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ABSTRACT

In addition to technological and management advances, partnerships between urban water officials, industry, and educators offer powerful leverage points and attractive options to sustain urban water systems and achieve environmental improvement.  By applying systems thinking to the goal of improving urban water systems, we see that to “civilize” them we need an institutional model that leads to the technological and environmental visions; otherwise technology advances alone will not be sustainable. Three aspects of institution-building relate in a special way to urban water systems: shared decision making, environmental education, and using urban water systems to reach out to students and improve schools.  While easy to conceptualize, these programs are not easy to sustain because the partners have other important priorities and coordination is difficult.  However, if the partnership-based programs can be established,  then public participation in decision making can be improved, environmental education can be enhanced, and urban water system resources can be used to help the educational system, thus providing feedback to enable urban water system improvements.  The resulting multiple benefits will include environmental stewardship, management improvements, and engagement of the public and students to build local capacity and citizenship. 

URBAN WATER FUTURES

The goal of this paper—and this workshop on sustainable urban water resources infrastructure—is to peer into the future to identify patterns of development and management to improve urban water systems.  Since we can’t predict the future, the best we can do is outline alternative possibilities and this would seem possible for urban water systems which, after all, are not changing as rapidly as fields such as telecommunications, computing, and biotechnology.  Indeed, I expect that during we workshop we will discuss attractive options for future water management and environmental improvement.  The contribution I hope to make is to show that, in addition to technology and management, the education field offers powerful leverage points for urban water futures.  

My argument is based on the tight connections between people, water resources, and cities, different connections than people have with other fields of activity, such as health care and communications. Water resources belong uniquely to specific areas, they interact strongly with social and natural systems, and they must be used cooperatively by people who live together in cities and who share schools, living spaces, and who have, to a large extent, a common future.  This means that water in cities is a public issue with many aspects and education at all levels, including engagement of the public, is the best vehicle to make positive change.  

So, my argument begins with the thesis that a systemic approach to sustainability recognizes that urban water facilities are technical systems operating inside of a social system, or socio-technical in nature.  For this reason, I chose a second title for the workshop presentation—“civilizing the urban water system.”  I start by linking water systems to sustainability in cities.  Then, I show how the issue is systemic in nature and requires systems thinking.  I review potential elements of visions in the technological, environmental, and institutional arenas, and then I present a vision for a comprehensive approach to sustaining urban water systems based on education.  

URBAN WATER SYSTEMS AND SUSTAINABLE CITIES

Urban water systems are the parts of civil infrastructure that provide water supply, wastewater management, and stormwater services.  They are essential to the supporting fabric of cities and provide benefits to the economy, environment, health and welfare, as well as providing security against floods and droughts.  The systems are linked inextricably with the built, social, and natural environments of urban areas. 

This close link of urban water systems to the cities they serve means that they will share a joint future with the people and cities and must adapt to changing patterns of living, technologies, public attitudes, regulations, and economic realities.  Metaphors that capture the vision for that urban future include the “sustainable,” “livable,” “viable,” and “ecological” city.  I will use “sustainable city” as the organizing concept for the points made in this paper.  

In sustainable cities economic and social development will improve conditions and not harm the environment.  This seemingly simple definition is actually very complex, and a systems view is necessary to explain it; that is, many different and interdependent issues must be considered.  These other issues come in as we consider other terms such as “livable,” “viable,” and “ecological” to describe the urban future.

Because urban water systems have so many linkages with human, physical, and ecological issues, any vision for their future must transcend purely technical topics to show in a comprehensive way how water systems support sustainable communities.  Simply put—urban water systems have many social aspects, as well as technical characteristics.  Our charge at the workshop, to discuss visionary designs, technical innovation and institutional issues, provides a bridge between the social and technical arenas.  

It is easy to get caught up in the jargon of the topics in the paper.  Terms such as “systems,” “sustainable,” and “institutional” are necessary for the discussion, but they add to the confusion unless they are explained clearly.  A few definitions will help the discussion:

· Urban water resources infrastructure includes water supply, wastewater, and stormwater systems, taken singly and as integrated systems called urban water systems (UWS).  

· The term “sustainable” is used in the context of sustainable development—that is, to refer to development and management that conserves resources for the future and that works on a continuing basis without subsidies, lifelines, and other artificial props.  The term has a number of other connotations, which will be described in the paper.

· Institutional issues refer to the set of non-technical elements that influence management and decision making and include laws, customs, incentives, rules, organizations, and agencies.

In presenting a visionary design for sustainability of urban water infrastructure, including institutional factors, I intend to paint a broad picture, but with specific examples to make the discussion meaningful.  In using this broad brush, my first question is: 

· Are UWS separate utilities, operating independently from each other and other parts of urban systems?

· Do they comprise integrated utilities, but still independent from urban systems?

· Or are UWS really broader systems, linked integrally with other components of the urban system, including human and natural systems?

I suggest that only the latter view makes sense in any discussion of sustainability, and that UWS will be sustainable only if cities are sustainable in a comprehensive way.  I expect that this view will be shared among the community of people involved with city government and affairs.  Simply stated, if the city does not survive, neither will the water systems.  The implication is that a technological vision for UWS will not be enough by itself.   Physical systems themselves can be excellent, but unless they fit organically and synergistically into communities, the result will be piecemeal and not fit our vision for being “sustainable.” 

Stated another way, infrastructure can be construed to be mostly a political issue.  A group at a National Science Foundation workshop on infrastructure wrote:  “…the solutions to infrastructure problems are probably 5% technical and 95% social, political, environmental, and economic”  (National Science Foundation, 1993).

