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Introduction: Quandariesin Water Resour ces Decison-M aking

Martin Jeffe
Interim Coastal Business and Environment Specidist
lllinois-Indiana Sea Grant College Program

Water resources planning and management usudly involves multiple stiakeholders and attempts to
achieve multiple objectives. This makes water resources planning a complicated, conflictua, and often
ambiguous endeavor. Water resources planning and management, for example, often addresses water
supply development, consumption, discharge, and irrigation by municipd, industrid and agricultural users,

Planners attempt to balance water use and infrastructure needs among these diverse sectors so that most
of the users consumptive objectives can be met a least cost and with minima public investment.
Typicdly, where there is plenty of water avalable, future population and employment growth are
estimated for a service area and the resulting water demand is projected by sector and location. Water
supply production, distribution, storage and trestment infrastructure is then sized to meet this projected
demand with a margin of safety for drought or other disruptive events. Municipa and private water
utilities then charge users for the finished water at rates sufficient to retire the bonds issued to pay for this
needed infrastructure and to recover their annudized operationa and maintenance expenses, plus provide
arevenue stream to the municipaity or utility.

But where there is insufficient water available to meet projected demand, asisthe casein arid
regions (and even in the Chicago metropolitan area because of legd condraints on the use of Lake
Michigan water), then water resources planning become more complicated and more controversd. One
option is to make larger infragtructure investments to either import water over longer distances or to use
water resources with lower ambient quality, both choices raising the costs of water transport and/or
treatment and, thus, the price of water. Alternatively, users or sectors can bid againgt or compete with
each other for rights to use the limited water, increasing their transaction costs and the price of water.
These user conflicts can be resolved and water prices stabilized by increasing the amount of available
water, by requiring existing and projected water use to be reduced to meet existing supplies, or by having
the available supply rationdly redlocated among users through public regulaions or by private markets.

All of these management options raise thorny -- perhagps even “wicked’-- policy problems.
Expanding available water supplies often smply bumps water disputes up alevel from loca controverses
to regiond ones, to conflicts between users within a service area or watershed to conflicts between
service areas or watersheds. The decisiona entity responsible for managing or resolving the controversies
aso gets bumped up aleve or two, from aloca water didrict to a Sate or federd agency (especidly if
interbasin or interstate water transfers or diversons are required). If water resource use is consdered a
zero-sum game in places where there are water shortages, then interbasin water transfer decisons may be
recast as regiond economic development decisons, exacerbating regiona competition and conflict.
Long-range diversons aso often require substantia subsidies to make water affordable to users, raising
additional policy conflicts between those who pay for the subsidies but receive no direct benefit from the
increased water supplies. Who gets how much of the water subsidies and who has to ultimately pay for
them generate some hard, and usudly unpopular for some users, decisons from the management entity.
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These dlocationd decisons are compounded by the indtitutional and legal context of water
resources use. Water resources, especially ground water resources, are often considered as common or
pooled resources and the unmanaged use of these types of resources often leads to a “tragedy of the
commons.” Individud users obtain dl the benefits from withdrawing water from the resource, but bear
only a portion of the costs of resource overuse (most of which are shifted to other users). State water
laws usudly support these patterns of water use and overuse. In the eastern U.S,, al riparian users have
a right to reasonable and beneficid use of surface water resources, for example, while in the west, users
are dlocated water use rights by therr states on a “firg-in-time, fird-in-right” bass. The inditutiond
framework under which legd rights to weter are dlocated to users is important in determining how the
resource ought best to be managed. Moreover, different types of federd, State, regional, and local
agencies have overlapping authority over water resource use and protection, complicating the
management and planning process. Unfortunatdly, little is known about optimd inditutiona structures for
managing our water resources, and thisissue remains aresearch priority (NRC, 2001).

Water conservation and even water reuse are also obvious ways to increase water suppliesin
those areas that face limited water resources. There is alot of experience with the conservation of high
quality water supply resources but much less experience within the U.S. with the reclamation and reuse of
contaminated water (NRC 1998). As a genera premise, water conservation dmost dways makes
€conomic sense in most communities, even in those with plenty of avalable water, if only to minimize
future infrastructure expenditures by artificidly increasng exising water treetment, storage and distribution
facility capacity through water demand reduction.  Making existing capacity go further will usualy result
in a favorable cost-benefit ratio, especidly if most of these water conservation cods are borne by water
users and not by the supplier. Despite some occasona grumbling about the functiona efficacy of low-
flush toilets, federa laws mandating the use of water conserving fixtures have dready shifted many of
these costs.

It is the process of rationdly dlocating water between users or sectors that is often most
politicaly problematic for water resources planners. Deciding who should get limited water or who
should be subsidized to reduce their water prices (through block pricing for industrid users, for example)
implies that some users are deemed more important than others and that public water alocation decisons
should be made to reflect these policies. These are obvioudy politicaly unpopular decisions for those
users who are not preferential consumers under water resources plans. Hydroeconomic models can help
planners and policy andydts judtify these difficult dlocationd decisons, or a least to rationdize them in
economic terms in terms of their costs and benefits. Systems-based decision-support models can aso
help water resources managers and planners better identify the critica stakeholdersin the water alocation
process and what their goas and concerns are so that potentia policy tradeoffs can be better assessed.

Private market mechanisms for water dlocation finesse some of these politica issues by having
Adam Smith's “invisble hand” automeaticaly move water from low-vaue uses (like agriculture) to high-
vaue uses (like indudrid production) smply because high-vaue users can outbid low-vaue ones for
access to the resource. But there may be countervailing public policies, such as food security, which can
distort these market forces. Moreover, unbridled water markets are notorioudy deficient in addressing
environmenta issues (many of which -- such as protecting aquatic biodiversity -- are difficult to price),
third party or public impacts (that are often ignored in bilaterd water transactions between sdlers and
buyers), and equity issues (such as poorer users being priced out of the market for an essentia good).
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Traditiona water resources planning and management tends to focus on municipd, industria and
agricultural water use, but sound resource management aso implies the adoption of policies for non-use.
In situ water bodies and aguifers remain essentid for maintaining wildlife habitats, protecting water
qudity, providing recregtiona and navigationd functions, offering flood protection through stormwater
dorage, and supporting natura environmenta processes. These naturd capitd aspects of water
resources are critica for maintaining the ecologica and hydrologica integrity of aregion, and ought to be
recognized in the resource planning and management process. To some extent, maintaining these natural
functions can subditute for indaling expensve engineering fadilities, resulting in economic savings
Maintaining stream bassflows at a level sufficient to meet environmenta, navigationa, recregtiond, and
ecologicd functions and withdrawing ground water a a rate below an aquifer’s sustainable yield are
sensble drategies, but policies to preserve water resources are often neglected in water resources
management plans that instead focus on how water users can meet their existing and projected demand
mogt efficiently and economically.

The Sx mgor papers and their commentaries contained in this publication, “Improved Decisont
Making for Water Resources. The Key to Sustainable Development for Metropolitan Regions,” explore
these water resources management problems and decisional quandaries in greater detail. The key theme
of al sx papers is how water planners and managers can make better decisons about using our water
resources more sustainably, especidly as these decisons relae to metropolitan growth and its associated
water impacts. Professor A. Dan Tarlock and Henry Henderson examine the legal and indtitutiond
agpects of this relaionship on both municipad and basin-wide scales. Professor William James explores
some innovative urban infrastructure strategies to better manage water demand, while James M. Patchett
and Gerould Wilhedm examine the nonruse and natura capital aspects of water resources. Findly,
Professors Robert Costanza and Alex Anas survey the utility of models and economic insrumentsin
fashioning sustainable water resource alocation decisons.

Professor Tarlock notes that the traditiond relationship between water supply and land use
planning is that infragructure follows the market: while land planners atempt to mitigate market-driven
future growth, water utilities (with alegd “duty to serve’) sruggle to expand water supplies to meset the
new demand generated by such growth. Tarlock observes that this traditiona relationship (or, rather,
lack of areationship) is being chalenged by legd developments in the Western states, where growing
communities are atempting to match their water supplies to their desired growth rates through integrated
land use and infrastructure planning. The process of better integrating gowth management and water
supply development in lllinois should follow three stages, Tarlock argues: firgt, by recognizing water as a
limited resource, next by recognizing that land use and water supply should be better linked, and findly,
by enacting “new laws to adlow communities to subordinate land development to water supply and
watershed protection strategies’ This strategy would enable communities to restrict water service in those
aress that a community does not wish to see developed, thus subordinating a water utility’s *duty to
serve’ to municipd land use planning objectives.

According to Tarlock, initidl steps in enhancing the sustainability of 1linois water policy would be
to first rediscover the Chicago region's landscape (to understand the region’s inherent naturd growth
condraints), then to incorporate water resources dements (including water availability and watershed
protection) in community plans, and, findly, to reexamine the Lake Michigan dlocation and its water
markets in order to determine how best to integrate water supply planning and growth management in the
Chicago metro region. In commenting on Tarlock’s proposals, Professor James Wescoat draws insgghts
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from the experiences of the arid West. Wescoat notes that Western states are reluctant to use scientific
evauation and alocation approaches, instead using one body of law (e.g, environmenta) against another
(eg., water) to adjust dlocationa decisons paliticaly. Moreover, integrated planning in the West often
involves large-scale water diverson projects and the use of reatively unregulated urban water suppliesto
support the desired growth and development of primate cities (such as Denver). The next water battlesin
the West, Wescoat opines, may be between water-rich cities and their growing suburbs. The potentid
links between landscape and law are interesting, Wescoat concludes, but the landscape research
necessary to form such a synthesisis both emerging and daunting.

Henry Henderson's paper focuses on the convoluted governance structure of the Chicago metro
region's maor water resource, Lake Michigan. Decisons about using this water resource are
congrained by U.S. Supreme Court decisons limiting the diverson of water from the Lake and from legd
(under the 1986 federa Water Resources Act) and policy (by the Council of Great Lakes Governors)
congraints within the Great Lakes Charter that give any Great Lakes date a veto over a diversion
decison by another state under the Charter’s “prior notice and consultation” provisons. In response to
criticiam tha such veto authority can be exercised arbitrarily (thereby violating internationd trade
agreements), the Council recently adopted its Charter Annex, where the Great Lakes dtates and
provinces agreed to begin developing acceptable and defensible decison-meking standards for
diversons. The Internationa Joint Commission has adso entered the diversion fray, by preparing a report
that assumes dl Great Lakes water serves important ecologica functions and thet the burden should be
on a prospective diverter to show that the diverson would not impair such functions as a condition of
gpproving adiverson.

The key to developing gppropriate inditutional management structures for the Great Lakes,
Henderson argues, is to appreciate the hydrologicad and ecologica interconnections within the basin and
to manage the Greet Lakes as a single, unified ecosystem. Buit this unified perspective is complicated by
the fact that Great Lakes water possesses economic value and can aso be considered a commodity in
internationd trade. This makes the water resource adso subject to nationd and internationa trade law,
with potentia water use conflicts resolved by the World Trade Organization's trade pands instead of
through cooperative governance structures. Therefore, Henderson concludes, environmentaly sound and
commercidly vadid standards for managing the Great Lakes must be developed in order to treat the
region’s water as a vauable environmenta good and to manage uncontrolled diversonsin order to better
protect this economic resource.

Commenting on Henderson’s proposal, Daniel Injerd observes that few would oppose promoting
the more sustainable use of Great Lakes water, but that implementing an effective and feasble governance
gtructure will require that much closer attention be paid to developing credible, science-based water use
decisons. Responsibly managing the Great Lakes basin, for instance, requires that decison-makers
accurately know how much water is being withdrawn from the watershed or added to it, something that
has not been technicdly feasible to date given the large margins of error in measurement. The very sze
and complexity of the Great Lakes also hinders its management as asingle, integrated ecosystem, as does
the willingness of local governments to integrate water resources planning into their land use decisons
ingead of smply seeking engineering solutions to their water supply problems. Despite these technicd
and indtitutional condraints, Injerd notes that there are recent initiatives by a number of regiona and
international agencies to cooperatively develop a more comprehensve management gructure for the
region.
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Professor William James examines the sustainability of water resources infrastructure investments,
broadly defining “sugtainability” to “require that no non-renewable energy be consumed, nor should any
water or energy be imported from remote areas, and aso no by-products such as chemica contaminants
should be exported or accumulated locdly.” In attempting to desgn more “sudtainable’ infrasiructure,
James develops an innovative proposa to radicaly change how our capitd facilities for water supply,
sormwater management, and wastewater collection and disposa are designed, repaired, monitored, and
managed. James engineering visions incorporate using distributed intelligence, red-time control, GIS,
and the greater use of integrated moddling and management in order to create “smart” urban sewers,
distributed storage systems, and infrastructure design and layouts that adlow waste streams to be
segregated more efficiently within an integrated and centraly-managed drinking water, sormwater, runoff,
and wastewater infrastructure system. James aso proposes using robotics for autonomous infrastructure
ingpection and repair, refocusing infrastructure planning to address population growth and waste
generation, and cresting new types of private-sector and public-private ingtitutiona arrangements to more
efficiently address wban development objectives and to ensure better infrastructure performance and
qudity control.

Michael Sanders, in assessng Professor James proposas, aso recognizes the need for
sophigticated intelligence and date-of-the-art modding in designing integrated infrastructure systems, but
sees the dedred integration blunted by exigting inditutiond arrangements and infrastructure failures,
especidly in developing areas. Moreover, Sanders notes that most of the innovative technologies James
proposes are dready in existence but have been rgiected on economic terms. Many can be implemented
through privatization, but others (such as managed population control) remain too controversid. Differing
adso with James definition of “sugtainability” to limit energy use and water imports, Sanders concludes
that the key to creating integrated water resources management is stakeholder participation — *not just the
integration of competing government agencies, jurisdictions, and regulations...the integration of the
planning, design, congtruction and operation, and...the integration of computer modds. What we must
integrate are the Strategies and policies that are proposed to resolve the stakeholders issues and
concerns.”

James Patchett and Geould Wilhelm examine te ecology and culture of water in the upper
Midwest and how these relate to urban infrastructure.  “Understanding the human relaionship to the
interaction of water with the geology, soils, topography, flora and fauna unique to a place is the first step
by which a culture can learn to live susainably,” they argue. Reviewing the historic integration of the
region’s hydrology and its natural systems, Patchett and Wilhem note that urban development (and even
agriculture) changes the relaionship between these two subjects. sustainable desgn should atempt to
retain water where it fals, treating water as a resource rather than as a waste product. Patchett and
Wilhem argue that a new paradigm of sustainable design is needed to incorporate the understanding of
naturd hydrology into the development process and to better integrate urban, suburban and rura
developments into the unique naturd systems of thelr dtes. In reviewing this premise, James Gdloway, J.
notes that a philosophical god of this paradigm is to capture dl of the water that fdls to earth on the
micro-urban scale, an objective that may be impossible to extend to the regional and nationd scales.
Erosion, sedimentation and flooding are al natural hydrological processes. As Galoway points out “A
system in which dl water is captured by the ground is not the normd naturd system.”

The use of models to better understand complex relationships and thereby choose among
5



dternative water resources decisons is a subtheme in amogt al of the conference papers. Tarlock and
Henderson both note in passing that modeling can help planners manage water resources better and
develop the indtitutional drategies that are needed to address the forecasted impacts of using or
consuming such resources, while James looks to sophisticated models and distributed intelligence as a
means to design and to modify infrastructure characteristics in red time to meet changing use demands.
Professor Alex Anas aso notes, below, that models could help optimize metropolitan water resources
policies, by cdculating the socid costs of different water qudity or quantity standards.

In contrast to these tangentid discussons of modeling, Professor Robert Costanza examines
modeing as the magor topic of his paper. Using case sudies of natural ecosystems and urban
watersheds, Costanza assesses how integrated dynamic models can help decison-makers better
undersand and manage complex decisons affecting ecological and economic systems. Rather than
focusng on the amulations and outputs of the dynamic models as decison-making inputs, Costanza
ingtead focuses on the modeling process itsdlf as a vehicle to engage stakeholders in building consensus
on the scoping, modeding and testing decisions.

The computerized dynamic models discussed by Costanza differ from traditiond Stetistical or
empirica models because they smulate natural processes and ecosystem dynamics, alowing norlinear
relaionships, disequaibrium conditions, and time and space lags to be addressed.  Models can be
misused, notes Codtanza, to legitimize rather than inform policy decisons and to cloak norméive
decisons with an aura of scientific objectivity. Recognizing that large-scae integrated models are
inherently “subjective” Codtanza points out that they can be used to build consensus not only across
academic disciplines but also between wide ranges of parties interested in or affected by water resources
policy decisons. Grgphicd programming languages make the dynamic models more transparent to users,
alowing the gtructure of the modd (and itsinitid conditions, parameter values and functiond relationships)
to be clearly spdlled out.

Cogtanza' s dynamic modding aso uses a three stage process. fird, the development (involving
experts and stakeholders) of a generalizable and low-resolution scoping and consensus building modd,
next the creation of a research model that replicates the dynamics of the particular systlem of interest
(including cdibration and testing by experts), and, finally, the development of a management model (based
on the earlier two models) that predicts system behavior under various management dternatives. Adaptive
feedback and monitoring are used to check and improve the models, achieve better understanding, and to
test policy options. Case studies of dynamic ecologica and landscape assessment models suggest that the
three stage modeling process provided a detailed set of management policies that reflected the input and
judgments of the stakeholders, and provided a vehicle for building stakeholder consensus regarding
complex ecologica and economic decisons. Professor Elena Irwin notes some chalenges posed by
Costanza s gpproach, including how economic and ecological models are interlinked, the level of spatia
and tempord detall devoted to economic modeling of land use change, and how to account for and value
non-market ecosystem benefits under the economic components of the dynamic modd.

Professor Alex Anas discusses the economics of preserving ecologicaly vauable land within the
context of competing private property ownership rights.  Market-based options are preferable to
regulatory ones, snce preserving land is ultimately an economic activity involving investment decisons and
taking these private property rights reguires landowner compensation. Anas notes that buying land to
preserve it is therefore the most defensible strategy, but that it is often difficult to determine how it should
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be bought and who should pay for it (to avoid free rider problems), how much land to buy (to meet
environmental objectives while minimizing land assembly problems), and how much to pay for it (to reflect
its ecologicd functions and environmenta utility). Recent trends affecting land acquisition include urban
growth boundaries, and dternatives to fee smple land ownership, such as zoning and development taxes
(when coupled with gppropriate redistributive taxation). Hydroeconomic modeling can aso hep
decison-makers better account for the spatid shifts in land values and user benefits from public
infragtructure investments. Moreover, the margina cost pricing of water becomes important in protecting
scarce metropolitan water resources, Anas notes, while limiting land development is usuadly not deemed
to be a critica factor in preserving water resources qudity and quantity.

Professor John Landis's comments on Professor Anas's land acquisition proposas identifies five
criteria for identifying potential acquidtion dtes: these include their ecologica importance, he threats
posed to them, and the extent that they dready are protected by land use and environmenta regulation.
The &hility to presarve these important lands in sufficient amount, size and shape should aso affect
acquistion decisons, as wel as the land portfolio (i.e, the ability to acquire complementary and
subgtitutable Stes) of the entity acquiring the land. Landis dso notes that land cover mapping and spatid
modeling and andysis can help identify the most senstive and threaetened lands, but that more scientific
research is needed in determining the minimum required preservation area, shapes and szes (especidly
for wildlife habitats). Different levels of government and non-profit entities must so work together in
implementing a sendgtive lands acquisition program, and potential sSites must be ranked and prioritized
through careful study and mapping by government and university researchers.  Findly, notes Landis,
water resources planning may be more difficult than habitat planning in terms of land and resource
acquisition, since water models are more process and flow-driven than the data-driven (through species
and vegetation inventories) habitat modds, and often exhibit greater tempord variahility.
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Growth Management and Water Resour ces Planning
A Possible New Relationship

A. Dan Tarlock
Professor of Law
Chicago-Kent College of Law

Abdract

Higoricdly, there was little linkage between land use planning and water dlocation regimes.

Water and public utility law assumed that cities had a duty to find the supplies necessary to accommodate
unlimited market demand. In an era of rgpid population growth and increasingly limited supplies, more
and jurigdictions are beginning to integrate land use and water dlocation law. The integration of land use
planning and water resources law must proceed through three stages. The firdt is the recognition that
water is alimited resource. The second is that recognition that water supply and land use planning should
be linked beyond the traditiona way of smply planning endiess supply projects to meet anticipated
growth. The third step is enactment of new laws to alow communities to subordinate land development to
water supply and watershed protection policies. Northern Illinois has yet to reach the firgt of the three
dages. Severd western states are in trangtion from the second to the third stage and can provide some
useful modds for northern Illinois as more jurisdictions redize that they must live with avalable ground
and non-Lake Michigan surface supplies asthe Lake is fully alocated under federa and internationa law.

Water law, land use law

Introduction: The Reevaluation of the “Duty” to Provide Sufficient Water to Meet
Market Demand

The relationship between land-use planning and water supply in the northern Illinois metropolitan
area is non-exisent, but perhaps this stuation is on the verge of change. The relaionship is non-existent
because locd officids, planners and deve opers assume that the relationship is the smple, historic one that
isreflected in public utility law and practice: urban growth is market driven and when and where it occurs,
"hogt" communities have a duty to secure the necessary water supplies to accommodate the market. The
power of the assumption that urban growth is fate can be seen in a recent case from the Southeast
reviewing a FERC decison to agpprove the long contested pipeline from Lake Gaston North Carolinato
Virginia Beach, Virginia' North Carolina contested FERC's determination of project need. Her
arguments included Virginia Beach's concesson that water use declined in the area between 1990- 1994,
the use of a projected growth in excess of Virginia Beach's actud per capita use, and the exclusion of
dternative sources of supply such as aquifers and reservoir modifications, from safe-yield growth
projections. North Carolina specificaly chalenged the need for a drought margin because safe yield was
caculated on a wordt-case scenario and emergency wels and demand management would see the city
through s short-term drought. All were regjected. The Court concluded that it was reasonable for FERC to
assume "per cgpita use rates in Virginia Beach and the other municipdities would likely increase as those
areas become more urbanized,” and the drought augments were rejected assistant with “sound water

8



supply planning,’ given thet: (1) especialy severe droughts might occur, (2) water sharing within the five-
city region was not guaranteed, (3) water redrictions create public hedth and safety risks; and (4) future
water demand might exceed projections.” The Court's decision is probably correct as a standard arbitrary
and capricious review of an expert administrative agency. However, the rhetoric of the opinion illustrates
aview that water suppliers have a duty to acquire sufficient supplies to accommodate high end growth
projections under worst case drought scenarios and that those who challenge this orthodoxy have a high,
if not impossible, burden of persuasion.

This degply embedded assumption in United States land and water use planning is dowly being
questioned in western United States. Rapid growth is straining the region's limited water supplies,
especidly as environmental demands intensify and concern about the continued rapid conversion of prime
agricultural land increases.® Some western states and communities are beginning to subordinate the duty to
supply water to growth management. For the firgt time, the function of water law is to not remove the
limitations on urban growth inherent in limited and variable supplies, but it is to dlow communities to base
growth strategies on the carrying capacity of their natural resources base.

