involve the integrated planning and 

development phases progressively adapting SWAMP and ORWRP to address complex 

and changing campus, ecological and societal issues. RUSTWP, like SWAMP and 

ORWRP, has nonetheless served as an effective teaching laboratory, helping to train 

future water managers and increasing awareness about the importance of wetland 

ecosystems and water management.  None of the cases completely fit an IWRM 

conceptual framework, nor would one necessarily expect any one specific campus water 
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project to fully do so. Hopefully other campus projects and programs will be developed 

that more explicitly strive to address principles of IWRM, learning from the experiences 

at SWAMP, ORWRP, and RUSTP.    

4.5.4.4 Other Campus Stream and Wetland Restoration Projects 

Other universities in the U.S. have also developed campus stream and wetland 

restoration projects that could serve as useful learning sites for IWRM and sustainable 

water management (Appendix C).  Half (57) of the projects involved restoration of 

streams and/or floodplain wetlands, while the other 57 projects involved the creation 

and/or restoration of other types of wetland systems.  News articles and websites 

reviewed described 39 of the projects as teaching/classroom/learning facilities; 23 project 

descriptions included terms such as eco-lab, outdoor laboratory or living laboratory; and 

12 of the restoration projects were described as model or demonstration sites.   The 

Southeast, Northwest, Central and West regions have the greatest number of campus 

stream and wetland restoration projects (Figure 23). Californian institutions established 

15 of the stream and wetland restoration projects; other states leading in their number of 

campus stream and wetland restoration projects include North Carolina (10), 

Pennsylvania (9), Ohio (7), Virginia (7), and Georgia (6).  All other states have 5 or fewer 

campus stream and wetland restoration projects according to the conducted inventory.  

Universities and colleges featuring academic water programs have developed 25 of the 

114 inventoried stream and wetland restoration projects.  There were also several cases 
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where stream and wetland restoration projects were located at other (smaller) campuses 

within the same university system as institutions featuring academic water programs.   

 

Figure 23: Distribution of university campus stream and wetland restoration 

projects in the U.S. 

 

4.6 Conclusions 

The findings from the case studies suggest that campus wetland creation and 

restoration projects can serve as effective outdoor teaching and research laboratories and 

in the process demonstrate interdisciplinary and participatory principles important to 

IWRM; however, their potential to function as explicit models for implementing 

integrated water resource management may be constrained by the relatively small scale 
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and the campus context within which they operate.  Of the three cases examined, Duke 

University’s SWAMP project appears to most closely fit an IWRM conceptual 

framework within the campus context, but while it does treat runoff from over 1200 

acres of Durham City, its impact beyond Duke University has thus far been somewhat 

limited.  Wetland creation and restoration projects’ primary contribution to sustainable 

and integrated water resource management will more likely come from the many 

individuals trained through classes and research using the sites and from greater 

community awareness of the importance of conserving and restoring wetland 

ecosystems for the diverse ecological functions they perform in the landscape.  This is 

where OSU’s ORWRP project has really exceled and attained international recognition 

for education, research and outreach efforts.  Most university and college campuses will 

not necessarily have the same opportunity, landscape features, and resources that have 

enabled Duke and OSU to develop such extensive projects, which is where Radford’s 

RUSTWP project demonstrates how wetland and similar small-scale campus 

environmental management projects can be adopted as teaching and research 

laboratories for strengthening student scientific capacities and promoting awareness of 

ecosystem functions and services.  Institutions wishing to establish larger stream and 

wetland restoration projects like those at Duke and OSU should be aware of the 

substantial financial investments necessary to conduct the restoration and the potentially 

lengthy process involved in pursuing the different required permits – for example the 
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SWAMP project required university permission, municipal permits, a CLOMAR from 

FEMA, and 401/404 and dam permits from the state, which took several years to obtain.  

The findings from this preliminary and cursory exploration of IWRM through the 

framework of campus wetland creation and restoration projects will hopefully kindle 

greater further interest in the opportunities for institutions of higher education to 

sustainably use and manage their campus water resources and integrate such efforts into 

their teaching, research and service mission. More intensive and extensive case studies 

and research on campus water-related projects and programs would help identify and 

enhance understanding of the potential for applying and evaluating IWRM in the 

university context for the benefit for greater society. 
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5. Conclusion 

Effective water management is needed to ensure sustainable good-quality 

supplies of this vital natural resource, especially in the face of growing human demand 

for water, high levels of pollution, and increasing spatial and temporal variability 

associated with climate change (Gleick 2001).  Water quality may be as much if not more 

of a challenge from climate change as water quantity.  Many good concepts, practices 

and technologies have been developed for water management, but have yet to be 

effectively used. One issue is that water has traditionally relied heavily on engineering 

solutions, yet other disciplinary approaches such as ecological, economic/financial, and 

sociological solutions could greatly enhance the effectiveness and sustainability of water 

resource management.  Another issue is that water is often managed in a decentralized 

manner, which leads to problems since water resources transcend political boundaries. 

Communication and collaboration may be the greatest challenge and opportunity for 

more sustainable water management.  A more integrated water management framework 

and process is needed to address these water challenges, which are often interrelated 

with other environmental, economic and social issues.  Universities and colleges have 

missions, resources, and contexts that should enable them to seize the opportunity to 

lead the process of developing and applying sustainable and integrated water resource 

management (IWRM).  This opportunity has become more apparent as institutions of 

higher education have made great strides towards addressing and incorporating 
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environmental sustainability into their teaching, research, and campus operations. Thus 

far however, water appears to have taken a backseat to other environmental 

sustainability priorities such as energy conservation, climate change, and solid waste 

recycling.  This dissertation examined the issue of campus water management at 

institutions of higher education through literature review, a nationwide survey, and 

three campus case studies. 

 

5.1 Summary of Findings 

 Review of campus sustainability literature and websites provided helpful 

information about how water and its management are addressed in the documents 

describing, guiding, and evaluating environmental sustainability efforts at institutions of 

higher education.  Among the documents reviewed were sustainability declarations, 

charters, assessment tools, rankings, websites, and peer reviewed literature.  The review 

process revealed that: (1) water management was absent from some of the documents 

and websites important to campus sustainability; (2) energy efficiency and conservation, 

greenhouse gas emission reductions, and solid waste recycling were often the most 

popular and prioritized environmental sustainability issues in the reviewed campus 

sustainability literature; (3) where mentioned, water use efficiency and conservation 

were the most frequently addressed aspects of water management; (4) water quality 

management was largely absent or marginalized in the campus sustainability literature; 
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and (5) IWRM is not explicitly addressed in campus sustainability literature, though 

principles important to IWRM are described in some campus sustainability declarations 

and programs.  Since water management is not really emphasized or prioritized in the 

literature providing a framework for implementing and assessing environmental 

sustainability on campus, one could hypothesize that universities and colleges are not 

sustainably managing their water resources on campus.  A survey of water managers 

and universities and college could help evaluate this hypothesis. 

 A survey study was conducted to investigate the state of water management at 

university and college campuses.  From March – August 2010, sustainability 

coordinators and facilities managers, representing 201 institutions of higher education 

across the United States, completed an online questionnaire featuring 30 questions on 

campus water management and sustainability.  Responses to the survey questions 

revealed that (1) water management (particularly water quality management) was less 

of an institutional priority than energy management; (2) campuses on average managed 

their water adequately but were minimally prepared to deal with future water problems 

effectively; (3) traditional top-down engineering dominated water management 

approaches persist at many institutions as does a conveyance approach to addressing 

stormwater in the campus landscape; (4) sustainable water management is driven by 

individual initiatives, municipal codes and policies, campus community sustainability 

awareness, and the development environmental projects on campus, while limited 



 

 182

budgets were the main barrier; and (5) principles of IWRM have yet to be well 

integrated into most campus water and environmental management programs.  

Findings from the survey study suggest that water resource management at many 

institutions of higher education is marginalized and at best adequate, and IWRM and its 

principles need to be more explicitly considered for campus water management plans 

and processes.  Universities and colleges could benefit from examples where other 

institutions of higher education are effectively adopting and applying IWRM on their 

campuses. Case studies should help determine whether particular campus endeavors 

could serve as effective examples or starting points for adopting IWRM at universities 

and colleges. 

Case studies were conducted on wetland creation and restoration projects at 

Radford University, Duke University and Ohio State University.  The three projects of 

interest were the Radford University Stormwater Treatment Wetland Program 

(RUSTWP), Duke University’s Stream and Wetland Assessment Management Park 

(SWAMP, and Ohio State University’s Wilma H. Schiermeier Olentangy River Wetland 

Research Park (ORWRP).  These campus wetland creation and restoration projects, also 

serving as outdoor teaching and research laboratories, were identified as potentially 

useful models of the application and promotion of IWRM principles and processes.  

Data about each of the cases was collected through document review, site visits, and 

interviews; and collected data was coded and analyzed qualitatively.  The case studies 



 

 183

revealed that (1) the wetland creation and restoration projects served as effective 

teaching and research laboratories for their host campuses and collaborating institutions; 

(2) the RUSTWP case exemplified how institutions with limited space and resources 

could make the most out of opportunities to use campus environmental resources as an 

effective outdoor teaching resource; (3) the ORWRP case exemplified how a wetland 

creation and restoration project can evolve into a facility teaching thousands of students, 

training dozens of water experts, educating thousands of visitors, and impacting 

wetland and water resource management internationally;  (4) the SWAMP case 

demonstrated, more so than the other two cases, a campus project designed and 

developed to provide ecological services in the watershed (most notably stormwater 

attenuation and water quality enhancement), while also serving as an effective outdoor 

teaching and research facility for hundreds of students, working professionals, and 

researchers; and (5) none of the three cases studied fully exemplified or applied IWRM 

in their operation, often operating somewhat autonomously with minimal interaction 

with overall campus sustainability programs and personnel.   Overall such campus 

wetland creation and restoration cases effectively promoted ecological and water 

management principles through their function as training facilities for future water 

professionals and their outreach programs raising greater societal awareness of the 

importance of being environmental stewards of water resources.   
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 Findings from the review, survey and case studies all indicate the need and 

opportunity for institutions of higher education to make greater efforts at implementing 

and promoting sustainable and integrated water resource management.  Both the 

literature review and survey results show that water has been a somewhat neglected or 

overlooked environmental resource in university and college campus sustainability 

documentation and activity, while other environmental sustainability issues including 

energy, climate change and recycling are prioritized.  Headway has been made in terms 

of implementing water conservation and efficient water use, while water quality and 

stormwater are in need of greater and more ecologically informed management at 

university and college campuses.  The current framework for campus water 

management makes no explicit mention of IWRM, while IWRM principles are applied to 

varying degrees in some campus contexts.  While IWRM approaches and processes are 

recommended at all levels, many university and college campuses, especially smaller 

institutions occupying small portions of water catchments, may not be the ideal context 

for modeling the implementation of IWRM; all institutions however have the potential 

to apply and demonstrate sustainable and integrated water resource management 

through collaboration and coordination with other stakeholders in the watersheds 

within which the campus is located, and through institutional education and research 

activities.  This appears to be where the strengths of universities and colleges currently 

exist for fostering more sustainable and integrated approaches to water resource 
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management - their ability to train and educate students, staff, faculty and the greater 

population about the importance of water resources and how to best manage this vital 

resource.  Whether institutions of higher education are able to more holistically 

exemplify the application of sustainable and IWRM in their own campus operations 

remains to be seen; however, promising progress has been observed, particularly in the 

application of best management practices for water conservation. 

 

5.2 Progress in campus water management 

5.2.1 Best Management Practices 

While water may not currently be at the top of the agenda in campus 

sustainability, many institutions are making great strides in implementing water 

conservation measures and best management practices with respect to water. There are 

many different best management practices and technologies developed over the years to 

conserve water, recover and recycle water, improve water quality, regulate and treat 

stormwater and minimize impacts to aquatic and wetland ecosystems. Universities are 

to differing extents adopting and adapting these diverse BMPs to resolve water 

challenges and meet the needs of their campus and local community (Appendix F).   

More and more campuses are developing water conservation plans, stormwater 

management plans, and watershed management plans as demonstrated by the growing 

list of examples (cases) featured in the AASHE.org website’s resource section.  
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University water management implementation of BMPs are often driven my water 

regulations, as indicated by the respondents to the Campus Water Management Survey 

(see Chapter 3); further research needs to be conducted to further explore how federal, 

state, and municipal water laws and policies influence campus water management 

activities and processes (Table 20). 

 

Table 20: Water Regulations Applicable to University Campuses 

Water Regulations Applicable to University Campuses 

A number of water regulations of relevance to university campuses likely serve as an 

impetus for some campus water management activities.  Several regulations arise 

from the Clean Water Act of 1972 (reauthorized in 1987), which has the goal of 

eliminating the discharge of pollutants into surface water bodies and making all these 

waters swimmable and fishable.  Among the CWA requirements applicable to 

university campuses are those relating to the storage and use of oils (Spill Prevention 

control and Countermeasures = SPCC), publicly owned sewage treatment works 

(POTW) waste management practices, and the discharge of pollutants into navigable 

waters  (National Pollution Discharge Elimination System = NPDES) (CampusERC 

2011).  Some facilities storing oil on campus may necessitate preparation of an SPCC 

plan.  POTWs may require the institutions they serve to comply with discharge limits, 
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pretreatment specifications, and ordinances on sewer use (CampusERC 2011). An 

NPDES permit may be required for stormwater discharge from construction sites (>1 

acre in area) and discharge from facilities such as power plants and hazardous waste 

treatment and storage facilities (CampusERC 2011).  Campus development activities 

impacting wetlands and navigable waters of the United States often require state/EPA 

401 Water Quality permits and U.S. Army Corps of Engineers 404 permits. Total 

maximum daily load (TMDL) rules are being implemented in many states to limit the 

amount of pollutants being released in to waters and these will have implications for 

universities (CampusERC 2011).  Hazardous substance use, storage and disposal at 

university campuses may make the institutions liable under the Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA) of 1980, which 

authorizes the Environmental Protection Agency (EPA) to address potential and 

actual spills of hazardous substances and force those responsible to clean up the 

waste.  Institutions operating their own drinking water supply must comply with 

regulations of the Safe Drinking Water Act (SDWA) of 1974 (amended in 1986 and 

1996) requiring, among other things, limits to certain impurities in drinking water to 

ensure these do not exceed maximum contaminant levels (CampusERC 2011). 