So, the technological vision for the future of UWS must be nested inside of an institutional vision that works in a realistic socio-political environment.  Let’s begin the discussion by explaining the “sustainable city.”

THE SUSTAINABLE CITY

The concept of the “sustainable city”—a city that does not harm the environment—has been embraced within the planner and environmentalist communities.  These communities needed a metaphor for that set of actions and policies that will continually improve cities toward shared goals of protecting the environment and ensuring a future for the global population.  In other words, the sustainable city is the organizing concept for positive environmental and other policies in cities.  It is associated with related terms such as “viable” and “livable,” leading to a melange of visions about how cities should evolve.

Not everyone likes these metaphors.  For example, one “realist” wrote: 

“The issue of growth management is often discussed from a high altitude by small groups of like-minded enthusiasts in fervent language about “sustainability,” “livability,” and “viability” that means very little to most people.”  “But amidst all the New Urbanism jargon, there is one word that represents the tremendous potential to move strategies for smart growth in metro Denver from policy punditry to political reality.  That word is traffic (Nevel, 1999).”  

In the end, it doesn’t matter which jargon we use, we have to take a short and long view—short for political reality and long to figure out what to do strategically, including through education. The main problem is gaining public agreement about specific measures.

Although the lofty goals of sustainable, livable, and viable cities has a high profile, the reality presents a tremendous global challenge. The world is growing larger and less equal and adds a population equal to the United States every three years, with 98% of growth in developing countries.  Today’s 41 world cities (populations exceeding five million) will increase to 64 by 2015.  Urban areas are under pressure from migration, increasing levels of development, and rising expectations.  Naturally, the environment is under stress as well.  In the United States, growth is the biggest issue, and sustainable cities draw different views about sprawl and growth, social issues, and the impacts of technological advances.  Adaptable policies are needed everywhere to move toward sustainability and away from wasteful cities.  As in similar situations, the problem is gaining public agreement about specific policies. 

From an environmental standpoint, a sustainable city will be one where the demands on environmental resources and waste streams are minimized, and to this must be added the social and economic viewpoints.  Achieving these will require social capital, sound economic policy, and protection of natural systems which are broad and require a systemic view.

In its simple form, the concept of sustainability means that any economic or social development should improve and not harm the environment (Newman and Kenworthy, 1999).  While most environmental battles of recent decades were fought outside of cities, now thinking is turning toward the city as a key unit in overall sustainability.

Our main interest is in the relationship of urban water systems to the sustainable city.  To pinpoint it, we must turn first to issues of overall sustainability as they relate to cities.

Worldwide Situation

First, let’s look at the worldwide urban situation and start with the dimensions of urbanization (National Geographic Society, 1998):  

· We live in a world growing larger and less equal—we add the equivalent of a US population every 3 years with 98% of growth in developing countries

· Families are smaller—fertility rates are falling, but large youth populations in developing countries will still cause big growth

· We are experiencing urbanization and closer quarters—there are 41 cities with greater than 5 million, increasing to 64 by 2015 

· People live longer lives—between 1950 and 1998 life expectancy increased from 40 to 63 years and population more than doubled

· Migration is a key factor.  People live away from their homes or origin, drawn to jobs, and aging populations will draw youth for work opportunities

This worldwide phenomena of growth is being addressed by entities such as World Bank, UN, and individual countries.  It is a global issue from the standpoint of health, economic development, and quality of life.  Adequate urban water systems are not available to all of this population, and the remainder faces tremendous challenges in maintaining their water infrastructure. 

Urban Problems in the United States

In the United States, a genuine debate is underway about the perceived evils of sprawl. Effects of the information age, with the yet-unfulfilled promise of telecommuting, will be a key factor.  Some focus on social problems of cities and the debate about the quest for a “civil society.”  Academics continue to probe the issues.  In a 1996 National Science Foundation workshop, we identified issues related to urban structure and functions, human and natural environments of urban areas, urban governance and demographic changes, complexity and pace of developments, growth of information and telecommunications; and forces of a global economy and society (Brown, 1997). 

Trends in Urban Areas

Change in structures, functions, human and natural environments of urban areas

Demographic changes challenge urban governance

Complexity and pace of developments has outrun understanding

Urban areas being changed by explosion of information and telecommunications 

Forces of a global economy and society

Planners have adopted the concept of “smart growth” to capture the goals of sustainability, in a different way.  According to the “Smart Growth Network” web page, the problems they address are:

· New housing in sensitive areas.

· Employment, services, housing separated.

· Automobile dependence increasing.

· Congestion becoming massive.

· Older communities and center cities isolated.

· Local governments "grow" out of fiscal burdens by growth.

· Each increment of growth accompanied by sprawl.

· Sprawl determinants of environmental quality
To address these issues, they propose land use decisions that are environmentally, fiscally, and 

economically smart, in other words, wise development decisions.

Another view of cities in the US is of their social problems, focusing on problems such as youth alienation, racism, environmental degradation, lack of civic involvement, crime, social injustice, economic dislocation, and congestion.  Derek Bok (1996) captured the issue in this quote: 

“Today, compared to the 1950’s when it was more upbeat, the nation is pessimistic, angry, and alienated. we have not done well enough in health care, care of the aged, mitigating crime, protecting employees, creating opportunities for children, improving schools, nurturing careers, improving urban neighborhoods, alleviating poverty, and containing the cost of pollution control.”

Not everyone shares his pessimistic view of social problems, but it is apparent to me that unless the nation solves social problems and creates a fair society with ample opportunity, problems of conflict will tear apart our efforts to create sustainable urban water systems.  The conclusion I reach is that, although urban water systems are not the main determinant of social progress, they link to it much more than you would think.  