The basic argument of this paper is that growing communities have the discretion to match weter
supply to desired growth rates. Water and land use regulation have long been considered two separate
property and regulatory regimes but they should be integrated through locd planning processes. State
water law currently encourages urban growth and gives limited recognition to the loca vaues attached to
water. It aso does not encourage watershed- based planning and regulation. Locd communities have little
opportunity to subordinate water to growth management policies where they exist. The first sep to
reversing the disincentives to integrate land and water policy is to recognize that loca vaues have a
legitimate place in water dlocation law, even if the weight that should be given to this voice can not
presently be precisely defined and that neither the law of water rights nor the public utility law duty to
serve prevent this coordination among growing cities. Ultimately, water resources planning can become an
exercise in watershed protection and landscape definition.

The integration of land use planning and water resources law must proceed through three stages.
The fird is the recognition that water is a limited resource. The second is that recognition that water
supply and land use planning should be linked beyond the traditiond way of smply planning endless
supply projects to meet anticipated growth. The third step is enactment of new laws to dlow communities
to subordinate land development to water supply and watershed protection policies. Northern Illinois has
yet to reach the firgt of the three stages. Severa western dtates are in trangtion from the second to the
third stage and can provide some ussful models for northern lllinois to study.

. The Recognition of the Potential Limits Water Resour ces | mpose on Urban Growth
A. Lake Michigan Water: The Paradox of Institutional Scarcity

Water is not perceived as alimiting resource in Northern Illinois for two primary reasons. Firs,
lllinais is in the humid one-haf of the United States and is blessed with abundant and regular rainfal.
Droughts are generdly short-lived and infrequent and water resources are not scarce. Second, and
perhaps more important, northern Illinois is located next to the world's largest supply of fresh water, the
Great Lakes. However, if one removes the availability of Great Lakes water, northern's Illinois water
resources become less abundant. The nub of the region's problem is that Lake Michigan diversons are
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unlikely to support the region's future growth for ingtitutional reasons.

The firgt step toward the recognition that weter is a limiting resource is an understanding of the
limted avallability of Lake Michigan water. This source of water is inditutiondly rather than naturaly
scarce. The Great Lakes have never been formadly dlocated among the basin dtates by interstate
compact, Supreme Court degree or congressiona legidation or between Canada and the United States
by treaty. However, the body of Great Lakes law which has evolved since the Boundary Waters Treaty
of 1909 effectively precludes Illinois from diverting more water than it now does? In fact, llinois may be
over-diverting and will be forced to curtall its use of Lake Michigan water.

[llinois right to divert Lake Michigan water derives directly from a Supreme Court decree which
is the end product of federd, other littord state and Canadian challenges to the reversd of the flow of the
Chicago River and the congruction of the Chicago Ship and Sanitary Cana in 1900. In brief, llinois is
limited to 3,200 cubic feet per second over a forty-year accounting period.” The state's dlocation is
adminigered by the Office of Water Resources of the Illinois Department of Natural Resources. The
dlocations have created a limited municipal water market in northern Illinois as lake front communities
market water to inland municipdities. This market may intensfy as dlocations are readjusted and capped.
[llinois has exceeded its diverson in past years. The Supreme Court has authorized both in kind and
monetary regtitution as pendties for sate that exceed their interstate dlocation, but 1llinois has voluntarily
agreed to limit future diversions to maintain the 3,200 cf.s. cap over the forty-year averaging period. The
cap is the most immediate limitation on the state, but more generdly the "law of the lake" is evolving
toward an ecosystem management gpproach. Under this view, most Great Lakes states and the federal
and provincid governments of Canada view the lakes as fully "dlocated” or "used.” In short, the Satus
quo, including naturd fluctuating in water leve, is the desirable hydrologic basdine and adl modifications,
including di minimis ones, are presumptively illegal because they might impair the Great Lakes ecosystem.

B. Surface and Ground Water Resources

Northern Illinois has dternaive ground and surface resources. These are naturaly, but not
indtitutionally, limited to some extent. The Fox and Kankakee Rivers are sources of water supply but their
ambient water quality is poor. Pumping from the degp Cambrian Ordovician aquifer is dightly in excess of
safe yield. Shallow ground water is available, but as Martin Jaffe of the Univergity of Illinois a Chicago
has observed, the "Silurian dolomite aquifer is susceptible to contamination where its overlying glacia
materias are composed of highly permesble outwash sand and gravels. ® The problem is acerbated by
the lack of clear water-use entittements in the gate. Illinois statutory and common law water dlocation
regime is il tort-based and thus is effectively arule of capture. It is more concerned with redressing post
hoc injuries rather than facilitating water resources planning.® Thus, it encourages unrestricted use by
public or private users and creates no lega incentives to limit withdrawals.

IIl.  The Growing Integration of Water Resources Availability and Growth Management in
the West

The barriers to the integration of water- and land-use planning are substantia, and remain in place
throughout the West. State control over water isthe principa barrier because it enabled the states to hand
out rights to remove water from areas of origin and to cooperate with the federd government to built the
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necessary water supply facilities so that water availability would not limit the manifest destiny of endless
urban growth. There are, however, scattered signs that state control over water dlocation and use is
eroding. Urban suppliers ad loca communities are becoming more involved in water issues, and some this
locaism is being reflected in legidation and judicid decisons. This section describes the changing legd

and political landscape that gives more weight to local interests in water alocation and use decisons.

A. State Preemption

The traditional assumption of water dlocation is that control should not be shared between
different levels of state government, but this assumption is chdlenged by environmentd interests and
advocates of greater watershed control over the resource. The statewide interest in water rests of the
entrenched policy that water should be put to its highest economic use. However, the traditiond equation
of value with demand neglects other components of the resources vaue. The core principle is that water
has place and community vaues, which are submerged by state recognition and administration.  Water
law scholars have argued that water has extra-market or community values. In ther sudy of weter
conflicts in northern New Mexico, F. Lee Brown and Helen Ingram concluded that "water has an
emotiona and symbolic meaning for the West that transcends its commodity value"” Locdl control isa
way, dthough not an exclusive one, by which these in place values can be recognized. Once these values
are recognized as legitimate, the case for preemption diminishes. Professor Daniel Rodriguez has written,
"[w]here the issue is ecosystem management, the case br fidd preemption is not srong. . . . That
ecosystem issues raise matters of Statewide concern need not mean that same issues are not
smultaneously matters of local concern.” ® For example, pollution regulation is much less centralized
compared to surface pollution and locd communities are taking an active role in regulating land use to
protect drinking water sources from contamination. °
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Western water cases are darting to reevauate the traditiond preference for exclusve sate
contral. Cdifornia has long refused to enact Satewide regulate ground water extraction regulation. The
gate's conscious refusal to regulate has opened the door to counties, which want to control the export of
ground water. Potential exporters chalenged these ordinances as outside the scope of loca authority, but
a Cdifornia intermediate court of gppeds refused to find fidd preemption and upheld the power of
counties to prohibit the exgort of groundwater because the state had not effectively occupied the fidd of
ground water regulation.™ A Colorado court reached a sSimilar condusion construing the ambiguous
ddlegation of land use authority to local governments. Colorado long sanctioned the export of water from
the western to the eastern dope of the Rocky Mountains, but it has begun to grant west dope counties
more sy in the diversons as these counties have gained population and developed mgor tourist
economies. Legidation adlows counties to designate activities, such as transbasin diverson, a matter of
state interest and to develop permitting procedures for these activities™ A west Sope county did so and
denied a permit for a transbasin diverson because the diverson structure would impair a wetland. The
water right holder argued that state water law preempted the loca regulation, but the state court of
gppedls hed that an entitlement to divert water "should not be understood to carry with it aosolute rights
to build any diversion project.”?

B. Duty to Serve and to Plan

The recognition that growth management is a legitimate locd government function has modified
the traditiond duty to serve principle. Public utility law has proceeded on the assumption that water
suppliers, public and private, have a duty to serve dl customers within their service area who can pay
reasonable service charges. The common carrier and public utility duty was premised on the idea that the
public interest required courts to police monopoly under production.™ The duty remains an important
limitation on utility service, especidly as gas and dectric service are deregulated. However, the primary
beneficiaries of the doctrine should be captive consumers™ not new entrants into a community.

The duty to serveis ultimately based on principles of fairness and estoppd and thus does not limit
the integration of land and water use planning. Courts protected those who had entered into a service
relationship with a common carrier or were within the service area of a public utility but were denied
service when carier or the utility was able or should have been able™ to provide it. " A variety of
excusss for the refusal of service were dso recognized.™®  This required the utility to anticipate immediate
future growth,™ but the duty never extended to remote areas. Utilities were only required to extend
service when it was fiscally reasonable to do 0.’ The estoppel basis of the duty to serveisillustrated by
a 199 opinion of the New York Public Service Commisson on competition in the generation of
dectricity.” Severd industry groups raised the issue of whether the duty to serve would survive
deregulation, and the Commisson recommended that transmisson and distribution companies must
remain providers of last resort, but it qualified this duty. "In order to protect dl customers, transmisson
and digtribution companies will need to remain obligated to serve dl cusomers, a least in the short run.”
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Communities that wish to define growth and non-growth areas have articulated a public interest in
Iimitirg utility service b confined areas. Courts initidly suggested that this conflicted with the duty to
serve.” This ignores the fact a new public interest has been articulated by a locd government. A city
should not be required to undermine its own growth management policy smply because it isdso awater
supplier, and more recent courts have so held.”® Non-municipa suppliers should be subordinate to this
policy so long as the policy does not impair their condtitutiondity guaranteed fair rate of return. Consistent
with this analyss, the Nevada Supreme Court has held that a county may deny a subdivison permit
because it inconsistent with a county water-use plan* To preserve the hydrologic balance in the southern
part of Washoe County (Reno), the County's plan prohibited five acre or fewer subdivisons "until anew
water source is available” The developer argued that the county's action impaired his state water rights,
but the court held that the power to define rationd growth “includes the ability of county government to
determine water availability for itself." > The Washington Supreme Court has held that actua application
to beneficid use rather than capacity of a private municipa water system is the measure of the water
right>® This opinion is significant because it questions the soundness of the “"growing communities
doctrine" which alows cities to amass substantial water supplies in advance of actual demand.

C. New Legidlation That Subordinate the Duty to Service to Land Use Planning
Objectives

Recent legidaion in Idaho and Cdifornia imposes increased water planning duties on cities,
lessens the duty to serve, and opens to the door to dternative growth scenarios. This legidation assumes
that the duty to serve is not absolute. Idaho strikes the balance more in favor of rural areas and thus
potentidly limits rura-urban water transfers to growing aress. The datute gives the Director of the
Department of Water Resources to deny a transfer from agriculture to municipal use because the city
does not reed it. As the previous discusson of Colorado's attempts to subject municipa water planning
to the anti-speculation doctrine, loca governments have dmost but not quite unlimited discretion to make
population growth projections. ldaho recently limited municipa discretion to provide some badis to
address the water resources impacts of land conversion around Boise®’ Idaho now authorizes the
Department of Water Resources to determine the planning horizon for municipa retention of water rights.
Planning forizon is defined as "the length of time that the department determines is reasonable for a
municipa provider to hold water rights to meet reasonably anticipated future needs.” *® Such needs are
cdculated by population and other planning data but "shal not include uses of water within arees
overlapped by conflicting comprehensive land use plans” *° This standard is used to evaluate transfers.
The Director must decide that the municipa change of use application is necessary to serve reasonable
anticipated future need and will not significantly affect the agricultural base of the area® This provides a
basis for the state to use a locd agriculturd preservation plan as a basis to deny an agricultura to M&l|
transfer.

Cdifornia has linked water supply and land use planning objectives in a way that gives locd
governments some ability, if they take advantage of it, to control the use of locd water resources. The
Bay Area growth has spilled into Central Vdley, one of the world's most productive agriculturd digtricts.
The case, problematic asiit is, for farm production preservation™ is stronger here than in many other parts
of the West dong with the Centra Snake River Plain in Idaho. In 1995, Cdifornia enacted legidation,
primarily in response to the rapid and dispersed urban growth and conversion of prime agricultura land in
the San Joaquin Valley. The Vdley is growing fagter than the State average and may triple its population
to 12.24 million in 2040.* One half of the projected farmland conversion is dlassified prime farmland by
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the Natura Resources Conservation Service (formerly the Soil Conservation Service).® The legidation
requires cities to have a firm water supply plan in place before large, new developments are approved.
This legidation reflects the end of the Reclamation era because cities can no longer assume that either the
date or the federd government will build and finance the necessary supply augmentation project. Unlike
Arizona, the statute does not impose a de facto duty on city to acquire sufficient water rights, but it limits
the power of cities to gpprove new growth and defer the issue of actudly providing an adequate water
supply until alater date.

This duty reinforces municipa duties under CEQA to condder the adverse environmenta impacts
of water-dependent growth. This duty includes the assessment the impacts of rurd to urban water
trandfersin the area of origin. An intermediate appe late court has interpreted the Cdifornia Environmenta
Qudity Act to reinforce the duty to match growth to availability of water supplies. The court held that a
county cannot defer the consideration of water supply issues in a phased commercia-residentia project
when a permanent supply is not available unless a subsequent EIS is prepared for the specific resdentia
phase® The second opinion in Inyo County's challenge to Los Angeles EIR assessing expanded
groundwater extraction stated tha "it is doubtful whether an EIR can fulfill CEQA's demands without
proposing so obvious a solution” as "water conservation goals within Los Angeles service area” ™

The Inyo-Los Angeles litigation was finally settled in 1997 * and the settlement indicates that the
EIS process is more effective a protecting areas of origin than in stimulaing "downsream” demand
management. Under the settlement,” which was stimulated by the Superior Court of Inyo's invaidation of
a groundwater export ban, Los Angeles and Inyo counties formed a standing committee and technical
group to monitor the vegetation and groundwater conditions around Los Angeles well fidlds. All existing
fidds are designated management areas, and the vegetation within each area has been classfied and
mapped. The god of settlement is to manage pumping so that withdrawals will not exceed total recharge
over a 20-year period and to avoid the adverse environmenta impacts of vegetation changes in the five
different classfications such as crop land, riparian and marshlands and meadows. "Significant” is not
defined, but the Settlement provides a process and set of factors.® Water balances for each field will be
established by the first day of each month, and these balances plus other hydrologic data will be the basis
for the County to prepare ayearly operations and pumping program.

V. Implicationsfor Illinois

[llinois does not immediately face that rapid resource and resource stress problems that the
rapidly growing western steates face. The state is not, however, immune from one of the central messages
of environmentaiam that society must learn to live with in naturd limits. In fact, urban water suppliers have
tried to remove any naturd hydrologic limitations to urban growth. The environmental and socia codts of
this policy are becoming clearer, and states have begun to reect to the mounting evidence that failure to
coordinate urban growth with water demand can high socid and environment costs. States have not
repudiated the idea that water should never be a barrier to growth, but states are dowing rethinking this
assumption. The Legidation which requires more coordination between water suppliers and urban
planners and increased willingness of courts to find that loca water initiative are not preempted by sate
law are cresting more opportunities for loca control over weter alocation and give loca governments a
new growth management tool. At the present time, Illinois remains firmly committed to the idea that
infragtructure mugt follow the market and it is futile to think othewise. Thus, its land use and
trangportation policies are textbook studies in unsustainability. The prospects for change in this attitude
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appear to be minima, but the following suggestions would be a first toward to a more sustainable future
and one that is consstent with the sustainability of the Great L akes ecosystem:

1. The rediscovery of the northern Illinois landscape. The dominant vison of northern lllinoisis an
endless plane that ends at Lake Michigan. The flatness and monotonous urban sprawl makes it
easy to ignore the region's watersheds and other natura features, but the first step toward the
integration of land and water resources planning is the rediscovery of the landscape so that one
can gppreciate the possible limitations imposed by the landscape.

2. Community plans should include a water resources component, which describes available
sources of water and the impact of dternative supplies on future growth and available demand
management options to reduce water use. The plan should dso delineate watershed components
and protection strategies. lllinois has a distinguished tradition of water resources research, which
can serve as the basis for the water resource components of plans.

3. The exiging water markets and Lake Michigan dlocation regime in metropolitan need
to be carefully delineated and evduated to determine if existing pricing policies and
dlocation formulas hinder or encourage the integration of water supply planning and
growth management.
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West by Midwest: Commentson
“Growth Management and Water Resour ces Planning” by A. Dan Tarlock

James L. Wescoat Jr.

Department of Geography
University of Colorado at Boulder

It is apleasure, honor, and challenge to comment on this paper by Professor Tarlock and to stand
in for Gilbert White as discussant. Much of what | have learned as a water resource geographer in
Chicago and Colorado has been guided by these two professors. Geographers have a particular interest
in the contexts of water management, how those contexts shape dternative solutions, and how solutions
diffuse from one geographic context to another, in this case the western and Midwestern regions of North
America

Professor Tarlock's paper focuses on gaps between water dlocation and growth management
policies and on some promising policy developments in the western U.S.  His pergpective comes as a
pleasant surprise, as we are more accustomed to thinking of the American West as a source of water
problems than solutions, and to thinking of Dan Tarlock as a leading advocate for reform of western
water policy! *

Out West, we think of northeastern lllinois as a source of innovations -- as the place where the
public trust doctrine was rediscovered in the late 19th century,” where interstate and international water
qudity policies developed,® where the earliest metropolitan floodplain maps were produced;* and where
people like Jack Sheaffer pioneered innovative and integrative gpproaches to land application of
municipal wastewater, floodplain management, and wetlands restoration.” So it comes as a pleasant
aurprise to learn that we may have something to contribute in return.

Dan Tarlock's paper argues that the potentid contributions lie in changing relationships among
three generally separate bodies of law (water law, land use law, and public utilities law). It offersathree-
stage modd for integrating these fields, the firgt of which is recognizing growth management problems and
asociated land use policies, followed by modifying and subordinating the "duty to serve' principle to land
use planning and growth management. The three implications for Illinois are rediscovering regiond
landscape characteridtics, expanding community planning to encompass water management, and
evauaing Lake Michigan water markets and alocations.

Among the many aspects of this paper that | would enjoy discussing, it seems most promising to
focus on these three implications and work back to examples of where law, policy, and governance in the
West and Midwest do--or do not yet--seem to support them. In each case, there is the seed of an
important idea that leads to a common question, "What do we need to learn about policy precedents and
innovations for these seeds to germinate?’ Let's sart with the find implication, which isto:

1. Evaluate Water Markets and Allocations

This implication is generaly well-supported by recent water policy research in the Western U.S° The
question of whether water markets and alocation rules, "hinder or encourage the integration of water
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supply planning and growth management,” has received less attention but is very important.” Dan
Tarlock's diagnosis of the deleterious land use effects of the "great and growing cities doctrine” in water
law and the "duty to serve' principle in public utility law is persuasive. His characterization of the Lake
Michigan dlocation as "inditutiona scarcity” bears comparison with Cdifornias pressing need to cut back
to its 4.4 million acre-feet compact share of the Colorado River. But it dso raises some basic questions:

What isthe scientific basis for the present alocation?
What are the likdly environmenta, economic, and landscape consequences of increasing or
decreasing withdrawal s?

A lesson from the Western U.S. is the extraordinary reluctance to scientificaly evauate vested
dlocations, or to use the results of evaluations that are done. Allocations tend to be trested as
assumptions rather than as variables. In this context, a common politica strategy has been to use one
body of law 0 adjust another--environmental law to reshape water law, water law to reshape land use
law, and 0 on. The results of these efforts are messy, but their prevalence raises the question of whether
integration is possible, or desrable, in a society that chooses to focus on sendtive policy issuesindirectly
rather than in direct scientific ways?

2. Expand Communities Planning to Encompass Water Resources

Thisis increasngly seen as away out of the problems of indtitutional fragmentation where water lawslag
behind growth management initiatives. Dan Tarlock's paper discusses important precedents in Colorado
and Nevada that lend support to these dternatives. It examines separations among water law, land use
law, and public utilities law that have consequences for urban growth, especidly through the massve
water alocations obtained by large cities.

But isit the whole story? What types of integrated planning have resolved problems of growth;
what types have fueed growth; and what types have shifted it from one location to another? To answer
these questions, we need legd historians, historica geographers, and planning historians to dig deegper into
the ams, accomplishments, and limitations of land and water planning.

It might be found, for example, that certain types of loca planning supported the massive water
adlocations for Chicago, Denver, and Los Angdles (where the story has been especialy well told). These
dlocations facilitated growth in undesirable but not entirely unplanned or uncoordinated ways.” Large-
scae water development required the formation of specid purpose water didtricts to finance and integrate
water management across regions with disparate community plans’  Denver's argument for the "great
and growing cities' doctrine was that it was necessary for rational growth management, as it was defined
and understood in the mid-20th century.™ This doctrine was arguably the greatest legdl fiction imposed
upon the prior gppropriation doctrine and its tenet that you can only own what you can beneficidly use
without waste, which for dl of its falings is the closest gpproximation of John Locke's naturd theory of
property ever attempted in the United States™

Public works higtorians in Chicago have shown tha two additiond factors (other than land
development) drove large urban water alocations -- fire and disease Because contagion and
conflagration in poor urban neighborhoods readily spread to wedlthy aress, cities organized to provide
water at relatively equal pressure and quality, and limited cog, to al. Those historica decisions, and the
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high level of socid equity they achieved, may be undone if pressures to privatize, market, and conserve
water resources combine with the politics of more spatidly extensve class-dratified patterns of
metropolitan land use.™®

Predicting policy trends and outcomes is difficult, however, because while public utility law
governs some aspects of urban water, urban water supply is not highly regulated (e.g., by a public utilities
commission). Asaresult, western water law has lagged behind eectricity on issues of efficiency, pricing,
and equity. In an era of deregulation, it may seem absurd to study the advantages and disadvantages of
date regulatory commissions, but it should not be ruled out as an dternative over the longer-term.

A second set of questions concerns the relaionships between “community planning” and larger
"urban," "metropolitan,” and "regiond” scaes of water management. Out Wedt, there are growing
tendons between "primate cities" like Denver, and ther increasingly wedthy and powerful suburban
communities. These tensons escaated after US EPA's veto of the Two Forks Dam proposa which
Denver and suburbs had collectively promoted at a cost of $40 million. Denver went its own way with an
exiging portfolio of water rights, infrastructure, and new conservation programs while the suburbs began
to fend, factioudy, for themsdves.

Suburban and associated recreational growth may drive the next generation of water conflicts. It
is a high-stakes game in Douglas County, the fastest growing county in Colorado with the lowest poverty
level (1.9%), which is developing expensive homesin areas of limited groundwater supplies on the gamble
that it can cut or force a ded with the water-rich but reluctant Denver Water Department to sell water
beyond its service area. Does that sound familiar in northeastern 11linois?