Underground Injection Control (UIC) regulations of the SDWA may apply to septic 

systems and underground hazardous waste disposal systems (injection wells) located 
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on campuses (CampusERC 2011). It is important to note that federal regulations are 

often supplemented by state and municipal regulations, including water use laws and 

irrigation restrictions, which campuses have to comply with.  Further information 

about environmental regulations potentially applicable to university campuses can be 

found at the CampusERC.org website. 

 

5.2.2 Campus Awareness Raising Activities 

Campuses have organized competitions within and between institutions to see 

which housing unit, department or institution can conserve the greatest amount of water 

and energy, and minimize solid waste production, such as the Campus Conservation 

Nationals (Campus Conservation 2011).  Awareness of water issues is raised along with 

other environmental sustainability issues during annual Earth Day/Week (April 22) and 

Campus Sustainability Day/Week (late October) celebrations.   Many campuses have 

also started hosting annual festivities, talks, and programs for World Wetlands Day 

(February 2), World Water Day (March 22), World Oceans Day (June 9) and World 

Rivers Day (last Sunday in September). 

5.2.3 Student Organizations Addressing Water 

Student organizations focused on water have been established on many 

campuses and work to address water issues on campus, in local communities and in 

other parts of the world (Error! Reference source not found.Table 20). In addition to 
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these water specific organizations, many more general environment and sustainability 

clubs and organizations, for example Engineers Without Borders, have programs and 

activities for conserving and managing water resources on campus and in the greater 

community. 

Table 21: Examples of university and college student organizations focused on water 

issues. 

 

5.2.4 Academic Water Programs 

At least 130 universities have academic programs focused on water resources 

and their management (Appendix D). These programs are spread across the United 

States, though the Northeast, Southwest and West regions have the greatest number of 

institutions with academic water programs (Figure 24).  Over 50 of these programs were 

established through the National Institutes for Water Resources program, brought about 

Student Water-Related Organization Example Institution 

American Water Resources Association NC State University 

American Water Works Association University of Florida 

Global Water Brigades Texas A&M University 

Society of Wetland Scientists Chapter Duke University 

Soil and Water Conservation Society Texas A&M University College 

Station 

Students Allied for Clean Water and Adequate 

Sanitation 

Michigan State University 

Student Association for International Water Issues University of Nevada Reno 

Students for Clean Water University of Texas Austin 

Students for Sustainable Water club Western Washington University 

Student Sustainability Collective UC San Diego 

Water Club Presidio Graduate School 

Water Environment Federation Student Chapter Iowa State University 

Water Resources Students in Action University of Minnesota 
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through the Water Resources Research Act of 1964, which authorized the creation of a 

water resources research and technology center or institute in each state (NIWR 2011). 

Other programs have been established through the National Oceanic and Atmospheric 

Administration’s College Sea Grant program (NOAA 2011).  Faculty members at many 

Land Grant universities participate in the National Institute of Food and Agriculture’s 

(NIFA) National Integrated Water Quality Program, which facilitates university 

personnel collaboration with federal interagency programs addressing water quality 

issues related to agriculture (NIFA 2011).  

 

 

Figure 24: Distribution of academic water programs at universities and 

colleges in the U.S. 
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For decades many of these academic programs, departments, divisions, and 

institutes have conducted research, taught and trained students, and offered outreach 

and extension services.  Academic research programs have greatly contributed to the 

enrichment and evolution of the theories and practices associated with water resource 

management.  University classes and training programs have served the important role 

of helping to develop the capacity of experts to effectively solve water issues in society.  

Extension services provided by many universities also help develop the capacity of 

working professionals, farmers, and other individuals highly involved in managing and 

impacting water resources.  Outreach efforts have helped to increase the awareness of 

the general populace about the importance of water as an economic and environmental 

resource and prepared people to serve as stewards of this vital resource. Scores of 

universities are members of collaborative organizations, such as The Consortium of 

Universities for the Advancement of Hydrologic Science, Inc. (CUAHSI) and The 

Universities Council on Water Resources focused on promoting research and capacity 

building with respect to water.   

 

5.3 Conclusion and Recommendations for Further Studies 

 Water and its sustainable management is an important yet somewhat overlooked 

issue in campus sustainability literature and programs.  While water conservation is a 
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fairly common feature and consideration in campus sustainability efforts, water quality 

and integrated management has largely been a missing component.   Despite water not 

necessarily being a top priority, numerous institutions nonetheless are making great 

strides in their efforts to conserve and manage their water and make great contributions 

to enhancing water resource management through their academic teaching and research 

programs. 

 This research effort is a preliminary exploration of the issue of campus water 

management and much more remains to be studied and understood about how 

universities value and manage their water resources. As identified by respondents to the 

survey (Chapter 3), finances are a major factor influencing water management, thus 

further research focused on the economic aspects of campus water resource 

management could reveal useful information on how and why particular water 

management plans and decisions are made in university operations and how this may 

differ between institutions.  Research on the cost-savings potential of sustainable and 

integrated water resource management practices at universities would help 

administrators and water managers more effectively plan and implement water 

management on their campuses. Research on the social and behavioral dimensions of 

campus sustainability and water management is also needed.  The hiring of 

sustainability coordinators, many of whom have non-engineering educational 

backgrounds, may be shifting campuses towards adopting more policy and behavior-
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based water management and environmental sustainability measures, to complement 

technological solutions traditionally emphasized by facilities managers who are often 

trained as engineers; further research is needed to examine and test this and similar 

hypothesis regarding the impact of sustainability programs on campus environmental 

management.  A growing number of universities are implementing stream and wetland 

restoration projects on their campuses for various reasons; it would be interesting to 

further investigate how such ecological restoration projects impact campus 

sustainability and water management at a variety of institution types from different 

regions of the country.  Extending research to look at institutions of higher education in 

other countries beyond the United States could provide further insights on how to 

effectively manage campus water resources in conjunction with other environmental, 

social and economic aspects of sustainability. 
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Appendix A: Campus Water Management Survey 
Questionnaire Used for the Pilot and Final Survey.  
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Campus Water Management Survey
  

 

Hello, my name is Amani McHugh. I am doing a survey for my dissertation research at Duke University. The purpose of this study is to gain a better
understanding of college and university campus efforts at implementing and promoting sustainable water resource management, and to help develop an
integrated water resource management framework for college and university campuses. Water is essential for the wellbeing of human society and the health
of natural ecosystems. The effective management of this vital resource is necessary as water sources become increasingly scarce and variable through the
effects of inefficient consumption, pollution, and climate change. Colleges and universities have the potential to foster better water management through their
education, research, service and operational activities. Are you willing to take about 10-15 minutes to participate in the survey? There are no correct or
incorrect responses, so please feel free to express your opinions. You are free to skip any questions or stop at anytime. The answers you provide will be kept
confidential - data obtained in this study will be reported free of your identity or that of your institution. We will provide you with a report summarizing our
findings from this study, which we hope you and your institution will find helpful in gauging your water management practices relative to that of other
institutions. At the end of the questionnaire you will be provided with instructions on how to optionally enter your email address for a chance to win an iPod
Shuffle. If you have questions about the survey, you may send an email to amani.mchugh@duke.edu or call me at 919-613-8047. This research project has
been reviewed by Duke s Institutional Review Board (IRB) committee that works to protect your rights and welfare. If you have any questions or concerns
about your rights as a research subject, you may contact the Duke University IRB office at (919) 668-5111. Thank you!

1 What is the name of your institution? (Please wri te out the full name of the institution and if the institution has multiple campuses also specify
which campus you are going to be answering the ques tions about in this survey)

2 Which of the following best describes your role/r esponsibilities/expertise at the institution:

 Sustainability and/or Campus Greening Coordination

 Water, Energy, Utilities, and/or Facilities Management

 Page Break 

3 Which of the following exists at the institution:

 office of sustainability or campus greening

 campus sustainability coordinator/director

 an environmental/sustainability management taskforce or committee

 student sustainability organization

 faculty/staff sustainability organization

 an academic program focused on sustainability

 faculty who are sustainability experts

 an active energy management program

 an active water management program

4 How would you best descr ibe the sustainability m a nagement STRUCTURE / STYLE at the institution
 Top-Down (Vertical)

 Bottom-Up (Horizontal)

 Integrated (both Vertical and Horizontal)

 Please Explain 

 Page Break 

5 Which of the following exists at the institution:

 an active water management program

 campus water management office

 a water management taskforce or committee

 student organization focused on water issues

 faculty/staff organization focused on water issues

 faculty who are water experts

 an academic program focused on water issues

 a research group/lab focused on water

 extension/outreach services addressing water issues

 an active energy management program

6 How would you best descr ibe the water management STRUCTURE / STYLE at the institution

 Top-Down (Vertical)

 Bottom-Up (Horizontal)

 Integrated (both Vertical and Horizontal)

 Please Explain 

7 
 
Please answer yes or no about the applicability of the following to the cam pus:  
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 Yes No I Don't Know

Does the campus currently have temporary irrigation  restrictions?

Does the campus have per manent irrigation restricti ons?

Does the campus currently use potable water  for irr igation?

Does the local municipality have a water  QUANTITY-b ased stormwater ordinance?

Does the local municipality have a water  QUALITY-ba sed Stormwater Ordinance?

8 Does the institution have an active cam pus sustai nability pr ogram?

 Yes

 No

 Page Break 

9 Which of the following water resource management issues are explicitly and actively addressed in the  campus sustainability program? (Please
select all that apply)

 Water Conservation

 Water Quality Management

 Watershed Management

 Stormwater Management

 Wastewater Management

 Water NOT Addressed

 Page Break 

10 
 
Please indicate the degr ee to which each of the fol lowing envir onmental management plans have been dev eloped at the institution:  

 

 
1

(Undeveloped)
2 (Development in

Progress)
3 (Developed and Awaiting

Implementation)
4 (Developed and Being

Implemented)
I Don't
Know

Campus Master Plan

Campus Sustainability/Greening Plan

Campus Environmental Management
System (EMS)

Campus Water Quality and/or
Stormwater Management Plan

Campus Water Conservation Plan

Campus Watershed Management Plan

11 
 
Please indicate on a scale fr om 1 to 5, how often t he following attr ibutes are included in water  manag ement at your campus:  

 

 
1

(never)
2 (once a year or
less frequently)

3 (several
times a
year)

4 (monthly or
more frequently)

5
(always)

I Don't
Know

Apply an iterative managem ent approach involving pl anning,
executing, monitoring, evaluating and revising plan s

Incorporate research (experimentation) into managem ent actions

Seek and incorporate input from members of the camp us
community (faculty, staff and students)

Seek and incorporate input from members of the loca l community
(residents of the municipality or watershed encompa ssing the
campus)

Consider and apply solutions and managem ent practic es from
multiple disciplines (e.g. science, engineering, ec onomics, etc...)

Consider and apply solutions and managem ent practic es from
multiple disciplines (e.g. science, engineering, ec onomics, etc...)

Collaborate with multiple sectors in m anaging water  resources on
campus (sectors such as: administrators, faculty, s taff, students,
and local community members)

Pursue multiple purposes (goals) for water m anageme nt

Consider multiple SPATIAL scales in planning and m a naging water
resources (i.e. multiple spatial scales integrated into plans and
actions - campus level as well as watershed level)
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Consider  multiple TIME scales in planning and m anaging water
resources (i.e. short term and long-term objectives )

Explicitly address the long-term health of local ec osystem s and
water resources

12 
 
Please indicate whether  the following factor s have served as drivers or barriers to sustainable water  management at the institution: 

 

 1 (Driver) 2 (Neutral) 3 (Barrier) I Don't Know

A Recent Environmental Crisis or Disaster

Local/Municipal Codes and Policies

Development of a Specific Envir onmental Project on Campus

Senior Administrative Will

Network of Water Management Collaborators

Institution Size

Institution [Geographic] Location

Institution's Mission

Individuals' Initiatives

Present Level of Coor dination Amongst Campus Water Management Entities

Budgeted Funds

Campus Community Awareness About Sustainability Iss ues

Pressure from Society

Pressure from Campus Comm unity

Pressure from Local Com munity

Pressure from Academic Comm unity

13 
 
Please rate how frequently concepts fr om the follow ing disciplines ar e used in water management at the  campus: 

 

 Never Rarely Occasionally Frequently Always I Don't Kno w

Sciences

Engineering

Economics

Arts

Policy and Law

Health

14 
 
Please select the level of involvem ent of the follo wing sector s in water management at the institutio n  (Please select all answers that apply for
each row): 

 

 
Not

Involved
Planning Implementation

Monitoring &
Evaluation

I Don't Know or
Does Not Exist

Campus Operational Departments (Facilities, Gr ounds ,
Occupation Safety and Environmental Health, etc...)