We have to be humble about these views.  None of them can fully explain the complex problems of cities.  This is clear from the difficulty that politicians have in talking with us with jargon such as sustainability, smart growth, and social problems.  They need to deal with people where they are, concerned with everyday problems and improving their lives.  Adaptable policies are needed to respond to these, build on success and make cities better.  These policies have to be explained to people in language they can understand.  This is how we can move toward sustainability and away from wasteful cities.

Measuring sustainability in cities

So, when you add it up, what makes a “sustainable city?”  Which of these familiar types of cities is most sustainable: 

· An engineer’s view of a functional city where public works are in good shape

· A sprawling city built in the desert like Las Vegas?

· a megalopolis like Los Angeles that depends on massive water imports

· a desperate third-world city

· a community in Scandinavia

· a livable community built according to the designs of those who promote social “community?”

I am not able to answer the question, of course, but the nub of the issue is that, at least from an environmental standpoint, a sustainable city will be one where the demands on environmental resources and waste streams are minimized.  With such a city, citizen involvement and education can be carried out to improve social capital (a term to be defined later) too.  

Given the multi-dimensional nature of “sustainability,” how can we characterize it by indicators?  Here are some initial possibilities:

Indicator
Sustainable
Non-sustainable

Resource use
Conserving
Wasteful

Social justice
Very aware
Indifferent

Opportunity and morale
Excellent
Poor

Economic climate
Vibrant
Depressed

Functionality
Livable city
Poor

Ecology
Ecological
Unhealthy

As you see, these indicators are crude, but they present formidable challenges in measuring and reporting how a city is doing in becoming sustainable.  For example, the single dimension of “ecology” involves many variables.  

Focusing on three vital categories, we see that sustainable cities require social capital, economics, and good natural systems and they are not not at all limited to technological issues.  My conclusion is that in addition to our focus on sprawl and growth problems, we must give attention to issues such as social justice, economic opportunity, education, protecting the environment, and supporting society.  This is what is meant by “a systemic view” at the higher levels.  (note that a systemic view can also refer to more specific levels, such as relationships between elements of urban water systems themselves.)

Taking a systemic view is a big challenge, but we have tools based on systems thinking to apply to our analysis. 

SYSTEMS VIEW

The way I have tried to apply systems thinking to the problem of urban water infrastructure is to back away from the systems to take an overall view.  Systems thinking is basically a general philosophy or framework for looking at problems holistically and dealing with complexity.  Of course, we try to do that in all problem solving.  However, systems thinking offers a conceptual framework and a set of tools to discern patterns of dynamic relationships and to probe details of complexity (Senge, 1993).  I believe that a logical hierarchy of systems concepts involves process mapping, identification of stocks and flows, and causal loop diagrams.  These tools would show us how urban water systems function, relate to each other, and relate to society at large—quite a task.  Suffice it to say that such a demonstration has not been made in a meaningful way.

Systems thinking offers many tools that we can apply to our analysis of cities.  For example, ecological systems offer us concepts such as interdependence, network patterns, feedback loops, synergistic flows of matter and energy, recycling, and cooperation (Capra, 1994).  They show patterns of organization for sustainable communities and leverage points where urban water systems relate to them, as shown in this table.

Ecosystems
Cities

Interdependence of natural systems
Interdependence of physical, natural, and social systems

Network patterns
Many links between system elements

Feedback loops
Urban systems have links such as a rising economy demanding more water, creating more wastewater, etc.

Synergistic flows of matter and energy
Water, energy, and waste products would be minimized or recycled in a sustainable city

Recycling
Recycling of products is a healthy practice

Cooperation with partnerships
Social system

This kind of thinking is mainly conceptual at this time.  Urban systems are too complex to study in a meaningful way unless we probe their detailed complexity.  To see even a mechanistic view of cities and how urban water systems fit into them we must examine five levels of systems: the urban system, civil infrastructure, urban water, urban water subsystems, and components.  Each of these levels is extraordinarily complex within itself.

At the highest level, urban systems consist of natural systems, built systems, and human systems.  This is the concept used by the National Science Foundation to develop their research program on cities.  

· Human systems involve people’s social and economic activities.

· The built system is all components that have been constructed, including infrastructure.

· Natural systems in urban areas include the air, land and water, as well as the living things that make up urban ecology. 

At the next level, civil infrastructure systems (CIS) consist of the built environment, its transportation and communication systems, its flows of water and energy, and waste handling systems.

Urban water systems are part of civil infrastructure and consist of the water supply, wastewater, and stormwater systems.  Each of these divides further into subsystems and components.  To illustrate the complexity of infrastructure as an issue area and how civil infrastructure systems relate to cities, I offer two diagrams.  Figure 1 shows the “infrastructure issue at a glance,” and summarizes a great deal of thinking about the infrastructure issue itself.  Figure 2 shows how water, energy, waste, transportation, and communications systems relate to the built environment.  

Figures 1 and 2

Urban water systems have important relationships with all three subsystems of the urban system—human, natural, and physical.  Water supply comes from natural systems and wastewater is delivered back to them; flood control and stormwater problems are caused by use of land in the physical system; urban water facilities can be used for human activities such as water sports, nature-watching, and hiking.  These examples of interdependence between elements are only the starting point of an analysis. Interdependencies between urban water systems, CIS, and cities are manifest in at least five categories:

Category
Examples

Physical and environmental
Land use increases stormwater, attracts population, diverts water, increases wastewater

Social and economic
Water and sewer attract development, requiring land, adding value, requiring taxes and fees

Spatial
Shared utility corridors

Civic
Public involvement, democratic participation in decisions and questions for community study and dialog

Workforce
Urban water systems employ important workforce, offer career education opportunities for students

As I will discuss later, the interdependencies in the social and economic, civic, and workforce categories are as dramatic as those in they physical and environmental categories, but they do not receive as much attention.  