Dan Tarlock's paper describes the first stage of reform as "recognition.” But what is recognition?
And when does it make a difference? The cities of Aurora and Colorado Springs do not recognize the
clams of digant water-rich counties. They regard those counties as "sdfish” for "gtting on" resources
they do not use rather than relessing them to people and places that need them.™ Although their proposed
long-distance water transfers involve prosperous communities, there are poor suburbs and
unincorporated areas without safe drinking water, sanitation, and flood protection in metropolitan Denver
and Chicago. And there are homeess families, migrant workers, and transients who lack even the public
baths that existed a century ago.”

Some of these poor areas and groups depend upon water utilities while others are displaced by
them. Locdlities that do beattle againg urban utilities have to have a substantid "war chest” for legd codts
and be supported by judgments in the state and federd courts to establish their locd authority to
coordinate land use and water management.™®

Ingtitutiond historians could help us determine which water digtricts have fueled unplanned growth
and environmentd degradation and which have soundly guided water management in turbulent policy
environments. They could hdp us discern the variadle roles of date, federa, and internationa
organizations. "Integration” would need to teke different forms in these different loca and larger
inditutional contexts.

3. Rediscover the Northern Illinois Landscape
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Issues of geographic context are centrd in Dan Tarlock's argument that, "Ultimately, water resources
planning can become an exercise in watershed protection and landscape definition” (p. 5). Professor
White's copy of the paper and mine independently highlighted this key sentence.

What does it mean? The paper contrasts "watersheds and other natural festures' with "flatness
and monotonous urban sprawl,” and it calls for an gppreciaion of "possble limitations imposed by the
landscape” (p. 22). These points resonate with current watershed initiatives and place-based community
movementsin the West and elsewhere.™’

A historical-geographic perspective on the past century of watershed movements reveals arich
legacy, but it cautions against purely local approaches™ Watershed movements do have a record of
integrating land and water management for locd benefit. In the 1890s, headwaters protection had the
joint ams of protecting municipd water supply, sustainable forestry, and smadl-scde irrigation.
Watershed policies linked land use management with flood protection in the 1910s, soil erosion control in
the 1930s, crop yields in the 1960s, and non-point source pollution in the 1980s.

Each of these earlier watershed movements waxed and waned with internal wesknesses and
larger-scale pressures. They have not been well coordinated with river basin planning. New rdaionships
between watershed approaches and river and lake basin management must be envisioned if the landscape
isto be effectively rediscovered regiond aswel asloca scaes.

Beyond watersheds and basins, what does a landscape approach entail? As Dan Tarlock's
paper argues, it might involve subordinating water and utility laws to land use planning objectives, as
examples of rurd landscape protection in ldaho and Cdifornia illustrate. Beyond that, five lines of
landscape research might help elaborate and advance this conclusion: *°

Landscape history, which recondructs changing reations between environmenta

modification and human settlement.

L andscape experience, which focuses on changing human perceptions, lifeways, struggles,
and values.

Landscape ecology, which examines ecosystem processes and effects in settled and
disturbed environments.

Landscape and law, which gtrives to understand how laws shape landscape patterns and
experience.

Landscape architecture and planning, which conscioudy gtrives recongtruct human:
environment reationships.

There are gaps among these five lines of inquiry, in part because they have emerged from different
academic disciplines and professons. Synthesis is beginning to occur in the discipline of geography and
professon of landscape architecture.  The theoreticd, scientific, and methodologicd chdlenges are
exciting but daunting, as are the substantive debates. For example, a debate is now underway about
whether Jens Jensen's ideas about nature and naturalism in Chicago park design and it’s northern Illinois
landscape context reflected racist and nationalistic ideologies.

The potential links between landscape and law are very interesting.”* The paper discusses three
pertinent bodies of law. To these we might add severd more, based on land use and water management
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innovations in Illinois and the West, to more fully condiitute a landscape approach (eg., floodplain
regulation, drainage law, and water quality/wastewater law). And then there are bodies of law and policy
not yet effectively connected with water and growth management in the U.S. that may arise in tomorrow's
discussion of lessons from the Middle East and other regions. >

To advance these lines of research, creatively opened up in Dan Tarlock's paper on "Growth
Management and Water Resources Planning,” a bold program of collaborative inquiry will be required
among legd scholars, water managers, environmenta scientists, and landscape planners.
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Abdract

This paper examines the ability of the current governance sructure of the Great Lakes Basin to
respond to growing international demand for fresh water and commercia pressure for diversion of water
from the Basin. The paper finds that the current governance of the Great Lakes is characterized by
fragmentation among multiple, competing regulatory regimes and jurisdictions. This “sructure’ contains
gaps, redundancies and conflicts. Most immediately, it stands at odds with both internationd trade law
and the Commerce Clause of the United States Congtitution, which treat water as a commercia good,
and prohibit protectionist measures that discriminate againg the evenrhanded movement of commercid
goods. Such a governance gpproach cannot sustain the Great Lakes ecosystem, which contains nearly
20% of the world's fresh water, against uncontrolled withdrawas. The paper argues that a new
governance structure based on uniform standards to protect the Great Lakes as a single ecosystem,
goplicable to in-Basin and out-of-Basin uses, is necessary to protect the Basin under international trade
laws and the United States Congtitution. The paper concludes with an examination of the newly adopted
Annex 2001 to the Great Lakes Charter as the beginning of such a sustainable governance regime.

Key Wards

Great Lakes governance, water withdrawas, ecosysem management, watershed management,
International Joint Commission, Commerce Clause, Generd Agreement on Tariffs and Trade, North
American Free trade Agreement, Public Trust Doctrine, Great Lakes Charter, Annex 2001.

Introduction

The governments of Canada and the United States of America on February 10, 1999, officidly
requested the Internationa Joint Commission (“1JC") to initiate an examination of present and potentid
future uses of Great Lakes waters, and to inform the governments about possible thrests to the integrity of
the Basin waters from unsustainable use (hereinafter “Reference’).’  The 1JC completed a comprehensive
study of the matter on February 22, 2000 (hereinafter “Fina Report”).?

The immediate cause for the Reference was a proposed export of water from Lake Superior, by
a private company cdled the Nova Group, for sdlein Asa This proposed sale of water outside the Great
Lakes Basin raised grave concerns that the sustainability of the water resources upon which Great Lakes
communities rely are a risk from increased commercid exploitation of the water. The 1JC, in
recommending a strict moratorium on al new saes and removas of water from the Basin, concludes that
the concern of Canada and the United States about this threat is warranted.
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It isthe argument of this paper that there isindeed a threat to the sustainability of the Great Lakes
water system that calls for creation of a new governance structure to manage the Greet Lakes Basn asa
angle, integrated ecologica system within the globa economy. The paper argues that the most immediate
threat to the sustainability of the Basin comes from the fragmented governance structures and antiquated
legd doctrines through which the states, provinces and national governments of Canada and the United
States now manage the water of the Great L akes.

The fragmented governance structure breaks the Basin into discrete, unrelated parts, and impedes
efforts to address the Basin as the single, unified ecosystem that it in fact is. The States, provinces, and
national governments cling to untenable laws and procedures that perpetuate the fragmentation of Great
Lakes water, and ignore the commercid redities and ingtitutions that will determine the fate of the Great
Lakes water as a commodity. This Stuation bars the development of both appropriate standards and an
integrated management structure necessary for the ecological and economic sustainability of the Basin.

The paper advances a modest proposa for a new governance structure for the Great Lakes Basin
based on the following principles:

The Great Lakes Basin is a sngle, unified ecosystem, which includes surface waters, tributary
streams, wetlands, ground water, upland watersheds and precipitation.

Current governance dructures bresk the Badn into separate politicd and adminigtrative
jurisdictions at odds with the hydrologica cycles of the Great Lakes water system and with the
ecologicd unity of the Basin itsdf.

This ecosysem has been transformed by multiple human interventions, the extent and nature of
which have not been fully understood or addressed, and the transformation is in large part a
product of the fragmentation of the current basin governance.

Water isacommercia good, with unique environmental, socid and economic features.

The Great Lakes Badin is legdly subject to commercid laws, ad its water is vulnerable to
commercidly driven, uncontrolled and ecologicdly damaging transfer out of the Badin, unless its
legd and governance Structure is tailored to the requirements of controlling commercid laws.
Commercid laws and treaties provide the context for management of water, and can protect it
and enhance it as an ecologicd resource if properly gpplied, or can wreak havoc on the resource,
community and ecosystem if improperly understood and applied.

The contralling nationd and international commercial laws can be used to protect the water of the
Great Lakes, and leverage resources to enhance the environment of the Greet Lakes Basin.

New governance structure is needed to achieverthis.

In short, the argument of the paper is that growing commercia pressure on Great Lakeswater isred,
and presents an opportunity to develop a sustainable governance structure for the Great Lakes Basin,
with environmentaly sound and commercidly vdid sandards for managing the water upon which the
Basn depends. By treating the water as a unique commercial good subject to national and international
trade law, the communities of the Basin can protect the water from uncontrolled transfers, and leverage
investment to conserve and rehabilitate the environment of the Basin.

The paper will first consder briefly the growing globa scarcity of fresh water and its ecologicdl
impacts, in order to Stuate the discussion of Great Lakes water within an international context. The paper
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will then set forth its argument regarding the chalenge, need and opportunity to develop a sustainable
governance sructure for the Great Lakes to successfully manage the abundant water resources of the
Basin in an age of growing scarcity.

2. Scar city and Growing Demand for Water
A. International Perspective: Approaching the Century of Water

Scarcity of fresh water threstens the sustainability of communltles in both the developed and the
developing world. Currently, apprommately 460 million people® in 29 countries live in conditions of
severe shortage of fresh water.* The development scholars Rod Burgess, Marisa Carmona and Theo
Kolstee, in a study of the growth of urban communities, have identified scarce water supply as a centra
chalenge to sugtainability:

Even with the exiding population size, consumption levels and inequdities, many
megeacities are dready exhaudting ther environmenta support capaaty with water
consumption exceeding the replacement capacity of primary sources. ®

It is projected that the number of people living in condltlons of severe water shortage will grow by 2025
to include as much as two-thirds of the world population.®

An ecologicaly devastating dynamic is created by water shortage, excessive use and inattention
to hydrologica cycles. This dynamic encourages practices that further damage and deplete scarce water
resources. It can be seen a work throughout the world, particularly in developing, rapidly urbanizing
communities. As populations move from locations with scarce water resources, and settle in locations
with apparently more abundant water sources, they remove trees and essentia vegetation, fill wetlands,
occupy floodplains and coastal areas. These settlement processes obliterate ecosystemns critical for the
maintenance of water qudity and quantity. Increased populations draw down ground water and divert
surface streams and lakes. The loss of tree cover, vegetation and other ecologica festures such as
wetlands, combined with increase of |mpen/|ous surfaces brought on with urbanization, compromlses
recharge of aguifers and surface waters, increasing water scarcity.” It aso causes soil erosion, and
sedimentation of drainage channels, increasing run-off rate of sorm water flow, and the crud irony of
devastating floods in the midst of water shortages.®

Excessive pumping of aguifers draws contaminants into the watershed, undercutting its ability to
provide safe fresh water in the future. This can be seen in the sdinization of previoudy fresh groundwater
occurring in coagtd communities, as the result of seawater seepage into the “cone of depression” crested
by over use of the ground water. Excessve pumping of ground water aso lowers the water table,
causing subsidence of the land. This damages buildings and infragtructure, including water and sewage
pipes, further undercutting the avallability of safe, fresh water. It aso creates further risk of flooding and
damage®

These are gark demondrations of what is meant by “unsustainable development.” A spird of
damage and creation of new risks can be observed growing out of short-term, fragmented decison
making about management of scarce water resources. The failure to congder water as an integrated,
ecologica phenomenon, reated to land-use, development, and practices that take place across politica
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jurisdictions, results in unsustainable conditions, threatening to life and economy. With the projection of
growth in populations, urbanization, and scarcity of fresh water, unsustainable practices in managing weater
threatens not only individuas, but dso the stability of locad communities and metropolitan regions within
their separate jurisdictions. Water, like other environmenta resources, does not respect of politica
boundaries; it can, however, exert dramatic pressures and create powerful tensons across such
boundaries. Accordingly, it is critical for the sustainability of peace among nations to develop the
gppropriate standards, analyticd tools and deuson making structures in order to properly manage the
increesingly scarce, critical resource: fresh water.™

It is obvious that these conditions of fresh water scarcity, and the spiraling ecologicd and materia
devadtation that ensues when the conditions are not successfully managed, threaten the lives and vitdity of
individuas and communities. They dso threaten the relations between nations and peoples. Issues of
water scarcity involve complex decisons about environmental science, infrastructure, economics,
commerce and public hedlth and safety. These issues are intertwined and highly charged. Proper decison
structures — laws and governance — are necessary to assure that these intertwined aspects of water
management are recognized, consdered and balanced, and that sustainable conclusions are reached
regarding water management.

B. Water Scarcity and the Great Lakes
(1) Growing Demands on Great Lakes Water
From the perspective of the Gregt Lakes Basin, which is the largest surface body of fresh water in
the world," the problem of water scarcity can seem a relatively distant matter for concern, affectlng the
sugtainability of other communities, not those with access to the Great Lakes. As expressed in The
Great Lakes: An Environmental Atlas and Resource Book:

“The magnitude of the Great Lakes water system is difficult to gppreciate, even for those who live
within the basin. The lakes contain about 23,000 km(3) (5,500 cu. mi.) of water, covering atota area of
244,000 km(2) (94,000 sg. mi.) The Great Lakes are the largest system of fresh, surface water on earth,
containing roughly 18 percent of the world supply. Only the polar ice caps contain more fresh water.” **

However, the abundant Great Lakes water system is itsdf a risk, and subject to growing
demands for fresh water resources, from both outside of the Basin and within the Basin itsdlf.™
The Nova Group's proposd to export water from the Basin for use in Asa is a harbinger of future
demands for out-of-basin trandfers. With the growing scarcity of fresh water and subsequent increased
commercid vdue, future proposals to exploit the Great Lakes water as commercialy vauable good will
inevitably occur.** The Nova Group incident demonstrates the potential for international marketing of
Great Lakes water. A more immediate potential market for Great Lakes water dso exigsin the water
scarce regions of North America, including dry western states and drought stricken eastern states. ™

Within the Great Lakes watershed itself, population and economic growth will exert pressure for
increased water access and usage. While the extent of increased usage is unclear, the 1JC Find Report
daimsthat thereis general agreement that water withdrawals will continue to increase in the future. ™

Water use projections are subject to consderable uncertainty, due in part to environmenta
variables such as globa warming and change in precipitation."” Further uncertainty regarding the impact of
changes in the human populaion and economy of the Great Lakes communities derives from the
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uncoordinated, often haphazard nature of the changes.

For ingtance, restructuring of energy markets and utilities is underway within some of the Great
Lakes jurisdictions. The effects of this are dready beginning to affect plans for the congtruction of new
generdtion fadlities, as wel as the maintenance and possible closure of aging facilities. Generation
facilities, whether hydrodectric, naturd gas, cod or nuclear, demand sgnificant fresh water for their
operation. The number, sSize, location, type and service area of energy generdion fadlities will have
ggnificant impact on fresh water usage within the Basin. However, the restructuring of the energy markets
has been undertaken on a dtate-by-state basis, without serious consderation of these water impacts,
ather within theindividua state, or asto the potentia impacts for the Great Lakes Basin as awhole.

Smilarly, the growth of metropolitan areas within the Great Lakes bring changes in land-use,
development patterns, spatial configurations, vegetation, drainage and water storage capacity. These
changes will affect the usage of fresh water and the recharge of Basin resources in highly uncertain ways.
Again, thisisin large part due to the fragmented, uncoordinated and often haphazard nature of growth
and land-use decisons across the Basin communities. It is certain that these future economic and
population developments will affect the quality and quantity of the Basin's fresh water resources, only the
extent and nature of the impacts are uncertain.'® The uncertain impacts on water quaity and quantity
within the Basin fits within the generd context of increased fresh water scarcity within theworld. The law
of unintended affects is fully in place within the Basin, and the “go dow” gpproach to new water usage
recommended by the 1JC is prudent under these circumstances.
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(2) Legally Mandated Scarcity: The Case of the Chicago Diversion

A vivid example of fresh water “scarcity” and the unintended affects of human water usage, isthe
transformation of Basin geography and ecology brought about by the reversal of the Chicago River in
1900. Litigation wasfiled againg Illinois by other Great Lakes states because of the transfer of water out
of the Lakes resulting from the reversal of the Chicago River. In the course of the litigation, the U.S.
Supreme Court st a limit on the amount of water lllinois communities can draw from the Basin.™® In
essence, lllinois communities now operate under a legally mandated “scarcity” of fresh water, while living
on the edge of the largest surface body of fresh water in the world.

Until 1900, the Chicago River was atributary of Lake Michigan. It was aso an open sewer, and
carried indugtrial and human wastes into the Lake, poisoning the City of Chicago’s fresh water source and
spreading fatal diseases.® Through construction of a cand known as the Ship & Sanitary Cand, the
Chicago River was reversed away from Lake Michigan and connected into the Mississppi River
watershed. This breached the naturd “continental divide’” between the St. Lawrence Seaway and
Missssippi River watersheds, and rendered the Great Lakes Basin atributary to both the Mississippi and
the Gulf of Mexico, and the St Lawrence and Atlantic Ocean. In addition to helping manage Chicago's
wadte in a manner less lethd to Chicagoans, the project opened a new, expansive water connection for
commerce from the Atlantic coast into the heart of the North American Continent.”*

Other Great Lakes states came to view the reversd of the Chicago River as an ingppropriate
diverson of Basin resources, and brought suit to limit the loss of the water to the Missssippi watershed.
As the result of this litigation, the U.S. Supreme Court set limits on the amount of water that can be
diverted through wha is now known as the “Chicago Diverson” % All commercid, industrid,
navigationa and domestic uses, plus waste and sorm water management, that runs through the sewer and
treetment systems in the greater Chicago region, is subject to the diverson limits set by the Supreme
Court.

The U.S. Army Corps of Engineers measures and monitors the volume of water diverted through
the Chicago Diverson. The Corps measurements indicating a cumulative overdraft for 1993 and 1994
led the other Great Lake States to threaten suit againg [llinois to enforce the Supreme Court limitations on
Lake water withdrawas. A Memorandum of Understanding was negotiated among the eight Great Lake
dates, and sgned by the Governors in July of 1996, averting new litigation. In the settlement, Illinois
agreed to mitigate the overdraft of water from the Basin, by replacing the amounts of water overdrawn.

Thus, Illinois must limit water withdrawas from the Basin and devise ways to “repay” amounts of
water withdrawn in the past under previous population and economic demand. The Northeastern lllinois
Panning Commission projects growth within the grester Chicago region of gpproximately 1.78 million
people and 1.43 million jobs by 2020.° Thiswill complicate the efforts to meet the water use restrictions
ordered by the Supreme Court, and “repayment” of overdrafts agreed to with the other Great Lakes
dates. Itisclear that the limitson lllinois Lake
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withdrawals redtrict the availability of water to meet current usage demands, and to sustain development
and economic growth in the region.

(3) Learning to Live With Scarcity and Demand
Though located within a uniquely abundant weatershed, 1llinois and the grester Chicago region face
the challenge of managing growth of population and demand for weter in a context of water scarcity.
Like many communities, past decisons, developments and investments have contributed to water
shortage.

In Chicago's case, the reversd of the River, while providing intended economic and hedth
benefits, had the unintended consequences of transferring a precious resource out of the region, creating
multiple conflicts with neighboring communities and bringing a legd mandate limiting access to a critica
resource. Other decisions made in Chicago compounded the unintended problems following the reversa
of the River. These decisons included the filling of wetlands and destruction of other ecological features
that serve to capture, purify and recharge water resources within the region.”* Similarly, theinvesment in
infrastructure to consolidate sorm water with human sawage and indudtrid effluent into a Sngle “waste,”
direct it into a Sngle treatment system, and remove it from the region, added to the loss of water rather
than helped recharge the watershed.

These decisions were made in pursuit of specific gods, but with limited information, assumptions
and congderations, tallored to limited problems and outcomes. Important data and potentia
consequences were not taken into account by the decision -makers and inditutions. The loss of precious
water resources to the Basin were not considered in the course of building the Ship & Sanitary Cand, or
building a regiond combined sewer sysem. Smilarly, dsewhere in the basin, the negative potentia for
cregting of a pathway for damaging adien species to enter the Greet Lakes and transform their ecology,
was not part of the decision process for constructing the Welland Canal between Lake Ontario and Lake
Erie

The negative unintended outcomes of decisons regarding complicated ecological and economic
systems derive in large part from the abdiract, rationd, well-intentioned ingdtitutiond structures that seek to
narrow the decision-making process and focus it on limited conditions and goals” Most decision-making
structures regarding water resources are limited in focus, jurisdiction and purpose. Continuing unintended
consequences of limited decisons are unavoidable under these decision-making conditions. The serious
increase in water scarcity makes this an increasingly serious chalenge to the sustainability of communities
and the environment on which they depend. As Burgess, et d. have written:

The environment operates as an integrated system, and human modifications, even if they
are locd in nature, may precipitate a chain reaction of multifarious effects that are
regiond, nationd or even internationd in scae. ..[E]nvironmenta sustainability cannot be
achieved by discrete and poorly integrated policies that confine themseves to the
household, neighborhood, municipal or city-wide levels®

What is required is a decison-management structure that recognizes a broad range of data and
issues as rdevant to secific projects and problems, including environmenta, spatid and economic
phenomena, and integrates these into its decison-making. For sustainable water management decisons,
this will require sgnificant scientific examination and modeling of water cycles, to determine appropriate
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scae of andysis for understanding the impacts of projects, infrastructure and land- uses.

It will aso require the development of an integrated approach to ecology and economics. Water
is a unique ecologicd phenomenon. It is dso an economic resource. The growing scarcity and
consequent demand for fresh water increases the importance of understanding it as both an ecologica
phenomenon and an economic resource. It is essentid for sustainable management of fresh water to
integrate its ecologica and economic aspects.

Economic redity is fundamentaly concerned with the valuation and exchange of scarce resources.
From the Gresat Lakes perspective, economic redlity will exert greater and greeter pressure on the Basin's
water.  To manage this pressure, an inditutiona structure is needed to shepherd the Basin's water
resource, and integrate its unique “vaue’ into a susainable economic system, that is globa, nationa and
local. Absent this, the Basin'swater is at extreme risk.

V. A Modest Proposal for Sustainable Gover nance of the Great L akes Water

Protection againgt uncontrolled, commercidly driven, transfers of water out of the Great Lakes
Basin can be provided by the creation of a governance structure that manages the Great Lakes as a
sngle, integrated ecosystem. Elements of this approach dready exidt, but a coherent, legdly vdid
governance structure to administer and enforce ecosystem management of all uses of Great Lakes water
does not exist. The following sets forth the elements for an integrated, ecosystem based governance of
the Basin tha can protect the water from uncontrolled transfers, and enhance the ecology and economy
of the Great Lakes.