Campus Sustainability or Gr eening Office/Committee/ Taskforce

Campus Administration

Academic Departments

Athletic Department

Faculty and Staff

Students

Local Community Members

Utility Company

Goverment Agencies (Local, State, or Federal)

15 
 
Please rate the current status of the following asp ects of water  management at the institution: 

 

 1 (Very Ineffective) 2 (Ineffective) 3 (Adequate) 4 ( Effetive) 5 (Very Effective) I Don't Know

Planning

Implementation
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Monitoring

Evaluation

16 
 
Please rate the institution's effectiveness at pr om oting water management through the following activ i ties: 

 

 
1 (Very

Ineffective)
2

(Ineffective)
3 (Somewhat

Effective)
4

(Effective)
5 (Very

Effective)
I Don't
Know

Does Not
Exist

Teaching (Addressing water management issues in
its courses/curriculum)

Research (Addressing water management issues in
research activities)

Outreach/Service (Addressing water management
issues in its outreach and/or service activities)

Operations (Addressing water management issues
in campus operations)

17 
 
On a scale from 1 to 5, please indicate how strongl y the following factors have affected water managem ent decisions at the institution: 

 

 1 (Not a Factor) 2 (Very Weak Factor) 3 (Weak Factor ) 4 (Strong Factor) 5 (Very Strong Factor) I Don't Kno w

Geographic Location

Financial Constraints

Local Climate

Local [Geopolitical] Culture

Campus Community Culture

Peer Institution Influence

Regional Trends

National Trends

18 
 
How has the recent economic recession impacted the institution's funding for  the following: 

 

 Large Decrease in Funding Small Decrease No Change Sm all Increase Large Increase in Funding I Don't Know

Water Management

Energy Conservation

Recycling

Green Purchasing

Sustainable Transportation

19 
 
On a scale of 1 to 5, how effectively has the insti tution dealt with the following water related chall enges on campus over the past 2 years? (Please
select an answer for each row) 

 

 
1 (Very

Ineffectively)
2

(Ineffectively)
3

(Adequately)
4

(Effectively)
5 (Very

Effectively)
I Don't
Know

Not Had This
Problem

Water Supply Issues

Drought

Flooding

Erosion in the landscape

Stream Incision

Degraded/polluted
waterbody

Stormwater Problems

Wastewater System Failure

20 
 
On a scale of 1 to 5, please rate the institution's  preparedness to address the following potential wa ter management challenges? (Please select an
answer for each row) 

 

 
1 (Very

Unprepared)
2

(Unprepared)
3 (Minimally
Prepared)

4
(Prepared)

5 (Very
Prepared)

I Don't
Know

Not Had This
Problem

Water Supply Issues

Drought

Flooding
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Erosion in the
landscape

Stormwater Problems

Wastewater System
Failure

21 
 
Please rate the importance of the following types o f best m anagement practices to implementing sustain able water management at the
institution: 

 

 Unimportant
A Little

Important
Important

Very
Important

Extremely
Important

I Don't
Know

Not Used On Our
Campus

Behavioral modification

Technological Fixes and
Enhancements

Operational Adjustments

Training Staff/Capacity Building

Organizational Changes

Policy Changes

Economic/Financial Actions

22 
 
How does the present situation on cam pus compare to  the following: 

 

 Large Decrease Decrease No Change Small Increase Large Increase I Don't Know

Total quantity of water used on campus 1 year ago

Total quantity of water used on campus 2 years ago

Per capita water use on campus 1 year ago

Per capita water use on campus 2 years ago

 Page Break 

23 Is this a public or private institution?
 Public

 Private (Non-Profit)

 Private (For-Profit)

24 What setting best describes the location of the institution's campus:
 Rural

 Suburban

 Urban

25 What is the population of full-time students at the institution?
 <2500

 2500-4999

 5000-9999

 10000-19999

 20000+

 I Don't Know

26 What campus water-related issues do you address in your current job? (Please select all that apply)

 Education (Teaching and Curriculum Development)

 Extension/Outreach

 Irrigation (Landscape and Grounds)

 Green Building (Water Saving Designs and Technologies)

 Research

 Stormwater Management

 Wastewater Management

 Water Conservation (Water Efficiency and Recyling/Reuse)

 Water Supply (Distribution, Plumbing, Management)

 Wetland/Stream Conservation and Restoration

 Other (please specify) 

27 What training/experience have you had in water r elated studies or work? (Please select all that app ly)  
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 Workshops/Seminars on water-related issues

 Extension and outreach training

 Undergraduate water-related degree

 Graduate water-related degree

 Technical training program

 Water-related certificate program

 Class(es) with water-related focus

 Water-related conference

 On-the-job training/experience

 Self-taught

 Other (please specify) 

28 Please indicate your  age range:

 <21 years

 21 - 30 years

 31 - 40 years

 41 - 50 years

 >50 years

29 We are planning on following up the current surv ey study with more in-depth case studies focused on  a few campuses featuring
innovative/unique water related projects/programs. Please describe any innovative/unique water related  initiatives being undertaken by your
institution or individuals associated with it, that  could potentially serve as an example for other in stitutions:

 

30 Please share any additional comments and/or sugg estions you may have:

 

 

Thank you for taking the time to complete this questionnaire! If you wish to register for a chance to win an iPod Shuffle, please send an email to
campuswaterstudy@gmail.com with the word "iPod" in the subject line. Your odds for winning will vary depending on the number of entries we receive, but
will be at least as good as 1:600. The winner will be randomly selected from amongst all those registered and will be contacted via the registered email
address for instructions on where to send the iPod Shuffle. If you have any questions about the survey or research study, please feel free to contact us:
Email: amani.mchugh@duke.edu Phone: 919-613-8047, ask for Amani McHugh

 

   

 
50% complete

Thank you for taking the time to complete this questionnaire!
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Appendix B: Nominal Logistic Regression Analysis Da ta 
Tables from JMP 9   

 

Logistic Regression: Response Variable (Y) and Independent Variables (Xi) 

 

 
Question: What explanatory variables vary with Carnegie Classification?  

 

Y = Carnegie Classification (Success: 0=Bachelor or Masters) 

 

n= 214; R-squared (U) = 0.4321; DF = 5 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  1.85063886 0.799357 5.36 0.0206* 

Role  0.71302387 0.4073923 3.06 0.0801 

NCDC  0.75967176 0.6121185 1.54 0.2146 

Ownership  -0.0028756 0.5156258 0.00 0.9956 

Setting  -1.6574999 0.5017192 10.91 0.0010* 

Population  -3.2469734 0.5067799 41.05 <.0001* 

 

Odds ration for Setting: Exp (B4) = e^-1.657499 = 0.190614941 

Odds ration for Population: Exp(B5) = e^-3.2469734 = 0.0388917396 

 

 

 

Question: What explanatory variables help explain the extent of campus environmental 

plans development? 

 

Developed/Implemented Environmental Plans (Success: 0=No) 

 

Y = Master Plan (Success = 0 = not developed) 

 

n=209  R-squared (U) =0.0454; DF=5 

 

 Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  -1.5190858 0.632996 5.76 0.0164* 

Carnegie 

Classification 

 -0.3342613 0.3703322 0.81 0.3667 
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Term   Estimate Std Error ChiSquare Prob>ChiSq 

Role  -0.4648793 0.3104537 2.24 0.1343 

NCDC  1.25881917 0.5903543 4.55 0.0330* 

Academic Water  0.40605295 0.4466878 0.83 0.3633 

Wetland Project  -1.0521244 0.6066221 3.01 0.0828 

 

Odds ration for NCDC region: Exp(B3) = e^1.25881917 = 3.52126102 

 

 

Y = Sustainability Plan (Success = 0 = not developed) 

n=209  R-squared (U) =0.0733; DF=8 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  -0.4195595 0.6006323 0.49 0.4848 

Role  -0.2341229 0.3032252 0.60 0.4400 

Carnegie 

Classification 

 -0.2975548 0.4496512 0.44 0.5081 

NCDC  1.22383081 0.4713851 6.74 0.0094* 

Academic Water   -0.6896478 0.4347219 2.52 0.1126 

Wetland Project  0.14457914 0.5143771 0.08 0.7787 

Ownership  -0.0532575 0.3690262 0.02 0.8852 

Setting  0.30821172 0.3705736 0.69 0.4056 

Population  -0.0413733 0.4658542 0.01 0.9292 

 

Odds ration for NCDC region: Exp(B3) = e^1.22383081 = 3.40018829 

 

 

Y = Water Conservation Plan (Success = 0 = not developed) 

 

n=203 R-squared (U) =0.0668; DF=8 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  0.47557092 0.5979132 0.63 0.4264 

Role  -0.8275391 0.3167849 6.82 0.0090* 

Carnegie 

Classification 

 0.02511339 0.4691109 0.00 0.9573 

NCDC  0.67200985 0.4517028 2.21 0.1368 

Academic Water   -0.0736576 0.4445325 0.03 0.8684 

Wetland Project  -0.2718074 0.5215778 0.27 0.6023 

Ownership  -0.1214469 0.3865481 0.10 0.7534 
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Term   Estimate Std Error ChiSquare Prob>ChiSq 

Setting  0.53868195 0.3754621 2.06 0.1514 

Population  -0.7543057 0.4860051 2.41 0.1206 

 

Odds ration for Role: Exp(B1) = e^-0.8275391 = 0.437123681 

 

 

Y = Stormwater Plan (Success = 0 = not developed) 

 

n=202  R-squared (U) =0.0560; DF=8 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  0.12227517 0.6000578 0.04 0.8385 

Role  -0.2265321 0.2997174 0.57 0.4498 

Carnegie Classification  0.35264736 0.4637349 0.58 0.4470 

NCDC  0.47615598 0.4755501 1.00 0.3167 

Academic Water   -0.8713725 0.4381531 3.96 0.0467* 

Wetland Project  -0.5939496 0.5154971 1.33 0.2492 

Ownership  -0.1924611 0.3660112 0.28 0.5990 

Setting  0.10987711 0.3587413 0.09 0.7594 

Population  -0.5010002 0.469961 1.14 0.2864 

 

Odds ration for Role: Exp (B1) = e^-0.8713725 = 0.418376933 

 

 

 

Y = Watershed Plan (Success = 0 = not developed) 

 

n=175  R-squared (U) =0.0233; DF=1 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  1.26943002 0.1941037 42.77 <.0001* 

Wetland Project  -1.0687593 0.489588 4.77 0.0290* 

 

B1 = e^-1.0687593 = 0.343434352 

 

Adding additional explanatory variables to the Watershed Plan model results in a non-

significant Whole Model Test, while Wetland Project remains a significant factor. 
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Question: What explanatory variables help explain differences in reported water 

management process effectiveness at different institutions? 

 

Effectiveness at Water Management (Success = 0 = ineffective) 

Y = Water Planning (Success = 0 = ineffective) 

No significant explanatory variables found for water planning. 

 

 

Y = Water Implementation (Success = 0 = ineffective) 

Role is a significant factor only when other factors are accounted for, but the full model is 

not significant when other variables are included. 

 

 

Y = Water Monitoring (Success = 0 = ineffective) 

 

n=190  R-squared (U) = 0.0754; DF= 8 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  0.57888576 0.6655968 0.76 0.3845 

Role  -1.1671581 0.3472001 11.30 0.0008* 

Carnegie Classification  -0.6656355 0.5085699 1.71 0.1906 

NCDC  -0.4265396 0.516782 0.68 0.4092 

Academic Water  -0.4672884 0.5067668 0.85 0.3565 

Wetland Project  -0.3197187 0.6411522 0.25 0.6180 

Ownership  -0.4783218 0.4186106 1.31 0.2532 

Setting  0.13489097 0.4200292 0.10 0.7481 

Population  0.0975629 0.5196819 0.04 0.8511 

 

Odds ration for Role: Exp(B1) = e^-1.1671581 = 0.311250228 

 

 

 

Y = Water Evaluation (Success = 0 = ineffective) 

 

n=189  R-squared (U) = 0.0760; DF= 8 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  0.69385409 0.6616088 1.10 0.2943 
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Term   Estimate Std Error ChiSquare Prob>ChiSq 

Role  -1.1319245 0.3426924 10.91 0.0010* 

Carnegie Classification  -0.7471675 0.5196454 2.07 0.1505 

NCDC  -0.4386138 0.5222869 0.71 0.4010 

Academic Water  -0.5128312 0.5030931 1.04 0.3080 

Wetland Project  -0.0451444 0.6006108 0.01 0.9401 

Ownership  -0.3240494 0.4102155 0.62 0.4296 

Setting  -0.251159 0.4078495 0.38 0.5380 

Population  0.48412297 0.524948 0.85 0.3564 

 

Odds ration for Role: Exp(B1) = e^-1.1319245 = 0.322412177 

 

 

 

Question: What explanatory variables help explain differences in reported institution 

effectiveness at dealing with water issues? 

 

Effectiveness at Dealing with Water Issues (Success = 0 = ineffectively or very 

ineffectively) 

 

Y = Water Supply Issues (Success = 0 = ineffective) 

 

n=110  R-squared (U) = 0.1394; DF= 3 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  -0.0349912 1.0460564 0.00 0.9733 

Role  -1.498633 0.7695204 3.79 0.0515 

Carnegie Classification  -1.8622465 0.9189667 4.11 0.0427* 

NCDC  -1.1940686 0.9798806 1.48 0.2230 

 

Odds ration for Carnegie Classification: Exp(B2) = e^-1.8622465 = 0.155323304 

 

 

 

Y = Drought (Success = 0 = ineffective) 

 

n=97  R-squared (U) = 0.1280; DF= 3 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  -0.1879395 1.0574215 0.03 0.8589 
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Term   Estimate Std Error ChiSquare Prob>ChiSq 

Role  -1.8685573 0.7487904 6.23 0.0126* 

Carnegie Classification  -1.1889981 0.7616633 2.44 0.1185 

NCDC  -0.5687259 0.9368505 0.37 0.5438 

 

Odds ration for Role: Exp(B1) = e^-1.8685573 = 0.154346176 

 

 

Y = Flooding (Success = 0 = ineffective) 

 

n=104  R-squared (U) = 0.0739; DF= 2 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  -1.1991434 0.3851311 9.69 0.0018* 

Role  -1.2699534 0.5560403 5.22 0.0224* 

Academic Water  0.7770928 0.5666886 1.88 0.1703 

 

Odds ration for Role: Exp(B1) = e^-1.2699534 = 0.280844709 

 

 

Y = Erosion in Landscape (Success = 0 = ineffective) 

 

n=120  R-squared (U) = 0.0561; DF= 2 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  -1.1702202 0.4186699 7.81 0.0052* 

Role  -1.1990653 0.513956 5.44 0.0196* 

Carnegie Classification  0.29892172 0.5045414 0.35 0.5535 

 

Odds ration for Role: Exp(B1) = e^-1.1990653 = 0.30147587 

 

 

Y = Polluted Waterbody (Success = 0 = ineffective) 

 

n=89  R-squared (U) = 0.0653; DF= 2 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  -0.423139 0.4583456 0.85 0.3559 

Role  -1.2867693 0.523659 6.04 0.0140* 
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Term   Estimate Std Error ChiSquare Prob>ChiSq 

Carnegie Classification  -0.1412157 0.5209361 0.07 0.7863 

 

Odds ration for Role: Exp(B1) = e^-1.2867693 = 0.276161539 

 

 

Y = Stormwater Problems (Success = 0 = ineffective) 

 

n=157  R-squared (U) = 0.0534; DF= 2 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  -1.2797004 0.3952365 10.48 0.0012* 

Role  -1.2257429 0.4915216 6.22 0.0126* 

Carnegie Classification  0.06557536 0.4724535 0.02 0.8896 

 

Odds ration for Role: Exp(B1) = e^-1.2257429 = 0.293539549 

 

 

n=157  R-squared (U) = 0.1117; DF= 7 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  0.33104861 0.9094399 0.13 0.7158 

Role  -1.3479652 0.5163896 6.81 0.0090* 

Carnegie Classification  0.10029293 0.6286152 0.03 0.8732 

NCDC  -0.9422554 0.7247713 1.69 0.1936 

Academic Water  -0.9596473 0.7126881 1.81 0.1781 

Wetland Project  -0.9891641 1.104907 0.80 0.3707 

Ownership  -1.0679894 0.5636535 3.59 0.0581 

Setting  -0.0803836 0.6255543 0.02 0.8978 

 

Odds ration for Role: Exp(B1) = e^-1.3479652 = 0.2597683 

 

 

Y = Wastewater System Failure (Success = 0 = ineffective) 

No significant explanatory variables found. 

