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Abstract

This Project will explore the major building blocks of a new water paradigm for the 21st Century.  These inter-locking elements include:

· A description of how mismanagement of water is threatening the ecological and societal Commons;
· An articulation of how new technologies and designs that mimic and work with nature can offer a sustainable path forward;
· A delineation of the new roles that government and civil society will need to play in pricing, regulating, and managing water services.
A framework of recommendations for a new Water Covenant and policies will emerge from this process.

Traditional water management has relied on a low-tech, industrial-scale engineering and economic model developed in the 1800’s.  With a goal of public health protection, big pipe systems were built to transport clean water in and wastewater out of urban neighborhoods.  

Economies of scale have also driven the use of large, centralized infrastructure, since the marginal cost of adding a new customer is less than the average cost, in each of the separate domains of water, stormwater, wastewater, and flood control.  Low water and sewer rates have been based on extraction of water as a free natural resource, moving water from one basin to another, moving mass volumes of fresh water into brackish and salt water environments, and dumping wastes into the environment with minimal penalty.  The damage from these approaches is manifested in eutrophied lakes and estuaries, falling levels of groundwater and streamflows, loss of habitat, absorption of toxins by humans and other organisms, and reductions in public health and community well-being.  Federal subsidies and mandates have reinforced, if not outright locked-in, this approach.  

An emerging paradigm relies instead on design principles found in nature:  in particular, integrated systems, efficiency and reuse, and adaptation to local context.  Many of the new high-performance treatment technologies, such as membranes, “mimic” biological and chemical designs that scientists are discovering in nature.  Just as recently found in the energy arena, there are alternative approaches that can restore natural resource patterns and functions found across a landscape.  These “smart, clean, and green” approaches create a wealth of services and benefits at the local level and can help restore the ecological and societal well-being of the global Commons as well.

A paradigm shift from mechanical to natural systems practices will require a solid understanding of what is at stake, how a new water paradigm will better address these needs, and how the mission statements and economic calculations in the sector need to be re-structured by public policy and civic dialogue.  

This Project will assemble and synthesize the insights of a diverse group of ecologists, engineers, architects, economists, and policy analysts that have been studying new approaches in water management, or that have explored similar paradigm shifts in energy, agriculture, and other fields.  A facilitated workshop of these experts will be convened in the fall of 2009.

Background:

Conventional systems of water management have been considered one of the 20th Century’s greatest public health accomplishments.  Large networks of water and sewer lines and treatment plants brought clean water into the cities and transported away disease-carrying sewage.  With passage of the 1972 Clean Water Act, the nation also established a goal of fishable, swimmable surface waters and funded and enforced increasingly stringent regulatory standards for the partial removal of pollutants by  treatment plants.  The 1974 Safe Drinking Water Act focused on setting up engineering barriers to protect drinking water from pathogens, but in doing so ramped up the cost of providing water treated to a potable standard that is also used for many non-potable uses.  Municipal utility management was the norm.  Rural towns with private wells and septic systems were expected over time to build similar public water and sewer systems as well.

In recent years, however, a concern has been growing that this “paradigm” of big-pipe water management is not sustainable, both from a natural resource and a financial perspective.  The appropriation of huge volumes of water from ecosystems and the release of polluted effluent into rivers and the oceans have been increasingly disruptive to ecosystems.   Regulations have required removal of some pollutants, but relied on “dilution” in receiving water as well. 

Signs of stress are seen in falling groundwater levels and decreasing dry-weather stream flows (and unnatural flow increases during wet weather), eutrophication of lakes and estuaries, disappearance of wetlands, dead zones in coastal areas, and other changes in hydrological functions. Climate change is expected to exacerbate patterns of droughts and heavy rainfalls, putting both water supplies and flood control measures at risk. Reductions in evapotranspiration are being studied as potentially significant contributors to global warming.  

Drinking water systems lose huge amounts of water (a US average of 20%) from their distribution pipes, treatment technologies were not designed to minimize emerging biological and chemical contaminants, and treating all water to new and more stringent standards is both increasingly difficult and expensive and, except for the small amount of water needed for potable uses, is extremely wasteful of energy, chemicals and money.  Most cities and towns have been unwilling to charge ratepayers the full cost of repairing and replacing the existing inadequate infrastructure, and so collapsing pipes and breakdowns in treatment plants have become more frequent, while innovation is generally off the radar screen.  

The 2007 Baltimore Charter for Sustainable Water Systems suggests an alternative approach to water management that “mimics and works with nature”.  Natural systems create an abundance of value and diversity, where species cooperate and one species’ waste is another species’ resource.   Introduced into these naturally-balancing ecosystems has been the highly-disruptive human extraction and use of resources of the industrial era.  

The genius of science and design in the 21st Century is, in contrast, the discovery of “smart, clean, and green” ways to capture the value of resources.  “Smart” because they unlock the complex designs of nature and use information and signaling to achieve efficiencies.  “Clean” because they capture and use resources and methods that don’t involve significant externalities in extraction or disposal.  And, “green” because they rely on vegetation, and in the process begin to restore the natural ecosystem and its wide and deep benefits.  

In practical engineering terms, this new design model includes: provision of potable-quality water for drinking water and direct human contact purposes only; prevention of pollution before it gets into the waste stream (including the wholesale re-engineering of some products through green chemistry to mitigate or eliminate ecological damage); reduction of energy needs by avoiding the pumping and long-distance transport of water and wastewater; wastewater recycling and non-potable, “fit for purpose” reuse instead of disposal; rainfall harvesting and reuse to supplement water supplies; energy and nutrient recovery from wastewater; habitat and natural system restoration; re-vegetation to restore evapotranspiration capacity; and restoration of green infrastructure in urban areas to help beautify cities and revitalize neighborhoods.  

A birds-eye view of the new infrastructure would reveal “networks” of decentralized and repurposed and at times hybridized, systems.  Some of the innovative treatment and resource recovery technologies would be “embedded” in subdivisions, apartment complexes, or individual homes and offices.  Other functions would be taken over by vegetative “green infrastructure”, such as green roofs and walls, trees, and swales along roads, and restored streams, riparian areas, and wetlands.  Water and sewer lines might be slip-lined and repurposed for potable or reclaimed water, water storage and distribution, and heat recovery.  Monitoring and control technologies would be key elements in managing these systems and in protecting public health and the environment.