A. The Great Lakes Basin isa Sngle, Unified Ecosystem.

An ecosystem approach is based on the inter-reation of physica and biologica phenomena, atentive
to the interaction, reliance and mutud impacts of various living things and their environments.  For
instance, an ecosystem gpproach to Lake Michigan would be aware that coastal wetlands support
vegetaion that removes certain contaminants from storm water prior to it entering the Lake. The
vegetaion dso limits erosion of the Lake coastal geography, and provides birds and other biota with
habitat. The biota and the birds are criticd participants in the food chain of the Lake. Loss of the
wetland by filling or other land-use change would impact these inter-related phenomena. It would aso
impact the ecology of the Lake and the Basin. An ecosystem-based approach to the Basin would attend
to these changes;, manage their negative impacts, both past and future.
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Multiple dficid agreements and documents express the postion that the Great Lakes Basin is a sngle,
unified ecosystem. For ingtance, the Great Lakes Charter cdls the Basin a “single hydrologic system”

which should be “considered as a unified whole” * The Great Lakes Water Quality Agreement of 1978
formaly recognized an *ecosysem” approach to the Basin, cdling for the development of environmentd

indicators to monitor and protect the ecosystem of the Lakes The 1JC's Final Report also reflects this
view of the Basin in discussing the need to protect it from uncontrolled water tranders:

The Great Lakes Basn is an integrated and fragile ecosystem. Its surface and
groundwater resources are part of a single hydrologic system and should be dedlt with as
a unified whole in ways that take into account water quantity, water qudity, and

ecosystem integrity.”

The litigation concerning the Chicago Diverson gives some judicia recognition to the notion that
the Basin is a connected ecosystem, in that removal of waters from southern Lake Michigan affects the
interests of states bordering not just Lake Michigan, but the other Lakes aswell. 1n essence, the Chicago
Diverdon litigation recognizes the Lakes as a connected, common resource.

It is generdly recognized that the Basin's ecosystem includes groundwater and tributary surface
streams in addition to the surface waters of the Lakes themsdves. However, there is no generd scientific
or legd consensus as to the specific extent of the ecosystem, its congtituent parts, or the full body of
indicators for measuring the hedth and integrity of the ecosystem. As mentioned above, the critical role of
ground water to the Basin ecosystem is accepted, but there are only rough caculaions of what the
contribution of ground water actualy is to the Basin.® There is considerable lacuna as to the
configuration, storage capacity and pathways of much of the ground water sysems in the Great Lakes
region. Smilaly, there is no comprehensve agreement or scientific understanding regarding surface
waters that are tributary to the Lakes, and thus part of the Basin ecosystem.

Despite these limitations, however, there is a broad agreement that the Great Lakes Basn
condtitutes a single, unified ecosystem and this critical principle is reflected in officid agreements and (to
some extent) in litigation,

B. Current Governance Structures Improperly Fragment the Basin Ecosystem

The many documents asserting that the Great Lakes are a single, unified ecosystem express a
profound wish that they should be treated as such. They do not make the wish aredity. There exiss no
enforceable definition of the extent and congtituent parts of the “single ecosystem” of the Great Lakes.
There exists no single set of enforceable standards, established procedures or jurisdictiona entity to apply
an ecosystem regime to the Basin.™

Agang the wish for “Ecosystemhood” and a coherent gpproach to the resource stand a
multitude of governments and adminidrative units thet bregk the Bagin into discrete, unrelated elements
and jurisdictions.®

This fragmentation has many manifesdations. Jurisdiction is divided among nationd, date,
provincia and loca governments, into territorid didricts that have no relation to underlying ecology.
Muitiple, separate administrative agencies in state, provincia and nationd levels, have power over distinct
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parts of the hydrological system, and exercise their powers with little or no reference to the impacts their
actions have on other parts of the water sysem.*®  For instance, storm water is treated separately from
ground water, which is treated separately from surface water, and tributary waters are often not treated
as part of the watershed of the Lakes they serve.

The Boundary Waters Treaty of 1909, which is the mog far-resching of the governance
arrangements regarding the Great Lakes, and which established the 1JC, does not include tributary
waters, the Chicago Diverson, or the use of Great lakes water for domestic or sanitary purposes.
Accordingly, very large dements of the “sngle, unified ecosystlem” are outsde the purview of the most
far-reaching agreement relating to the Basin, and its adminigtrative arm, the 1JC.

Further, land use decisons, which significantly affect water resources, are made without reference
to their water impacts, by agencies with little or no jurisdiction over water issues. Water agencies st
policy and implement programs in isolaion from the impacts these activities will have on land use
Serious trandformations of water qudity, quantity and availability occur that are often unrecognized, and
impossible to address within the fragmented structures that presently govern the waters of the Basin.

This gtuation reflects a disant past when the nature of water cycles and systems was dimly
understood, and significantly different from the knowledge of hydrologica systems today. These limited,
fragmented adminigtrative arrangements are not up to the task of managing the Great Lakes Basn as a
unified resource, comprised of surface water, deep aquifers, shdlow ground water, wetlands, tributary
sreams, complex coasta communities, upland environments, subject to multiple human interventions,
invason by aggressve nortnaive species, shared among multiple politica jurisdictions, and under
growing commercid pressure in agloba economy where water is scarce and growing in vaue.

In view of the foregoing, it is understandable that the February 10, 1999, Reference to the 1JC by
Canada and the United States specificaly requested areview of “current laws and policies as may affect
the sustainability of the water resources in boundary and transboundary basins” ** The resulting 1JC Findl
Report recognizes that the current policies governing the Great Lakes are insufficient. For example, the
Report notes some of the deficienciesin the Boundary Waters Treaty of 1909 in the following:

Under the treaty, boundary waters are treated differently from transboundary rivers or
tributaries. Thus, the treety does not ded with al waters of the Great Lakes Basinin the
same way. With some exceptions, Article Il provides that the use, diverson, or
obstruction of boundary waters must be gpproved by the Commission of water levels or
flows on the other 9de of the boundary are to be affected. With respect to tributaries of
boundary waters and transboundary rivers, however, Article |l states that each nation
reserves “the exclusive jurisdiction and control over [their] use and diverson.” The treaty
does not explicitly refer to groundwater.®

Although “the tresty has been effective in asssting Canada and the U.S. to avoid and resolve disputes
over freshwater,” *° it does not represent a comprehensive, legally-binding authority over the Grest Lakes
watershed. Ingtead, fragmented and uncoordinated government bodies and jurisdictions stand in the way
of managing the Basn as aSngle, unified ecosystem.

C. The Ecology of the Basin Has Been Transformed By Multiple Human Interventions
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Human settlement, economic exploitation and use of the Grest Lakes have fundamentaly
transformed the ecology of the Basin. Large portions of the watershed have been deforested, wetlands
filled, floodplains occupied, ground water and recharge aress interrupted. Native fish and birds made
extinct threatened a endangered. Alien species such as purple loosetrife, zebra mussdls, round gobies
and sea lampreys have been introduced into the Lakes and their tributaries through internationd
commerce and settlement.  Pollutants have been introduced into the waters, asthe natural processes that
purify and restore the Lakes have been transformed and even obliterated. Coastal processes have been
changed. These interventions have affected drainage, flow rates, species and habitat configurations and
](c:ontarg;nant loads. They have occurred throughout the Basin, continue to this day, and will into the
uture,

It is within this context of far-reaching ecologicd transformation dready accomplished that
proposds for remova of Lake water must be andyzed. Similarly, the needs, goals, and expectations for
governing the Basin as a unified ecosystem are conditioned by this environmental/economic legacy, and
the governance structure must be premised on an acknowledgement of this redlity, if it is to work and
sudan the Basin.

Given the damaged nature of the Basin, governance focused on smply limiting damage will
commit the Badn to perpetud decline. Sugtainability of the Basin requires a reversal of the conditions
contributing to decline, based on governance standards and procedures that enhance the ecology of the
Basn.

D. Water isa Commercial Good *, With Unique Ecological Features

Water is recognized as an essentia resource, with unique “public” vaue, reflected in the legd
doctrines and inditutions developed to protect and conserve communities interests in water.
Commenting on the concept of water as “common capita” * and the “community’s capital stock” *
developed by water scholar Joseph Sax, Barton Thompson, Jr., pointsto:

the inescgpable importance of water to the development and sustainability of society.
Water not only sudtains life itsdf, but it is dso the essentid bagis for dl developed or
developing economies. Waterways are primary sources of transportation and
sugtenance...Virtudly dl mgor commercid production, from agriculture to computer
chips, aso relies on water, and often on good quality water. Moreover, unlike most other
magjor resources, such as petroleum or even irrigable land, water enjoys no subgtitute. The
quantity and quality of water avallable to a community thus supports and condrains the
community’s economy and lifestyle, and thus as a cordllary, the rules governing its use
and protection can * affect the fate of the whole community.” **

Among the interesting agpects of Sax’s and Barton's discussion of the unique nature of water, is
that this uniqueness is directly related to its commercid value, sustaining the vitdity of industry and trade,
aswdl asindividud life. Thereisastrong unease in the Great Lakes community withthe view that water
is a commodity in commerce, for fear that acknowledgement that water is a subject to commercid law
will ease the way to uncontrolled exploitation of the water in a globa market place. The gpproach of Sax
and Barton indicate that the unique importance of water to a community need not be sacrificed by
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recognizing that water is a commercia good, and mdeed may drengthen the community’s ability to
manage the water in environmentally beneficia ways*

The landmark case of Sparhase v. Nehraska ™ concerning the use and transfer of water outside
of its basin of origin, establishes that under United States Condtitutiona law water is a commercid good,
subject to commercia law. Sporhase aso establishes that water has unique properties that alow broad
protection againgt uncontrolled exploitation if regulations are properly drafted coherent to the Commerce
Clause.

Sparhase concerns the power of a sate to control the transfer of water out of its place of origin,
across state boundaries. In this case, Nebraska regulated such transfers by a permit system, requiring
anyone seeking to withdraw water from Nebraska for transfer to another state, to obtain a permit from
the Director of the Nebraska Department of Water Resources. The Director would review the permit
gpplication, to determine whether the requested withdrawal and proposed transfer was (1) reasonable,
(2) consgtent with conservation of water resources, and (3) not detrimentd to the public wdfare. If these
standards were met, the Director was to issue the permit, but only if the state to which the water was to
be transported and used granted reciprocal rights to withdraw and transport water from its territory into
Nebraska for use.* Joy Sporhase withdrew water from a well located in Nebraska and transported it
across date lines for use in Colorado, without a permit. A permit could not have been obtained, because
the state of Colorado did not have a reciprocity provison for withdrawa of water in Colorado and usein
Nebraska, as required by Nebraska law. The State of Nebraska filed suit against Sporhase to enjoin the
withdrawal and transfer of water out of state. Sporhase raised a defense against Nebraska, claming that
the permit requirement placed an unconditutionad burden o interstate commerce. The Nebraska trid
court rgected the defense, and granted the injunction to the state.  The Nebraska Supreme Court
affirmed the trid court, and held that, under Nebraska law, water is not “a market item fredy transferable
for value among private parties, and therefor [is] not an article of commerce” ** Sporhase appealed to the
United States Supreme Court, which accepted the case.

The United States Supreme Court overturned the Nebraska Courts, explicitly holding “that water
isan aticle of commerce” *® At the same time, however, the Court recognized that water is a vital
resource, with specia qualities. The fact that water is an article of commerce, does not subject it to
uncontrolled transfer and use. Indeed, the Court recognized “legitimate reasons for specid treatment
accorded” to withdrawals of water and transfer out of places of origin, including across state lines”
These reasons center on the appropriate public concern to conserve water, and protect it from
unreasonable uses that compromise public welfare. The Court found that the permit standards reflecting
these concerns were appropriate and within the State’'s power.” The uncongtitutional provision of
Nebraska's permit law was the requirement that water could not be ransferred out of state unless the
gtate to which the water is transported had prowded for export of water from its territory |nto Nebraska
The Court found that “the reciprocity provision operates as an explicit barrier to commerce” *° and held
that it “does not survive the ‘ strictest scrutiny’ reserved for facialy discriminatory legidation.”

In short, the lesson of Sparhase is that water is an aticle in commerce, with unique features
deriving from its essentid importance to individud life, the wedfare of the community, and its vitd
contribution to the economy. These features can be protected by regulations that are tailored to conserve
the quality and quantity of water as a public good. Indeed, the fact that water is an “article in commerce’
has been a criticad eement to advancing environmenta protections of water under the Clean Water Act
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and Superfund. Releases of contaminants into surface and ground water have been subject to these
environmental laws, and thus remediated under federa law, because the water is a commaodity in the
stream of commerce. But, regulations that Smply bar out-of-state transfers of water and are not tailored
to reasonable consarvation gods, will not withstand scrutiny.

E. TheBasinis Subject to National and International Commercial Law.

The foregoing discusson of Sparhase v. Nebraska makes it clear that water is subject to the
Commerce Clause of the United States Congtitution, which regulates commerce between nations and
among the states™  The construction of the Commerce Clause has established the nation as a single
economic unit, not divided into digtinct insular markets by the diverse sates. Regulation of articles in
commerce must be conggtent with this sngle, nationd unit, and smaler units cannot ke constructed to
hold economic vaue and advantage within themsdlves, distinct from the nation.® The principle of a
nationa, unified market place applies to environmenta goods™  Sporhase makesit cleer that it appliesto
water, and discriminatory prohibitions of the transfer of water across politica boundaries, will run afoul of
the Commerce Clause.

The Generd Agreement on Tariffs and Trade (GATT) prohibits “arbitrary or unjudtifisble
discrimination between countries’ of goods in commerce, and thus stands in the way of blanket
restrictions of transfers of water outside the Great Lakes Basin. The North American Free Trade
Agreement incorporates this provision of GATT by reference™

Thus, nationd and international commercid authorities prohibit blanket restrictions on transfer of
water out of the Great Lakes Basn. The stance of “just say no” to out-of-Badn trandfers will not
withstand legal chdlenge® Currently, there is no general standard or set of principles for considering out-
of-Basin use of Great Lakes water, and the federd regulation of transfers alows the Great Lakes
GovernS%rs an unconditiond veto of al trandfers, subject to no standards, procedures or principles for
review.

F. Commercial Law Can Enhance the Ecological Integrity of the Basin.

There is a great rductance among officias and environmentaists to accept that water is a
commercia good governed by commercia law and free trade agreements. It is perceived as a threat to
the economic interests and environmenta integrity of the Basin. To the contrary, proper understanding of
water as a special commodity, as discussed above, presents a great opportunity to bolster both the
economy and ecology of the Basin. Rather than being a threat to the ecologicd integrity of the Great
Lakes Basn, the framework of commercid law and free trade agreements provides the bass for
congtructing a genuine integrated, ecosystem approach to the Great Lakes, that is secure as a legd
structure.

This paper has dready examined how Commerce Clause jurisprudence will alow regulatory
protections and conservation of water. The Sparhase opinion explicitly recognized water as a uniquely
vauable commodity, subject to public control. Restrictions on withdrawa and use of the resource are
acceptable, so long as they are tallored to the public purposes of conservation and protection, apply
evenhandedly without discrimination across political borders, and are subject to clear procedures.
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GATT and NAFTA provide smilar conditions for the creation of a regulatory regime to protect
the water of the Baan within an ecosysem management sructure.  Article XX (b) and (g) of GATT
(incorporated by referencein NAFTA) provide:

“Subject to the requirement that such measures are not gpplied in a manner which would
conditute a means of arbitrary or unjustifiable discrimination between countries. ..nothing in this agreement
shall be construed to prevent the adoption or enforcement by any contracting party of measures...

(b) necessary to protect human, animad or plant life or hedth;...
(g) reding to the consarvation of exhaudtible natural resources if such measures are made
effective in conjunction with regtrictions on domestic production or consumption.”

A carefully drawn, Basn-wide, ecosystem management structure, that gppliesto al waters of the
Basin including tributary surface and ground weter, as well as the water of the Lakes, and has redtrictions
applied equdly to both in-Basin and out-of-Basn uses and withdrawals, will comport with these terms of
GATT. But it must be a genuingly broad-based approach that takes into full account the multiple,
environmentaly compromisng interventions that have dready occurred as pat of the economic
exploitation of its water resources.

For ingance, the impacts of the diversons of water both into and out of the Basin have had
ecologicdly transforming impacts on the Great Lakes, changing flow rates, volumes and compostion of
the water. They have been the pathways for invasive species to enter the Greeat Lakes. Understanding
these impacts, and formulating standards and programs that respond to the transformations will be a
critical part of a genuine ecosystem management structure within which control of water withdrawas must
be located.

Identification of ground water paths, recharge areas and carrying capacity, in order to caculate
the extent of the Great Lakes Ecosystem, and establish protection for such congtituent parts, will be a part
of the regime.  Smilarly, determination of the contribution that reforestation, rehabilitation of wetlands,
prairies and other open space can make to water quality and quantity will be a part of the ecosystem plan.
Being part of a sysem that recognizes the economic vaue of the water at the heart of the management
system will take “ecologica restoration” out of the realm of mere aesthetic preference, and make it part of
the economic sugtainability of the region.

Smply choosng “water withdrawas and trandfers’ as the focus, content and soul of an
ecosystern management program will not pass scrutiny under GATT. A broad, scientificaly based
integrated economic/ecologica system will be required. Thisiswhy GATT, NAFTA and the Commerce
Clause present an opportunity to establish ecosystem governance of the Gregt Lakes, in order to mest the
chdlenge of commercid trade in Basn waer, and use it to leverage invesment in environmental
enhancement of the Badin.

G. New Governance Sructure is Needed to Protect the Basin

The 1JC Find Report on governance over water withdrawals from the Basin discusses the relation
of GATT and NAFTA to redrictions on out of Basn water transfers. It notes the prohibition of
discriminatory restrictions, and the “environmentaly friendly” exceptions to trade restrictions set forth in
Article XX of GATT. It concludes that: “the achievement of a coherent and consistent approach to water
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consarvation and management in the Great Lakes Basin—an approach clearly grounded in environmenta
policy—would be an important step in addressing any trade-related concerns with respect to the use of
Basinwaters" >

This passage is interesting in two ways. Firs, it reaches the concluson that internationd trade
laws provide direction and inducement to managing the Badin as a single, unified ecosystem, which s
correct. Second, it acknowledges that such aregime does not in fact exit.

It istdlling thet the recognition of the lack of environmental coherence in current governance of the
Basin comes in the context of a discusson of GATT and the implications of free trade on the fate of the
Basin. It is the contemplation of including weter, as a uniquely vauable resource, within the context of a
free trade regime that makes it possble to both cdculate the environmentd benefits of a genuine
ecosystem management structure for the Basin, and recognize that such an arrangement does not currently
exid. The current cogs of mismanaging the Basin are hidden, and the vaue of environmentaly sound
practices, are not understood within a fair economic vison that identifies the cogts of environmentaly
ruinous conditions and actions. These hidden costs damage the “common capitd” of water, and are paid
by the generd public, not the particular interests that exploit the water. The threet to the water does not
come from “free trade’ that identifies the value of water, but rather from the “free lunch” system that now
governs the Great L akes water.”

To establish such aregime requires a new governance structure, that evenhandedly treets in-Basin
and out-of-Bagin transfers of water equally, operates with clear standards and procedures, and is based
on solid, comprehensive scientific data and understanding. It is important that the structure be based
within the Basin, as a new function of the Great Lakes states and provinces, growing out of the current,
partid attempts at shared governance reflected in the Boundary Waters treaty and the great Lakes
Charter. While the new governance must be recognized and supported by the nationd governments of
Canada and the United Sates, it should not be based within the nationd governments. Remova of Basin
governance to the nationa governments would create ingppropriate distance from the particular ecology,
economy and loca conditions that a genuine integrated ecosystem gpproach requires. The unique nature
of water for the hedth and safety of the public makes regulation of water a classc function of state and
loca government police power. This is fully recognized in the Sparhase decison.®" The Public Trust
doctrine aso recognizes the importance of locd input in the management of water, given the centrd role
of water in the identity and sdif-definition of local communities®

Further, akey part of the new governance structure requires the integration of land-use decisons
with water regulations. Land use decisions are traditiondly, and appropriately, matters of loca control
and governance. The notion of nationdizing the decison-making process over land use makes no sense
from the point of view of ecology, economic development or politica practicdity. Anintegration of loca
decisorrmaking processes on land use, water use, water infrastructure investment and economic
development, with state and provincid decison-making on water resource management, iswhéat is caled
for. Thiswill be complicated, but it is consstent with ecologica concerns, economic need and the broad
public interest.

The 1JC, in responding to the request of the Canadian and United States governments for advice
on the adequacy of current governance structures for the Basin, should advise that laws and policies are
not adequate to assure the sustainability of Great Lakes water resources, and that the ecosystem

38



approach to the Basin reflected in the Boundary Waters Treaty and the Gregt Lakes Charter should be
edablished. The 1JC should then recommend the convening of a Basin convention, congtituted by the
Great Lakes states and provinces, in conjunction with their loca governments, to create a Basin-wide
management sructure for the Basin, dtentive to the environmentad and economic redities of the Greet
Lakes.

The efforts of the Governors and Premiers of the Great Lakes States and Provinces in the
aftermath of the 1JC Find Report have focused on developing the standards, data, procedures and
decison-support system for governing the waters of the Basin in accord with ecologicaly sound policies
that would meet the terms of the Commerce Clause and GATT.

In June 2000 the Great Lakes Governors and Premiers issued a joint announcement that they
would revive the Great Lakes Charter by adding a new Annex that would commit them to the
development of a new standard and decision-making process for protecting the waters of the Basin based
on improvement to the waters and water dependent natura resources of the Basin. In October 2000, the
Congress amended the Water Resources Development Act to include a provision encouraging the Great
Lakes States, in consultation with Canadian Great Lakes Provinces, “to develop and implement a
mechanism that provides for a common conservation standard embodying the principles of water
conservation and resource improvement for making decisions concerning the withdrawa and use of water
from the Great Lakes Bagin,” and directing the Secretary of State to work with Canada to develop and
implement a *mechanism and standard concerning the withdrawa and use of water from the Grest Lakes
Basin consistent with those mechanisms and standards developed by the Grest Lakes States” ®

In December 2000, the Governors and Premiersissued for public review and comment a draft of
proposed Annex 2001 to reflect the conservation and resource improvement standard as part of the
Great Lakes Charter. In June 2001, the Governors and Premiers issued Charter Annex 2001,
committing to establish aframework for binding agreements among the Great Lakes States and Provinces
to manage the Lakes as a unified ecosystem, pursuant to resource conservation and improvement
standards.

Annex 2001 provides the chance to redlize objectives set forth in the Great Lakes Charter, but
not pursued: collection and andyss of data on the conjoined water, air and land resources of the Basin,
development of decison support systems for policy makers and officids; investigation of the connections
between water qudity and water quantity; and the development of governance processes and binding
gtandards for decision making.