 

 

 

Question: What explanatory variables help explain differences in reported institution 

preparedness to address future water issues? 
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Preparedness to Address Future Water Issues (Success = 0 = Minimally Prepared or 

Unprepared or Very Unprepared) 

 

Y = Future Water Supply Issues (Success = 0 = Minimally Prepared or Unprepared) 

 

n=159  R-squared (U) = 0.0673; DF= 5 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  0.14885375 0.605533 0.06 0.8058 

Role  -0.771516 0.411075 3.52 0.0605 

Carnegie Classification  -1.4572608 0.6115438 5.68 0.0172* 

NCDC  -0.8190606 0.5288871 2.40 0.1215 

Academic Water  0.85053426 0.632028 1.81 0.1784 

Wetland Project  0.96142458 0.6051657 2.52 0.1121 

 

Odds ration for Carnegie Classification: Exp(B2) = e^-1.4572608 = 0.232873288 

 

 

 

Y = Future Drought (Success = 0 = Minimally Prepared or Unprepared) 

No significant explanatory variables found. 

 

 

Y = Future Flooding (Success = 0 = Minimally Prepared or Unprepared) 

n=157  R-squared (U) = 0.0677; DF= 3 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  -0.6058147 0.7037686 0.74 0.3893 

Role  0.14959694 0.518277 0.08 0.7729 

Carnegie Classification  -0.1706829 0.5130636 0.11 0.7394 

NCDC  -1.6653585 0.5742609 8.41 0.0037* 

 

Odds ration for NCDC region: Exp(B3) = e^-1.6653585 = 0.189122845 

 

 

Y = Future Erosion (Success = 0 = Minimally Prepared or Unprepared) 

No significant explanatory variables found. 

 

 

Y = Future Stormwater Problems (Success = 0 = Minimally Prepared or Unprepared) 

Role was a significant explanatory variable only when other variables were included in 

model, however the Full Model was not significant. 
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Question: What explanatory variables help explain differences in reported frequency of use 

of engineering-based solutions in institution water management? 

 

Interdisciplinary Water Management (Success = 0 = Rarely or Never Use) 

 

Y = Engineering (Success = 0 = Rarely or Never Use) 

 

n=182  R-squared (U) = 0.0840; DF= 6 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  0.02206933 0.6030313 0.00 0.9708 

Role  0.28058895 0.3524336 0.63 0.4259 

Carnegie Classification  -0.8380689 0.4258705 3.87 0.0491* 

NCDC  -0.5157481 0.5099754 1.02 0.3119 

Academic Water  -0.4434077 0.5391448 0.68 0.4108 

Wetland Project  -1.8614469 1.05798 3.10 0.0785 

Ownership  -0.0202733 0.3715703 0.00 0.9565 

 

Note: when setting and/or population are added to the model, Carnegie Classification is no 

longer significant. 

 

Odds ration for Carnegie Classification: Exp(B2) = e^-0.8380689 = 0.432545005 

 

 

Question: What explanatory variables help describe institutions that have adopted an 

integrated water management structure/style? 

 

Water Management Structure (Success = 0 = not integrated) 

 

Y = Water Management Structure (Success = 0 = not integrated) 

 

n=91  R-squared (U) = 0.0649; DF= 3 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  1.65474913 0.7232946 5.23 0.0221* 

NCDC  -0.9961915 0.6374098 2.44 0.1181 

Academic Water  -0.6112549 0.5273901 1.34 0.2464 

Setting  -1.0022831 0.4901493 4.18 0.0409* 



 

 210

 

Odds ration for Setting: Exp(B3) = e^-1.0022831 = 0.367040494 

 

 

 

Question: What explanatory variables help explain differences in reported frequency of 

consideration of integrated water resource management (IWRM) principles in institution 

water management? 

 

Frequency of IWRM Principle inclusion in Water Management (Success = 0 = once per 

year or less frequently) 

 

Y = Iterative Management Approach (Success = 0 = once per year or less frequently) 

 

n=175  R-squared (U) = 0.0569; DF= 5 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  2.6294638 0.7375963 12.71 0.0004* 

Role  -0.5216268 0.3575182 2.13 0.1446 

NCDC  -0.7112253 0.5437256 1.71 0.1909 

Academic Water  -0.4080106 0.431209 0.90 0.3440 

Ownership  -0.4883597 0.4422152 1.22 0.2694 

Population  -1.1038902 0.471671 5.48 0.0193* 

 

Odds ration for student Population: Expt(B5) = e^-1.1038902 = 0.331578664 

 

 

Y = Multidisciplinary Solutions and Practices (Success = 0 = once per year or less 

frequently) 

 

n=178  R-squared (U) = 0.0412; DF= 4 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  0.52422713 0.5318976 0.97 0.3243 

Role  0.34666347 0.3297782 1.11 0.2932 

Carnegie Classification  -0.2524668 0.3359869 0.56 0.4524 

NCDC  0.22819411 0.4717032 0.23 0.6286 

Wetland Project  -1.2702077 0.5003448 6.44 0.0111* 

 

Odds ration for Wetland Project: Exp(B4) = e^-1.2702077 = 0.280773299 
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Y = Multi-Sector Collaboration (Success = 0 = once per year or less frequently) 

 

n=186;  R-squared (U) = 0.0603; DF= 7 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  1.53158745 0.6286973 5.93 0.0148* 

Role  -0.1554703 0.3273885 0.23 0.6349 

Carnegie Classification  -0.3933416 0.4518771 0.76 0.3840 

NCDC  0.22609469 0.4652953 0.24 0.6270 

Academic Water  -0.0582351 0.45495 0.02 0.8981 

Wetland Project  -0.9574018 0.5117097 3.50 0.0613 

Ownership  -0.8445042 0.4277525 3.90 0.0483* 

Population  -0.7450893 0.5172659 2.07 0.1497 

 

Odds ration for Ownership: Exp(B6) = e^-0.8445042 = 0.429770386 

 

 

Y = Multiple Time Scales (Success = 0 = once per year or less frequently) 

 

n=163;  R-squared (U) = 0.0541; DF= 5 

 

Parameter Estimates 

Term   Estimate Std Error ChiSquare Prob>ChiSq 

Intercept  1.18748042 0.6139436 3.74 0.0531 

NCDC  0.4551608 0.4843908 0.88 0.3474 

Wetland Project  -1.2085877 0.603797 4.01 0.0453* 

Ownership  -0.4507516 0.429848 1.10 0.2943 

Setting  -0.5014301 0.4148205 1.46 0.2267 

Population  -0.6542982 0.4458132 2.15 0.1422 

 

Odds ration for Wetland Project: Exp(B3) = e^-1.2085877 = 0.298618721 

 

 

Question: What explanatory variables are most likely associated with the presence of a 

campus wetland restoration project?  Are campus wetland restoration projects more likely 

to be present at institutions featuring academic water programs as compared to institutions 

without an academic water program? 

 

Y = Wetland Project (Success: 0=Not present) 
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n= 214; R-squared (U) = 0.1787; DF = 7 

 

Parameter Estimates 

Term Estimate Std Error ChiSquare Prob>ChiSq 

Intercept 4.85390217 1.0849668 20.01 <.0001* 

Role -0.0128861 0.4916653 0.00 0.9791 

Carnegie 

Classification 

0.45620434 0.8046914 0.32 0.5708 

NCDC -1.5004824 0.8166085 3.38 0.0661 

Academic 

Water 

-2.1438202 0.6495143 10.89 0.0010* 

Ownership -0.016418 0.6121381 0.00 0.9786 

Setting -0.2432626 0.646635 0.14 0.7068 

Population -0.8537881 0.7925202 1.16 0.2813 

 

Odds ration for Academic Water Program: Exp(B4) = e^-2.1438202 = 0.117206235 
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Appendix C: University and college campus stream an d 
wetland creation and restoration projects 

Institution State 

Water 

Project/Site 

Name 

Type 

(Wetland, 

Stream, Lake, 

Pond) 

Creation, 

Restoration, 

Enhancement 

Actions 

Outdoor 

Teaching & 

Research 

Lab 

Website 

URL 

Appalachian 

State 

University NC Boone Creek Stream Restoration   

http://www.

news.appstat

e.edu/2008/0

5/15/boone-

creek-

restoration-

project-

begins/ 

Auburn 

University AL 

Stream 

Restoration 

and Green 

Space 

Improvement  Stream Restoration 

example of 

stream 

restoration 

and greenway 

enhancement 

for education, 

extension and 

research 

http://www.a

ces.edu/wate

rquality/pmc.

htm 

Baker 

University KS 

Baker 

University 

Wetlands 

(a.k.a. Santa 

Fe Mitigation 

Site or 

Wakarusa 

Wetlands) Wetland 

Restoration 

(cropland 

conversion 

back to 

wetland); 

boardwalk 

Outdoor 

classroom 

http://www.b

akeru.edu/ba

ker-

wetlands/fut

ure-of-the-

wetlands/im

mediate-

future 

Brevard 

College NC King Creek Stream 

Restoration: 

channel, 

floodplain, 

native 

vegetation, 

invasive exotic 

removal   

http://srwqis.

tamu.edu/me

dia/2177/cald

well.pdf 

Bryn Mawr 

College PA Mill Creek Stream 

Restoration: 

removal of 

improper bank 

stabilization, 

new channel 

geometry, 

bioengineering, 

native species 

Demonstratio

n area and 

educational 

tool 

http://www3.

villanova.ed

u/vusp/Outre

ach/pasym03

/pdfs/1C3.pd

f 
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Bucknell 

University PA Miller Run Stream Restoration   

  

California 

State 

Polytechnic 

University, 

Pomona CA 

John T. Lyle 

Center for 

Regenerative 

Studies: 

Wetlands 

Constructed 

Wetland Creation   

http://134.71.

196.75/oldpr

ojects/Soe421

Sp08/group3/

html/aboutus

_wetlands.ht

m 

California 

State 

University, 

Chico CA 

Big Chico 

Creek Stream Buffer 

Restoration: 

riparian buffer 

strips, native 

species   

http://www.b

igchicocreek.

org/nodes/pr

ojects/ 

Carleton 

College MN 

Cole Wetland 

(along Spring 

Creek in 

Cowling 

Arboretum) 

Wetland 

(marsh), 

retention 

pond, 

Excavation, 

planting 

Outdoor 

classroom 

http://apps.c

arleton.edu/c

ampus/arb/h

abitats/water

_wetlands/ 

Carteret 

Community 

College NC   

Wetland 

(marsh) 

Shoreline, 

erosion control, 

habitat 

Living 

laboratory 

http://www.r

estorationsys

tems.com/pre

ss/living-

shoreline-

comes-to-

life-at-

carteret-

community-

college/ 

Cascadia 

Community 

College WA 

UWB/CCC co-

located 

campus 

Wetlands 

Restoration 

Area (WRA) 

Wetland, 

Stream (North 

Creek) 

New stream 

channel, 

reconnect 

floodplain, 

planting native 

species, 

monitoring; 

boardwalk 

Bring 

classroom 

instruction to 

life 

http://www.c

ascadia.edu/a

bout_cascadi

a/campus_re

gion/wetland

.aspx 

Cedarville 

University OH   

Wetland 

(along Cedar 

Creek) Restoration   

http://www.c

edarville.edu

/Offices/Publ

ic-

Relations/Ca

mpusNews/2

010/Students-

Map-Out-

Cedar-Creek-

Wetland.asp

x 
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Chatham 

University PA 

School of 

Sustainability 

and the 

Environment 

(SSE)      

Living 

laboratory 

  

City Colleges 

of Chicago, 

Olive-Harvey 

College 

Campus IL 

City Colleges 

of Chicago 

Wetland Wetland 

Restoration: 

invasive 

removal   

http://www.c

ccwetland.or

g/ 

Clemson 

University SC   

Wetland 

(ephemeral) 

Constructed; 

Wetland 

(microcosm) Creation   

http://www.

netl.doe.gov/

technologies/

coalpower/e

wr/pubs/Wet

land%20Trea

tment%20Scr

ubber%20Wa

stewater.pdf 

Colorado 

State 

University CO 

Colorado State 

University 

Wetlands 

Project  

Created 

Wetland Creation 

Learning tool 

and 

demonstratio

n site 

http://www.

green.colosta

te.edu/operat

ions.aspx#we

tlands 

Concord 

University WV   

Wetland 

(ephemeral); 

Rain-Garden Creation   

http://www.e

asterncoal.or

g/WetlandsR

estorationWo

rkshop.htm 

Contra Costa 

Community 

College CA 

Rheem Creek 

Habitat 

Restoration 

and 

Watershed 

Education 

project Stream 

Restoration: 

revegetation, 

invasive 

species 

removal, 

planting native 

species, erosion 

control 

Provide 

educational 

opportunities 

http://www.

urbancreeks.

org/Rheem_

Creek.htm 

Cornell 

University NY 

Stormwater 

Management 

Wetland 

Demonstratio

n Project; 

Fuller 

Wetlands 

Wetland; 

Pond 

Creation: 

regrading, 

revegetation; 

Boardwalk 

Educational 

resource 

http://www.s

ustainableca

mpus.cornell

.edu/land/we

tlanddemo.cf

m 

Cuesta 

Community 

College CA 

Pennington 

Creek Stream 

Restoration: 

stream bank   

http://onecoo

learth.net/ho

me/ 
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Cuyahoga 

Community 

College OH 

Cuyahoga 

Wetland 

Enhancement Wetland Creation   

  