These engineered and green networks mimic the natural systems of nodes and links in nature, where water both recycles and supports life at a local scale, but also is a linkage and transport mechanism across a landscape and into the atmosphere.   These systems in cities and towns can cost less to provide water and sanitation services than current approaches and can also add significant benefits in terms of air quality, energy savings and production, recreation, beauty and aesthetics, increased property values, and jobs.  Innovative pricing, incentives, and new performance-based regulatory mechanisms will be required to ensure that these sustainable practices are adopted and that the remaining watershed and global “externalities” are also addressed by developers, homeowners, and municipalities.  

The analogy for such “network” design that is increasingly-known to the public is in the energy sector, where a shift to a distributed and efficient network that relies in significant part on clean natural system services is underway.  The existing power grids use large electrical networks and power plants, as well as oil and gas pipelines, that deliver energy to homes and businesses at subsidized rates and produce large externalities in air pollution and greenhouse gas emissions.  

In contrast, the new grid will incorporate clean natural sources of energy, including wind, hydroelectric, and solar, at distributed locations and will encourage more energy-efficient building designs.  Metering and incentives for peak generation and off-peak use of energy are the equivalents of “fit for the purpose” water provision.   “Smart grids” also rely on sophisticated information and control systems.  Both energy and water networks require supportive financial incentives and regulatory mandates. 

A few leading-edge infrastructure experts are now suggesting that these “networks” of engineered and green energy and water systems need to be integrated and also be co-engineered with transportation, solid waste, buildings, and other urban infrastructure management.  The lessons of nature are that such integration will lead to significant synergies of design, cost-savings, and an abundance of positive benefits for society.  

For example, an “eco-block” incorporating architectural innovations, wind and solar power, green roof and wall cooling, rainwater harvesting, water reuse and energy recovery, and nutrient recycling into community gardens, can be nearly “off-the-grid” in both energy and water, and can be located at transportation “hubs”.  These new designs of infrastructure may cost less in dollars and will both improve the quality of life in urban communities and begin to protect and restore the ecological Commons.      

Paralleling the shift in technologies will be a shift in the institutions and markets for resource management.  Municipal utilities were appropriate for each single-service “monopoly” centralized system in water, stormwater, and wastewater.  But embedded and green infrastructure “nodes” in homes, subdivisions, and commercial establishments engage a wide range of private firms, non-profit groups, and other city agencies (such as parks and recreation, housing, job training, etc), and the developer and property-owner will have many more choices for technologies and design and ongoing maintenance services.  Municipalities and other local governments will have more complex and highly-productive new roles in coordinating municipal utilities and agencies internally and in overseeing the new private and non-profit sector externally through ordinances, incentives, education, and inspections.

Finally, the solutions to water management in the 21st Century will require a high level of interdisciplinary collaboration and broad public engagement.  Here also, nature serves as a model for the benefits of collaboration and cooperation, or social capital, in society, as opposed to the specialization and hyper-individualism of the 20th Century.  Networks of conversations and pilot projects will serve as the foundation for creative invention and enhancement of the “Common Wealth”.    

Full-Cost pricing and Planning

This project will focus on the key driving elements in the emergence of the 21st Century water paradigm, which began to surface in the 2005-2006 workshop series convened by the Coalition for Alternative Wastewater Treatment.  The description at that time of a problem statement for this Project included the following language:

One of the most significant barriers to the full and appropriate use of decentralized water resource systems is the failure to consider externalities of central system approaches.  Siloed utilities and individual communities are allowed, subsidized, or forced by court decrees to proceed with highly-disruptive projects that cumulatively cost more and create greater environmental damage than an approach which both decentralizes and integrates various water resource sectors across a region. 

Examples of externalities that are not normally internalized to projects include:  construction of water lines, followed by increased use of water that is tied to uncontrolled growth and an increased number of malfunctioning existing septic systems, and then the pressure to build sewers and large treatment facilities to deal with growth and existing failures of septic systems, followed by even more increases in development to help pay for these systems, and substantially increased stormwater runoff that releases pathogens and nutrients into surface waters, and sanitary and storm sewers that drain groundwater aquifers and exacerbate water supply problems.

During the fall, 2005 workshops, Garrett Hardin’s “Tragedy of the Commons” was discussed as a framework for understanding this problem.  Possible solutions could include:

· Pricing – true costs to customers
· Conditions for grants and loans – Integrated Water Resource Plans
· Permit requirements – NPDES, UIC, and others
Two of the six high-priority, short-term projects recommended by participants pertained to:

· Research on full monetary and non-monetary benefits and costs of soft and hard path approaches, and pricing or other mechanisms to better align local decisions with long-run environmental and economic sustainability
· Exploration of how to tie federal subsidies and permits to an integrated water supply and water quality plan in a watershed.
Updated Problem Statement
In the intervening three years, a series of water crises, Congressional hearings, and other conversations have expanded and deepened this topic considerably.  The core insight remains – costs can be incurred or opportunities foregone when decisions are made by individual utilities, homeowners, developers, companies, municipalities, and other parties to the sector that only reflect short-term and narrowly-defined self-interest in minimizing costs and/or maximizing profits.  

Hardin’s model was based on the over-grazing of open-access, community land (the British village green or “Commons”).  The individual herdsman had no incentive to cut back the grazing of his own cows, since others would just take his place.  But, cumulatively and over the long-term, the land would degrade and collapse in its capacity to support grazing for local herdsmen.  Solutions to this “Tragedy” were to develop government regulations that restrict use or privatized the land. The costs of over-use would be directly experienced and “internalized” by each herdsman, who could over time capture the benefits of practices that protect ecosystem function.  Later critics of Hardin pointed out that community-based management systems could also guard against over-use.  

In water and water-related sectors, a concern is that a global “Tragedy of the Commons” may be on the horizon as well.  As Jared Diamond has pointed out, past civilizations have turned lush landscapes into deserts through profligate use and mismanagement of water.  