[1. Conclusion

The Twenty-first Century will be the Century of Water. Scarcity of the commodity is growing,
and the demands for access to the Great Lakes Basn will grow with international demand. The Basin is
currently governed in a haphazard, incoherent manner, from stete to state and from province to province.
Though bi-nationa organizations established by Canada and the United States rhetoricaly acknowledge
the Basin as a “single, unified ecosystem,” there is no coherent governance structure, set of standards or
body of comprehensive scientific data to make this rhetoric aredity. The pressure of commercid interest
in Basin waters from out side the Basin has been felt, but the economic redities of the growing market for
water have not been fully acknowledged.
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Current laws of the states, provinces and nationd governments generdly fail to recognize the
economic nature of Great Lakes water. They fail to acknowledge and adjust for the jurisdiction of trade
laws and tredties that govern the water as a commodity within a globd commercid sysem. They fall to
acknowledge the integrated economic and ecologica nature of the water and the Great Lakes Basin. As
such, the laws are an impediment to environmenta protection of the water, and are vulnerable to
economic attack under governing commercia laws and treaties. The current patchwork of incoherent
regulations is opposed to export of water but content with extensive, economicdly driven, uses of the
water within the Badin's contiguous states. This configuration of regulations cannot withstand a chdlenge
to withdraw and use the water outside the Basin. If a genuine ecosystem management regime, established
within the terms of governing commercid laws and treaties, is not put in place for the Great Lakes, the
Basin waters will be exposed to uncontrolled transfer outside the Basin.
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“ A lake is the landscape’s most beautiful and expressive feature. It is the earth’s eye, looking
into which the beholder measures the depth of his own nature.”
Henry David Thoreau

Discussion on “Changein the Water: Sustainable Gover nance of the Great L akes Basin”

Danid Injerd
Chief, Lake Michigan Management Section
[llinois Department of Natural Resources

Henry Henderson’'s paper “Change in the Water: Sustainable Governance of the Great Lakes Basin”

eloquently calls for a recognition by the governing bodies in the Great Lakes watershed to do whet is
necessary to ensure the sustainability of the Great Lakes ecosystem. I’ve yet to meet anyone that would
strike up an argument against the principles of sustainable use of the Great Lakes regions water resources
and the protection and enhancement of the Great Lakes ecosystem. For all of us who appreciate the beauty
and uniqueness of the Great Lakes region, thisis an issue worth fighting for.

However, as we find in most of life's experiences, the difficulty in implementing sustainability in water use
management lies in the details. For example, how do you (the ‘you’ includes regulators, developers,
environmental groups, municipal planners, etc.) incorporate sustainable governance in deciding whether a
permit should be issued for a new subdivison development in southeastern Wisconsin? This is a rapidly
growing area and the desirability of Lake Michigan water is creating pressures to cross the basin boundary.
How different isit to look at sustainability on a small watershed scale compared to the Great L akes basin?

| suspect we would all agree that a 10,000 cubic feet per second (cfs) diversion to replenish the Ogallaa
aquifer or augment diminishing flows in the Colorado River would be an unwise and an unsustainable use of
Great Lakes water. But what about a 2 cfs diversion for a Great Lakes municipality just outside the Great
Lakes basin boundary? What are the impacts to the basin’s ecosystem? Does anybody know?

As along term observer and participant in the discussions about diversions and protecting the integrity of the
Great Lakes, | have become convinced that the region needs to do a much better job in developing a
credible, science based defense of the Great Lakes. Henry’'s paper makes that assertion, which,
unfortunately, is quite easy to illudtrate.

The Gresat Lakes Charter was signed by al eight Great Lakes governors and the two premiersin 1985. The
Charter called for the development of a regional Great Lakes water data base and the development of a
basin-wide management program. Over 14 years have passed, and the region is still unable to accurately
report on yearly withdrawals. Studies and actual data on consumptive uses is amost non existent; al

reported data is estimated. No work has begun on the basin-wide management program, and there has
been no concerted effort to implement water conservation programs throughout the basin.

All of these shortcomings hamper the region’s ability to resist unwise transfers of water out of the basin,
when, and if proposed. But in my view, the region has a much bigger issue that it must address. That is,
what do we say about the net surplus of water in the Great Lakes? It is common knowledge that the lakes
receive, from the Canadian Long Lake/Ogoki diversions, an annua average flow of about 5,580 cfs, while
here in Chicago we remove an annua average flow of 3200 cfs. These are the only hydrologicaly
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significant diversions in and out of the Great Lakes basin. Based on these long term average flow rates, the
Great Lakes receive a net surplus flow of 2,380 cfs, over 1.5 billion gallons per day! This is enough water
to supply over 12 million people! Y et nobody in the region seems willing to acknowledge that it exists. The
recently released International Joint Commission (1JC) Interim Report concludes “If dl interestsin the basin
are considered, there is never a ‘surplus’ of water in the Great Lakes system.” Have we concluded, and
correctly, that the Great Lakes basin ecosystem now depends on this artificid surplus? With this artificia
surplus how can we begin to evaluate the impact of any proposed removal of Great Lakes water on the
integrity of the Great Lakes ecosystem? How do you practice sustainable governance? | believe these are
just some of the questions and arguments that would be raised by a potential diverson proponent.
Unfortunately, | don’t think that we have a technically sound response to these questions.

Another issue that constrains our ability to manage the Great Lakes as a single, integrated ecological system
is its sheer size and complexity. For example, when reporting on the flows entering and leaving the lakes,
National Oceanic and Atmospheric Administration (NOAA) scientists round to the nearest one thousand
cfs. While dtatistically an appropriate measure, it nonetheless introduces a potential uncertainty in each
reported flow of + 500 cfs. In addition, the limitations in the accuracy of the flow measurement devices
used to determine outflows introduce uncertainties that dwarf al of the recent proposas for snall scae
diversions combined.

The reported outflow from Lake Superior for the month of July was 78,000 cfs. A 5% error in flow
measurement (typical error range for open channel measurement) yields a range of + 3,900 cfsl For
outflows from Lake Ontario, the potential error in flow measurement can approach + 13,000 cfs! For
comparison, the Nova Group requested approva for an average annua removal from Lake Superior of 0.68
cfs.

My point in al this is not to illustrate the futility of trying to evaluate a diversion proposals impact on the
Great Lakes ecosystem, but rather to remind us that we need to recognize these issues in developing a
meaningful, valid argument to resist unwise, uneconomica proposas to divert Great Lakes water to other
parts of the country.

Henry’s paper calls for the creation of a new governance structure. Towards that end | agree with his call
for a management system that “evenhandedly treats in-Basin and out-of Basin transfers of water equaly,
operates with clear standards and procedures, and is based on solid, comprehensive scientific data and
understanding.” As aready discussed, the last part of his recommendation will require a substantial effort
by the region, and perhaps the redlization that we may never understand the complexities of the Great Lakes
and the vast ecosystem it supports to the extent that we would like to make informed, sustainable use
decisons. But | am convinced that beginning to develop a basin-wide management program, to improve our
collection and analysis of water withdrawals, to expand our efforts to do serious study of the vadt,
complicated ecosystem will send a clear message that the region is serious about good stewardship of our
Great Lakes water resources. And that isagood thing.

The first part of Henry’'s recommendation, however, is more problematic. The history of palitics in this
region, when the issue is diversion, is that we don't want to treat in-basin and out-of-basin uses equally.
Similar to that time honored advice parents give their children, when it comes to water resource
management we have to redize that “we have to treat ourselves like we would like to treat others’. The
region is most comfortable with a“just say no” policy. | think there isthe fear that ‘evenrhanded’ treatment
of al proposed uses of Great Lakes water would in fact open the door for new diversions. Do we redly
want to apply the same criteria and restrictions on in-basin uses that we would apply to an out-of-basin use?
In this regard | agree with Henry that until the region does so it is vulnerable, and will not have the control
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over our Great Lakes water resources that we' d like.

| would aso like to comment on Henry’s call for “an integration of local decision-making processes on land
use, water use, water infrastructure investment and economic development, with state and provincial
decison making on water resource management.” In my experience working with units of loca
government for 22 years, Henry’'s acknowledgment that this will be difficult is perhaps his greatest
understatement! Loca governments have, over the long term, gotten the message about flood plain
management, stormwater management and the need for open space in the zoning and planning efforts.
These issues profoundly impact communities. However, | think the prevaent viewpoint is that the provision
of water and wastewater services is strictly an engineering issue, and sustainable use of water is not
perceived as a pressing local problem. For evidence, look a northeastern Illinois, which continues to
suburbanize the landscape. With amost no state land use control, loca governments have been unable, or
unwilling, to put the brakes on growth. Over the last 20 years, the expansion of the Lake Michigan water
service area has facilitated this growth. State law does not direct the Department of Natural Resources to
use Lake Michigan water alocations as atool to regulate growth. As Henry has pointed out, in our case the
U.S. Supreme Court does that job for us, though its limitations are just beginning to be felt.

With this bleak assessment of the Situation now behind me, | want to wrap up my comments with a few
positive observations that taken together give me reason to remain an optimist.

The Great Lakes states and provinces, from the governors and premiers, down to agency field personnel
have expressed a commitment to work together as a region to protect, restore and enhance the Great Lakes
ecosystem. The Great Lakes Charter, the Ecosystem Charter for the Great Lakes, and numerous Great
Lakes ingtitutions have, despite our differences, brought this huge region closer together. Illinois and the
other Great Lakes states were able to avoid new litigation at the Supreme Court level over our diversion;
instead we entered into a Memorandum of Understanding to resolve the dispute. While Henry is right in
that there are “multiple jurisdictions with narrow preoccupations and compartmentalized concerns’, | think
that overall the region cooperates and communicates much better today. Regiona bodies such as the
Council of Great Lakes Governors and the Great Lakes Commission have been quite successful in this area.

| am hopeful that work will get underway this year to begin the long, arduous process of establishing a
basn-wide management program. Products of this effort should include an improved data base for
withdrawals, diversions and consumptive uses, the establishment of a coordinated research agenda for basic
research on quantity/quality relationships, the development of improved criteria for reviewing diversion
proposals, and the implementation of a basic water conservation program by all Great Lakes jurisdictions.

Improvements in water use and efficiency are popping up all over; even here in Chicago where water use is
down by over 100 million galons per day (mgd) compared to consumption rates in 1990! Improvements in
efficiency of water use in Chicago and other municipalities play an important role in meeting the growing
demand for water as northeastern Illinois continues to grow while still kegping our total diversion below the
Court’s limit. This past July the Department issued a new water alocation order (LMO 99-3) that modified
the alocations of most of our Lake Michigan permittees. One of our prime objectives was to review the
projections of future growth and resultant water demand in the existing Lake Michigan service area to
ensure that we will have an adequate supply of water and that 1llinois will be able to live within the allowable
diversion limit that has been set by the Supreme Court. | can report that 1llinoisis committed to

undertaking improvements in our use and management of Lake Michigan water and is spending $20 million
to achieve this godl.
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The Great Lakes region is fortunate that there have been no serious proposals for significant diversions of
Great Lakes water. While the region continues its efforts to strengthen its management programs, one
additional recommendation | would offer is that we should continue to insst that any future water prgects
be wholly supported financially by the proposed users. Knowing the cost to deliver Lake Michigan water to
distant suburbs of Chicago, it is difficult to concelve of a cost effective Great Lakes diversion project to
another part of the country. For Henry and those of us who anticipate that the 21% Century may well bring
new demands to divert Great Lakes waters to far off places, we need to keep careful watch on
Washington, for it is there that pressure for federa financia assistance to make uneconomical water
projects feasible will appear.
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Abdract

In the belief thet true sustainability of water systlems of large cities is unfortunatdy implausible, this paper
seeks merely to present concepts with the lesser god of reducing the unsudainability of future
infrastructure.

Our drinking water, wastewater, and storm water infrastructure (“infrastructure”’) is truly complex and
requires congtant and expensive repair and monitoring. Such investments warrant good information
systems. In the future, infragtructure information systems will integrate sensors with GIS data systems and
management modds. Future water systems will be smarter, having intelligence distributed throughout the
network. Such intelligence will eventudly be continuoudy available on line to dl categories of users of the
web, with the water network performance information displayed a a complexity optimized to suit the
user.

Jugt as information networks digtribute information to local computer storage, future infrasiructure will use
storage distributed around the network. Principles of distributed storage will be used in water supply,
wagtewater collection and stormwater drainage systems. Intelligent use of distributed storage and weather
forecagts will eiminate combined sawer overflows, initidly from hazardous industrid and other point
sources. Users will save money because charges will be adjusted.

Artificid indtitutiona barriers now exist between the departments that plan, design, build, operate and
maintain the three water systems and related infrastructure such as permeable pavement. Management of
these four currently distinct infrastructures will be integrated, showing severa improvements. Computer
models for planning, desgn and operating the four systems will dso be seamlesdy integrated, alowing
design and operation of locd recycling of water and wastes.

Physica szes of future infrastructure will depend more on the requirements of autonomous robots, the
callection, transmisson and processing of intelligence relaing to the network performance, evolving
gynthetic pipeine materids and multi-service cable-pipes. Use of locd recycling and pressure sawers will
permit downsizing of infrastructure,

Four controversid issues will arises 1. For less unsugtainability of urban, suburban and rurd communities,
future systems will use minimum non-renewable energy. Energy economy is derived from recycling weter
as locdly as possble. 2. New sanitary systems for treeting human liquid and solid wastes separately will
substantialy reduce ecosystem impacts. 3. Even better for ecosystems will be the gradud conversion of
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the public to vegetable-dominated diets (this impact is not immediately obvious). 4. Logicdly, a
consequence of the pursuit of reduced unsustainability is that the Size of the human and its domestic anima

populations and their associated water demand and concomitant waste load will have to be managed. Just
how we might start to congder the implications of these four issuesin our modern confrontationd politica

climateisnot clear.

In the near future, drinking water, wastewater, and storm water infrastructure systems are unlikely to look
very different from those of today, unless we see more procedurd interventions. The free, democratic
marketplace seems to focus on short-term objectives. Evolving build-operate-transfer arrangements for
new infrastructure will be extended into the infrastructure rehabilitation business,

More immediatdly, possble solutions will be presented in a portfolio of aestheticdly-plessing
infrastructure ingpired by that recently ingtalled around the world. The portfolio will incude visons of
holigtic watershed management and facilities for generating attitudes favoring less unsugtainability.

Findly, one can imagine that some of the changes listed here will make life in future mega-cities somewhat
less unsustainable. This persond vision includes both (8) what | can imagine might happen under favorable
conditions, and (b) what 1 hope will happen. Critics are | eft to enjoy the exercise of distinguishing between
the two.

Key wards

Waer infragructure, sudtainability, smart water infrastructure, optimal complexity, urban water
conservation, autonomous pipeline robots, water demand management, urban populations, future trends

I. Introduction

For adart, let me darify that by “infragtructure’ | mean the basic water facilities, services and indtdlations
required for a society to function, including dams, reservairs, buildings, pipelines, treetment plants, pump
dations, sewers, drainage systems etc. In my use of the term, it includes innumerable appurtenances such
as gutters, inlets, manholes, and connections in private ownership such as toilets. Quality infrastructure is
critica tola region’s economic future, qudity of life, and productivity because it is essentia for our daily
activities.

Also at the outset let me explain that an honest interpretation of “sustainability” will require that no non-
renewable energy be consumed, nor should any water or energy be imported from remote areas, and dso
no by-products such as chemicd contaminants should be exported or accumulated locally. For the
population dendty evident in (say) Chicago, sugtainability in the drict sense of the word seems,
regrettably, implausible. | take it that politicians use the term to mean “reduced unsustainability” though it
does not sound so catchy that way.”

From the early correspondence that | received about this conference, | understand that our general focus
is to motivate a new agenda for local and regiona water research and management. Outcomes of the
meeting should include directions for integrating into loca and regiona decisortmaking, concerns of
groundwater aquifers, surface water systems and contiguous ecologica structures®

50



Conference literature hints that infrastructure failures are universdly topical. Growing metropolitan regions
are perceived to sruggle to (8) mitigate water impairments and impacts and (b) provide sufficient water of
the quality necessary for regiona economic growth and competitiveness.* Chicago, | was told in my
invitation, is a particularly appropriate venue. Apparently the issues here are livdier than esewhere, asa
number of serious local, regiond, nationd, and international disputes have aisen. Cetanly the
infragtructure seems  unimaginably complex, with seven water reclamation plants, and 125 loca
communities owning much of the pipe infrastructure. Chicago is recognized for its innovative infrastructure
such as water parks, and The Metropolitan Water Reclamation Digtrict of Greater Chicago has built
decorative aeration waterfdls in smal public parks. One dispute originated in 1848 with the congtruction
of the Illinois and Michigan Cand to provide navigation. Outbresks of typhoid during the 1870s and
1880s were attributed to lake water, and the Chicago Sanitary and Ship Cana was completed in 1900 to
solve contamination, drainage and flooding problems (Espey et d., 1994). In 1910 the North Shore
Cana and in 1922 the Calumet Sag Cand were built to facilitate the conveyance of sewage. Flow of the
Chicago River was reversed, diverting shared, internationa water from Lake Michigan into the lllinois and
Missssippi River systems. On April 13, 1992 a section of the 100-yr old underground freight tunnd was
breached where the tunnd crosses under the Chicago River in the downtown area. Utility services to
more than 100 buildings in downtown Chicago were logt, several hundred thousand workers were sent
home, and the entire subway system and a major expressway in the Loop were shut down (Oberg and
Schmidt, 1993). Now, The People of the State of Illinais, | learned from the conference publicity, have
been ordered by the U.S. Supreme Court to put back into Lake Michigan an equal number of galons of
water that has been “over-pumped” since 1980. Further, | learned that Illinois and the Chicago
metropolitan region have no inteligent decison framework to rebuild their infrastructure economically and
ecologicaly to accomplish this charge. Chicago’'s centra concept, the deep tunnd, after serious scrutiny,
is now said to represent society’ s failed philosophy towards water resources management.>®

Urban water difficulties are indeed widespread, and, closer to home, Toronto is typica, implementing its
own deep tunnd for flow baancing (Green, 1997). Like other cities, Toronto's 150-year old sewer
system was origindly developed as a combined system, whose capacity was soon exceeded, so that
basement flooding was a recurrent problem. Storm sawers were constructed in the 1960's, separating
some 70% of road drainage. Annudly 5 million cubic metres of combined sewage overflows from 24
outfals, resulting in frequent beach closing by the medicd officer of hedth. Now under congruction, the
new tunnel will reduce overflows to less than one per year a a cost of $370 million (1996Cdn$).”

Fundamentdly this paper argues that both our behavior and our infrastructure must become smarter.
Hopefully some conflicts may benefit from the argument provoked by the (largely conjectural) concepts
reviewed below, and this paper is humbly offered in the spirit of that hope.

. Developing Smart Sewers and Pipes

Inthe U.S,, the $1.8 trillion system of drinking water, wasteweter, and storm water infrastructure requires
congtant and expensive repair and monitoring ($280 hillion over the next 20 years). Investments of this
megnitude warrant the very best information sysems.

Effectiveness and efficiency are dependent on good information flow as well as effective task assgnment.
Good decison support and information systems will become widely used and integrated into the water
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network, and water syslem adminigtration will be rearranged to fit the new databases and decison
support.

In some cases infradtructure will itsdf be lad out to facilitate improved information flow. Water trestment
and digtribution systems and wastewater trestment plants are becoming highly instrumented and are well
advanced over wastewater collection systems. Stormwater drainage clearly lacks computerization, as
does the management of recaiving waers. In the future dl these systems will not only be better
instrumented, but operated and controlled from a unified web-oriented information management system.

Even old, existing systems need updated monitoring equipment. LeFebvre (1988) describes a compliance
schedule for planning, design and congtruction of mgor permanent improvements to Pump Station 64 in
San Diego County, Cdifornia. Improvements included a pardld force main, pumping capacity expansion,
dternate power source and, sgnificantly, senang devices on dl motors, bearings and vibrating
components. Extending this idea to adl North American infragtructure will creste a large market,
conceivably ingtaling millions of sensors, to keep watch over us.

Future urban water systems will be smarter, having intdligence distributed throughout the network, and
will incorporate many advantages over our current (dumb) systems (James et d., 1993b). The term
intelligent drains is coined to mean an urban drainage system retrofitted with red time control designed
to support a pollution prevention strategy. Redl time control of urban drainage can be designed to reduce
the number and duration of overflow events, reduce basement flooding, reduce downstream
environmental impacts, and monitor and enforce water qudity. Redl time control depends on good rain
sensors. High-resolution rain data is dready available at many North American cities, and provides red
advantages for fitting convective sorm modds to compute spatidly- and time-averaged rain rates over
the urban area (James and James, 1999).

Such intdligence will be continuoudy shared on line with al users of the web. Water network
performance information will be displayed a optimad complexity for example to managers, water
consumers, and general members of the public, such as school classes. Already available are 3-D GIS
data systems that perform over the web. Public-oriented urban water information syssems will counter the
“out-of-gght-out-of-mind” attitudes that heretofore have hindered attempts to rationdize invesment in
water infragtructure systems.

In a fierce anti-technologist cal for improved information flow, Roy (1999) demands on behdf of the
vad, underrepresented population, the right to information on the planning, financing, building, and
operdion of infrastructure. In the future, even samdl communities will share their information with the
public, who will take more control of their own water resources and water re-use. Roy firmly blames
arrogant and secretive “urban engineers” (this presumably includes me) for water infrastructure failures®

As a further example of information dissemination, Stockholm has a conspicuous ortline digolay in a
popular public park, depicting the city’s present and accumulated discharge of pollutants into the
environment — a startling monument to human sdf-indulgence, and | think a stark contrast to attitudes
prevailing among infrastructure adminigtrators in Ontario.

Current engineering approaches that are widely used today for planning, design, operation and control of
complex infragtructure have serious shortcomings, including their narrow and smpligtic focus (James,
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1999). Computer models, the third theme of this conference, are an essentia part of smart infrastructure.
Ussful multi-disciplinary models will continue to be developed co-operatively by scholars, researchers
and practitioners, and used by State, provincid, federd and municipd officids, and relevant organizations.
Because of the complexities of the red Stuation, models that are integrated, area-wide, and technicdly
correct will become the dominant decision-making tools for infrastructure development, management and
optimization. Such models will incorporaie engineering, economic and ecological concerns, and
interactions between each of them, and will be aggressively promoted by their developers (whose clams
will incdlude suganability).

Gradilone (1988) describes an early use of geographica information systems (GIS), then termed a geo-
coding process, and explains how the geo-coded customer database is used for customer service
operaions, and for distribution main rehabilitation. How right he wasl Urban water managers will become
entirdly dependent on ther facilities management information networks: the more complex the system, the
more computer dependert it will become.

Burke (1993) discusses an information management system used in Audtrdia and Japan that combines
modeling with the integrated management of water, sewerage and storm water infrastructure. Future
computer-based support sysems will provide comprenensve information management combining
engineering, maintenance, accounting, automatic data collection, and impact assessment (Utrecht, 1991).

Management will come to rly more and more on computer control in the future. There is scope for
innovation. Skilled management will be required and will emerge, if only to provide a working
environment in which problems and effectiveness can be improved through these types of innovation.
Infrastructure innovation is needed because it benefits both our qudity of life and economic prosperity.