Duke 

University NC 

Stream and 

Wetland 

Assessment 

Management 

Park 

(SWAMP) Wetland 

Creation 

(treatment 

wetlands, 

earthen dam, 

stormwater 

reservoir); 

restoration 

(recontour, 

replant, 

reconnect 

floodplain); 

Boardwalk 

Outdoor 

classroom 

and field 

laboratory 

http://www.

nicholas.duk

e.edu/wetlan

d/swamp1.ht

m 

Eastern 

Kentucky 

University, 

Richmond KY 

Taylor Fork 

Ecological 

Area Wetland 

Construction 

and 

restoration: 

planting trees, 

exotics 

removal, 

microtopograp

hy, woody 

debris; trail 

Outdoor 

classroom 

(site for 

restoration, 

learning and 

research) 

http://people.

eku.edu/bro

wndav/Servi

ce%20Project

s.htm 

Florida 

International 

University FL   

Wetland 

(mangroves) 

Restoration: 

removal of non-

native 

vegetation, 

creation of 

mangrove 

forests 

Living 

laboratory 

  

Furman 

University SC 

Furman 

(Swan) Lake 

Restoration 

Constructed 

Wetland; Lake   

Living 

laboratory 

http://www2.

furman.edu/s

ites/LakeRest

oration/over

view/Pages/

Goals.aspx 

Georgia 

Perimeter 

College GA 

Doolittle 

Creek Stream 

Restoration 

(planned) 

Outdoor 

classroom 

http://www.

gpcintheloop

online.com/is

sue-

archive/144.h

tml 

Georgia 

Southern 

University GA 

Center for 

Wildlife 

Education 

Model 

Wetlands 

Wetland; 

Ponds 

Creation: 

digging, 

shaping, 

cleared, graded, 

planted   

http://service

s.georgiasout

hern.edu/faci

lities/buildin

gs/past/2008/

wildlife.htm   

http://welco

me.georgiaso
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uthern.edu/

wildlife/wate

rfowl.htm 

Gordon 

College MA 

Gordon 

College Pond 

Wetlands 

Restoration 

Project 

Wetland 

(marsh) 

Restoration: 

drainage 

system, native 

species planted   

http://www.

gordon.edu/

page.cfm?iPa

geID=315&iC

ategoryID=10

9&Physical_

Plant&Physic

al_Plant 

Grand Valley 

State 

University MI   

wetland 

(constructed) Creation   

http://www.

gvsu.edu/gv

now/index.ht

m?articleId=0

2E47563-

E491-C7E8-

62283BBDC1

7FD391 

Green 

Mountain 

College VT 

Poultney 

River buffer 

zone 

Wetland 

(floodplain 

wetlands / 

stream buffer) 

Restoration: 

Invasives 

removal, native 

species planted outdoor lab 

http://www.

greenmtn.ed

u//media/412

493/buffer%2

0zone%20pro

posal%20orig

inal,%201997.

pdf 

Grove City 

College PA Wolf Creek Stream 

Restoration: 

stabilization 

biology class 

lab place 

http://www.

gcc.edu/Wolf

_Creek_Nort

h_Trail_Proje

ct_garners_g

rant_funds.p

hp 

Haywood 

Community 

College NC 

Jones Cove 

Creek Stream Restoration   

http://www.

haywood.ed

u/UserFiles/s

ustainability/

Haywood%2

0Community

%20College%

20Retrofit.pd

f 
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Indiana 

University, 

Bloomington IN 

Jordan River 

Restoration 

Plan Stream 

Restoration: 

stream and 

bank habitat 

stabilization, 

50ft buffer 

zone   

http://www.i

ndiana.edu/~

sustain/Inter

n/documents

/Reports%20-

%20AY_10-

11/Land%20

Management

_Kerby.pdf 

Ithaca  

College NY 

Raponi 

Wetland Wetland Creation   

http://www.i

thaca.edu/nat

urallands/we

tlands/ 

Kent State 

University, 

Stark OH 

Pond & 

Wetland 

Research Area 

Wetland 

(pond) 

Revitalization: 

adding 

indigenous 

plants and 

wildlife 

outdoor 

learning and 

research 

classroom 

http://www.s

tark.kent.edu

/about/sustai

nability/pon

d.cfm 

LaGrange 

College GA   Stream 

Restoration: 

Invasives 

control, trash 

pickup, 

planting native 

species 

demonstratio

n project 

http://www.l

agrangenews

.com/view/fu

ll_story/1250

5950/article-

Battle-for-

creek-

begins?insta

nce=home_n

ews_lead 

Lewis & 

Clark 

Community 

College IL 

China Creek 

Restoration 

and Cleanup Stream     

http://www.l

c.edu/discov

er/greenInitia

tive/today.as

px 

Lindsey 

Wilson 

College, A.P. 

White 

Campus KY   Stream 

Restoration: 

planting   

http://www.l

indsey.edu/n

ews/archive/

academics/pr

ide-grant-

restores-

stream-

march-

2011.aspx 

Lone Star 

College, 

CyFair TX   

Wetland 

(Bayous), 

Lakes, Ponds 

Restoration: 

native flora and 

environment   

http://en.wiki

pedia.org/wi

ki/Lone_Star

_College%E2

%80%93CyFa

ir 
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Luther 

College IO 

west bank of 

the Upper 

Iowa River  Wetland 

Construction: 

earthwork, 

planting native 

species 

educational 

resource 

http://www.l

uther.edu/he

adlines/?stor

y_id=289912 

Lynchburg 

College VA 

Claytor Nature 

Study Center 

of Lynchburg 

College Wetland Restoration case study 

http://www.

dgif.virginia.

gov/vbwt/sit

e.asp?trail=2

&loop=MPO

&site=MPO1

1 

Marian 

University IN 

Marian 

University 

EcoLab Wetland Restoration Ecolab 

http://www.

marian.edu/E

coLab/About

/Pages/defaul

t.aspx 

McDowell 

Technical 

Community 

College, 

Marion NC 

Stormwater 

Wetland 

Stormwater 

Wetland Creation   

http://www.c

onfluence-

eng.com/new

s.html 

Messiah 

College PA 

Yellow 

Breeches 

Creek Stream 

Restoration: 

bank 

stabilization, 

containment 

structures, 

native 

vegetation   

http://www.

messiah.edu/

offices/public

ations/the_br

idge/fall05/st

ream_bank/i

ndex.html 

Middlebury 

College VT   Wetland 

Restoration: 

planting native 

species, wildlife 

habitat, 

microtopograp

hy   

http://www.

nwf.org/cam

pusEcology/

docs/middle

bury.pdf 

Midwestern 

University, 

Downers 

Grove 

Campus IL 

Midwestern 

University 

Woodland and 

Wetland 

Restoration 

Project  Wetland 

Restoration: 

Invasives 

removal, native 

species planted, 

prescribed 

burns   

http://www.

midwestern.e

du/News_an

d_Events/Un

iversity_New

s/MWU_Ear

ns_EPA_Con

servation_A

ward.html 

Mills College CA 

Leona Creek 

and Lake Aliso 

Restoration Stream     

http://www.

mills.edu/gre

en/index.php 
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Mississippi 

State 

University,  

Starkville 

campus MS 

Carsie Clark 

and Diane 

Worthington 

Young 

Wetland 

Education 

Theater Wetland 

Creation 

(demonstration 

wetland); 

Restoration 

(Prairie) 

outdoor 

classroom 

(wetland 

education 

theater) 

http://www.

msstate.edu/

web/media/d

etail.php?id=

5085 

Mott 

Community 

College MI 

Gilkey Creek 

(adjacent to 

campus?) 

Stream; 

Wetland 

Restoration: 

daylighting, 

new channel,  

demonstratio

n  area 

http://www.

gilkeycreek.o

rg/home/?pa

ge_id=319 

Mt Hood 

Community 

College OR 

Mt. Hood 

Community 

College Pond 

Wetland 

(pond) 

Creation: 

wetland area; 

Restoration: 

planting, 

sediment 

removal, 

habitat 

structures (log 

boles) 

living 

laboratory 

http://www.f

ws.gov/orego

nfwo/ToolsF

orLandowne

rs/UrbanCon

servation/Gr

eenspaces/D

ocuments/Pr

ojects/1998/6

505.9802%20

Mt%20Hood

%20CC0001.

pdf 

Napa Valley 

College CA Tulucay Creek Stream 

Restoration; 

Daylighting   

http://www.

napavalley.e

du/AboutNV

C/MeasureN/

Pages/Green

Projects.aspx 

North 

Carolina 

State 

University, 

Centennial 

Campus NC 

North Creek 

Constructed 

Stormwater 

Wetlands 

Wetland (on 

North Creek 

floodplain) Creation 

outdoor field 

study area 

and showcase 

http://www.b

ae.ncsu.edu/

programs/ext

ension/wqg/s

rp/northcree

k.html 

North 

Carolina 

State 

University, 

Raleigh NC 

Rocky Branch 

Restoration Stream 

Restoration: 

stream 

stabilization 

(natural 

channel design 

techniques) 

outdoor 

teaching 

laboratory 

http://www.b

ae.ncsu.edu/

programs/ext

ension/wqg/s

rp/rocky_bra

nch.html 

North Seattle 

Community 

College WA 

North Seattle 

Community 

College 

wetlands 

Wetland (at 

headwaters of 

South Fork of 

Thorton 

Creek) Restoration outdoor lab 

http://facweb

.northseattle.

edu/plortz/w

etlands/ 
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Oakton 

Community 

College IL 

Oakton 

Community 

College 

Campus 

Restoration 

Wetland 

(along Des 

Plaines River) 

Restoration: 

non-natives 

removal, 

erosion control, 

stream pool 

and riffle   

http://www.o

akton.edu/re

source/faciliti

es/grouns/gr

ouns.htm 

Oberlin 

College OH 

Adam Joseph 

Lewis Center 

for 

Environmenta

l Studies; 

experimental 

wetland 

restoration 

cells on the 

George Jones 

Memorial 

Farm Wetland 

Creation: Living 

Machine; 

Restoration: 

experimental 

wetland cells   

http://www.o

berlin.edu/su

stainability/p

ortfolio/build

ings_and_gr

ounds.html 

Ohio State 

University, 

Columbus OH 

Wilma H. 

Schiermeier 

Olentangy 

River Wetland 

Research Park 

(ORWRP) 

Wetland 

(oxbow 

wetland, 

bottomland 

hardwood 

forest) 

Creation; 

Restoration 

experimental 

and 

demonstratio

n wetland 

research 

facility 

http://swamp

.osu.edu/ 

Ohio State 

University, 

Marion 

Campus OH 

On-Campus 

Stream and 

Wetland 

Restoration 

Plan (Grave 

Creek) Stream   

outdoor 

aquatic 

laboratory 

http://swamp

.osu.edu/rese

arch/Marion_

OSU/Marion

%20final-9-

20.pdf 

Ohlone 

College CA 

Ohlone 

College 

Newark 

Center for 

Health 

Sciences and 

Technology  

Wetland; 

stormwater 

gardens; 

vegetated 

filtration pond Restoration 

living 

laboratory 

(natural 

classroom) 

http://www.e

co-

structure.co

m/energy-

efficiency/sea

-change.aspx 

Old 

Dominion 

University VA 

Old Dominion 

University 

Drainage 

Canal Wetland 

Project 

Wetland 

(vegetated 

wetland along 

Elizabeth 

River) 

Creation; 

Restoration: 

shoreline 

improvements, 

stone 

breakwall/sill, 

riprap, stone 

check dam, 

imported sand, 

tidal wetland 

plants   

http://www.o

du.edu/ao/re

search/news/

index.php?to

do=details&t

odo=details&

id=17966 
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Oregon State 

University OR 

Oak Creek 

Restoration Stream 

Restoration: 

reconnecting 

floodplain, 

buffering 

stormwater 

discharge into 

stream, wildlife 

habitat 

dedicated to 

teaching, 

research, 

demonstratio

n sites, and 

public 

outreach 

http://oregon

state.edu/sus

tainability/na

tural-features 

Piedmont 

College, 

Demorest GA   Wetland 

Conversion of 

lake into 

wetlands   

http://en.wiki

pedia.org/wi

ki/Piedmont_

College#cite_

note-28    

http://thenort

heastgeorgia

n.com/article

s/2008/08/19/

news/top_sto

ries/04topsto

ry.txt 

Portland 

Community 

College, Rock 

Creek 

Campus OR 

Rock Creek's 

Environmenta

l Studies 

Center 

Wetland 

(emergent, 

riparian zone) 

Restoration: 

Invasives 

removal, native 

species planted   

http://www.

pcc.edu/reso

urces/rcesc/st

udies.html 

Princeton 

University NJ 

Washington 

Road Stream 

Restoration 

Plan Stream     

http://www.

princeton.ed

u/campuspla

nupdate/proj

ect-

planning/wa

shington-

road-stream/ 

Purdue 

University IN   

Wetland 

(ponds)     

http://www.

purdue.edu/

uns/html4ev

er/2005/05030

1.Turco.wetla

nds.html 
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Radford 

University VA 

Radford 

University 

Stormwater 

Wetland 

Project Wetland 

Creation: 

constructed 

stormwater 

wetland 

university 

facilities as 

laboratories 

to teach real-

world 

solutions to 

problems 

(campus 

facility for 

service and 

instruction) 

http://www.r

adford.edu/

wetland/ 

Reed College OR 

Reed College 

Canyon 

Restoration Stream; lake 

Restoration: 

reestablish 

original stream 

channel, install 

fish ladder, 

riparian 

habitat, native 

plants 

significant 

opportunities 

for public 

education 

http://www.r

eed.edu/cany

on/rest/overv

iew.html 

Rowan 

University, 

Glassboro NJ 

Chestnut 

Branch (of 

Mantua 

Creek) 

Streambank 

Restoration Stream 

Restoration: 

streambank 

stabilization 

students are 

gaining 

hands-on 

experience 

http://users.r

owan.edu/~o

rlins/downlo

ads/ICUD-

02.pdf 

Saint Mary's 

College of 

California CA   Wetland 

Creation: 

wetland 

created by 

damming Las 

Trampas Creek 

research and 

educational 

resource 

(unique 

learning 

resource) 

http://www.s

tmarys-

ca.edu/news-

and-

events/saint-

marys-

magazine/arc

hives/v28/sp

08/arcade/05.