The new literature on “resiliency” suggests there are tipping points in nature, where ecosystem collapse is difficult if not impossible to reverse.  For example, a lake can absorb and store some nutrient pollution, but at some point the lake “dies”, and the eutrophied water body can’t be cleaned and revitalized at a reasonable cost.  There are similar concerns for tipping points in the capabilities of seas and oceans to absorb carbon and acids.

Water is connected to so many ecosystem and societal functions and services, from the elemental to the spiritual, that the phrase “water is at the heart of all life.” is often used to describe those relationships.  The first goal of this Project is to examine water’s many connections to the “Commons” and to identify those links, in particular, that may be stressed in the future to the point of collapse.   These may include depleted water supplies for potable, commercial and industrial uses, desertification (drying and degradation of soils), redistribution of phosphate stores from where needed for growth of plants to water bodies causing choking algal growth, toxic overloads of the receiving environment, unnecessary energy use to move and treat waters, and disruption of evaporation cycles that result in climate change, and others.

There are numerous other impacts on the Commons that may fall short of “collapse”, but that nevertheless represent a degraded quality of life on Earth.   “Commons” is a useful term to describe the space in which natural organisms, including humans, interact.  There is an ecosystem web of life with complex interdependencies of species, natural resources, energy, and soils and water.  There are also complex interdependencies of people in human societies and economies, which in turn rely on nature’s services for their survival.  The Commons can be used to describe that space of interactions and interdependencies that affect the well-being of all the individual participants, both human and non-human.

This is a particularly interesting and critical moment in history, when both the ecological and societal Commons are threatened.  Climate and other natural systems are under increasing stress globally, but so is the economy.  New discussions are being held about the need to restructure relationships in the Commons so that ecological, social, and economic systems are restored to health.  

Advocates of a “green economy” assert that governance reoriented to ecosystem protection and restoration, in particular greenhouse gas reductions, can also be good for society and the economy.  Climate change can be slowed, while at the same time “green jobs” are created, air pollution is lessened, and costs of energy are reduced.  Advocates for a new paradigm in water management make similar arguments.

President Barack Obama and others looking at a fundamental restructuring of the economy hasten to state that these conversations are not about “socialism” or “central planning”, but rather about identifying the disincentives and “market failures” in the current economy that need to be addressed.  Properly-functioning markets are an efficient means of resource allocation, but participants need the proper information, signals, and incentives for internalizing and incorporating actions and behaviors that benefit the Commons.  

The “sweet spot” is when all sides benefit, as for example, when education enhances the earning power of the individual as well as the productivity of the overall economy.   Another example promoted in the fiscal stimulus bill is weatherization of homes, where the homeowner sees lower energy costs, but jobs are also created, and ecosystem damage is minimized.

The new Administration also recognizes that social and economic development will depend on a better integration and coordination of services, particularly at the local level.  In urban policy, for example, President Obama has espoused an approach that would integrate education, health, job creation, infrastructure, green space, and housing renewal programs in targeted neighborhoods.  One of the effects of this new strategy may be to grant more authority to local governments and to loosen the rigidity of specialized mandates from the state and federal levels.   

Finally, there is an impulse in society for restoring public spaces and social interactions, whether it be in farmer’s markets, revitalized Main Streets, information networks, democracy forums, and others.  

These three strategies, a restructuring of markets, an integration of services at the local level, and expanded public opportunities for creative invention, will support the emergence of a complex natural systems-based approach in water management, as well.  

This Project:  Three “Framing Statements” Needed
Three interlocking factors go into design and implementation of a new Social Contract for Water:

· Defining the Water Commons – identifying the full range and scope in which conventional water management has damaged or threatened the ecological and societal Commons;
· Clarifying the design architecture of a new water paradigm – describing how “smart, clean, and green” practices can restore the health and productivity of the Commons;
· Setting a policy and civic agenda to advance the new paradigm -- designing a set of pricing, regulatory, planning, and local institutional reforms to correct for market failures and to enhance the Water Commons.
This exercise is of critical importance.  Not only are there potential Tragedies of the Commons in sight that need to be avoided, but without a comprehensive vision for the future the water sector lurches from one crisis to another.  The core industrial model is left standing, in large part because of short-term thinking and rigid institutional and governance structures.  For example, fears of water shortages have typically led to proposals for big desalinization plants or ever-larger water diversions instead of efficiencies and reuse, or concern for the environment.  

Similarly, national conversations about the energy-water nexus focus on big power plants and big water and wastewater transport and treatment approaches, rather than smaller integrated approaches or “leapfrog” designs.  This incrementalism is increasingly unsustainable, but will be perpetuated if there is not a comprehensive vision and demand for a paradigm shift.

I.  Defining the Water Commons
In the earlier workshops, participants urged an assessment of the adequacy of water supplies and water quality over the next fifty years, or what one might call “enough clean water” for the variety of human uses and the environment.  In the interim there has been an increasingly complex discussion about the nexus of water management with a range of ecosystem and societal services. At least one state has instituted an analysis of adequate water availability in 100 years in its approval requirements for new developments. 

The first goal of the Project is to develop a global, long-term statement of how water impacts and supports the Commons.  A recent column by Wes Jackson and Wendell Berry, “A 50-Year Farm Bill”, offers an interesting example of such a “framing statement” in agriculture:


“We need a 50-year farm bill that addresses forthrightly the problems of soil loss 

and degradation, toxic pollution, fossil-fuel dependency and the destruction of 
rural communities.”  

A similar framing statement for water management might contain the following elements:

“We need a 50-year water bill that addresses forthrightly the problems of water shortages and quality degradation, toxic pollution, fossil fuel dependency, drying of soils and impacts on vegetation, acceleration of global warming, lack of resilience in response to climate extremes and other shocks, soil nutrient losses, the deterioration of urban, suburban, and rural communities, impacts on public health protection, and loss of jobs and economic growth potential.” 