URBAN WATER SYSTEMS

At the workshop I expect other speakers will present attractive visions about technological and management futures.  We know a great deal about them as they relate to urban water systems, which have been studied a great deal.  We ought to acknowledge this vast background of knowledge about urban water systems, as I do with this short list of economic characteristics:

· provide critical functions—water supply, wastewater, and stormwater

· are a large industry

· are major assets—around $2500 per capita or $675 billion for US 

· have annual expenditures on the order of 1% of GDP

· affect social and economic systems

· affect urban streams, riparian areas, and urban wildlife

We know that the three subsystems of urban water have distinctive characteristics and management elements: 


Water supply
Wastewater
Stormwater

Purpose
Supply all uses
Collect, treat, dispose
Stormwater and FC

Infrastructure
Source, treatment, distribution
Collection, treatment, disposal
Collection, transmission, floodplain

Regulatory authority
Safe drinking water act
Clean water act
FEMA, EPA, local rules

Associations
AWWA
WEF
Many

Organizations
Water utility
Wastewater utility
Stormwater office

Water supply services evolved first, from local well systems to today’s highly capital intense systems of piped, treated water.   In large cities, stormwater systems evolved next, being put into place to provide drainage for built-up areas.  Wastewater systems evolved by being added to stormwater, first by combined systems, then later by separate systems.

The integrated urban water system (IUWS) is a concept introduced by, among others, ASCE during the 1960s and 1970s as part of their Urban Water Resources Research Program under the direction of Murray McPherson (see ASCE, 1968; McPherson, 1970; Grigg, 1986).   Research done by ASCE in those years was a precursor to the attractive vision prepared by Damann Anderson and Richard Otis for this workshop.  For example, the concepts of “integration” and “real time control” were studied in those years.  

Actually, we can see that in some ways, changes in urban water systems over the last fifty years have not been all that dramatic.  The following table shows that moves toward ideal characteristics have been incremental, rather than revolutionary:


1950
2000
Ideal

Water Supply
Post war society, many development needs, rural to urban transition underway
More urbanization, regulation, infrastructure
Protected sources, reliable treatment and distribution, conservation, cost recovery, deregulation

Wastewater
Primitive, little treatment, stream pollution, lack of service, CSO problems
Wastewater has become a utility, much more infrastructure, highly regulated
Reliable service, on-site treatment, ecological, cost recovery, non-polluting

Stormwater and Flood Control
Little service except major cities
SW is recognized service, regulated, FC is regulated, FEMA programs
Ecological approach to stormwater, flood plain management works, less damage

So, while much can be said about urban water systems, the reality is that they:

· Are extensive networks of widely-distributed underground pipes

· Consist of capital intensive facilities, often aged and in unknown condition

· Are vulnerable to leaks, breaks, service interruptions, and sabotage

· Have many small systems that lack resources

· Are rapidly urbanizing

· Are under-financed

· Have political conflicts

· Are managed by a huge, mostly public workforce with diverse skills.

VISIONS FOR URBAN WATER

We can’t know the future, but we can look at different possibilities for it.  As the World Futures Society notes:  “The world changes so quickly it's hard to keep up. New inventions and innovations alter the way we live. People's values, attitudes, and beliefs are changing. And the pace of change keeps accelerating, making it difficult to prepare for tomorrow. By studying the future, people can better anticipate what lies ahead. More importantly, they can actively decide how they will live in the future, by making choices today and realizing the consequences of their decisions….

The future doesn't just happen: People create it through their action -- or inaction -- today…

What Can We Know about the Future? …. No one knows exactly what will happen in the future. But by considering what might happen, people can more rationally decide on the sort of future that would be most desirable and then work to achieve it.  Opportunity as well as danger lies ahead, so people need to make farsighted decisions. The process of change is inevitable; it's up to everyone to make sure that the change is constructive (World Future Society, 1999).”

So, we cannot predict the future, but we can consider what might happen to aid in public decision making.  If we think about ten, twenty, fifty years into the future, we can begin to get a glimpse of what might happen.  It is easy to get carried away with futuristic visions, but think about the everyday subject of traffic.  Can you remember how it was on your local highway twenty-five years ago, in 1974?  As I drive mine today, I remember how I was commuting to Denver on the same strip of asphalt and how it was very similar to today except for the way the vehicles look (big and wasteful then, smaller and more efficient today) and the volume of traffic (much heavier now).

Go back fifty years in time to 1949.  I was ten years old and can remember clearly the way our city worked.   Our family was not affluent, but we had piped, potable water in the house and flush toilets which worked pretty much the way they do today.  The street outside had some storm drains which worked for minor rainfall events, and the city had “minor” and “major” drainage systems.  The city used a groundwater supply which was probably chlorinated, it had little wastewater treatment, and the thought that stormwater could hurt the environment had not crossed anyone’s mind.   There were no detention ponds or integrated land and water recreation systems.  

The biggest changes in the fifty years of my personal experience with urban water are the Clean Water Act and all of its parts, drinking water provided to more people, with many more regulations, and blue-green stormwater systems with some ecological awareness.  

Technological and management vision

At the risk of oversimplification, the urban water vision can be presented with three parts: technological and management, environmental, and social.  