R&D goes hand-inrhand with the provison of innovative infrastructure. Research for innovative
infragtructure and development and commercidization of innovations has been discussed in three recent
reports by the Qvil Engineering Research Foundation (CERF, 1993, 1994, 1997). Data from U.S.
federd |aboratories indicates that public works (which is much more than just water) infrastructure R&D
activity ranged between $1.026 and $1.386 billion in 1992, about 1.6% of totd federd R&D
expenditures. However no federal agency has been assigned or taken the lead role, with the result that
public works infrastructure R& D lacks guidance of a comprehensive, coordinated, and integrated nationa
policy. CERF (1993) recommended the cooperative development of a nationa public works research
agenda by federd, state, and loca entities, together with the private sector.

In a comparative sudy of European and American R&D, it was found that the U.S. led in high
performance concrete, waste and wastewater treatment, computer-aided design, solid and hazardous
waste disposd, global positioning systems (GPS) and GI'S technology, and integrated databases (CERF,
1994). Europe on the other hand led in tunndling, and energy conservation (while Japan led in automation,
fiddd computer use, safety and building systems). Europeans may soon lead in innovative infrastructure
because they lack the concern for liability issues that so plagues North America. In Europe new
technology from R&D has a better chance of application in practice, and this encourages positive
payback from R&D investment. Generdly in Europe the vison for infrastructure innovation springs from
the private sector, and European contractors maintain larger R&D departments than do their American
counterparts. The report ams severa recommendations at the U.S. federal government to improve U.S.
R&D, based on perceived European advances.
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The present writer has noted other, significant differences. Europe charges for local telephone calls,
making the web more expensve. Europe has a larger mix of officid languages, making communication
more expensve. Commercia software costs more in Europe and Japan, S0 that, a least in ther
enginesring communities, there is an unwillingness to share source code. Population dengties in those two
places are higher, with the result that their natural water quality is lower than (say) Canada, and they
obvioudy have less space for devel opment.

For these reasons, | believe that Europe leads in water conservetion (Guelph may well be one of the
worst conserving communities), Japan in large-scale computer control and Canada in building attractive,
safe, livable urban areas of high qudity.

In perhaps the most prescient of the publications reviewed here, Nakamura et a. (1995) describe two
new composite submarine umbilicals supplying (a) 66kV power, and fiber optic communications, and (b)
fiber-optic communications and water. Manufactured in continuous lengths of 4.4 km, both were laid
below the sea bottom to service congruction of the Trans-Tokyo Bay Highway. It is precisdly the future
use of this exciting new technology theat will facilitate the intelligent water infrastructure envisoned in this

paper.

In fact, and in the long-term, worldwide demand for innovative infrastructure technologies promises to be
grong, and the rapid commercidization, or trandation of an idea into a marketable product, is criticd to
maintaining and improving infrastructure. Public dividends include more religble, more efficient, safer and
less codtly public facilities and services. Regrettably, the U.S (probably applies equaly to Canadian)
congtruction industry is not considered to be a progressive adopter of new technology (CERF, 1997).
CERF consequently set up the partnership for the advancement of infrastructure and its renewal between
industry, government and academia, to acceerate the comprehensve renewa and advancement of
infragtructure towards a “truly sustainable’ system (see URL 1 in the ligt of reference URLs at the end of
the paper). The next section covers technology thet is being adopted very dowly, even though its
effectiveness has been demondtrated for some time.

[11.  Inteligent Management of Distributed Storage

Somewnhat anaogous to information networks, which digtribute information in packages at dacker times
to local computer storage, future infrastructure will be designed to serve the particular needs of domedtic,
commercia, industria and recreationa sectors by using storage distributed around the water network.
Storage for the three water systems varies in scde (sanitary smdler than sorm water; smadler water tanks
and ponds &t the point of use, larger for neighborhoods, larger raw water storages for fire-fighting) with
Sze optimized againg variability and reguired volume rate of flow. In this way, networks will operate
continuoudy at near optimd efficiency.

For example, users will abstract potable water from the network into their local storage at times and cost
that depend on availability. In these sysems a small storage tank and pressure pump is ingaled in each
home, and high pesak flows in the distribution network are diminated. Smaler diameter water mains are
required and may be congructed from high-dengty polyethylene pipes a sgnificantly reduced codts.
When locd in-line pressure fdls in the distribution network, owing for example to a high demand, or a
pipe break, water is supplied from storage & or near the point of consumption. Such systems have been
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designed for the arctic (James and Robinson, 1979), and will likdly first find gpplication in specid areas
where the technology can be effectively managed.

On the wastewater Sde, smdler-diameter, shallow-buried, low-pressure effluent sanitary sewer sysems
are amilar in concept, and more economical than traditiona gravity sysems. Many different systems are
available commercidly. In one gpplication, when pressure in the low-pressure sewer network fdls, the
user's in-line pump ddivers effluent from a storage or septic tank to the sanitary collection system,
resulting in the delivery of a more congtant stream to the treatment plant.

Efficiency depends on sensors, controls and reliable dectrica power sources, necessary ingredients of
intelligent infrastructure.

Intelligence of this type, coupled to westher forecast information, will eiminate combined sewer
overflows, at least from hazardous point sources such as hospitals (James et d., 1993a). Wesather radar
gpplications are increasing in Japan, and Chicago itself was a pioneer in the application of this technology.

Of course these digital information systems will incur costs that will be charged back. Charging dgorithms
for computing individua water and sewer rates will change s0 tha the savings from operationd
efficiencies will be passed back to users. System integration will be an important source of improved

effidency.
IV.  Integrating the Human Concept of the Four Water Subsystems

Management structures and their regulations have evolved over the past century from an origina condition
of plenty, but water availability, quality, consumption and demand have gradudly changed.

Modern infrastructure is used for disposa of sanitary products at loads of 5-8 gm per cap-day (Ashley et
a., 1999). For Chicago this trandates to about 15000 tonnes per year. Femades in the 18-44 yr age
group are respongible for 75% of al sanitary waste flushed down sewers. Items most commonly flushed
were tampons (flushed by 79% of an interviewed cohort), applicators (36%), snitary towels (50%),
panty liners (32%), cotton buds (7%), cotton wool (15%), and condoms (24%). Disposing of sanitary
wagte via the solid stream is more sustainable than the water borne route. Users who understand these
benefits as well as those of separating their own bodily waste streams (described below) will demand
gppropriate jurisdictions and infrastructure,

In the firg theme for this conference (governance) it is clamed that fragmentation by competing
government agencies, jurisdictions, and regulations exacerbate the problems (a) of accommodating
demand for water, (b) of preserving water quality, and (c) of managing storm water flows. | agree to the
extent that artificia barriers exist between management’s views of the three water systems (water supply,
wastewater collection and disposd, sormwater management), and that these are reflected in different
executive departments, perhaps dl the way up to the federa cabinet (in Canada). Digtinctions in the way
that the three sets of planners, designers, constructors and operators work, and those of arelated (fourth)
infragtructure, pavement (especidly permegble), will be diminated in the future.

When management of these four currently distinct weater infrastructure systems is integrated, the
arrangement of the resulting system will show severd improvements, for example:
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local storage and use of storm water and urine for garden watering,

recycling of gray water for flushing etc. (URL 2),

use of locd raw surface water for fire-fighting,

treatment of heavily-polluted first flush sormwater,

permeable pavement for treating sormwater (Fitt et d., 1998),

zero surface runoff (100% groundwater replenishment) from new devel opments,

aquifer storage and recovery of urban sormwater and recycled water (Dillon et d., undated).

Nouo,srwdhE

Only after the currently distinct engineering computer models for planning, design and operation of these
four systems are integrated seamlesdy, will such issues be effectively discussed, and implemented.

Some of this is dready in hand. Heaney et d., (1998) aso view urban sormwater management as a
subsystem of watershed management systems, and present results of an extensive literature review with
preliminary evauations of dternative future scenarios.

To summarize this section, we may re-phrase the pre-conference promotional materia in a postive note
as follows. Because of increasing societad awareness of water infrastructure problems, and because of
governmenta and non-governmenta  efforts, cities will improve their legd and inditutional structures
governing the management of water resources, to better address water as an integrated system.

Of course these developments require that new infrastructure will be built to new physical specifications.

V. Sizesand Layout of FutureInfrastructure

Geometricd details such as minimum diameters, longitudind radii and maximum runs may change
(trenches may be shdlower, diameters may be smdler, layout radii and trangtions may be smoother, and
runs may be longer). Currently, Szing is for human entry and manua maintenance via manholes of eg.
sewer networks. Future szing and longitudina geometry will depend more on the requirements of
autonomous robots for ingpection and repair, and on collection, transmisson and processng of
intelligence relating to the network performance. Evolving synthetic materids for pipes will reduce costs
(Boon, 1996). Autonomous devices for ingpection and repair will require smaler manholes and probably
larger longitudind radii (horizontal and vertical curves and transitions).

Severd types of autonomous robots for pipeline ingpection and repair are available on the market. Larger
diameter (2 m) long-penetration tunnel ingpection robots reguire a maximum distance of 10* m and smal
diameter (150 mm) pipeline robots require 300 m (URL 3).

Many appurtenances such as manholes, bends, drops etc. will be re-designed. For ingtance, valves on
water distribution systems are frequently in a deteriorated state (Federico, 1988). Ingtaled vaves will be
re-designed to facilitate passage of autonomous ingpection and repair devices, and new materias will be
used for their fabrication. For the latter reason, for better disease prevention, and for improved
distribution security, dead-end mainswill be diminated.

Pressure and vacuum (i.e. the special case where pressure is less than atmospheric) sewer systems
require much smdler infrastructure. Concerns relating to trangtions between sub- and super-critica flow,
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which cause technicd designs to require large conveyances, do not arise in pressure sewer systems.
Pressure sewers have dready achieved wide usage in North America, and continue to show cost savings.
Moreover they are better suited to the separation of personal human wastes as described below.

Vi L ess Unsustainable Water Systems

“ A sufficient quantity of pure and wholesome water” wasthe ralying cry for development in the mid-
19" century (James and James, 1978), and water remains to this day a key to less unsustainable
metropolitan communities.

We need to work harder at learning from clever people, wherever they may live. Let us consder the
effect of four intellectualy chalenging issues: 1. Renewable energy, 2. Separation of urine and feces, 3.
Diet, and 4. Population management.

Zoreda-Lozano and Cataneda (1998) present a generd approach linking urban technologies for water
use and sustainable development in Mexico City. They describe a tough Stuation, advocating among
other things new materids, information handling, automation, and miniaturization. For less unsustainable
urban, suburban and rurd communities, future systems will be designed to use minimum non-renewable
energy. Energy economy is derived from recycling water as locdly as possble. For ingance, sormwater
ponds may be used for flushing and fire fighting. Numerous examples exist around the world, especidly in
regions of water and financia scarcity.

In Sweden a SEK 30 million research program has been initiated collaboratively at eight universities on
rendering urban water management sustainable (Mamavist, 1999). Included in the proposd is a nationa
“urban water research school” which includes practica on-gte training, that will be compulsory for al
post-graduate students within the research program, to ensure that they are skilled in broad-based inter-
disciplinary water managemen.

History shows us that advances in materids have foreshadowed those of infrastructure, and continually
reduced its cogts. Polyethylene pipes will be used in order to reduce codsts, and aso to reduce
contamination arisng from copper and zinc-plated materials.

Lozar (1993) cdls for rethinking our definition of infrastructures, and for discarding our old infrastructure
paradigms. Advanced infragtructure design should consider ervironmenta management (creeting
suburban ecologies in neighborhoods), energy consarvation (passve and photovoltaic community
systems), materia recycling (locd reuse of materids and systems), automated infrastructure (robots and
sensors), advanced communication technology, pollution reduction and qudity of life issues. These
concerns should and will be integrated into zoning regulations and building codes.

Enforcement of pollution prevention is indeed an effective path to reduced unsustainability. The City of
Toronto is moving forward a new sewer use bylaw that requires pollution prevention planning (URL 4).
Enforcement of new regulaions, virtudly diminating perdstent contaminants, will encourage new
infrastructure for recycling human wagte as dudge to agricultura arees.
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VII.  Sharing our Once-Used Food and Nutrients

Here we develop aradical theme (not chosen by the organizers for their keynote lunch address). It will
have important benefits to folks who live downstream (i.e. dl of us).

These ideas are not new: Victor Hugo wrote a piece on the sewers of Paris marveloudy entitled “The
entrails of the leviathon”. Esrey and Andersson (1999) are criticd of conventiond sanitary infrastructure,
and cal for a change in the concept of wastewater. Three main components of environmenta sanitation
will drive our actions. pathogens, nutrients and water. Most pathogens come from fecal matter, and most
nutrients from urine. Most pathogens need both nutrients and water to survive and reproduce. Hence in
the future we will separate pathogens (feces) from nutrients (urine) and water. We will do so in order to
recycle the nutrients, and not the pathogens (today, our infrastructure aids reproduction and distribution of
harmful pathogens, and accumulates nutrients in harmful places). Future infrastructure will return nutrients
to the land, and isolate pathogens so that the rdatively smdl amount of harmful materid can be easly
destroyed. Inputs of water and chemicals for treatment will be reduced. Everything will be cycled
continuoudy, the so-cdled waste streams (redlly resourcesin the wrong place) forming beneficid food for
fdlow living systems. It is not wagte that we should dispose of, rather our concept of waste (Esrey and
Andersson, 1999).

Otterpohl & d. (undated) aso present forthright arguments in favor of managing differentiated water and
wadte in urban areas. Centrd to the task of sanitation, besides maintaining the highest hygienic standards,
is soil fertility. Recdl that one person can produce as much fertilizer as is necessary for the food needed
by one person. Also, nearly dl the required nutrients are in the urine stream. Human feces might be
described as once-used food. Modern sanitation has mixed the food and water cycles, with the result that
substances of soil fertility are being washed away to receiving waters where they accumulate and are
extremdy harmful. Inevitably, soil fertility is depleted, and drinking water is contaminated. Future
sanitation and wadte infrastructure will respect the different qudities of human waste matter. Otterpohl et
a. present ten different scenarios, some of which include concepts of distributed storage described briefly
in the present paper.

The most important piece of infrastructure for source contral is the persond toilet. New toilets will

separate urine from once-used food, since the two components when separated can be recycled safely
and economicdly (Lange and Otterpohl, 1997). It is the fecd matter that contains pathogenic
microbiologica contaminants and perdgtent trace contaminants that are effective a extremdy low
concentrations, such as resdues of medicines and their metabolites, or hormones from birth control. More
intelligent use of exidting sanitary sewers may involve the transport of urine as timed releases or waves.
These proposed new systems will reduce COD, BODs and total N by 75%, total P by 85% and total K
even more.

In keeping with these concepts, in a group review of a workshop a Hilterfingen in March 1999,
Schertenleib (1999) advocates a household centered approach to environmenta sanitation.

From the point of view of less unsustainable sanitation, for food production and trangport, and for closer
contact of city dwellers to nature, the Sizes and shapes of cities will be better managed. Golf courses will
be used for groundwater replenishment. Cities of the future will be developed in the shape of stars with
green, rura aress between the arms.
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As an asde, one cannot help observing that the change of diet towards vegetable rather than animd
products will result in considerable improvement of rurd/agricultura runoff qudity, Smply due to the
substantia (up to 90%) decrease in land required for food production. Impacts are not obvious.
agricultura non-point source pollution contributed to rura drainage will decrease commensurately,
subgtantidly restoring the assmilative capacity of the nation’s rivers. Requirements for waste water and
gorm water trestment will then change accordingly. Other downgream benefits include reduced
requirements for food processing, refrigeration, disinfection, storage, transportation and preparation (and,
arguably, public hedlth).

It seems that in the future informed consumers will require less water. Demand management is not
considered in these times to be a good issue for promoting loca business development, however, and the
implications are discussed the next section.

VIIl. Population and Demand M anagement

Grigg (1986) predicts that demand management will become a recognized part d urban water supply
management, and may enter wastewater management as wel. Water conservation will become
indtitutionalized as good management practice, rather than remain the emotiona, environmenta issue that
in North Americait istoday ill regarded to be.

Concepts of water value as gpplied by Harvey (1988) to natura resource damage assessment, water
service investment decison making, development of water supply Strategies and resource alocation
policy, will be further developed. Re-dlocation or marketing of existing water sources is a very
complicated game (Ten Eyck, 1988; Atwater, 1988). It involves teams of planners, water resources
engineers, and experts in demographics, naturd resource economics, wildlife and ecology, water
attorneys, recregtion, agriculturd engineering, and other disciplines. Teams will be managed by leaders
well versed in negotiation skills and who understand difficulties encountered when some players on other
teams work under a different agenda. Nevertheless Duecker (1988) advocates water transfers, and
presumably would support Chicago’'s higtoricad drainage concept. Canadians may have a different
perspective. Readers will readily understand why University curricula for professonds will incorporate

more management kills.

Mills and Herring (1995) discuss the interaction of energy, population and sustainable development.
Increased availability of economic dternatives, improved hedth conditions, and sustainable energy
supplies have a direct effect on the rate of population growth. Reducing population growth to a
sudtainable steady-date vaue is partly a product of improved hedth and living conditions brought about
by informed indudtrigization.

One could propose that the provison of high quaity infragtructure is aprerequisite for a community in
harmony with its environment, which leads to a high qudity of life, and a gable population. Certanly it
could be afactor in Canada’ s negative natural population growth rate.

Logicdly, a consequence of the concepts discussed in this paper is that the size of the human and its
domestic animd populations and their associated water demand will be managed. To some extent, limits
will be established by what can be supported by loca renewable water and energy (or will we never
accept limits to growth in a finite world?). Of course, this argument ignores politica redlities, with its
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short-term concerns, but could have some implications for large cities, such as metropolitan Chicago. For
example, is 7 million not enough? Is further growth redlly necessary? How could 70 million possibly be
better? Surely the naturd environment was in better shgpe when it was only 7 thousand? Just how we
might start to consider these implications is not cleer to this writer.®

Cities have, according to the Worldwatch Inditute, become deathtraps, killing people by the tens of

thousands in disasters such as earthquakes (not redly a natura disaster when it is concrete buildings that
kill) and floods (also not a natural disaster where indigenous forests have been stripped). Millions of city
dwellers lack sanitation, choke on unhedlthy air, suffer violent crimes and live in abject poverty. Yet cities
continue to grow rapidly. Tokyo has grown 3000% in this 20" century, and many of our cities in North
America have grown even faster. Simplest of al measures is Smply to advise city dwellers to move out.
Intending urban migrants will often be safer staying put in the countryside. Interested Web surfers should
vist Worldwatch Ingtitute Online at www.worldwatch.org Worldwatch is a nonprofit public policy
research organization dedicated to informing policymakers and the public about emerging globa problems
and trends and the complex links between the world economy and its environmental support systems.
Anomaoudy, after a couple of years of human catastrophe, next year marks the end of the UN's
international decade for natural disaster reduction (vist: www.idndr.org).

Human population dendties seem to be dl but irreducible (exceptions may exigt, uch as the population
decrease in downtown Detroit, but the experience is universadly regarded negatively rather than as an
ecological opportunity). | have quams about papers like this present one. Though they may indeed
contain seeds of good idess, which if implemented, may reduce imparments of receiving waters, | fear
that the improved water environment will smply be used to further increase human population densities.
So my reservation is this: that if you take any idea here, you attempt aso to ded directly with the root
causes of negative impacts, which invariably sem from inconsderate human behavior. Ultimately it is our
human behavior that must be corrected and presumably this includes unlimited breeding, and
uncontrollable avarice. In the next century these moral issues will be resolved.

As gated in the pre-conference materia for theme three, the fundamenta cause of many problems of

water systems is urbanization of rurd landscapes. Of these the worgt problem is loss of naturd habitat,
which is driven by rapid national and globa economic growth, a synonym perhaps for greed. It is a good
bet that numerous decison technologies, including macroscopic multi-disciplinary modds, will soon be
avalable, daming to help metropolitan regions smultaneoudy (&) achieve regionad economic gods, (b)
preserve the integrity of surface, ground, and coastal water resources, and (€) maintain environmenta

hedth and bio-diversty. It isaso a safe bet that few of these modds will include explicit routines covering
the benefits of depopulation and negative growth. The web contains innumerable innovative ideas
promoted by the private sector.

[X. Privatization

Privatization, which gppears to operate successfully in France and Britain, offers municipdities away to
harness private sector resources to improve their infrastructure (Haarmeyer, 1994). Higtorica reasons for
the involvement of the public sector in the provison of infrastructure are varied. In medievd times, weater
and drainage was in private hands. In the recent past, especidly following the industrid revolution,
government has provided most of the funds for infrastructure, usudly as capita for new works.
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Reading about the socid conditions that led to Government participation is quite sautary. One hopes,
with this modern move to privatization, that history will not repeet itsdf. Caution is the catchword.
Schilling (1988) cautions againg funding that favors new condruction over rehabilitation of exiging
systems. Federd, state and locd levels of subsidies that influence (a) project size, (b) project choice, ()
needs, (d) finance estimates, (e) decison making, (f) liability consderations or (g) that in any other way
favor new congruction over maintenance and rehabilitation, will be re-evauated. Failure to provide
budget line-items for infrastructure operations quickly results in massve accumulated deferred
maintenance backlogs.

Insufficient investment in water supply infrastructure poses a public hedth risk (URL 5). The next few
paragraphs list some of the horror stories.

Annudly, 7 million cases of mild to moderate weter-related illness occur in the U.S, resulting in 1,200
deaths. In 1993 the U.S.EE.P.A. reported that 29% or more than 16,000 community water systems were
not in compliance with the Safe Drinking Water act, and that 20% of the US population (47 million) drink
tap water that does not meet EPA-gpproved standards for microorganisms. This was the same year
(1993) that 100 people died and 400,000 were sickened in Milwaukee when the city’ s water supply was
contaminated by cryptosporidium, which is found in 65% to 95% of US surface water. Milwaukee
subsequently spent $39 miillion to better protect its weter.

The U.S. has an estimated 800,000 miles of water supply pipe, and, according to the American Water
Works Association, breaks occur once in every 3.5 miles of pipe.

Groundwater is tough to clean. Hundreds of municipa wells have been closed because of groundwater
contamination. Contaminated groundwater Stes number 300,000 to 400,000, according to a 1994
Nationd Academy of Sciences study. Cleaning them will cost US$1 trillion (URL 6).

Statistics on infrastructure needs and trends are readily available on theweb (eg. URL 7, URL 8), where
one quickly discovers that the amount of money required is mind-numbing.

Not unexpectedly, then, existing practice in urban hydrologica infrastructure is in certain cases perceived
to befaling in its mission. It probably dways has and dways will, being the difficult, under-vaued service
that it is. However, innovaive infrastructure will continue to effect better sewardship of urban water
resources, if management is good enough.

Grigg (1986) defines good management as management that lacks corruption, displays good manners,
and motivates and takes good care of its employees. He felt a decade and a hdf ago, just as we do now,
that cogt control will be better in the future. He aso writes that life-cycle approaches to capital
management will be necessry. Life-cycle design requires planning, management and budgeting for both
new and replacement facilities (Shen and Feeser, 1997; Siddiqui and Mirza, 1997).