A review of the literature suggests the following relationships of water to key concerns in the Commons:

Ecosystem services – water supplies and ecosystem health

The concept that mismanagement of water is compromising valuable ecosystem health and services has been receiving increasing attention.  Both water quality and water quantity impairments were a key focus of the Millenium Ecosystem Assessment.  The Nature Conservancy has been at the forefront of research suggesting that untouched natural habitat can be more valuable to society than extraction of resources in the industrial model.  EPA has established an Ecosystem Services program and is funding pilot studies in Florida and the Carolinas.  Water is a centerpiece of efforts to quantify ecological benefits and to develop collaborative assessment and decision-making structures.

Energy

A more recently-discussed concern is the high energy use and associated greenhouse gas emissions from pumping, transport, and treatment in the highly-centralized water management paradigm.  As EPA, WERF, and other professional organizations study this issue, an expanding suite of options has emerged to enhance energy-efficiency at treatment plants, and the stimulus package includes grants for energy-efficiency and recovery projects in the water sector.   New paradigm advocates are positing reduced pumping costs through decentralization, and generation of revenues and reduced emissions from biogas recovery and heat recovery from sewage.   Architects are exploring the links of water and energy systems in new building designs.  

The use of water in energy production, transport, and use has also come to the fore in the last couple of years.  Electric power companies are increasingly concerned about the security of water supplies for power plants, and critics of subsidized ethanol production point to high water and nutrient requirements.  A bill is pending in the Congress to research the energy-water nexus, but almost exclusively from the centralized power and water perspective.

Climate Change – disrupted evapotranspiration

A small but growing group of biologists and ecologists is asserting the preeminent role of evapotranspiration in dissipating solar energy.   Robert Kravcik in Slovakia and Marco Schmidt in Germany are key advocates of an argument that urban developments and infrastructure have drained water off the land and cut down massive amounts of vegetation, thereby creating global versions of the “heat island effect”.  Conventional building ordinances promote urban gray roofs, storm sewers, deep and leaky sanitary sewers, and depletion of ground water supplies.  Restoring water  ecosystems and reintroduction of vegetation and waterways to cities and towns would moderate urban temperatures.  

Nitrogen Cycle

Both EPA and the National Academy of Engineering Grand Challenges project have identified disruptions and releases in the nitrogen cycle as a key ecosystem concern.  Excessive nitrogen is considered the primary reason for unwanted marine water growths and oxygen demand that degrade recreation activities in the near coastal waters of the US. 

Phosphorous – limited supplies

Nicholas Ashbolt from EPA and Cynthia Mitchell from Australia have weighed in on the emerging concern that phosphate, which plants need to grow, will be depleted by mid-century, and that it is urgent to begin recovering phosphorous from the wastewater stream.  Under the present paradigm, phosphorus is displaced to receiving waters in runoff and sewage treatment plant effluents where it causes unwanted algal growth and depreciates recreational use opportunities, particularly in freshwater lakes and rivers.

Resilience – fragile systems

Hurricane Katrina and other natural disasters, along with projections of climate change instabilities, have highlighted the brittle quality of conventional water management approaches.  A large centralized system is more vulnerable to shocks and equipment failures than a series of smaller, modular units.  The latter provides substantially fewer opportunities for catastrophic damage to structures and receiving waters. Excessive use of potable water for non-potable purposes also reduces the cushion in water supplies during periods of drought.   

Toxic Chemicals – pharmaceuticals, endocrine disrupters, and chemicals

USGS has been monitoring the increases in new contaminants of concern.  The number of case studies of ecological impacts of these chemicals on receiving waters is continually growing, and it will continue to grow as humans become increasingly dependent upon these compounds.  Since existing treatment facilities were not designed to remove these chemicals, this problem may become prominent in the near future.

Gray communities – lower quality of life and public health

In 1969, Ian McHarg described poignantly in Design With Nature the removal of vegetation and the resulting graying and pollution of cities and towns, with tremendous loss of physical and emotional well-being of residents.  Water management has been a significant factor in this degradation, since urban streambeds were typically used to remove waste products and many have been covered to lay sewer lines at these low elevations, and stormwater drainage systems pipe water rapidly away from cities instead of using it for vegetation, cooling evaporation, etc.  New studies on broad measures of public health reinforce the importance of water-related factors, such as air quality, bio-diversity, temperature control, recreational opportunities, and aesthetics of restored streams, trees, and other vegetation in cities and towns.  

Economy – lowered standard of living

A variety of “economic” questions affect the ecological and societal Commons.  The traditional economic arguments about water management have revolved around costs of drinking water and sanitation services and who should pay.  EPA, for example, has been asserting in recent years that asset management, watershed trading, and public-private partnerships can introduce efficiencies into the water sector, thereby freeing up resources for more productive uses in the water sector or elsewhere in the economy.  

A central argument for a new water paradigm is also, in part, that embedded and green technology and networks can provide conventional water services at a significantly lower cost.  But these approaches also add significantly more in human health and community benefits as well.  An increase in society’s spending on the totality of water management could be more than justified by this increasing “value” in the sector.

Achieving these benefits requires a form of integration that cuts against the grain of the established classic market structure, however.  Markets are highly-complex systems, where trillions of transactions a day efficiently allocate resources to producing products that customers want.  Adam Smith’s “invisible hand” metaphor encouraged the belief in society that individual advancement, or even “greed”, was good for the collective.  But Smith also argued that “specialization” and trade would lower costs.  In contrast, nature’s designs involve a complexity of designs and practices, and of values at all scales.  The new water paradigm will require integration of planning, utility engineering and management, and architectural design within the water sector and across energy, transportation, health, and other infrastructure.  

A second concern is in correcting for “market failures”.  The “Tragedy of the Commons”, as discussed, is a metaphor for institutional misalignment and incorrect pricing of natural resources and the resulting destruction of ecosystems.   Taxes, subsidies, and regulations all would alter behavior of market participants, either by limiting purchases or sales that collectively threaten the environment (negative externalities) or promoting purchases or sales that collectively enhance the environment (positive externalities).  