The technological and management vision is the starting point.  It will include measures such as:

· Assured, adequate high-quality supply (quantity, risk, quality)

· Water banks, dual water systems, recycling

· Reliable, efficient, advanced, effective WS treatment systems

· Modern, well-maintained and operated distribution systems

· Point of use reliability

· Modern, well-maintained and operated WW collection systems

· Advanced, reliable, effective WW treatment systems 

· Low impact and ecological WW disposal systems

· Effective local SW collection systems

· Minor and major SW systems

· Detention and land use integration systems

· Pollution mitigation systems for SW

· Water conservation and demand management

· Coordinated utility corridors, excellent public works management

· Computer-based monitoring and control, SCADA

· Maintenance management systems, GIS and DB

· Trenchless technologies

· Highly-effective emergency response

While these are impressive, they don’t seem like dramatic leaps into the future.  Rather, each is a logical, incremental step of applying technology or management to today’s systems.  

Environmental vision

In an environmental vision, urban water systems would have minimum impacts on the natural environmental and maximum benefits for internal (city) natural environments—they would promote the “ecological city.”  These goals can be linked with those for water use and management as shown in this table:

Goal
Water use and management

Instream flows
Minimum withdrawals of surface water

Habitat
Non-interference with natural water schedules 

Safe groundwater yield
Safe yields from aquifers

Human needs
Safe and affordable drinking water

Economic needs
Affordable commercial and public supplies

Conservation
Maximum conservation and recycling

Landscape use
Xeriscape or similar landscaping

Zero discharge
Non-polluting returns of water 

Ecology
Use of wastewater to support natural ecology 

Blue-green stormwater
Total management of stormwater

Recreation
Water to support urban amenities

Floodplain management
Wise flood plain uses

Natural flooding
Recognition of beneficial effects of flooding 

Institutional vision

The vision in the social, or institutional, category is more complex.  We generally want an institutional model—laws, incentives, behavior, customs, relationships, organizations—that motivates the technological and environmental visions to work.  Now, I plan to lay this vision out more completely.

In a utopian world, we would have more public involvement and democratic participation in decisions and questions for community study and dialog.  We would want to get people connected positively with the rest of the urban water agenda.  The theory is that if we can show people the common good through urban water systems, then social capital—inter-personal trust, civic engagement, and community capacity—will increase and problems will get fixed.  The watershed movement is an example of measures that should build social capital related to water.  The idea is to enable citizens to work together to solve problems, thus empowering them and building community. 

If this vision can be achieved, we can take advantage of the principle that society is a self-organizing and complex system, not amenable to master planning and institutionalized regulation. In other words, we can begin to move toward a sustainable system, in the context of systems thinking. 

The “institutional” part of water management is the most difficult of all.  Warren Viessman (1993) outlined some of the issues:  more involvement of stakeholders and more partnerships, with agencies taking the lead and providing the forum; accepting the institutional challenge and taking a holistic view; defining costs, benefits, and risks; education, communication, and fostering technological awareness; and engaging people in the planning and visioning processes and being proactive.

Elements of the institutional challenge he identifies are:  traditions of agencies, rules of law, social customs, relationships of planners to those they impact, coordination mechanisms, government entities, other water management organizations (such as non-governmental forums), frameworks for understanding (such as “ecosystem), and syndromes (such as “not in my backyard”).

When you study these views you begin to see that they are in essence the same as others are saying, for example, AWWA (1996) in their concept of “Total Water Management.”  

“Total Water Management is the exercise of stewardship of water resources for the greatest good of society and the environment.  A basic principle of Total Water Management is that the supply is renewable, but limited, and should be managed on a sustainable use basis.  Taking into consideration local and regional variations, Total Water Management:  encourages planning and management on a natural water systems basis through a dynamic process that adapts to changing conditions; balances competing uses of water through efficient allocation that addresses social values, cost effectiveness, and environmental benefits and costs; requires the participation of all units of government and stakeholders in decision-making through a process of coordination and conflict resolution; promotes water conservation, reuse, source protection, and supply development to enhance water quality and quantity; and fosters public health, safety, and community good will.” 

You can see from this definition that it responds to elements of the “institutional challenge” outlined by Viessman.  In other words, if we work at it, we can get a clear view of the institutional issues.  At the risk of oversimplification I offer this table as a summary of them.

Institutional element
Examples
Possible futures

Laws and regulations
Vast realm of water laws and regulations, including efficient allocation to address benefits and costs 
Become tighter and tighter, more lawsuits, more conflict .... or looser, more flexible, better cooperation instead of regulation

Incentives and business patterns
Systems of charges and fees, public-private relationships
Could go more privatized, more incentive based, or could go more government control, more subsidies, more command and control

Customs and behavior
Wasting water, stewardship, 
People could become better stewards with a sense of public responsibility, or they could get more selfish and only respond to financial incentives and legal restrictions that can be enforced

Organizations and relationships
Public agencies, coordination mechanisms, regionalization, private firms;  public involvement, including participation of all units of government and stakeholders
Turf battles could increase, intergovernmental tensions could worsen and conflicts between stakeholders would get ugly, or cooperation adn coordination could improve, lawsuits could diminish, and water could become a valued ecosystem element

Alternative institutional futures

If you look at alternative futures in the institutional realm, you see that, again at the risk of oversimplification, they can take on two basic dimensions—degree of government control and public attitudes.  Let’s look at a two-by-two display of these, we can create a four way choice:

Free society with good stewardship

Government control low, regulations relaxed, more cooperation, coordination, public are better stewards—possibility of sustainable future
Regulated society with good stewardship

Government control high, regulations tight, command and control, public are still good stewards—unlikely scenario, like “big brother”

Free society with poor stewardship

Government control low, regulations relaxed, more cooperation, coordination, public are poor stewards—non-sustainable
Police state with poor stewardship

Government control high, regulations tight, command and control, public are poor stewards—police state

This is just one of a number of two-by-two displays that could be set up, and it shows that one of the scenarios—more flexible government with people taking on better stewardship—offers the most promising future.  The opposite is the police state.  Actually, stewardship should lead to more flexible government.  How can we achieve that?