Another way that problems with facilities after they are congtructed will reduced, will be by better quaity
control in congtruction.

New partnerships are emerging.
61



Politica, economic and business investment climates may need to be further manipulated, in order to bring
about the kinds of urban water infrastructure changes suggested. Unless we see more interventions in the
free, democratic marketplace, our infragtructure is unlikely to change very soon or dramaticdly. Politicians
and investors seem to focus on short-term motives. On the other hand, currently successful infrastructure
has useful life expectancies of up to a century or more. How can the case be made to base infrastructure
decisons on such long terms? As government yields its role in water infrastructure to the market place,
users need to be dert to a possble bias towards undesirable short-term profit objectives such as
programmed obsolescence. One suspects that the pre-cast concrete pipe, asphdt, and pipdine-
ingoection industries are unlikely to support politica issues advocating new materids or maintenance
systems that could result in reduced business.

In fact, planning and budgeting for infrastructure replacement is a difficult task that has confounded
societies from earlie times, and will grow more complex as the inventory of infrastructure grows.
Barbolini and McAloon (1988) suggest a method that tabulates the estimated vaue of infrastructure and
its estimated life, and computes expected expenditures. It is a logicd and systematic technique for
budgeting monetary and human resources and was developed for the Metropolitan Sanitary Didrict of
Greater Chicago. Their paper provides examples illugtrating how the technique is used for infrastructure
replacement and restoration.

Clearly there is a need for infrastructure management to utilize private sector forces and skills more
effectivdy. Build-operate-tranfer arrangements satisfy the need to access private sector finance, by
permitting privatization in which infrastructure is funded, built and then operated for a defined period by
the private sector. The concept is not new in non-water infrastructure, e.g. tedecommunications, Termind
3inthe Toronto Internationa Airport, and the eectronic toll route in Toronto.

Waker and Smith (1995) argue that the belief that private initiative can do better than state bureaucracy
is now dismantling government monopolies around the world, and has been accredited by indtitutions such
as the World Bank and the United Nations. A build-operate-transfer arrangement for infrastructure
procurement is an gpproach that addresses red fiscal environments surrounding the demand for new and
refurbished infragtructure. The basic criterion is that governments, funders and builders must have a
trangparent formula that ensures that the risks involved are placed with those best aole to carry and price
them. To be economicaly viable, the revenue generated by the project during the period of concession
must be high enough to cover dl the cods involved. Cogts include initid development, financing,
maintenance, operation, an acceptable return to debtors and shareholders, payment of any premium to
the host government, and an acceptable profit to the operator. Thus the cost/revenue equation must be
conddered for the whole life cycle of the concession. This formula satiffies the politica, financid and
congruction demands and ensures that revenues generated by the completed entity satisy all three.

The approach is il undergoing refinement as the public and private sectors become more aware and
proficient with the techniques. Financial models must be constructed with decison analysis tools to test
the uncertainty of key variables over the extended life of the project. Then the method can and will be
extended to infrastructure rehabilitation.

The next section suggestsasmplefirs step.
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X. Portfolios of Successful I nfrastructure

According to the conference background, infrastructure failures are increasingly apparent. Probably
infrastructure has adways enjoyed a rdatively high falure rate, snce the public attitude towards
infrastructure is such a good example of Hardin's Tragedy of the Commons (URL 9). | aso suspect that
the media promotes the topicdity of falling infrastructure, possibly helped by the fact that dramatic video
footage is rdatively eadly obtained. Certainly my portfolio of engineering disasters on the web (URL 10.)
dtracts a graifying amount of interest. Possble solutions to our infrastructure chdlenges could be
presented in a portfolio of successful and/or aesthetically-pleasing infrastructure, such as that of Geiger
and Dreisaitl (1995). The portfolio should include examples recently ingtalled around the world. Severd
visonary examples of holigtic watershed management, and facilities that encourage sustainability values,
have recently been developed in North America. They include urban developments that restore cold-
water fisheries, and storm water detention systems designed for recretiond catch-and-release fishing,
and/or bird watching. Web stes of such portfolios designed to simulate public discusson (such as mine,
see URL 11), will become part of an urban region’s strategy for reducing ecologica unsugtainability.
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XI.

Conclusions

This paper explores a persond vison of infrastructure. In the future we will change many things that affect
of infrastructure — most notably we will:

WoNUT MWD

Face up to the fact that in a growth-oriented world true sustainability is a pipe-dream.
Not distinguish between the human management of the four component water infrastructures.
Modify our quest for unlimited growth.

Reduce our dependence on end- of-pipe solutions.

Build integrated computer-based infrastructure information and control systems.
Share thisinformation by publicly posting it on the web.

Facilitate innovative infrastructure with better management.

Make intdligent use of distributed storage.

Build macroscopic models.

Use autonomous robots.

Use pressure sewers.

Understand the true nature of our bodily wastes.

Tresat urine separately from feces.

Separate persona sanitation items from sawers.

Recycle water locdly.

Use renewable energy.

Enforce pollution prevention.

Eat hedthier diets.

Eat food grown in soil fertilized by human feces and urine.

Return some agricultura land to the natural Sate.

Manage human and anima populations.

Eliminate water trandfers.

Publicize successful, aestheticdly- pleasing infrastructure.

Learn from regions of financia and water scarcity.

Privatize the infrastructure business.

Restore cold-water fisheries.

Creste wild life vduesin dities.

Rearrange financid prioritiesto favor infrasiructure maintenance.

Some of this could feasibly result (conference god) in a higher level of economic and ecologica
sewardship of built and natural water resources or (my god) in atitudina changes to water infrastructure
thet will meke life in future mega-cities somewhat |ess unsustainable.

Visons generdly comprise both wistful dreams of what could be as well as guesses at what will be. It is
up to the reader of this paper to criticaly discriminate between concepts that are plausible or implausible,
possible or impossible, probable or improbable. 1t makes interesting discourse, but it seems unlikely that
much of it will be redized in my time. To misquote William S. however: ‘tis a consummation devoutly
to be wish’d.

1

Endnates

In this paper | deliberately and perhaps confusingly describe the three water infrastructures (water supply,
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wastewater collection and disposal, and stormwater management) asif they were one.
2. | prefer thelonger term and useit here.

3. Wewill challenge our modern, casual attitudes towards waste management with some very futuristic and very
old concepts.

4. Evidently we covet more growth, so we wish to build a more competitive infrastructure, but with an improved
environment, rather than an impacted one. Perhaps these objectives are self-contradictory, and will remain unattainable,
as they have done since the illustrious Romans or even earlier. We will however address research and development
and related issues for development of innovative infrastructure.

5. It is of course impossible for me to suggest practical solutions to Chicago’s water problem. However Gary
Larson has suggested that a descendent of Elsie, Mrs. O’ Leary’s cow, sabotaged the tunnel system almost a decade
ago. | believe that Elsie’ s descendents may be getting even after being wrongfully maligned for a century-and-a-half. |
suggest that The People find and talk to that cow.

6. Seriously, regarding the Supreme Court decision, | might prefer that the good folks of the windy city not
discharge their wastes into what is after all my drinking water.

7. Many examples of expensive end-of-pipe facilities exist in North America. Although impacts will be reduced
by this strategy, user behavior will not be required to become better informed (sources of the problems will not be
eliminated).

8. Not all urban engineers are megal omaniacs— mostly they plan, design, build, operate and refurbish functional
infrastructure optimally under severe external constraints imposed by society itself. Clearly engineers should become
part of the information flow process.

9. Confrontational politicianswill have plenty to talk about.
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Discussion of
“On smart, benign drinking water, wastewater, and storm water infrastructurefor aless
unsugtainable future—a personal vison by William James, D.Sc., P. Eng.

Michadl P. Saunders, P.E.
Partner
Harza Engineering Company

According to our conference theme, we have a Situation whereby:

1. Urban hydrologicd infrastructure, which is respongble for flood mitigation and the provison of
enough water of an gppropriate qudity to promote regiona economic growth, isfalling

2. This falure is occurring even though there is a growing societd awareness of the problems and
enormous governmental and non-governmenta efforts.

Therefore, our conference theme suggests, a new vison is needed tha integrates naturd systems and
cycles.

Dr. James has presented components of his vison for this integration that include the extensve use of
monitoring systems, information systems, decison support systems, and operating modes, and high
speed, real-time communications. He envisons the seamless integration of the four water infrastructure
systems, which in addition to drinking water, wastewater, and slormwater, Dr. James includes pavement
runoff, and the processes used to configure their arrangements. He identifies some anticipated results in
terms of didributive storage and sSzes and layout of future infrastructure. He presents some quite
visonary ideas with respect to energy, body wastes, diet, and population management and presents both
positive and potentid negetive impacts of private development. He closes with some specific changes
that he anticipates and then passes his visons on to us to decide which of hisvisonary ideas are plausible,
possible, and probable. But then, he ends on a pessmigtic note, suggesting that it is unlikely that many of
hisideaswill beredized in histime.

| think that Dr. James has put forth some practica idess for future development without going to the
extremes of the bubble city surrounded by a vast wastdland. Many of his idess are practica in that they
do not assume that the new infrastructure will be built from the ground up but rather will be implemented
on top of the exigting infrastructure. Some are alittle far-fetched — as visions should be.

| totally agree with Dr. James' cdll for the very best information syssems. Today, we have the hardware
to collect and transmit data and to analyze the data, so that operation decisions or forecasts can be made.
There are a least two problems in trandating this capability into sustainability: first, humans have to be
smart enough to develop the appropriate software and second, the indtitutiond climate has to be
ggnificantly modified to alow the four water systlems to operate together.

As much of my experience is internationd in nature, | know that the mgjor lending inditutions recognize

these problems and are dtempting to solve it. In fact, their emphasis has changed toward ingtitutiona

grengthening and capacity building to establish a framework under which sustained development can
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occur. In many cases, the lending indtitutions look to the private sector & the best way to achieve
sugtainable devel opment encompassing indtitutiona development, and, in many cases, lega and regulatory
reform oriented toward accommodating private development. In mogt terms of reference for technical
assstance issued by these organizations, there are requirements to develop information and decison
support systems that will foster sustainable devel opment.

The physicd visons put forth by Dr. James, such as digtributed Storage, pressure sewers, recycling,
separate delivery systems for drinking and bathing/flushing water, permegble pavements for tresting
stormwater, robots, and geometric details are al possible today. Most have been considered and
regjected on economic and financid terms. Of course these rejections are based on the results of current
decision support models that are, according to Dr. James, for the most part narrow and smplistic. When
area-wide and technicaly correct modes become available, and the competing government agencies,
jurisdictions, and regulations are integrated, these visons can be revisted. The question is, The question
is, do the experts developing and integrating the models know what is necessary to develop these models.

As a practicing engineer, Dr. James paper causes me to step back alittle and think about severd of his
vision themes. Dr. James asks us to work harder at learning from clever people as his introduction to
considering the use of renewable energy, separating urine and feces, changing our diet toward vegetable
matter, and populaion management.

He foresees new systems using a minimum of non-renewable energy and later as using renewable energy.

I’'m not sure that this is the case. We might be hard pressed in Chicago to develop a new renewable
power source to accommodate some of Dr. James visons. According to another visonary, Jesse
Ausubel, who addressed the question of “will there be enough”, solar, wind, photovoltaics, biomass and
other renewable energies show promise for only small niches. He expects that with his expected increase
in the supply of naturd gas and the gradua penetration of nuclear energy, there will be an ample supply
for the 21% century. Toward the end of that period, nuclear should become the primary source of energy
and neat hydrogen will fuel the world' s vehicles.

Changing the concept of wastewater to separate out the pathogens will be a market driven issue. The
physica equipment to accomplish this would be smple. Changing ones diet to vegetable products is not
something | am looking forward to. As with al of the visions presented, | wonder about reciproca
ramifications. For ingtance, one must wonder about the impact on fisheries if we turn away from animas.

Of course the nutrients we gain from changing the concept of wastewater may be used to increase fish
production.

Opportunities certainly exigt for improving sugtainability through demand-side management. Water
conservation will work but only if some mgor event occurs such as in the oil sector inthe 70's. As soon
as the price began to rise, people and industry found ways to conserve. My water hill, which is about
$1.00/m’ is high enough that | don't water my lawn unless it is within a day of dying. As for population
management, | believe that society is not ready to accept the only way it will work — regulated and
enforced birth control.

Privatization is seen as the savior of many water and energy systems. It is a method to harness private
sector resources and it appears to operate successfully. As | said before, the internationd lending
agencies see it as a pogtive sep to restoring falling infrastructure.  As Dr. James suggests, there are
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potentia problems. To guard againgt these problems, decison support systems that can consider the
whole picture must be used to evaluate the private developers proposas. Again, | wonder, do we
understand the problems well enough to develop these systems?

None of Dr. James visons are beyond reason and many could be implemented today. Why then, is he
pessmigdic about ther implementation? His pessmism gpparently stems from the lack of better
information systems, decision support tools, and indtitutional cooperation. Some questions come to mind
as | contemplate Dr. James vison components and pessmism, i.e.,

1. What other barriers are currently in the way of implementing a sustainable infrastructure;

2. What will it take to overcome these barriers; and

3. What can we, as water engineers, do to redlize some form of sustainable infrastructure within the
near-term?

To answer these questions, | first looked at the conference title to put mysdf in the right frame of mind.
The title suggests that improved decison-making is the key to sustainable development for metropolitan
areas. Since we seem to be far from sustainable development, we need to improve our decison making
capabilities. To be able to make a decison, we must know what we want — sustaingbility- and to know
when we get there, we must know what it is. Also, as Dr. James is concerned with infrastructure, we dso
need to know how he defines the term.

| very much appreciated his definition of infrastructure, aword that is so overused that | never know what
it is supposed to mean. As infrastructure, he includes the basic water facilities, services, and ingdlations.
He includes dams and reservoirs, which | assume is shorthand for surface and groundwater supplies and
al of the structures required to collect and regulate these supplies. He includes trestment and distribution
to the user, collection and treatment of the used water, reuse of a least a portion of the treated
wastewater, and regulation and trestment of stormwater.

| was less enamored of his definition of “sugtainability”. | think that the concept is gaining acceptance, but
the lack of a clear definition, that can be accepted by dl of the entities that must contribute in the decision
making process, is one of the main barriers to its implementation. Even among those here today, it might
be difficult to reach a consensus on the definition of sugtainability.

In the case of Dr. James definition, | am not in favor of the requirement to limit the use of nonrenewable
energy or the import of water from remote areas. As| said before, | think the future of energy production
is in naturd gas and nudear fud and forcing this condrant on the definition of sustandbility is
counterproductive. As for restricting water import, | don’t think the concept is workable and | think that
importation of water is necessary for the optima use the avalable supplies. There is plenty of water
available in the world — it isjust not in the right place a the right time or of the right qudity, or being used
for the right purpose. Without the ability to move the water around, we might concentrate the people in
the source areas which would only exacerbate pollution of the supply.

Dr. James thinks that “true’ sustainability that incorporates the limitations described above is implausible,
and heis not done. Opponents would argue that sustainable development is an oxymoron or that it has no
meaning & dl, or that once we turn the century, it will be passe. Dr. James fedls the need to coin anew
catchword, “reduced unsustainability”. Then, once or if we ever get a definition that we can hang our hats
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on, will we be able to measure it to the extent that we can claim success?

When | think about a definition for sustainability on a globa basis, there are two somewhat competing
generd, conventiond definitions of sustainability that come to mind:

1. A sort of intergenerationa equity whereby we preserve resources for future generations and we do
not degrade the natura environment, and

2. Improving the qudlity of life.

To these we might add Dr. James limitations on the use of no-renewable energy, water import, and the
accumulation or export of byproducts. Then, from a systlem standpoint, it might be defined as the steps
needed to ensure that the system can operate continuoudy as planned. More specificdly, in a particular
water supply system, we might see reservoirs that don't lose capacity because of sediment deposition, or
aquifers that don't lose fresh-water storage due to pollution or sdineintrusion. Digtribution system losses
will be under control and revenues will accrue to the operating agencies so that effective and dficient
operation and, especidly, maintenance can be performed.

In addition to the lack of a clear definition, another barrier to the implementation of sustainable
development is the success and good sarvice redized from the exiding infrastructure espeddly in
developed regions of theworld. Although Dr. James points out and references a number of infrastructura
failures, to mogt of the people, the falures are an inconvenience that happens to someone ese. As long
as the infragtructure delivers what is expected, no outcry for a sustainable system will be made. The
expectations for the water infrastructure are that water keeps coming out of the tap, no mgor water
pollution related catastrophes occur, and that our basements don't flood too often. The combination of
the adaptability of the water users and the insdious impacts of an unsustainable system can dmost assure
that there will be no quantum legp to sustainable systems.

In developing areas, the people are not worried about sustainable development as anything is better than
what they have. In developed areas that have suffered reversas, such as the newly independent states of
the former Soviet Union, the opportunities for implementing sustainable development are good. They

have seen what hgppens when the systems are not sustainable, especidly in the energy sector, and can
gppreciate the advantages of a holistic approach to system rehabilitation. Even in these areas, the red

opportunity for implementation is poor. Private sector resources are needed and the indtitutiond, legd

and regulatory framework is not in place to the extent that private developers are willing to risk their

capitdl.

What can we do to further Dr. James ideas of a sustainable infragtructure? As water engineers, we are
in a good postion to influence future development both in the rehabilitation of exiging systems and in the
condruction of new sysems. Today, even though most people are satisfied with the operating
characterigtics of the water, wastewater, and stormwater systems, the concept, if not the practice, of
sugtainability has caught on. The internationd attention to ozone depletion, globd warming, flooding of
the coagta regions of dl the continents, and skin cancer provides some understanding for the need for
sugtainable development.  Groundwater contamination, depleted supplies of high-qudity drinking water,
and bacteria infection are beginning to do the same for water and wastewater systems.

As water engineers, we have to strive for a balance between socid, economic, and environmental gods
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and the organizing principd for this baance is sustainable development. The tool for organizing this
baance is management of the water systems — not the narrow focussed approach — but the broad band
approach that is now designated as integrated water resources management. In my opinion, the key to
sudainable development is the integrated management and the key to the successful integration of
management principasis stakeholder participation.

What are we driving to integrate o that we will have a sustainable sysem? It is not just the integration of
competing government agencies, jurisdictions, and regulations, it is not just the integration of the planning,
design, congtruction, and operation, and it is not just the integration of computer models. What we must
integrate are the strategies and policies that are proposed to resolve the stakeholders issues and concerns.

It is important to note that people interpret impacts to ther lives and communities differently. These
interpretations can depend of a host of variables such as dtitudes, historica experience, cultura beliefs,
and group membership. The stakeholder groups are necessary to assist in determining which are the key
variables for understanding the likely affects and the socid meanings associated with dterndtive drategies
and policies. Before we start implementing any new vison concepts, we must develop a broad support
for what is consdered to be important.

Once we have decided what is important, we can then attack the issue of how important is it relative to
the other important issues. Each dternative strategy (e.g. distributive storage) or policy (e.g. population
management) will have a cost and a benefit. With the concept of integrated development, the planning
process will require that the impact of any aternative on the other socia and economic sectors be
consdered. For example, consideration would be given to economic tradeoffs, the equity of distributiona
impacts on various socid groups, the demographic impact on the population, revenue and expenditure
impacts on loca and central governments and others.

Therefore, | suggest that decision making systems necessary for sustainable development be coordinated
not only with the scholars, researchers, and practitioners, but aso with the stakeholders. Once they are
on board, sustainable development will be achieved. This interaction could be the topic of your next
conference.
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Abdract

The two free resources that drive al biotic and abiotic processes, sustaining dl life on earth, are water and
light energy. All places and things can be defined by the way they handle these two resources, the
processes of which are grounded in complex interactions with loca biological and minera resources. As
a society, we ae becoming increasingly aware that the earth’s naturd ecosystems are not limitless. It is
less understood, however, that the ability for the earth’s naturd ecosystems to mitigate the changes we
impose, and 4ill be able to continue functioning sustainably, is aso limited. Short of inexorable geologic
change, the extent to which we mismanage natura systems, either intentionaly or through a failure to
comprehend the rules and inherent capacities of our surrounding naturd systems, is the extent to which
these systems become more dysfunctiond.

Mismanagement of water is a primary factor in thisincreasing level of ecosystem dysfunction. The range
of adverse impacts associated with inattentiveness to the relationships of water in built and naturd
environments is profound. When we are unaware of, ignore, or are wasteful in our relationship to the
interaction of water with other naturd resources, water becomes a waste product and potentidly a
powerful source of destruction. Many “natura disasters’, such as floods, erosion, landdides, and other
changes, including climatic change, loss of biodiveraty, aquifer depletion, and natural systems degradation
can be traced to our failure to comprehend the ecology and culture of water.

We bdieve that sustainability is an overarching principle for dl land use. To support the hydrologic cycle,
ecosystem stability, and other critical natura processes, it is necessary to consder locd, regiond, or even
globa issues on land use of dl gzes. In contragt to a sustainable gpproach, much of our contemporary
infragtructure and conventiond planning methodologies are products of a contrived visud aesthetic with
little understanding, relationship, or grounding in the unique redities of place. They represent a culturd
indifference to the function of naturd systems, or even the energy required to maintain this infrastructure,
much less any long term consegquences.

Understanding the human relationship to the interaction of water with the geology, soils, topography, flora
and fauna unique to a place is afirst sep by which a culture can learn to live sustainably. The purpose of
this paper is to examine current problems associated with the human relationship to land and water, and
to suggest creative and economicdly crucid solutions are avalable. These solutions involve innovative
land use and water resource management approaches, in association with ecologica restoration, that are
designed to restore hydrologic stability in built and naturd environments.

Key Words
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Sustainable Water Resource Management, Restoration of Higtoric Patterns of Hydrology, Integration of
Native Landscape Systems, Groundwater as Predominant Form of Hydrology, Celebration of Water as a
Resource, not a Waste Product, Problems with Standard Water Resource Engineering Practices

[ I ntroduction

Two free resources thet drive dl biotic and abiotic processes, sustaining dl life on earth, are water and
light energy. All places and living things can be defined by the way they handle these two resources, the
processes of which are grounded in complex interactions with loca biologica and mineral resources. The
entire surficid envirorment of the earth--geology, oil, topography, flora, fauna--is mediated by water.
All living things develop in an agueous medium in their own geneticdly defined ways.

As a society, we are becoming increasingly aware that the earth’s resources are not limitless. It is less
understood, however, tha the ability for the earth’s natural ecosystems to mitigete the changes we
impose, and ill be able to continue functioning sustainably, is dso limited. Jean Prior (1991) discusses
this concept clearly: “People may modify the land to suit their purposes, but it is wise to remember that
the land must be used in accordance with its capacities as established by geologic history and expressed
in landscape shapes and underlying deposits, including groundwater and minera resources.”