There are other types of “market failure” as well, where economies will underperform because individual and societal benefits and costs are misaligned.  For example, participants in the market may lack necessary information, be unable to pay for investments, unfairly usurp resources from others, or otherwise act irrationally.  There has been growing interest in the problems of inequality in the economy and the need to discover the next big wave of productivity increases, which could potentially both be addressed in a “green economy”.

Recently there has been a renewed interest in Adam Smith’s other belief, that the success of markets depends on a society of trust and goodwill or “social capital”.  Various academics and advocates have begun to argue for restoration of what might be termed an “economic Commons”.  Well-being is not just achieved by individual purchases of goods and services, but also by social interactions in the public sphere, such as in parks, community gardens, coffee shops, town hall meetings, protest marches, voluntary associations, professional meetings, academic classrooms, and on the internet.  These interactions have inherent value, but also serve as the foundation or seedbed for new ideas and creative designs.   Revitalized public spaces are significantly enhanced from “greening” and designs with nature. 

The language of the “Commons” is also being used to articulate the benefits of local economies.  By keeping dollars circulating locally, more wealth is created for local citizens.  Direct personal interactions uncover opportunities for collaboration and new niche products.  Waste can be reduced as resources are recycled.  Income is distributed more equitably.    Other measures of community health improve as well.  In the water sector, embedded and green infrastructure create significantly more short and long-term jobs for local residents than traditional, capital-intensive water or sewer line construction.  The multiple benefits of the new water paradigm are also key elements in community economic development and revitalization.   

Finally, there is a broad sense that the global economy has not only suffered from financial mismanagement, but needs a burst of demand and new thinking around a richer set of “values”.  David Leonhardt in a recent New York Times article boldly asserted that without support for a large new field of innovation, increased productivity and value-creation, the world economy will remain stuck in an underperforming state.  Previous growth spurts have followed railroad investments, personal computers, and the internet.  

Leonhardt describes the emerging concepts around the “green economy” as the new driver for growth, with substantial increases in productivity of buildings and infrastructure, with large-scale job creation, and with potential for valuable community and ecosystem restoration.  Water management innovations are a key part of this potential and will emerge from the renewed public and civic conversations about sustainable water management and the Commons.

The “green economy” of embedded and green infrastructure networks also depends heavily on highly-skilled engineers, architects, construction laborers, landscapers, etc. for installation and ongoing maintenance.   Income flowing to this workforce has the potential to right the growing imbalance in the share of GNP claimed by capital vs. labor.  The “human capital” of the new skilled workers in water and other sustainable resource management can lead to higher productivity in the economy and a rebuilding of middle-class incomes.  

II.  Clarifying the Architecture of a New Water Paradigm – Design Practices and Values
The internal design structure of a new water management paradigm consists both of a new set of technologies and practices and a new range of values generated by the approach.  New technologies and practices provide the means and opportunities for improvement.  The increased value of services provides the reasons for heading down a new path.  Some of these new services or benefits can be captured directly by customers in the existing marketplace, while others represent long-term restoration of the wider Water Commons.  

In the first instance, the new technologies and practices can either be incrementally cheaper than conventional approaches or provide additional quality, reliability, and services.  In the second instance, avoidance of imminent Tragedies of the Commons or achievement of other large-scale improvements can be the driving force behind advocacy to price and regulate water management in new ways.

The inter-relationships of new designs and new values generated are just beginning to be demonstrated and understood.  One “niche” example would be membrane treatment technologies for non-potable reuse of wastewater, which could be both cheaper for the customer than provision of potable water for all uses, and have significant ecological value in reducing the extraction of water from nearby rivers and aquifers.  Decentralized systems utilizing low-cost collection methods and soil-based dispersal or reuse are significantly less expensive than a centralized traditional sewer and large treatment plant, and the former enhances opportunities to reuse the water within the community, instead of dumping it into a receiving stream several drainage basins downstream.

The invention of better technologies can be a driver for opening up new markets, while a growing perception that reuse needs to play a greater role in guaranteeing water supplies and protecting watersheds can help advocates lower regulatory barriers.    

Enhancing the Commons through Smart, Clean, and Green Design

There are some broad hints for how a comprehensive restructuring of infrastructure institutions and policy can serve society and ecosystems well.  Traditionally, it has been thought that environmental protection is at the expense of social and economic wealth and consumption.  But the new paradigm suggests that this is a false dichotomy.  Because nature can be worked with in a smarter and cleaner way, ecosystem services can be restored in cities, and many of the costs of municipal services reduced.  More importantly, communities can be revitalized and the green jobs economy expanded.

These win-win opportunities stem from the core principles and practices of the new paradigm.  An important opportunity is the immense productivity of natural systems that can be captured by society in ways that involve far less environmental degradation.  The industrial model has been based on the linear model of mining or “extracting” resources, using once, and dumping wastes.  

But natural systems have “cleaner” resources that can be tapped with much less damage to the ecosystem.  Resources can be used more efficiently and wastes can be productively turned into resources as well.  Opportunities also exist in integrated design, rather than in narrower specialized thinking and practice.  To paraphrase, the “sum of the conventional parts” in the traditional approach has been much less than the “whole” in infrastructure services.   Integrated design can increase productivity of the larger system, while also serving the separate functional needs of the parts. 

Another resource to be tapped from nature is the efficiency and high-performance of its organisms and systems.  Biologists and chemists are looking more and more to nature for models to re-engineer products and processes.  Membranes in nature can work, for example, without injections of energy that we so far still need for water and wastewater  treatment.  

Finally, as Ian McHarg wrote in the late 1960’s, by locating activities in the most appropriate places in a watershed, natural resource “streams of value” can be tapped with less cost and disruption.  McHarg laid out guidelines for locating farms, ports, forests, wildlife corridors, cities, etc.   There are lessons to be learned, as well, from “networks” of “nodes” and “links” in nature that assure resilience and adaptability to external shocks to the system.  

Examples of these transformative shifts are now appearing in manufacturing, energy, and agriculture.  As companies investigate manufacturing processes, they are discovering that efficiency improvements and capturing of resources instead of generation of waste can actually save money.  In the energy sector, energy-efficient appliances and clean sources such as wind and sunlight, vegetative cooling, and use of building designs that incorporate them can save money, reduce greenhouse gases, and generate jobs.  