Stewardship as key issue—how do we improve it?

So, if the key element is stewardship and if it will increase only in a climate of freedom, opportunity, and moral improvement, what are the best policies to pursue it?  Is this a utopia which hasn’t arrived?  So what do we do?  We move toward it, incrementally and we need a plan for doing that.

The plan has to be related to relationships between people and their urban water organizations and managers. The theory is that if people see the common good of urban water systems then social capital will increase and problems will get fixed.   We need more effective public involvement and democratic participation in decisions and community dialog related to water.  We want to get people connected positively with the urban water agenda.  We want people to support the common good through urban water systems.  These would be policies that would tend to improve stewardship, in my opinion.

If this vision can be achieved, we can take advantage of the principle that society is a self-organizing and complex system, not amenable to master planning and institutionalized regulation.  This links our public involvement strategies to systems thinking.

Social capital

Of course, work in the social and political arenas is fraught with controversies, but in any case, we have to start with a socio-political framework, and the one I chose is “social capital.”   The theory is that if social capital—inter-personal trust, civic engagement, and community capacity—increases, problems such as urban water will get fixed.

Patricia Wilson (1997), writing in an urban studies journal, wrote that social problems of cities cannot be solved by a top down approach but only through improved social capital.   She argues that social capital—inter-personal trust, civic engagement, and organizational capacity in a community—creates local economic prosperity.  She explains that in a community, or in civil society, building social capital is the analog of total quality management in a company, a quality enhancement caused by people’s individual decisions to do better and be good team members.  This is not created by large scale social engineering but through countless, piecemeal, individual decisions to get involved.  Persons working in “development planning” (such as urban water managers) can be facilitators, catalysts, communicators, and team-players.  This, of course, is what public involvement is all about.

Then, by enabling citizens to work together to solve problems, they get empowered and build community.  Maintaining public goods, such as water systems, requires social capital; otherwise, you have the “tragedy of the commons” where things degrade because nobody cares about the common good.  Civil participation puts the common good over individual self interest only when people trust each other.  Society is a self-organizing and complex system, not amenable to master planning but to self-regulation.  Planning protocols should be relational, intuitive, values-based, and can be recast as “mutual learning-in-action.”  This is played out in stakeholder involvement, giving people the right to participate in the decision-making process, and in organizational learning, that results from the participation, the systems analysis, and the application of lessons learned.

Giving this a local flavor, I recall when our mayor, Ann Azari, told me: you experts educate we politicians in jargon, we use it on the public, and they get madder and madder.  In other words, this is not empowerment but just the opposite—preventing empowerment by giving the public language they don’t understand.

Building social capital is one of the most important jobs we face.  As Peter Drucker (1998) put it,  “Civilizing the city will increasingly become the top priority in all countries and particularly in the developed countries such as the United States, the United Kingdom, and Japan.  The chaotic jungle into which every major city in the world has now degenerated needs, above all, new communities.  And that, neither government nor business can provide.  It is the task of non-government, non-business, nonprofit organizations.”

I would like to point out that there is genuine debate about the trends in civility in cities.   Some think that it is getting worse—others think it is merely changing with the information age and other trends. 

Let me summarize the elements of social capital, according to Wilson, and show how they relate to our vision of urban water systems.

Social Capital
Urban Water Systems

Interpersonal Trust
Better relationships between urban water managers and with citizens

Civic Engagement
Using urban water systems as an opportunity to improve citizen participation

Organizational Capacity
The capacity of the community to solve its own problems

TQM
Making systems better and better, moving toward sustainability

Individual Decision to Get Involved
Using urban water systems to reach people who are not involved

Citizens Solve Problems
Developing civic capacity to solve their own problems without constant recourse to federal funds

Common Good Over Self-Interest
Stewardship

Self-Organizing System
Local problem-solving

Planning Protocols Relational
Public involvement with genuine citizen engagement

Mutual Learning-In-Action
Using complexities of urban water planning to teach people about stewardship

Stakeholder Involvement
Public involvement

Organizational Learning
Organizations learning to work together, to integrate their actions

EDUCATION AS THE LEVERAGE POINT FOR SUSTAINABILITY

It is education—at all levels—that offers the leverage point to get people engaged in understanding issues and participating in decision making.  This is where systems thinking—with its emphasis on leverage points—makes a contribution to our workshop.  It is my opinion that education, in all of its ramifications, offers more potential to improve urban water systems than other policy arenas.  

Education offers several opportunities to link people and their urban water organizations.  I would like to discuss briefly three of these links that are interactive and synergistic:  building social capital through shared decision making, improving environmental stewardship and citizenship by environmental education about urban water issues, and using the resources of urban water systems to improve basic and career education.  These are three large opportunity arenas.  

Shared decision making

Shared decision making is the category of education that relates mostly to genuine public involvement and “mutual learning-in-action.”  As shown by AWWA’s Total Water Management, these are already recognized as important elements of a modern utility’s outreach program.  As outlined by Wilson, these are also elements of social capital and of systems thinking, but we are just in the infant stage of learning how to do this, from a true systems view.  Water systems provide a real opportunity for urban water managers to reach out to the community, not in a top down way, but with a genuine desire to involve citizens in learning and decision making.  Many grass roots efforts to do this are underway, such as watershed and neighborhood movements, which relate directly to viable and livable cities, but we need more. The idea is to enable citizens to work together to solve problems, thus empowering them and building community. 