html    

http://www.s

tmarys-

ca.edu/about

-smc/sustain-

smc/greening

-our-

campus/cam

pus-

wetlands.ht

ml 

Santa Rosa 

Junior 

College, 

Petaluma 

Campus CA Capri Creek Stream 

Restoration: 

planting native 

vegetation 

educational 

and work 

experience 

for students 

http://online.

santarosa.ed

u/presentatio

n/page/?2308

9 
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Sonoma 

State 

University   

Copeland 

Creek Stream 

Restoration: 

removing 

exotic species, 

planting native 

vegetation   

http://www.s

tudents.sono

ma.edu/clubs

/focc/FOCCs

ub1.htm 

St 

Petersburg 

College, 

Seminole 

Campus FL 

Natural 

Habitat Park 

and 

Environmenta

l Center  Wetland Creation 

outdoor 

teaching 

facility 

(demonstrati

on site for 

education and 

environmenta

l outdoor 

"lab" 

experiences) 

http://www.s

pcollege.edu/

se/habitat_pa

rk.htm 

St. Johns 

College MD 

Shoreline 

Restoration 

Project 

Wetland 

(Shoreline 

Marsh) 

Restoration: 

structural 

bulkhead 

removal,  

shoreline 

grading, 

planting native 

vegetation 

field site for 

laboratory 

sciences 

program 

(educational 

demonstratio

n site) 

http://alumni

.stjohnscolleg

e.edu/news/2

409/ 

St. Johns 

University MN 

Wetland 

Restoration 

Project 

Wetland 

(cattail 

marshes, 

swamps, 

sedge 

meadows); 

ponds; lakes 

Restoration: 

exotic species 

removal, native 

species 

planting 

outdoor 

classrooms 

http://www.c

sbsju.edu/Bio

logy/Student

-

Resources/Fi

eld-Biology-

Resources/Re

storation-

Projects.htm 

St. Mary's 

College of 

Maryland MD 

Wetland 

Buffer 

Management 

Wetland 

(marshes); 

streams; 

stormwater 

pond; 

shoreline 

shoreline 

enhancement, 

planted buffers,   

http://www.s

mcm.edu/fac

ilities/capital

projects/buff

ermanageme

nt1.html 

St. Olaf 

College MN 

St. Olaf 

College's 

Natural Lands Wetland Restored 

outdoor 

laboratory for 

sciences and 

environmenta

l preservation 

http://www.s

tolaf.edu/abo

ut/sustainabi

lity/natural_l

ands.html 

SUNY Orange NY 

Mohagen 

Brook Stream 

Restoration: 

planting native 

species   

http://www.

dec.ny.gov/la

nds/73107.ht

ml 
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Swarthmore 

College   

Swarthmore 

College 

experimental 

wetland Wetland 

Creation; 

Restoration   

http://www.s

warthmore.e

du/document

s/administrat

ion/Colton_B

angs_E90_Re

port.pdf 

Sweet Briar 

College VA   Wetland Restoration   

http://old-

www.sbc.ed

u/news/items

/7298      

http://old-

www.sbc.ed

u/news/items

/9110  

http://www.

virginiaverna

lpools.org/in

dex.html 

Temple 

University, 

Ambler 

College PA 

Sustainable 

Wetland 

Garden 

("Green 

Machine") 

Wetland 

Garden Creation   

http://www.t

emple.edu/a

mbler/la-

hort/news/ar

chive/newsar

chive-

article2.htm 

Texas Tech 

University, 

Lubbock TX 

Prairie and 

Playa Nature 

Area: Habitat 

Restoration 

and Water 

Quality 

Improvement 

Wetland 

(playa) 

restoration: 

planting native 

vegetation 

buffer strips, 

constructing 

sediment traps, 

moist-soil 

management, 

and sediment 

removal 

field teaching 

and research 

laboratory 

(outdoor 

education 

setting 

providing 

unique 

instructional 

opportunity) 

http://www.r

w.ttu.edu/pp

na/progress.

htm 

Trinity 

Valley 

Community 

College GA 

Dilcey Creek 

Restoration 

Initiative 

(Plans) Stream Stream 

natural 

learning 

laboratory 

http://www.t

vcc.edu/dept

s/biology/Na

tive%20Habit

at/Dilcey%20

Creek%20Res

toration.htm 

University of 

Arkansas, 

Fayetteville AR 

Mullins 

Branch Stream 

Restoration: 

natural stream 

design (rock 

structures, soil 

mattresses, 

native 

educational 

opportunities 

http://www.

watershedco

nservation.or

g/proj_mulli

ns.html 
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revegetation) 

University of 

California,  

Santa 

Barbara CA 

Campus 

Lagoon Area 

Wetland 

(vernal pools, 

freshwater 

marshes, salt 

marshes, 

seeps) lagoon, 

bioswale, 

beaches  

restoration: 

shorebird 

habitat (islands 

and shallow-

water zones), 

planting native 

vegetation, 

bioswale 

creation    

http://www.c

cber.ucsb.ed

u/ecosystem/

habitats/wetl

ands/ 

University of 

California, 

Berkeley CA 

Strawberry 

Creek Stream 

Restoration: 

pollution and 

erosion control, 

native species, 

invasive 

species control 

resource for 

education and 

research 

http://strawb

errycreek.ber

keley.edu/cre

ekmgmt/doc

uments/madr

_Strawberry

Ck_2007.pdf 

University of 

California, 

Davis CA 

Experimental 

Ecosystem Wetland 

creation; 

restoration 

teaching and 

research 

area/facility 

http://putahc

reek.ucdavis.

edu/about-

the-

reserve/Eco_

NF_mgmnt-

plan_AF_fina

l.pdf 

University of 

California, 

Los Angeles CA 

Stone Canyon 

Creek Stream 

Restoration: 

invasive 

species 

removal, 

planting native 

species 

teaching tool 

and outdoor 

laboratory; 

http://www.e

nvironment.

ucla.edu/wat

er/news/artic

le.asp?parent

id=5066 

University of 

Central 

Florida FL   

Wetland 

(cypress 

domes, 

ephemeral, 

seepage, 

freshwater 

marshes) creation 

comprehensi

ve 

environmenta

l and outdoor 

living 

laboratory for 

education, 

research, 

recreation, 

and human 

interaction 

with 

ecosystem 

functions 

http://www.

green.ucf.ed

u/conserve.ht

ml 
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University of 

Delaware DE   

Wetland; 

stream (Cool 

Run tributary) 

creation; 

restoration 

outdoor 

classroom; 

campus 

education and 

research 

laboratory for 

the study of 

water 

resources 

http://www.e

nvironmental

portal.udel.e

du/news/coll

ege-converts-

cow-pasture-

thriving-

wetland 

University of 

Florida FL 

 Stormwater 

Ecological 

Enhancement 

Project 

(SEEP);  It has 

a variety of 

wetland 

habitats, 

including a 9-

acre marsh in 

NATL-east 

that drains 

into a pond 

and sinkhole 

in NATL-west 

and a 3-acre 

ecologically 

engineered 

retention 

basin (SEEP) 

in the 

northeast 

corner of 

NATL-west. 

Wetland 

(freshwater 

marsh); pond     

http://natl.ifa

s.ufl.edu/ 

University of 

Georgia, 

Athens GA 

Tanyard 

Branch Stream Restoration   

http://www.

gwri.gatech.e

du/uploads/p

roceedings/2

003/Herbert

%20et%20al.

PDF 

University of 

Idaho ID 

Stateline 

Wetland 

Revitalization 

Project; 

Paradise 

Creek 

Ecosystem 

Restoration 

project 

Wetland; 

Stream 

(Paradise 

Creek) 

restoration: 

channel 

construction, 

in-stream 

habitat, 

continuous 

corridor   

http://www.

uidaho.edu/s

ustainability/

greeningourc

ampus/biodi

versity/Copy

%20of%20sta

telinewetlan

dsrestoration

project 
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University of 

Maryland MD 

Paint Branch 

Restoration; 

WaterShed 

Stream; 

Wetland 

(Constructed) 

Restoration; 

Creation   

http://www.s

ustainability.

umd.edu/con

tent/campus/

stormwater.p

hp;  

http://2011.so

larteam.org/ 

University of 

Massachuset

ts, 

Dartmouth MA   wetland 

Restoration: 

wetland habitat 

living 

classroom 

http://www.s

undancechan

nel.com/sunfi

ltered/2010/0

5/umass-

dartmouth-

living-

classroom/ 

University of 

Minnesota, 

St. Paul MN 

Sarita 

Wetland Wetland   

site for 

education and 

research 

(news article 

describes it as 

a "living 

classroom") 

http://sustain

abilitystudies

.umn.edu/Su

stainabilityC

ommunity/Sa

ritaWetland/i

ndex.htm 

University of 

New 

Hampshire NH College Brook Stream Restoration   

http://www.

wrrc.unh.edu

/current_rese

arch/collegeb

rook/collegeb

rookhome.ht

m 

University of 

Northern 

Iowa IA Run Dry Creek Stream 

Restoration: 

install BMPs, 

bank resloping 

and 

stabilization, 

revegetation   

http://www.i

a.nrcs.usda.g

ov/news/succ

essstories/U

NI.html 

University of 

Texas TX Waller Creek 

Stream Bank 

Stabilization 

Bank 

stabilization 

(No 

Restoration)   

http://www.

utexas.edu/t

mm/sponsor

ed_sites/wall

er/brp.htm 

University of 

Toledo OH Ottowa River River 

Restoration: 

improve 

instream 

habitat, plant 

native species   

http://www.

utoledo.edu/

commissions

/river/ 
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University of 

Virginia VA 

Meadow 

Creek Stream 

Restoration: 

stream channel 

and floodplain, 

daylighting 

outdoor 

classroom 

http://www.

virginia.edu/

architectoffic

e/GroundsPl

anWebsite/G

PNEW/CaseS

tudies/GPCa

seStudiesThe

Dell.html 

University of 

Virginia, 

Wise Campus VA   Wetland 

restoration 

(land 

reclamation, 

AMD 

remediation) 

 place for 

historic 

reflection, 

education, 

and 

recreation 

http://www2.

uvawise.edu/

wetlands/ind

ex.htm 

University of 

Washington, 

Bothell WA 

North Creek 

riverine 

ecosystem 

Wetland 

(riverine and 

floodplain) restoration 

valuable 

educational 

resource; 

opportunities 

for research 

and teaching 

http://www.

uwb.edu/ad

min/wetland

s 

University of 

Washington, 

Vancouver WA Mill Creek 

Wetland 

(Constructed); 

Stream 

Creation; 

Restoration: 

invasive 

species control, 

planting native 

species, bank 

stabilization   

http://wsuto

day.wsu.edu

/pages/public

ations.asp?A

ction=Detail

&Publication

ID=26737&T

ypeID=1 

University 

School of 

Nashville, 

River 

Campus TN   

Wetland 

(marsh and 

hardwood) 

mitigation; 

creation: 

planting 

wetland 

species   

http://www.

usn.org/flipb

ook/wetland/

home.html 

Ursinus 

College PA 

Ursinus 

College 

Wetland 

Wetland 

(detention 

basin)   

area for 

research and 

inspiration; 

outdoor 

workshops; 

integral part 

of daily 

academic and 

extra-

curricular life 

http://www.

ursinus.edu/

netcommunit

y/page.aspx?

pid=2746 
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Villanova 

University PA 

Villanova 

Stormwater 

Wetlands 

Wetland 

(stormwater) 

Conversion of 

stormwater 

detention basin 

into wetland 

permanent 

research and 

demonstratio

n site; 

demonstratio

n theme park; 

http://www3.

villanova.ed

u/VUSP/bmp

_research/st_

wetland/st_w

et_exe_sum.h

tm 

Walla Walla 

Community 

College WA Titus Creek Stream 

Restoration: 

natural 

channel, plant 

native species, 

in-stream 

habitat, and 

buffers 

living 

laboratory 

http://www.

wwcc.edu/C

MS/index.ph

p?id=1733 

Washington 

and Lee 

University VA 

Woods Creek 

Restoration Stream 

Restoration: 

tree planting, 

bank 

stabilization   

http://www.

wlu.edu/x520

36.xml 

Waubonsee 

Community 

College, 

Sugar Grove IL   

Wetland 

(marsh) 

restoration: 

invasive 

control   

http://www.c

hicagowilder

nessmag.org/

issues/spring

2007/itw_wa

ubonsee.html 

Wellesley 

College MA 

Alumnae 

Valley and 

Paint Shop 

Pond Wetland 

Creation 

(parking lot 

into wetland); 

Restoration   

http://www.

wellesley.ed

u/Adminand

Planning/Sus

tainability/la

ndscape.html 

West Valley 

College CA 

Vasona Creek 

restoration 

project Stream 

Restoration: 

riparian 

ecosystem, 

removal of 

invasive 

species, 

planting 

indigenous 

species   

http://www.s

tevenscreektr

ail.org/PR/Ar

ticles/SJMerc

uryNews/SJ

MN_2010-02-

26_WestValle

yCollege_Va

sonaCreekRe

storation.pdf 

Western 

Carolina 

University NC 

Cullowhee 

Creek 

Restoration Stream 

Restoration / 

Rehabilitation:  

channel 

stability, 

revegetation   

http://www.

wcu.edu/pub

info/news/cre

ekrestoration

05.htm 
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Westminster 

College UT 

Emigration 

Creek Stream Restoration   

http://www.f

orumfortnig

htly.com/201

1/02/12/creek

-restoration-

bio-class-

helps-

improve-

campus-

creek-

quality/ 

Winston-

Salem State 

University NC Salem Creek 

Stream; 

Wetland 

Restoration:   

created slopes 

and meanders, 

rock and 

wooden 

structures, 

plants 

model for 

restoring 

urban 

waterways 

http://pilotvi

ewrcd.org/im

ages/SalemC

reekSuccessS

tory.pdf 
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Appendix D: University and college academic program s 
and institutes focused on researching, studying and  
teaching about water resources. 