In agriculture, complex plant and livestock rotation and harvesting can utilize solar energy and recycle nutrients, thereby avoiding the need for expensive petroleum-based fertilizers, while producing healthier food with less runoff.  Such farming practices actually increase the health of soils, rather than deplete them.

Some of these innovations are about relearning intelligent ways that more “primitive” societies used to meet their needs.  Older cities in the deserts, for example, could rely on thick walls and street designs to capture desert winds to cool buildings down.  Engineers and architects in Masdar in Saudi Arabia are trying to learn from these practices.  

Science can transfer these lessons into new technologies as well.  Cities can install wind turbines and solar panels to capture energy.  Wastewater treatment plants can extract methane for energy from waste sludges and capture and use heat produced in the process. A forest moderates temperatures, through evaporative cooling and condensate warming, and a city can similarly use vegetation to lower heat in buildings and save energy.   Rural villages all over the world have typically recycled nutrients from food to sewage and back onto the farmfields, and modern “eco-sanitation” is seeking to replicate this process with public health protection.

Other fields are incorporating the principles of integrative design.   Integrative medicine assumes that treating the “whole patient”, rather than the specific symptoms can be cheaper and better for long-term health.  President Obama’s “cluster” economic development strategy also recognizes the synergies of co-locating academic institutions, business incubators, and trained workers in similar fields.

As of yet, these practices and concepts in water fall under the various categories of “smart, clean, and green”, “integration”, or “biomimicry”, etc., but there is no overarching design frame or “unifying theory” that has emerged.  Other sectors are much farther along in this regard.  In manufacturing, the central concept is “closed-loop” or “cradle to cradle” engineering.  In agriculture, a starting point is reliance on solar energy instead of petroleum to generate calories for food.  

A key goal of this project is to identify, to the degree possible at this early stage, the central driving forces and reasons behind the power and productivity of the new water paradigm.  One possible statement could be:  “restore and replicate natural systems at the local scale.  The benefits to the larger Commons will follow.”  But, the densities of cities and the import and export of natural resources complicate this design principle, as will be discussed.  Another metaphor is the “network”, but the analogies for nodes and links need to be identified.  Another phrasing recently introduced is “self-diagnosing, self-healing, and self-repairing systems”.   

Short-term productivity advances – cost-savings and new services:

Advocates of the new water management paradigm have begun to assert that “smart, clean and green” approaches offer distinct advantages in the near-term.  This is important because efforts are underway to continue to use of the current infrastructure as a platform and build in new systems in the niches where they either save the customer money or create new value.  These opportunities include green schools, federal buildings, multi-family housing, military bases, new subdivisions, and infill developments.  

Entrepreneurs and advocates can push for the installation of new technologies by arguing that they are both cheaper and better than current approaches.  Widespread implementation would be good for society, in that fewer resources would be needed for a given level of service and additional benefits or services would be provided that customers appear to want.  They may also advantage the Water Commons.   

Examples of these cost-savings and value-added services in the new water paradigm are at the building, neighborhood and municipal scale.  In the early stages of “low impact development”, it began to be clear that developers could both save money on installation of stormwater management in a new subdivision and also garner higher home prices from buyers who liked the open space, recreational areas, wildlife habitat, etc.  These factors have become a major tool in convincing developers to adopt “green” practices and municipalities to adopt local ordinances that facilitate and encourage such practices.

Similarly, a municipality can both save money and generate additional value from a new way of approaching water management.  Integrated water and energy planning, such as  satellite wastewater treatment facilities that replace high energy-use and high maintenance cost pumping stations can lower energy costs for the water utility and provide for reuse opportunities and possibly generate revenue from biogas recovery and water reuse.  “Green infrastructure” can also produce improved air quality, recreational, aesthetic and other benefits for residents.  When the city merges capital planning across all relevant agencies, these “added value” impacts can be calculated.  If “green jobs” are created for this work, then the city can also benefit from increased payroll taxes and possibly lowered crime, higher property values and other economic development impacts.

Long-term Enhancements of the Water Commons

Cost-savings and added value are extremely useful as an argument for building scattered examples of the new paradigm in the short-term, but are inadequate as a defense for a shift in the water paradigm in the long-term.  This is because the current prices and values in the marketplace upon which decisions are made fail to take account of all the significant concerns of the Water Commons.  

For example, if limited phosphate rock is a long-term challenge, then the value in the market for recovery of wasted phosphates in sewage treatment plant effluents, rather than disposal of phosphorus, should be established by the government through either penalties for disposal or mandates for recovery.  Recovery could generate some short-term revenues from sale as fertilizer, but the remaining incentive would reflect the low discount rate for a societally-determined long-term shortage.  Similarly, if vegetative cover and soil moisture are determined to be a useful approach to moderating global temperatures, then governments could provide financial incentives for green roofs and tree plantings and for keeping water local.

Identification and prioritization of the various concerns in the Water Commons thus becomes the foundation for establishing the envelope of objectives for water management, within which the new design model is developed and shaped over time.  Increasing water shortages are likely to be a high priority, but an exclusive focus on this concern could lead to a perpetuation of existing central system models, when a multiple-objective approach could provide even better relief and additional important benefits.

III. Setting a Policy and Civic Agenda for a New Water Paradigm
Current policies, institutions, and advocacy in water management are mired in conventional practice and thinking.  Legislation in years past was directed at provision of clean water to cities (and farms) and at reducing exposure to contaminants in sewage in a manner known at the time, through long-distance transport of both.  Subsidies and regulations have perpetuated this design approach.  Clean water advocates have largely accepted the notion that more funding and tighter enforcement would be the keys to improvement without considering the entire picture of the benefits of changing the basic approach. 

A series of water crises and science-based design opportunities are challenging this system, but the tendency is still to think incrementally and cautiously.  With some flexibility in regulatory programs and some support for innovation, scattered pilot projects can get built by developers or municipalities.  These are not without value.  Demonstrated success (or failure) with new technologies and designs can expand the knowledge base and lower the risks of reform.