Although water supply utilities are giving much attention to them, public affairs programs have only been active for a few years.  In the drinking water world, things are happening, such as the new Consumer Confidence Report required by the Safe Drinking Water Act for initiation in 1998.  If you study the evolution of public involvement, you see trends more dramatic that technical trends.  In 1950, for example, there would have been little if any public involvement.  Twenty-five years later, we began to see nascent public involvement, often required in planning programs such as the Water Resources Planning Act, but it seemed to this observer to consist of agencies going out to tell the public what they were going to do, without much feedback.  Now, in 1999, more grassroots activities are evident, but the fragmentation of the water industry still results in many different and mixed messages.

Bishop (1998) lists four types of issues that utilities should deal with: national media issues, insider issues, local issues, and latent issues.  She thinks that many utilities have strong public affairs programs in place but what must still happen is “the incorporation of shared decision-making about water issues that are integral to the community.”  She points out that dealing with public opinion about complex issues is different from dealing with technical issues and that “Water service carries with it broad social responsibilities for public policies that affect the very functioning of society.”

So, the changes needed in public involvement or public policy programs are to continue to build “consumer confidence,” engage the public more in decision making, boost trust in institutions, and present the total picture of water management, going beyond drinking water and health.  This is a challenge and will require more than leaflets stuffed in monthly bills, public service television ads, and other public relations tools—it needs to get to the heart of the matter and this is where education comes in.

Environmental and civics education

By engaging students at an early age and using local projects as the centerpiece of educational programs, we show them the issues and in only a few years, they understand and participate in decision making.  This requires public agencies to stretch and to see education and participation in schools as part of their mission, not only “science education,” but also civics.  This is going to make a contribution to social capital.  It takes work.

Science education meets urban water through environmental education about urban water issues, and it links science to civics and stewardship as well.  There are many ways to use the facilities of urban water systems as living laboratories for environmental education.

Basic and career education

Using the resources of urban water systems to improve basic and career education may be the most under-appreciated opportunity. The general approach that I advocate is to address issues such as the fact that we have in America differences in opportunity and income and we can become a stronger nation with a better workforce.  We can improve skill levels, break down barriers to the workplace, and create positive relationships between employers and youth.  The way we can do that is to use high schools as entry points into the system, organize advisory panels of teachers and counselors, develop partnering agreements in a network of schools with agreements about roles, identify professors and teachers who will work together, and have industry councils to provide support and advice.  Basic program elements would include academic programs, career links and education, job experiences, student aid, mentoring and advice, scholarships, and paid work.  In other words, urban water systems can be used as a resource base to foster basic and career education and make a positive contribution to a difficult problem arena.  Figure 3 illustrates conceptually the concept of partnerships to help youth move along the school pipeline.

Figure 3

EPA’s Youth and Environment Program

Of course, most education programs have several elements in them. In 1995,  I made an assessment of the Environmental Protection Agency’s Youth & Environment Program, which was started in 1990 to “introduce economically disadvantaged urban and rural youth to career opportunities in the environmental field by combining summer employment with academic training and hands-on experience.”  I assessed a number of state and city programs and organized a national Youth and the Environmental Industry Conference where approximately 150 persons attended, and about 60 presentations were made.  The purpose of the conference was to share experiences about environmental and career education using partnerships between educational institutions, environmental agencies and the private sector to help youth (especially at-risk youth) to gain an interest in the environment, to be motivated for education in science and environment, and to consider and prepare for careers in the environmental industry. distribution of papers.  I was overwhelmed by the diversity and energy of the presentations in topic areas that included youth and environment programs, service and apprenticeship programs, multicultural approaches to environmental education, recruiting, mentoring, support programs, careers in the environmental industry, agency outreach programs, educational methods and programs, environmental literacy, environmental justice and equity, and environmental education and action.

One presenter at the conference cited a poll that found that among all students, solving environmental problems was second behind AIDS of problems of concern, but with disadvantaged kids, the environment drops lower in priority.  Students learn most about the environment from TV and next at school.  Younger children exhibit relatively more knowledge than those in high school, and girls have more awareness than boys (Grigg, 1995). 

Learning partnerships

So, if we get the social part right, the other visions can be realized.   So, how do we get it right?  It starts with the stewardship, but we realize that stewardship doesn’t happen because we preach about it or require people to be good stewards through laws and regulations, it happens as a result of social capital, which involves a high degree of genuine public involvement to build civic engagement and enhance community capacity.

So how do we get more effective public involvement?   Wilson’s model of social capital has planning protocols being recast as “mutual learning-in-action.”  This is played out in stakeholder involvement, giving people the right to participate in the decision-making process, and in organizational learning, that results from the participation, the systems analysis, and the application of lessons learned.  

So, public involvement at a meaningful level of engagement is the answer to how water managers can lead “mutual learning in action” in communities.  This will involve much more than public meetings advertised in the newspaper where a consultant explains a project and then the public comments.  It involves real engagement of citizens in water issues and it involves education at all levels—K-12, university, to the public, and to officials.  

This kind of meaningful public involvement, coupled with K-12 and university education, will require partnerships between schools, universities, water agencies, businesses and professional associations and it will seek to use the resources of each partner to extend a hand to youth, all along the school pipeline. Urban water agencies have substantial resources to make these programs work int he form of trained staff, facilities, and the mission to improve water.  Government regulatory agencies also have resources and the mission to improve water.  We all have the mission to improve cities.  Schools have the mission to educate kids.   Universities have the mission to work with business, schools, and the public in “outreach.”  Agencies have “public involvement” responsibilities.  