Institution State Water Center/ Program 

NIWR Sea 

Grant 

CUA

HSI 

Albany State 

University GA 

Georgia Water 

Planning & 

Policy Center 

Flint River 

Regional 

Water 

Planning 

and Policy 

Center     

Arizona 

State 

University CA 

Arizona Water 

Institute 

(partnered with 

Northern 

Arizona 

University and 

the University of 

Arizona) 

Decision 

Center for 

a Desert 

City 

Arizona 

Global 

Sustainabili

ty Institute   
CUA

HSI 

Auburn 

University AL 

Alabama Water 

Resources 

Research 

Institute  

Auburn 

University 

Marine 

Extension 

& 

Research 

Center 

Part of 

Mississippi

-Alabama 

Sea Grant 

Consortiu

m NIWR 
Sea 

Grant  

Boise State 

University ID 

Hydrologic 

Sciences 

Program (Dept. 

of Geosciences) 

Center for 

Geophysic

al 

Investigati

on of the 

Shallow 

Surface   
CUA

HSI 

California 

State 

University, 

Fresno CA 

California State 

University, 

Fresno - Water 

Institute  

California 

Water 

Institute  

Internation

al Center 

for Water 

Technology 

and Center 

for 

Irrigation    
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Technology 

Carnegie 

Mellon 

University PA 

Water QUEST 

(Water Quality 

in Urban 

Environmental 

Systems))   
CUA

HSI 

City College 

of New York NY 

Environmental 

Engineering and 

Water Resources 

Center for 

Water 

Resources 

and 

Environm

ental 

Research   
CUA

HSI 

Clarkson 

University NY 

Water Resources 

Engineering   
CUA

HSI 

Clemson 

University SC 

South Carolina 

Water Resources 

Research 

Institute  

South 

Carolina 

Sea Grant 

(consortiu

m of 

institution

s and 

based in 

Charlesto

n) NIWR 
Sea 

Grant 
CUA

HSI 

College of 

William & 

Mary VA 

Virginia 

Institute of 

Marine Sciences  

Sea 

Grant  

Colorado 

School of 

Mines CO 

Integrated 

Groundwater 

Modeling 

Center 

AQWATE

Q 

Advanced 

Water 

Technolog

y Center   
CUA

HSI 
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Colorado 

State 

University CO  

Colorado Water 

Institute  

CSU 

Water 

Center 

Northern 

Plains and 

Mountain 

Regional 

Water 

Program NIWR  
CUA

HSI 

Columbia 

University NY 

Columbia Water 

Center 

Center for 

Rivers and 

Estuaries 

The 

Internation

al Research 

Institute for 

Climate 

and Society   
CUA

HSI 

Cornell 

University NY  

New York State 

Water Resources 

Institute  

Shoals 

Marine 

Laborator

y 

Soil 

and Water 

Lab NIWR 
Sea 

Grant 
CUA

HSI 

Dartmouth 

College NH 

Dartmouth 

Flood 

Observatory 

(now hosted at 

INSTAAR at 

University of 

Colorado)   
CUA

HSI 

Dauphin 

Island Sea 

Lab AL 

Dauphin Island 

Sea Lab  

Sea 

Grant  

Dessert 

Research 

Institute 

(DRI) NV 

Nevada Water 

Resources 

Research 

Institute  NIWR   

Drexel 

University PA 

The Sustainable 

Water Resource 

Engineering 

Laboratory 

Drexel 

Engineeri

ng Cities 

Initiative: 

Water & 

Sustainabl

e Land 

Use   
CUA

HSI 
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Duke 

University NC 

Water Working 

Group 

Duke 

University 

Wetland 

Center 

Marine 

Science & 

Conservati

on; Earth 

and Ocean 

Sciences 

Divisions 

of the 

Nicholas 

School of 

the 

Environme

nt   
CUA

HSI 

Florida 

International 

University FL 

Global Water for 

Sustainability 

Program 

(GLOWS) 

SERC 

Water 

Quality 

Monitorin

g 

Network 

Drinking 

Water 

Research 

Center   
CUA

HSI 

Florida State 

University FL 

Environmental 

and Water 

Resources 

Engineering 

Coastal 

and 

Marine 

Laborator

y   
CUA

HSI 

George 

Mason 

University VA 

NASA Energy 

and Water Cycle 

Study 

Center for 

Clean 

Water and 

Sustainabl

e 

Technolog

ies 

Departmen

t of 

Atmospher

ic, Oceanic, 

Earth 

Sciences   
CUA

HSI 

Georgia 

Southern 

University GA 

Coastal Rivers 

Water Planning 

& Policy Center    

Georgia 

State 

University GA 

North Georgia 

Metropolitan 

Water Planning 

and Policy 

Center    
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Georgia 

Tech 

University GA  

Georgia Water 

Resources 

Institute  

Environm

ental 

Fluid 

Mechanics 

and Water 

Resources 

Program NIWR  
CUA

HSI 

Harvard 

University MA 

Atmospheric, 

Ocean and 

Climate 

Dynamics 

Center for 

Internatio

nal 

Developm

ent: 

Sustainabi

lity 

Science 

Program 

Carr 

Center's 

Human 

Rights to 

Water & 

Sanitation 

Program   
CUA

HSI 

Indiana 

University – 

Purdue 

University, 

Indianapolis IN 

Center for Earth 

and 

Environmental 

Science 

      

Iowa State 

University IA  

Iowa Water 

Center  

Extension 

(Water 

Quality 

and 

Watershe

ds)  

Agroecolog

y Issue 

Team (Ripa

rian Buffer 

Systems)  NIWR  
CUA

HSI 

Johns 

Hopkins 

University MD 

Global Water 

Program (GWP)   
CUA

HSI 

Kansas State 

University KS  

Kansas Water 

Resources 

Research 

Institute  

Kansas 

WaterLink  NIWR  
CUA

HSI 

Louisiana 

State 

University, 

Baton Rouge LA  

Louisiana Water 

Resources 

Research 

Institute  NIWR 
Sea 

Grant 
CUA

HSI 

Massachuset

ts Institute 

of MA 

MIT Sea Grant 

Program   
CUA

HSI 



 

 237

Technology 

Michigan 

State 

University MI 

Institute of 

Water Research  NIWR  
CUA

HSI 

Mississippi 

State 

University MS  

Mississippi 

Water Resources 

Research 

Institute  

Part of 

Mississipp

i-Alabama 

Sea Grant 

Consortiu

m NIWR 
Sea 

Grant  

Montana 

State 

University, 

Bozeman MT 

Montana Water 

Center  NIWR  
CUA

HSI 

Murray 

State 

University KY 

Watershed 

Studies Institute 

Hancock 

Biological 

Station   
CUA

HSI 

New Mexico 

State 

University, 

Las Cruces NM  

New Mexico 

Water Resources 

Research 

Institute  

Water 

Science 

and 

Education 

Center 

SubCluste

r 

College of 

Agriculture 

and Home 

Economics 

Water Task 

Force NIWR  
CUA

HSI 

New Mexico 

Tech NM 

Aquifer 

Mapping 

Program and 

Hydrological 

Studies 

Tribal 

Drinking 

Water 

Program   
CUA

HSI 

Northern 

Arizona 

University AZ 

Arizona Water 

Institute 

(partnered with 

Arizona State 

University and 

the University of 

Arizona) 

Watershe

d 

Research 

and 

Education 

Program   
CUA

HSI 
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North 

Carolina 

State 

University 

(NCSU) NC 

Water Resources 

Research 

Institute of the 

University of 

North Carolina 

North 

Carolina 

Stream 

Restoratio

n Institute  

NC State 

University 

Water 

Quality 

Group NIWR 
Sea 

Grant  

North 

Dakota State 

University & 

University 

of North 

Dakota ND  

North Dakota 

Water Resources 

Research 

Institute  NIWR   

Northwester 

University IL 

Watershed 

Dynamics     

Ohio State 

University OH  

Ohio Water 

Resources 

Center  

Ohio 

Center for 

Wetland 

and River 

Restoratio

n 

Olentangy 

River 

Wetland 

Research 

Park NIWR 
Sea 

Grant 
CUA

HSI 

Oklahoma 

State 

University OK  

Oklahoma 

Water Resources 

Research 

Institute  NIWR  
CUA

HSI 

Oregon 

State 

University OR  

The Institute for 

Water & 

Watersheds  

Water 

Resources 

Graduate 

Program  

Program in 

Water 

Conflict 

Manageme

nt and 

Transforma

tion 

(PWCMT) NIWR 
Sea 

Grant 
CUA

HSI 

Pennsylvani

a State 

University, 

University 

Park PA  

Pennsylvania 

Water Resources 

Research Center  

Pennsylva

nia Sea 

Grant NIWR 
Sea 

Grant 
CUA

HSI 
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Portland 

State 

University OR 

Institute for 

Sustainable 

Solutions 

Student 

Watershe

d 

Research 

Project 

Water 

Quality 

Research 

Group   
CUA

HSI 

Princeton 

University NJ 

Environmental 

Engineering and 

Water Resources 

Princeton 

Environm

ental 

Institute   
CUA

HSI 

Purdue 

University IN 

Indiana Water 

Resources 

Research Center  

Purdue 

Calumet - 

Water 

Institute  NIWR  
CUA

HSI 

Rensselaer 

Polytechnic 

Institute NY 

Rensselaer 

Polytechnic 

Institute - Darrin 

Fresh Water 

Institute     

Rutgers 

University NJ  

New Jersey 

Water Resources 

Research 

Institute  

Institute 

of Marine 

and 

Coastal 

Sciences NIWR 
Sea 

Grant 
CUA

HSI 

South 

Dakota State 

University SD 

South Dakota 

Water Research 

Institute  NIWR  
CUA

HSI 

Stanford 

University CA 

Woods Institute 

for the 

Environment: 

Center for 

Ocean Solutions 

Civil & 

Environm

ental 

Engineeri

ng: 

Environm

ental fluid 

mechanic 

and 

hydrology 

Hopkins 

Marine 

Station   
CUA

HSI 
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State 

University 

of New 

York, ESF NY 

Department of 

Environmental 

Resources 

Engineering: 

Water Resources 

Engineering   
CUA

HSI 

State 

University 

of New 

York, Stony 

Brook NY 

New York Sea 

Grant Program  

Sea 

Grant  

Temple 

University PA 

Water and 

Environment 

Technology 

Center   
CUA

HSI 

Texas A&M 

University, 

College 

Station TX  

Texas Water 

Resources 

Institute  

The Water 

Managem

ent and 

Hydrologi

cal Science 

(WMHS) 

degree 

program 

El Paso 

Research 

and 

Extension 

Center  NIWR 
Sea 

Grant 
CUA

HSI 

Texas State 

University TX 

River Systems 

Institute 

Internatio

nal Center 

for 

Watershe

d Studies 

Research 

Center for 

River 

Recreation 

and 

Tourism   
CUA

HSI 

Tufts 

University MA 

Water, 

Sustainability, 

Health, and 

Ecological 

Diversity 

(WaterSHED) 

A Center of 

Tufts University   
CUA

HSI 
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University 

of Alabama, 

Tuscaloosa AL 

Center for 

Freshwater 

Studies 

Part of 

Mississipp

i-Alabama 

Sea Grant 

Consortiu

m   
CUA

HSI 

University 

of Alaska, 

Fairbanks AK 

Water and 

Environmental 

Research Center  

NSF 

Water 

Quality 

Center NIWR 
Sea 

Grant 
CUA

HSI 

University 

of Arizona AZ 

Water Resources 

Research Center  

Sustainabi

lity of 

semi-Arid 

Hydrolog

y and 

Riparian 

Areas 

(SAHRA)  NIWR  
CUA

HSI 

University 

of Arkansas, 

Fayetteville AR 

Arkansas Water 

Resources 

Center  NIWR  
CUA

HSI 

University 

of California CA  

Center for Water 

Resources  NIWR  
CUA

HSI 

University 

of 

California, 

Berkeley CA 

Berkeley Water 

Center   
CUA

HSI 

University 

of 

California, 

Davis CA 

Center for 

Watershed 

Sciences 

Aquatic 

Ecosystem

s Analysis 

Laborator

y 

Tahoe 

Environme

ntal 

Research 

Center    
CUA

HSI 

University 

of 

California, 

Irvine CA 

Urban Water 

Research Center  

Center for 

Hydromet

eorology 

and 

Remote 

Sensing    
CUA

HSI 

University 

of 

California, 

Los Angeles CA 

Water 

Technology 

Research Center    
CUA

HSI 
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University 

of 

California, 

Merced CA 

Mountain 

Hydrology 

Research Group  

Harmon 

Research 

Group   
CUA

HSI 

University 

of 

California, 

Riverside CA 

Water Science 

and Policy 

Center  

Water 

Resources 

Center 

Archives    
CUA

HSI 

University 

of 

California, 

San Diego CA 

Scripps 

Institution of 

Oceanography   

Sea 

Grant  

University 

of 

California, 

Santa 

Barbara CA 

Energy and 

Water 

Sustainability 

Research 

Program  

Water 

Policy 

Program    
CUA

HSI 

University 

of 

California, 

Santa Cruz CA 

Center for 

Integrated 

Water Research     

University 

of Central 

Florida FL 

Stormwater 

Management 

Academy   
CUA

HSI 

University 

of Colorado CO 

Western Water 

Assessment 

Western 

Water 

Policy 

Program 

Center for 

Advanced 

Decision 

Support for 

Water and 

Environme

ntal 

Systems   
CUA

HSI 

University 

of 

Connecticut CT 

Connecticut 

Institute of 

Water Resources  NIWR 
Sea 

Grant 
CUA

HSI 
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University 

of Delaware DE 

Water Resources 

Center  NIWR 
Sea 

Grant 
CUA

HSI 

University 

of Florida FL 

Florida Water 

Resources 

Research Center  

UF Water 

Institute  

Hydrologic 

Sciences 

Academic 

Cluster NIWR 
Sea 

Grant 
CUA

HSI 

University 

of Georgia GA 

Water Resources 

Centers and 

Programs 

River 

Basin 

Science 

and Policy 

Center  

Savannah 

River 

Ecology 

Laboratory   

Sea 

Grant 
CUA

HSI 

University 

of Guam GU  

Water and 

Environmental 

Research 

Institute of the 

Western Pacific NIWR   

University 

of Hawaii, 

Manoa HI 

Water Resources 

Research Center  

School of 

Ocean and 

Earth 

Science 

and 

Technolog

y NIWR 
Sea 

Grant  

University 

of Idaho, 

Boise ID  

Idaho Water 

Resources 

Research 

Institute  NIWR  
CUA

HSI 

University 

of Illinois, 

Urbana-

Champaign IL 

Illinois Water 

Resources 

Center  NIWR 
Sea 

Grant 
CUA

HSI 

University 

of Kentucky KY  

Kentucky Water 

Resources 

Research 

Institute  NIWR  
CUA

HSI 

University 

of Maine ME 

Senator George 

J. Mitchell 

Center for 

Environmental 

& Watershed 

Research  NIWR 
Sea 

Grant  
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University 

of 

Maryland, 

Baltimore 

Country MD 

UMBC IGERT: 