But a new Covenant or Social Contract in water does require a fundamental rethinking of governance and civic activism.  This project will work through the farthest of leading-edge concepts about what is at stake in the management of the Water Commons.  It will also seek to characterize the internal design principles and identify participants in a new approach.  The final element is a deconstruction of existing, perverse policies and institutions and a construction of more appropriate approaches.  

The “full-cost pricing” concept from the earlier workshops remains critical, in that current low prices for water and wastewater services encourage the wasting of increasingly scarce water resources.  Failure to charge for eco-system damage similarly encourages disruption of water hydrologies and increased releases of pollutants.  Reduced subsidies for profligate water use, and potential imposition of taxes and other penalties for ecosystem disruptions, could encourage a widespread search for and adoption of water-efficient designs, fit-for-purpose treatment, and reuse and reclamation in the marketplace.  

Higher pricing of water is now being recommended by corporations that rely on large and stable water supplies, including power plants, bottling companies, computer chip manufacturing, and others.  These companies argue for the advantages of market pricing in allocating resources and in spurring efficiencies and innovation.  Resistance to such “commodification” of water comes from social justice groups who argue that access to water should be a human right and that no one should be priced out of the market.  A limited focus on water supplies could also lead to a heavy reliance on expensive and energy-intensive desalination plants, which would not address the full range of needs and opportunities of the Water Commons.   

Early thinking about a transition to 21st Century “smart, clean, and green” infrastructure practices and institutions suggests a more thorough analysis is necessary to write legislation.  Reference points for a new policy and civic agenda are in the larger conversations about the failings of markets and the need for a restored social and economic Commons described earlier.  New policies and advocacy for sustainable energy and agriculture also offer important analogies.  

Market Corrections

The literature on market failures offers some important insights.  Generally, economists speak of four primary market failures, along with four concerns that are not well-addressed by the classical model.  The “failures” which adversely affect societal outcomes are:

· Externalities – both positive and negative impacts on others 
· Monopoly power – can private water and wastewater utilities extract high prices from customers or otherwise misallocate resources and under-perform because they have no competitors?
· Public goods & services - such as research or national defense, that will not be produced by individual companies, because the benefits accrue to the broader public and cannot be captured in sales in the market
· Information – do producers and consumers make poor decisions because of lack of information? 
Additional concerns that are not part of the classical market model are:

· Equity – should cross-subsidies be made to help low-income customers, companies, or communities?
· Behavioral anomalies – do utilities, developers, and consumers need to be encouraged to act in more “rational” ways to promote their self-interests?
· Power dynamics – have engineers or private companies had the power to prevent shifts in water management that would benefit society at large?
· Market transformation and growth patterns –is there a role for government or private foundations (such as the Clinton Foundation) to open and jump-start markets for the development of lower-cost and higher-quality technologies in water management to emerge over time?
This project will clarify the location and range of these concerns in water management, including both those market imperfections that unnecessarily compromise the ecosystem and societal Commons, and those market corrections that support a burst of design and engineering potential in buildings and infrastructure.

The design of an optimal mix of government strategies will depend on calculations of the responsiveness of various actors, on equity issues, and other institutional factors.  For example, higher water rates may lead homeowners to purchase water-efficiency appliances, harvest rainwater, or reuse graywater and blackwater.  But, a danger is that homeowners will not shift their behavior, but rather just pay more for water (this is considered a low “elasticity” of response).  In those instances, requirements and mandates may need to be imposed by government.  In addition, homeowners may lack the upfront funding to retrofit their homes, and in these instances, rebates and subsidies will be required to assist them in doing so.   

A key insight from the energy sector is that market participants include far more than energy utilities and multi-national corporations in coal, oil and natural gas.  Homeowners and other property-owners become much more active customers for energy-efficient appliances, solar panels, etc.  Scientists and venture capitalists develop new markets for renewable technologies at a variety of scales.  Architects incorporate LEED and other Green Building standards in their plans and drawings.  Planners and a range of municipal agencies and civic organizations search for more efficient designs and strategies. 

Improvements should also be internalized at the lowest scale possible, a principle termed “subsidiarity”.  In water management, there are the following scales:  building, subdivision or neighborhood, municipality, watershed, and global ecosystem.  Generally, at each scale market participants may need some encouragement or information to adopt practices or technologies that are in their interest.  A heavier hand of pricing or mandates will be required to deal with externalities that they impose collectively at higher scales.    

Many social and economic concerns will be addressed at the municipal level.  Ecosystem functions are best-managed within watersheds, which differ in needs from water-short to water-plentiful regions.  Truly global concerns relate to climate impacts from reduced evapotranspiration and high energy use, nitrogen cycles issues, limited phosphate supplies, and broad measures of shared prosperity and health.

An “artful” new policy frame will seek to maximize the strengths of markets, but direct those markets toward protection and restoration of the Water Commons, rather than “commodify” water.  Current policies protect public health in important ways, but also thwart the discovery of efficiencies and innovative technologies and designs.  Market forces do need to be unleashed, but only if goals, incentives, and safeguards are in place to advance the public interest, including the health and functioning of ecosystems and communities.

The varied numbers of financial incentives, planning procedures, and mandates that can be devised, in combination, are fairly well-known in efforts to lower the externalities for greenhouse gas emissions.  They include:

· Gasoline taxes
· Vehicle mileage requirements
· Carbon trading schemes
· Low-income weatherization grants
· Life-cycle, multi-criteria planning requirements for utilities to assess options
· Mandated reductions of energy use in federal facilities
· Decoupling of utility revenues from the need to sell more power
· Preferential lending to those utilities that
· Tax credits for solar panels
· Investment tax credits for innovative wind and solar projects
 Some of these are viewed as temporary.   In early phases of design and use, costs are higher to the consumer than they eventually will be.  Experience shows that as markets mature in the environmental sector, performance of technologies improves and costs of production decline significantly.