The challenge lies in energizing and coordinating these diverse players to mount a comprehensive and serious program in water education. But is this merely another utopian vision?  Additional work is needed to probe this question.   People focus on their main responsibilities, and meaningful and sustained “partnerships” and “coordination” are difficult.  The next step in sustaining urban water systems is to figure out new roles, responsibilities, and incentive mechanisms to bring about more cooperative, integrative activity, based on education.  

SUMMARY AND CONCLUSIONS

So, as we peer into the future to outline positive change for urban water systems, we see attractive options for technology, management, and environmental improvement.  In many ways, these are fore-ordained and inevitable as technology advances and, hopefully, as our environmental ethics improve.  What I hope to have showed, in addition, is that the education field also offers powerful leverage points for our urban water future.  

Due to its tight connections with people and cities water exhibits important differences from other policy fields, and these differences present problems and opportunities.  The problems are that water and infrastructure are hard to manage; the opportunity is to use water to leverage other goals, including youth development, education, and citizenship.  Thus, to “civilize” the urban water system we need to work on both the water infrastructure and its relationships with people.

Sustaining water infrastructure is a sub-issue of sustaining cities, which is a sub-issue of sustainable development.  All of these require that we work smartly in economic, social, and environmental ways.  Working smartly toward sustainable cities, or “smart growth” as some call it, raises conflicts between freedom and regulation and between opportunity and inequity.  Hopefully, the answer to our dilemmas is not just more and more regulation.  After all, that is what many have sought in utopian visions that end up with “1984,” “Big Brother,” and other utopian visions that society doesn’t want.  It is well to remember that “…utopian thinking is a too-powerful temptation for political and social thinkers and the politicians they end up serving (Karnick, 1999).”

Finding solutions to these socio-technical problems requires systems thinking, and our vision has three parts: technology and management, environment, and institutions.  Technology will respond to driving forces of economics and knowledge, and include advances such as trenchless technology, GIS, and computerized management.  Environmental improvements depend on regulations, science, and public attitudes and will involve measures such as advanced treatment, conservation, constructed wetlands, and detention systems.  

The vision in the institutional, category is most complex.  We need an institutional model—laws, incentives, behavior, customs, relationships, organizations—that  makes the technological and environmental visions work.   This will depend on variables such as politics, regulations, societal interest, education, and public-spirited volunteerism, which are affected by public involvement, environmental education, and urban water education partnerships.

I discussed three aspects of institution-building that affect urban water systems:  building social capital through shared decision making, improving environmental stewardship by environmental education about urban water issues, and using the resources of urban water systems to improve basic and career education.  

Social capital depends on public engagement and democratic participation in decisions.   To achieve this, planning protocols should be recast as “mutual learning-in-action.”  Urban water offers abundant opportunities to set up such learning exercises.  Programs can engage the public in decision making and present total water management, going beyond drinking water and health to environment, community-building, and involvement with youth.  

Stewardship will increase in a climate of freedom, opportunity, and education that improves environmental ethics.  By engaging students at an early age and using local projects as the centerpiece, we derive two public benefits—better understanding and participation in decision making.  Science education also benefits through environmental education about urban water issues, and it links science to civics and stewardship.  Urban water systems offer many living laboratories for environmental education to carry out such programs.

Using the resources of urban water systems to improve basic and career education may be the most under-appreciated opportunity in water to sustainable cities.  Urban water facilities are, for the most part, public goods.  Why not use them to advance multiple agendas?   Although not universally successful, “public jobs” have long been used as a policy tool—now this tool should be updated for today’s needs in youth development and career education.  Updating it would show that urban water systems, and their agencies,  have many under-exploited opportunities to work with youth and educators to advance the educational agenda at the same time that good decision making and good management are fostered.

As a reality check, I acknowledge that running urban water systems is a big job and education is a secondary goal.  If revenues are short, the political heat high, and the system a challenge to manage, it can be difficult to mount education programs.  Other partners also have their problems to solve.  It is not always easy to reach out to do more in education.  In fact, it has been my observation that while the ideas about education are appealing and have many potential benefits, 

everyone is busy and they do not talk to each other very much across organizational lines.  Little education-related partnership activity is underway and there is a lack of incentives to pull interest groups together.  Still, there is much good will in both public and private organizations of the urban water industry, and many opportunities for synergistic, win-win activities exist.

I believe that the reason for lack of partnership activity is that people focus on their main responsibilities and do not naturally migrate across organizational boundaries or take on additional tasks when they are busy.  As a first priority, they should naturally seek excellence in management so that urban water agencies fulfill their primary missions, build customer confidence, keep costs down, and protect the environment.  At the same time that such focused missions are pursued, even to the extent of privatizing appropriate utility functions,  local areas should organize coordinating mechanisms where water organizations can cooperate with each other and with other partners, such as local schools.  

They should arrange for officials from the cooperating agencies and partner organizations to discuss what they can do together to improve public participation in decision making, environmental education leading to better stewardship, and using urban water system resources to help out the educational system.  This will also provide feedback into the business decisions of urban water organizations to enable them to continue with system improvements that will enhance the sustainability of their programs and the cities they serve.

The bottom line is to continue to build environmental ethics and management improvements, use public involvement and education opportunities more effectively, use the resources of urban water systems to engage students, and explain local projects through educational programs to build citizenship.  In this way, we can work toward a future with advanced technology, care for the environment, and also engage youth and other citizens in beneficial mutual action.  
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