Water in the 

Urban 

Environment   
CUA

HSI 

University 

of 

Maryland, 

College Park MD 

Maryland Water 

Resources 

Research Center  NIWR 
Sea 

Grant 
CUA

HSI 

University 

of 

Massachuset

ts, Amherst MA  

Water Resources 

Research Center  

Massachu

setts 

Stormwat

er 

Technolog

y 

Evaluatio

n Project 

(MASTEP) NIWR  
CUA

HSI 

University 

of Memphis TN 

University of 

Memphis - 

Ground Water 

Institute    
CUA

HSI 

University 

of Michigan MI 

Michigan Sea 

Grant  

Sea 

Grant  

University 

of 

Minnesota, 

Duluth MN 

Center for Water 

and the 

Environment 

Large 

Lakes 

Observato

ry  

Sea 

Grant  

University 

of 

Minnesota, 

St Paul MN 

Water Resources 

Center  

U of M 

Graduate 

Program 

in Water 

Resources 

Science 

Limnologic

al Research 

Center  NIWR  
CUA

HSI 

University 

of 

Mississippi, 

Oxford MS 

Center for Water 

and Wetland 

Resources at 

University of 

Mississippi 

Field Station 

Part of 

Mississipp

i-Alabama 

Sea Grant 

Consortiu

m  

Sea 

Grant 
CUA

HSI 
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University 

of Missouri MO 

Missouri Water 

Resources 

Research Center  NIWR   

University 

of Montana MT 

Flathead Lake 

Biological 

Station   
CUA

HSI 

University 

of Nebraska, 

Lincoln NE 

Nebraska Water 

Resources 

Center  

Water for 

Food NIWR  
CUA

HSI 

University 

of Nevada, 

Las Vegas NV 

Water Resources 

Management 

Graduate 

Program    
CUA

HSI 

University 

of Nevada, 

Reno NV 

Graduate 

Program of 

Hydrologic 

Sciences   
CUA

HSI 

University 

of New 

Hampshire NH  

New Hampshire 

Water Resources 

Research Center  

Water 

Treatment 

Technolog

y 

Assistance 

Center  NIWR 
Sea 

Grant 
CUA

HSI 

University 

of New 

Mexico NM 

Water Resources 

Program  

Utton 

Transbou

ndary 

Resources 

Center    
CUA

HSI 

University 

of North 

Carolina, 

Chapel Hill NC 

UNC-Chapel 

Hill Drinking 

Water Research 

Center    
CUA

HSI 

University 

of North 

Dakota ND 

EERC Water 

Management 

Center    

University 

of Notre 

Dame IN 

Environmental 

Change 

Initiative: 

Landuse and 

Water Quality   
CUA

HSI 
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University 

of Pittsburg PA 

Water Reuse 

Project    

University 

of Puerto 

Rico, 

Mayaguez PR  

Puerto Rico 

Water Resources 

& 

Environmental 

Research 

Institute  NIWR 
Sea 

Grant  

University 

of Rhode 

Island RI  

Water Resources 

Center  NIWR  
CUA

HSI 

University 

of South 

Carolina SC 

Water Resources 

Engineering   
CUA

HSI 

University 

of Southern 

California CA 

University of 

Southern 

California Sea 

Grant Program  

Sea 

Grant  

University 

of South 

Florida FL 

Wateratlas 

Program   
CUA

HSI 

University 

of 

Tennessee, 

Knoxville TN 

Tennessee 

Water Resources 

Research Center  

Southeast

ern Water 

Resources 

Institute 

(SWRI) NIWR  
CUA

HSI 

University 

of Texas, 

Arlington TX 

Water Resources 

Engineering   
CUA

HSI 

University 

of Texas, 

Austin TX 

Center for 

Research in 

Water Resources 

Environm

ental and 

Water 

Resources 

Engineeri

ng   
CUA

HSI 

University 

of Texas, El 

Paso TX 

Center for 

Inland 

Desalination 

Systems   
CUA

HSI 
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University 

of Texas, 

San Antonio TX 

Center for Water 

Research   
CUA

HSI 

University 

of the 

District of 

Columbia DC  

D.C. Water 

Resources 

Research 

Institute  NIWR   

University 

of the Virgin 

Islands VI 

Virgin Islands 

Water Resources 

Research 

Institute  NIWR   

University 

of Utah UT 

Water Resource 

Engineering   
CUA

HSI 

University 

of Vermont VT 

Vermont Water 

Resources and 

Lake Studies 

Center  NIWR 
Sea 

Grant 
CUA

HSI 

University 

of 

Washington WA 

Wetland 

Ecosystem Team  

Washingt

on Sea 

Grant   

Sea 

Grant 
CUA

HSI 

University 

of 

Washington, 

Tacoma WA 

The Center for 

Urban Waters      

University 

of West 

Georgia GA 

Center for Water 

Resources    

University 

of 

Wisconsin, 

Madison WI 

Water Resources 

Institute  

UW 

Aquatic 

Sciences 

Center  

University 

of 

Wisconsin - 

Great 

Lakes 

Water 

Institute  NIWR 
Sea 

Grant 
CUA

HSI 

University 

of Wyoming WY  

Wyoming Water 

Research 

Program  NIWR  
CUA

HSI 

Utah State 

University UT 

Utah Center for 

Water Resources 

Research  NIWR  
CUA

HSI 
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Villanova PA 

Water 

Resources and 

Environmental 

Engineering      

Virginia 

Tech 

University VA  

Virginia Water 

Resources 

Research Center  NIWR  
CUA

HSI 

Washington 

State 

University WA  

State of 

Washington 

Water Research 

Center  

Washingt

on 

Scientific 

Irrigation 

Schedulin

g (WSU-

Prosser)  NIWR  
CUA

HSI 

West 

Virginia 

University WV  

West Virginia 

Water Research 

Institute  NIWR  
CUA

HSI 

Woods Hole 

Oceanic 

Institute MA 

Woods Hole 

Oceanic 

Institute  

Sea 

Grant 
CUA

HSI 

Yale 

University CT 

Hixon Center 

for Urban 

Ecology: Urban 

Watershed 

Program      
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Appendix E: Case Study Interview Guide 

 Campus water projects serving as outdoor teaching and research laboratories 

1. Campus environmental sustainability and water management 

2. Inspiration � source of original idea for the project and its realization + Goals  

and objectives 

3. Key steps in planning and development of the project + Drivers and barriers 

4. Stakeholders participation in: Planning; Funding; Permitting; Construction;  

Managing; Evaluation 

5. Interaction/collaboration with campus sustainability program/office 

6. Interaction/collaboration with campus water managers (e.g. Facilities Dept.) 

7. Current/Updated goals, objectives, and status of the project 

(Operative/Function; Research/Laboratory; Education/Teaching/Outreach) 

8. Future plans and goals 

9. Comparable projects (or planned projects) at other universities 

10. Definition/understanding of integrated water resource management (IWRM) 

11. Relevance of IWRM to the university and project 

12. Whether/how the different principles of IWRM are adopted in the project 

13. Whether/how the principles of IWRM are adopted in water management at the 

university 
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Appendix F: Best management practices (BMPs) and 
technologies for water conservation and quality 
management 

Best Management 
Practice or Technology 

Water 
Quantity  

Water 
Quality  Type of BMP  Setting 

Listed 
in 

Survey  
BATHROOMS & 
RESTROOMS           
automatic faucets x Technology Building  
low flow faucets x Technology Building x 
low flow showerheads x Technology Building x 
5-minute shower timers x Technology Building x 
flushless/waterless 
urinals x Technology Building x 
toilets with low volume 
flushes (conversion kits) x Technology Building x 

dual flush toilets x 
Technology, 
Behavior Building x 

hand sanitizer 
(dispensers) x 

Technology, 
Behavior Building   

foaming soap 
(dispensers) x Technology Building   
HOUSEKEEPING           
use environmentally 
(biodegradable) friendly 
cleaning supplies x 

Behavior, 
Policy Building   

proper disposal of 
hazardous wastes and 
pollutants (chemicals, 
electronics, batteries) 

Behavior, 
Policy Building   

trash and debris 
management x 

Behavior, 
Policy Landscape x 

DINING FACILITIES           
WaterMizer controls 
(sterilizers, autoclaves) x Technology Building x 
Shift from water cooled 
evaporator systems for 
kitchen food storage to 
mechanical cooling x Technology Building x 
trayless dining halls x Policy Building  
disposable eating 
utensils x Policy Building x 
water bottle refill 
stations/fountains (solid ? 

Technology, 
Behavior Building x 
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waste reduction) 

stopped bottled water 
sale on site  (solid waste 
reduction) ? 

Behavior, 
Policy Building x 

Reduced consumption of 
water intensive foods 
(e.g. beef) x Behavior   
FACILITIES 
MANAGEMENT           

report and fix leaks x 
Policy, 
Technology Building x 

water reclamation (from 
wastewater) x x Technology Landscape x 

graywater recycling/use x x 
Policy, 
Technology 

Building/ 
Landscape x 

Uses of recycled water: 
irrigation, building 
conditioning,  x 
recycling HVAC  system 
water x Technology Building x 
recycling steam plan 
system water x Technology Building x 
cooling tower water 
recovery x Technology Building x 
condensation collection x Technology Building x 
water use restrictions 
(e.g. irrigation and 
carwashing restrictions) x 

Behavior, 
Policy Landscape x 

permeable 
pavement/pavers x Technology Landscape x 
green building (w/ 
reduced water 
consumption) x Technology Building x 
decentralized mini 
boilers in each building 
(replacing older 
centralized steam plant 
with low efficiency) - able 
to recover more 
condensate water x Technology Building x 
GROUNDS & 
LANDSCAPING           
forest (vegetative cover) 
conservation x Policy Landscape x 
minimizing impervious 
surfaces x Policy Landscape x 

green roof x Technology 
Building/ 
Landscape x 
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rainwater capture, 
storage(rain barrels, 
tanks and cisterns) and 
recycling x x Technology 

Building/ 
Landscape x 

green/smart landscaping x 
rain gardens x Technology Landscape x 
xeriscaping  (drought 
resistant plants) x x Technology Landscape x 
optimized (computerized 
and weather-based) 
irrigation x x Technology Landscape x 
minimized fertilizer and 
herbicide use x Policy Landscape x 
IPM and minimized 
pesticide use x Policy Landscape   

pet waste control x 
Behavior, 
Policy Landscape   

street cleaning x Policy Landscape x 
watershed (integrated 
water resource) 
management x x Policy Landscape   
stormwater management 
and treatment x x x 

stream restoration x Technology Landscape x 
wetland creation and 
restoration x Technology Landscape x 

treatment wetlands x Technology Landscape   
stormwater detention 
ponds x x Technology Landscape x 
stormwater storage 
tanks x x Technology Landscape x 
capture and recycle 
water from de-watering 
operations  x Technology Landscape x 
swales (bioswales) x Technology Landscape x 
filter strips x Technology Landscape   
buffer strips x Technology Landscape   

dams, levees and 
reservoirs x x Technology Landscape 

(dam 
remova

l) 
LAWS & REGULATION           
EPA National Pollutant 
Discharge Elimination 
System (NPDES) x Legal, Policy Landscape   
EPA Total Maximum 
Daily Load (TMDL) x Legal, Policy Landscape   
State Water Policies and x x Legal, Policy Landscape x 
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Regulations 
Municipal Water 
Conservation 
Ordinances x Legal, Policy 

Building/ 
Landscape x 

Municipal Water Quality 
Ordinances x Legal, Policy Landscape x 
EDUCATION & 
OUTREACH           
monitoring water 
consumption x Technology 

Building/ 
Landscape x 

research x x 
Building/ 
Landscape x 

teaching/education x x Behavior 
Building/ 
Landscape x 

outreach and service 
programs x x Behavior 

Building/ 
Landscape x 

Information 
sheets/posters on water 
conserving practices x Behavior Building x 
Water stewardship 
pledges x x Behavior 

Building/ 
Landscape  

Sewer inlets labeled with 
information about 
keeping water ways 
clean x Policy Landscape   
media campaigns x x   
HOME            
Avoid using garbage 
disposal system (which 
requires running water) x Behavior 

Home 
 

EPA 
website 

When buying new 
appliances, chose water-
saving models (e.g. sud-
saver washing 
machines) x Technology 

Home 
 

EPA 
website 

Run dishwasher and 
laundry machine with full 
loads at shortest 
wash/rinse cycles and 
avoid permanent press 
cycle x Behavior 

Home 
 

EPA 
website 

When handwashing 
dishes do not leave 
water running 
continuously (use a bowl 
of water for washing and 
rinsing) x Behavior 

Home 
 

EPA 
website 

When brushing teeth, 
shaving or washing your 
face, do not leave water x Behavior Household 

EPA 
website 
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running continuously 

Take shorter showers 
and use low-flow 
showerhead x 

Behavior, 
Technology 

Home 
 x 

When washing car, use 
a bucket and a high-
pressure low-volume 
hose with nozzle x 

Behavior, 
Technology 

Home 
 

EPA 
website 

When using a 2.5+gallon 
toilet, place 2 half gallon 
plastic bottles of water in 
toilet tank to reduce 
capacity x Technology 

Home 
 

EPA 
website 

Water lawns only when 
absolutely necessary, 
water during coolest time 
of the day, and use 
hand-held (soaker) hose 
or trickle irrigation x 

Behavior, 
Technology 

Home 
 

EPA 
website 

Minimize use of 
fertilizers, herbicides and 
pesticides x 

Behavior, 
Technology 

Home 
 x 
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