The analogies in water management could include:

· Rebates for water-saving appliances
· Higher water rates to induce conservation and reuse
· Subsidies targeted at low-income ratepayers who install new technologies
· Mandates for onsite stormwater management practices
· Integrated full-cost assessments for federal grants and loans
· Water use trading
· Water banks, where nonprofits pay for reductions in water use
· Development of ecosystem service markets, modeled on carbon trading markets 
Other institutional changes, such as new leasing systems where the developer, can capture the longer-term benefits of reduced water use (and not the tenant).

Integrated Governance

The new water paradigm achieves significant value through integrated architecture and engineering design at the building, neighborhood, municipal, and watershed scales.  Green building rating schemes such as LEED have instigated inter-disciplinary collaboration and the discovery of substantial cost-savings and productivity advancements.  At the municipal level, cities such as Los Angeles and Seattle are demonstrating the significant benefits of inter-agency planning.    

This integration of design and planning should be incentivized, and potentially required, over time by the federal government.  A start would be the kind of planning exercise proposed in the earlier workshop series, as a condition for any and all federal grant or loan programs.  Currently, most federal departments focus on a narrow mission.  HUD, for example, does not reward green practices in multi-family housing projects, in spite of their demonstrated value.  EPA wastewater funding through State Revolving Funds does not require an integrated resource plan.  Potentially, the federal government could move to “sustainability block grants” as more is learned about the value of integrated urban approaches.

The role of federal, state, and local regulatory programs in perpetuating a conventional infrastructure paradigm is more problematic.   Generally, local developers are forced to deal separately with a wide range of conservation, health, building, planning, and other agency rules and permit requirements and are allowed less flexibility in design than they would need to advance a 21st Century “smart, clean, and green” agenda.  Ordinances should be drafted to encourage, rather than stymie, this approach.  

Municipalities are also greatly constrained by federal and state mandates in water quality, water supply, education, fire safety, endangered species, and other services.  Separately, these mandates advance siloed agendas for the public interest, but collectively they may constrain the ability of communities to implement more holistic, sustainable approaches.  This is one of the tensions in green infrastructure, for example, where the NPDES enforcement program allows large underground storage tunnels to deal with combined sewer overflows, rather than distributed retention in green roofs, swales, etc.  State fire codes have also perpetuated wide streets and cul-de-sacs and sprawl development.   One of the goals of this project will be to discuss the impediments to integrated design in existing legislation and to recommend appropriate reform.             

Restoring the Societal Commons

Developing and implementing a new water paradigm requires significant interdisciplinary collaboration and participation by civil society.  Congress, the new Administration, foundations, and a wide variety of professional and advocacy groups need to create substantial spaces for conversation and invention.  Markets alone can experience the “creative winds of destruction” as new products drive out the old.  But, in water management, there are complex and intricate relationships among markets, agencies, civil society, and the public that prevent market-driven change.  A water paradigm shift requires an affirmative government and civil society vision and commitment for change, which will only emerge from a substantial collaborative dialogue. 

Initially, this dialogue is necessary for thinking through and pushing the kinds of changes in institutions and markets that will be needed.  But over the long haul, a revitalized civic Commons will continue to be needed to assist communities in establishing values and developing coordinated plans and will be important as the source and seedbed for widespread invention as well.     

IV. Framing a new Water Covenant 
Scattered, partial conversations assert the need for a more ambitious and holistic approach to predicted water-related crises and opportunities, but none are responsive to the full scope and need for a paradigm shift in water management.  This project is an initial effort to clarify the external objectives and internal structures and mechanisms for that shift.  A preliminary example would include the following three framing statements:

Defining Water Management Impacts on the Commons 


Traditional approaches to water management have created problems of water 
shortages and degradation, toxic pollution, fossil fuel dependency, drying soils 
and vegetation, acceleration of global warming, lack of resilience in response to 
climate extremes and other shocks, nutrient losses, the deterioration of urban, 
suburban, and rural communities and public 
health, and the loss of jobs and 
economic growth potential.

Implications of a Paradigm Shift in Water Management


Networks of smart, clean, and green infrastructure that work with and mimic 
nature have the potential to provide water efficiently for all uses, restore natural 
water systems, moderate climate change, recycle scarce resources, and revitalize 
communities and economies.

Governance and advocacy innovations to promote restoration of the Commons



Measures to correct for market failures and externalities will include funding for 
research, education, and pilot projects, rebates and tax credits, creation of  
ecosystem markets, and mandates for integrated infrastructure that creates 
multiple benefits for healthy communities.  Creativity and innovation will be 
supported in the restored public spaces and conversations in a civic dialogue 
among communities of architects, engineers, planners, watershed advocates, 
builders, scientists, manufacturers, and community advocates for green jobs and 
healthy communities.

It is possible that a new Water Covenant will emerge in coming years focused more or less exclusively on just the problem of growing water shortages.  But this project will attempt to do justice by the full complexity of challenges and opportunities for a new design model.

Systems Frame vs. Triple-Bottom Line Accounting

Development of a new Water Covenant involves the overlaying of three systems:  global ecosystems; design of human settlements and infrastructure; and political economy.  At the moment, systems thinkers in each of these sectors are largely unaware of progress or opportunities in the other.  

Global climate and ecosystem analysts are ill-informed about the potential for new infrastructure models that could be more sustainable.  Advocates of smart, clean and green infrastructure have not made a connection of their approaches to issues in the broader Water Commons.  And, economists and policy advocates are not speaking to emerging issues in the water sector.

Triple Bottom Line accounting suggests that there is some small area of overlap between sectors or factors in the environment, society, and the economy.  This approach perpetuates the segregated thinking of industrial economies, where the idea is that some small overlapping part of each system is maximized in a joint solution.

In contrast, the three environmental, social, and economic systems need to be viewed from the start as interconnected.  Vegetation and waterways can be restored in cities to provide energy and water services.  Markets can be adjusted to advance lighter urban footprints and healthier communities.  And, civil society can be revitalized in the rebuilding of the “Commonwealth”.  

The touchstone for the new paradigm is in the phrase “water is at the heart of all life.”  Inevitably, such concepts as “cooperation”, “interconnection”, “resilience”, and “abundance” will emerge.  Unlocking the correct metaphors and design principles for water’s work in the Commons has not yet been done, but efforts in this project will be made to do so.
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