Although vitdly important to dl life systems, water remans one of the most misunderstood and
mismanaged resources on earth. When we are unaware of, ignore, or are wasteful in our relationship to
the interaction of water with other natural resources, water can become a waste product and potentidly a
powerful source of destruction.

Our culture, however, has become functiondlly detached from how the naturd world around us works,
unaware of its redities, and unmindful of its capacities. We have logt touch with the importance of a
sudtainadle culturd relationship with land and water, and largely forsaken the human rdationship with the
naturd environment. Our technologies permit us to extract resources from distant places, and import
them at great expense, dlowing us to defer accountability for unsustainable behavior insofar as our limited
resources are concerned. This curious capacity to deflect or defer accountability for our own relation
ships with land and water appears to be born of abdief that there are no red rulesin nature.

Short of inexorable geologic change, the extent to which we mismanage naturd systems, ether
intentionaly or through a failure to comprehend the rules and inherent capacities of our surrounding naturd

gystems, is the extent to which these systems become more dysfunctiond. Mismanegement of water isa
primary factor in this increasing level of ecosystem dysfunction. The range of adverse impacts associated
with inattentiveness to the rdationships of water in built and natural environments is profound.

Many “naturd disssters” such as floods, landdides, eroson, and other changes, such as loss of
biodiversity, aquifer depletion, and climatic change can be traced to our failure to understand the ecology
of water.

Undergtanding the human relaionship to the interaction of water with the geology, soils, topography, flora,
and fauna unique to a place is afirst step by which a culture can learn to live sustainably. The purpose of
this paper is to examine current problems associated with the human reationship to land and weater and to
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suggest that there are creetive and economically crucid solutions. It will focus on the ecology of water
within the physica context of the Chicago region and the Midwest, and while the basic principles
evaluated here are adaptable to other geographic contexts, the specific gpplications of solutions will vary.

. Nature' s Hydrology

Throughout the glaciated regions of the upper Midwest, most naturd wetlands and aguatic systems,
including the lakes, streams, and rivers were formed ether from direct precipitation or from groundwater
discharge. In our biome, aquifer recharge occurred prevailingly in upland landscapes, and few natura
wetlands were formed from surface runoff weter.

Higtoricdly, water infiltrated the deep-rooted vegetation of prairies and woodlands, setting up a flownet
relationship below the surface that is dependent on topography and the characteritics of the underlying till
gratigraphy. According to Richardson, Wilding, and Daniels (1992), there are four kinds of water
movement dominant in soil development in the glaciated Midwest: 1) recharge, or water movement to the
water table; 2) flowthrough, or laterd groundwater movement; 3) discharge, or movement from the water
table ether to or near the soil surface; and 4) stagnation, or dow water movement creating water table
mounds.

The glacia geology of the upper Midwest is characterized by limestone or dolomitic bedrock, overlain by
gravels, sands, slts, and clays derived from such bedrock. When water moves through these substrates,
carbonates can dissolve in the dow-moving groundweter, and the discharge will tend to be rich in
bicarbonates. Bicarbonate-rich water that discharges through upward movement due to
evapotranspiration potentids will precipitate carbonates near the soil surface, whereas water that
discharges near the water table, such as in seeps and fens, will remain both bicarbonate-rich and iso-
thermic. Either method of groundwater discharge provides a surface habitat that is virtudly stable in its
physicochemica and hydrologic properties.

Although water in local wetlands varied enormoudy with regard to the mixture of groundwater discharge
and direct precipitation, most of our more than 700 native wetland plant species are adapted to the stable
habitats created by the blend of groundwater discharge and precipitation. Mogt of these species are
denizens of ether dkaine or circumneutra conditions.

According to Swink and Wilhem (1994), there are five basic types of wetlands in the region of southern
Lake Michigan. These wetlands can be classfied generdly as aguatic, marsh, fen, bog, and swamp.
Unfortunatdly, few of these wetland habitats remain intact today, and few people are aware of ther
natura attributes, ether their inherent biodiverdty or their ineffable beauty. To help the reader appreciate
the divergty of our loca wetland habitats and the varied roles of water digtribution in their formation and
sustenance, the mgjor community types are described below. (Note that surface runoff water, other than
clean soring snow mdt, is not asgnificant factor in hedthy wetland systems))

Aquatic plant communities are occasond throughout the region. They formed in potholes and in

lacugtrine plains where there was little or no surface discharge. Aquatic communities are sustained by

waters from a surrounding watershed greater than that provided by rain over their surfaces. Generdly,

these excess waters filter down through vegetated ambient ground into the underlying soil until they reach

impervious materid, and exit by way of springs, rills, or seeps. Along our magor streams, aguatic plant
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communities developed in dluvid doughs and ponds derived from surface mdt or tributary streams.
Depending upon the groundwater contribution, aquatic waters ranged from hard to soft, or else they con-
sged of dill-flowing dluvid waters.

Marsh plant communities generdly occur adong the transtion between aguatic communities and drier
communities, or in large flats that are regularly inundated by shdlow surface waters for much of the
growing season. Marshes are best developed locdly in the lake plain, in lacudtrine flats, and dong the
lower reaches of the Des Plaines and Kankakee river drainages. The sedge meadow, a community with
affinities to fens and wet prairies, develops in large, shdlow, lacudtrine flats, and is dominated by sedge
hummocks. The kinds of surface waters suitable for marshes are those received directly from rain, or as
a combination of rain and the essentidly clean overflow from streams fed prevailingly by base flow or
show melt.

Fens are wetland communities that occur in areas where the glacid formations are such that
bicarbonate-rich ground water discharges at a congtant rate and temperature aong the dopes of kames,
eskers, moranes, river bluffs, or even dunes, or in flats associated with these formations, provided the
materid through which the waters traveled is rich in carbonates. Depending on the circumstances, fens
can occur where marl is a or near the surface or where pesats are constantly bathed in minerotrophic
ground water. Such areas can be wooded or open. Marly fens are generdly found on open prairie
dopes, and commonly produce congantly flowing rills discharging over the surface. Rdated to these
hillside fens are the wooded seeps that occur sporadically on steep bluffs. As fens become pestier, there
isatendency for cation exchange to damp off, causing circumneutra or even acidic conditions, which can
occur in the flat, black-soil prairies and in certain morainic depressions.

As the cation exchange capacity damps off further, bog conditions can begin to develop. Commonly, the
pestland floats on a minerotrophic head of water. The deeper roots are thus exposed to calcareous or
circumneutra conditions, and the shalower roots are imbedded in the upper sphagnum mat, probably in a
more acidic environment. In large basns or in areas where the influence of minerotrophic watersisingg-
nificant, acid bogs can develop. Reated to the acid bog, often in sand flats or basins, are floating sedge
mats that rise and fal with the water table.

Swamps are wetlands characterized by trees growing in large flats or basins that are poorly drained; most
of the water leaves through evapotranspiration. They can occur in the backwaters of large, dow-moving
rivers, such as the Kankakee, or in wet sandy flats in the Kankakee Sand Section south of the Vaparaiso
Moraine. They can adso occur on moraines in wet depressons. North of the Vaparaiso Moraine, in the
lake plain, they are best developed in the large flats behind the high dunes, where lies one of the richest
and most complicated forested systems in our region. It is characterized by a complex hydrology and is
interspersed by gentle rises, shallow depressons, and hummocks, and consists of an inseparable mixture
of wooded fen, bog, and mesic forest.

It is important to understand that the clear line of demarcation (edge) we often search for and identify
between upland and wetland habitats in contemporary landscapes is of far less importance in the natura
landscape, where the wetland/upland ditinction is highly undifferentiated. Such concepts as wetland edge
are more artifacts of a regulatory mandate than observable manifestations of the natura landscape.

[Il.  Regional Hydrology
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In natural areas, the primary recharge occurs in upland to mesic habitats, and discharge can occur
anywhere aong the spectrum from higher to lower gradients, depending on the relationship of geology,
soils, surface and groundwater gradients, and other factors. Imagine the ecologica attributes of a
landscape mediated by a combination of flora, fauna, soils, and geology, such that groundwater was the
dominant form of hydrology, as once occurred throughout most of 1llinois and the upper Midwest.

At the time of European settlement, the lllinois River, draining more than one hdf of the land within the
date of lllinois, was virtudly dill-flowing, with little percaivable discharge into the Missssppi River. Ac-
cording to Barrows (1910), the average fal between Hennepin and Pekin, a distance of 55.8 miles, is
0.82 inches per mile. “The lllinois is a river of rdaively inggnificant volume. Its naturd low-water
discharge is but a amdl fraction of that of the upper Missssippi and Ohio rivers. The nearly level channd
and the smdl volume result in a very duggish river, which has been described as a stream that more nearly
resembles the Great Lakes than an ordinary river, and again as one that partakes more of the nature of an
estuary than of ariver.”

Congder these accounts of the now beeaguered Illinois River, once one of the most beautiful and
biologicaly fecund riversin North America

The placid lllinais traverses this territory in a southwestern direction, nearly 400 miles. . . Unlike the
other great rivers of the western country, its current is mild and unbroken by rapids, meandering at
leisure through one of the finest countriesin theworld . . . upwards of 400 yards wide at its mouth . .
The banks of the Illinois are generdly high. The bed of the river being a white marble, or clay, or
sand, the waters are remarkably clear. 1t abounds with beautiful idands, . . . It passes through one
lake, two hundred and ten miles from its mouth, which is twenty miles in length, and three or four
milesin breadth, caled Illinois Lake [Lake Peoria). (Brown 1817).

The lllinoisriver . . . presents to the eye a smooth and duggish current, bordered on each side by an
exuberant growth of aguatic plants, which, in some places, reach nearly across the channd. We soon
found the water tepid and unpalatable, and oftentimes filled with decomposed vegetation . . . Thereis
perhaps no siream in America whose current offers so little resstance in the ascent . . . Both banks
are bordered by a dense forest of cottonwood, sycamore, and other species common to the best
western bottom-lands. Of the fertility of the soil, no person of the least observation can for a moment
doubt . .. (Schoolcraft 1821).

We have seen nothing like this river that we enter, as regardsiits fertility of soil, its prairies and woods;
its cattle, ek, deer, wildcats, bustards, swans, ducks, parroquets, and even beaver. There are many
gmall lakes and rivers. That on which we salled iswide, degp and till, for 65 leagues. In the spring
and during part of the summer there is only one portage of hdf a league” (Thwaites 1900, from
Jacques Marquette, around 1674).

It is dso ggnificant that this portion of the continent, referred to by Transeau (1935) as the “Prairie
Peninsula” lies within a physiographic region where the ratio of rainfdl to potential evaporation ranges
from 0.6:1 to 1:1. In contradt, in regions where the ratios are greater than 1.1, the tendency is for
mesophytic forest to develop. Therefore, when Barrows did his study in 1910, of the gpproximately 37
inches of rainfdl that fell annualy across northeast and centrd Illinois, very little was discharged as surface
runoff into the Illinois River. Instead, water either percolated into the aguifers, discharged dowly and
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evenly to seepage areas and fens or evapotranspired. Simple arithmetic tells us that a balanced system
receiving a given amount of precipitation per year cannot continue indefinitely to evapotranspire the same
amount and lose an additiona amount to runoff without a consderable increase in dryness.

Weaver and Noll (1935) documented the absorption capabiilities of prairie ecosystems and their unique
relationship of water, vegetation, and soils, during their grasdand studies. According to their findings,
“The porogity of . . . moist grasdand soil into which the water sinksisimpressive. It accounts for the fact
that on fully vegetated lands practically no eroson occurs except, possbly during sorms of unusud

violence, and even then eroson is seldom serious” In a sudy involving interceptometers in Nebraska,
they noted that eeven rainfal events over ayear resulted in the loss of about 1% of the totd rainfal from
a prairie dominated by Andropogon scoparius (little bluestem grass) and with adope of five degrees. A
whest fidd under the same conditions lost more than seven times that percentage of water volume, and a
falow fidd lost more than nine times thet of the prairie, or 10.2% of therain that fell.

Such observations are further supported by an ongoing study at lowa State University (Bharati 1996),
where, based on eight sampling measurements, a five-year-old planting of Panicum virgatum (switch
grass) exhibited the capacity to infiltrate, on average, more than 7.5 inches of rainfal per hour; an
adjacent rowcrop on the same soil infiltrated 2 inches per hour.

V.  Water in the Contemporary Landscape

If we wish to influence water infiltration pogtively, improve water qudity, reduce flooding and restore
wetland and aquatic habitats, the intricate surface and groundwater relationships of our natural hydrology
must be understood and incorporated into planning and land use. It is essentid that practitioners
responsble for dl forms of land use--architects, landscape architects, engineers, planners, developers,
contractors, agricultura producers, and government regulators--consider the natura hydrologic patterns
not only of the site, but dso of the surrounding area or watershed.

Stormwater management is a consderation in nearly every development project, but traditiondly, water is
viewed either as a burden or as a purely utilitarian commodity. Professonds are trained to collect and
convey surface waters quickly and efficiently from the Site to areas remote from their purview, presumably
to be dedt with by somebody ese. They andyze, design, and construct sorm drainage and deten+
tion/retention systems that attempt to corfine Ste and regiond impacts of surface water-generated storm
flows. It israre, however, for these evaluations to consider the natural hydrologic character of the area,
or the hydrologic context in which the ste and surrounding naturd systems formed over geologic time:

time measured not by decades or lifetimes, but by thousands of years of system devel opment.

Every tract of land, no maiter how large or smdll, is affected by and interacts with water. We are often
frugtrated by the fact that precipitation fals everywhere, not just in wetlands or in places designated by
engineers and ecologists. Precipitation in the Chicago area amounts to about 37 inches, or about one
million gdlons of non-compressible fluid per acre per year. When it fals, two things can happen. It can
infiltrate the soil and become an asset to locd life, or it can run off and become a ligbility to life
downstream.

Site development generdly results in an increase of impervious surfaces associated with the construction
of buildings, roadways, and waks. Even landscape systems, particularly those areas dominated by a
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typicd turf grass lawn, can generate significant volumes of dirty surface water runoff. Nearly dl of the
intercepted water is collected and shunted away from the Ste. Most development Stes contain an
extensve, costly storm sewer network that quickly conveys a large portion of every precipitation event,
discharging its flow into the mandatory detention basin, where its focused energy is released into the
nearest stream corridor, or possibly alarger sorm sewer system.

Discharged water carries with it sediments, greases, and oils from roadways and parking lots, and excess
fertilizers and pedticides from conventiond lawvn care. Other areas have no detention at dl, dlowing
runoff to flow uncontrolled and untreated into area sewers or drainage ways. In al cases, most of it is
passed downstream to somebody else.

Much of the water faling on the ambient landscape is no longer able to infiltrate into the ground, where it
once provided a constant source of groundwater seepage to sustain a stable stream hydrology, even
during periods of prolonged drought. Instead of a stable watershed and associated groundwater
hydrology, many systems are now dominated by erratic surface water hydrology. Waterways experience
rgpid fluctuations in streamflow velocity and volume, generated dmost completely in response to surface
water discharges. The force of these combined stormwater flows is focused on a landscape, with its
inherent soils, fauna, and flora, formed with a completely different type of hydrology. The erosive power
of this shift in hydrology isimpressive,

Drainage ditches are gouged into the landscape where no surface drainage existed before. The collective
runoff acts to carve out existing streams and rivers, resulting in deeply incised stream banks, subject to
congtant erosion and sedimentation at rates not seen since the glaciers receded. The loss of infiltration
and groundwater recharge in the surrounding watershed, coupled with the depresson of normd water
levels in the stream system, combine to lower the regiona water table, and starve the stream during
periods of drought. On the opposite extreme, intense periods of rainfal, once mediated by a landscape
highly cgpable of absorbing and using the water as a resource, now regularly result in flash floods in areas
that were not higtoricaly subject to flooding. The economic, environmenta, and culturd impects of
flooding are sgnificant, and often catastrophic.

The ingability of streamflow, coupled with degraded water quaity, make it difficult for aguetic life to
adjust. Dedrable species of fish, birds, and other aguatic organisms must struggle for surviva in a stream
gystem that may experience virtua or complete desiccation during dry periods that exhibit increased water
temperature and atered water chemidtry, including low dissolved oxygen. Habitat availability becomes

criticaly limiting to many species.

Whole sections of stream bank become overgrown with dense stands of trees and shrubs, effectively
shading out the deep-rooted perennia forbs and grasses that are necessary to stabilize the soil layer.
With the loss of a degp-rooted cover to secure the soil, the bare ground becomes increasingly exposed to
erosve forces, resulting in accelerated streambank eroson. A new industry, streambank bio-engineering,
has emerged to ded with this phenomenon. Unfortunately, many well-designed and potentialy useful
solutions are likely doomed to long-term failure unless we find intdligent ways of deding aso with the root
cause: mismanaged water.

We have forgotten that floodplains, as we know them today, are not a natural phenomenon, but an
engineering term creeted to describe a zone of flood-prone land that can change just as rapidly as the next
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upstream development. With each passng generation the culture becomes more distant from redity. Its
words take on new meanings in accordance to the real experience of the young.

"River." What image does the word evoke? We picture a long channel, with steep muddy banks, that

surges with brown railing water &fter the rains, and during the "droughts,” a scarcely wet ditch with sha-
low pools of gulping carp, discarded gppliances, and abandoned grocery carts.
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V. The Plight of Wetlands

Our society’ s failure to comprehend and synthesize natura hydrologic processes into dl forms of land use
is epitomized by our management of wetlands. It is a common misconception that wetland systems
throughout our region rely on surface water hydrology for sustenance, or that they are stormwater
driven. Most modern wetland literature assarts that the basic vaue of wetlands is related to their ability
to provide flood storage and to serve as a cleansing mechaniam for filtering sormweter pollutants.

Yet, these two factors are most directly responsible for the degradation or outright destruction of our
remnant wetland habitats and the poor performance of most wetland mitigation projects.  Imagine
requiring our kidneys and livers congtantly to store and filter a random suite of toxicants. This problem
occurs only because we have faled to take advantage of water where it fals, turning it ingtead into a
destabilizing force to be dedt with esewhere.

We are aware of no scientific evidence to suggest that naturally occurring remnant or recreated wetland
habitats located throughout this region benefit from direct surface water discharge and inundation. To the
contrary, there is overwhelming scientific evidence that illustrates thet surface water inundation of wetland
habitats will result directly in their degradation. Research indicates that changes in water qudity, water
quantity, and physicochemigtry can sgnificantly impact the function and sustainability of wetland systems.

The USEPA publication Natural Wetlands and Urban Stormwater: Potential Impacts and
Management (1993), summarizes research findings describing scormweter impacts to wetland habitats.
According to this document, changes in vegetative community structure, productivity, water qudity, and
hydrology are inseparable. Changes in vegetative community structure appear to be correlated with the
time of year, water depth changes, and frequency and duration of inundation experienced in the wetland
from excess sormwater discharge (Azous 1991; Cooke 1991; Stockdale 1991; USEPA 1985).
Changes in water quality (chemistry and sediment loading) have the potentia to affect the vegetative
community structure and productivity, thereby reducing the avallability of plant species preferred by fish,
mammas, birds and amphibians for food and shdlter (Lloyd-Evans 1989; Mitsch and Gossdlink 1986;
Weller 1987).

Wetland plant species are generdly specific in their requirements for germination, and many are sendtive
to flooding. Horner (1988) found that emergent zones of pal ustrine wetlands receiving urban runoff in the
Pecific Northwest were dominated by the opportunistic non+native, Phalaris arundinacea (reed canary
grass), whereas unimpacted wetland plant communities were composed of a more diverse group of native
species. Ehrenfdd and Schneider (1990) discuss the relationship between stormwater discharge and
changes in plant community compostion. They found a reduction in indigenous wetland species and an
increase in the colonization of exotic species due to changes in hydrology, water qudity, or both. Van der
Vak (1991) noted that wetland species may have limited ability to migrate in the face of peragently
rased water levels, many species can poread only through vegetative methods under such conditions.
The result may be lowered plant divergty in the wetland-to-upland gradient. This is evident in many
remnant wetland systems, where the lower gradient zones subjected to longer periods of surface water
inundation have exhibited more substantial degradation than the edges of the wetland.

Studies have been conducted to evauate hydro-period impacts on individua species. Stockdae (1991)
found that Typha spp. (cattails) survive wel under fluctuating conditions, and that Phalaris arundinacea
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(reed canary grass) has a wide tolerance to water leve fluctuations, though it does not survive long
periods of inundation during the growing season. In contrast, Carex spp. (sedges) are highly specific
with regard to hydrologic preferences. According to Frederickson (1982), modifying natura wetlands
with impoundments may result in radicdly different hydrologic regimes that are not ecologicaly sound.
The introduction of stormwater runoff or water control objectives, causing hydrologica disturbancesin
impounded wetlands, could result in the development of stressful habitat conditions.

Changes in the pH of water associated with management practices or the introduction of stormwater dso
can have an effect on the biota in impounded systems. Most organisms are adapted to function within
particuar pH ranges, and abrupt or substantial variations in pH can have adverse effects on aguatic life,
usudly in the form of reduced productivity and increased mortdity (Newton 1989). Urban stormwater
can vay sgnificantly in pH, s0 the variable nature of sormwater inflow could result in abrupt changes in
pH in an impoundment. Since only a few species can adgpt to conditions of changing sdinity, pH,
temperature, and dissolved oxygen, low species richness could result (Devoe and Baughman 1986).

Given the predigpostion of most native species to either ombrotrophic or minerotrophic conditions
(Swink and Wilhelm 1994), wetlands dominated by waters with fluctuating physicochemistry and volumes
are depauperate in species richness.

Another point to be consdered is that the environment least capable of handling excess water is awetland
habitat that is dready saturated. This is often the case in detention and wetland mitigation projects that
involve the excavation and creation of emergent and shalow water marshland habitats that rely primarily
on surface water hydrology for sustenance. Except perhaps for marshes filled pre-jurisdictiondly or
illegdly, the creation of such habitats is not an appropriate form of mitigation. A wide range of factors
must be evaluated to determine the gppropriate restoration or water management Strategy for any specific
project or Ste. The solution must be one that renders the hydrologic condition more stable, and reduces
runoff wetersto alevel that fosters ecosystem sability.

These findings, which are supported by many other studies, help to shape an understanding of the types of
impacts and wetland degradation that are occurring in varying degrees to nearly dl the remnant or crested
wetland systems throughout our region, particularly those that are most directly exposed to rurd or urban
sormwaeter runoff. Changes in surrounding land use and vegetative cover have atered the naturd hydrol-
ogy of our wetlands from habitats formed and sustained dmost completely by groundwater discharge and
direct precipitation, to wetland systems dmost totaly dominated by surface water hydrology.

As aresult of these changes, increased runoff exposes surrounding wetland systems to periodic, repeated
inundation. With accelerated erosion, surface water flows carry sediments that are then deposited within
the wetland, dtering the chemigtry, nutrient cyding, root zone, germination conditions, and other critical
growth factors. The combination of excess ponded water and sedimentation result in the obliteration of
the more conservative naive wetland species, those plants with drict physologica parameters that
congtitute complex systems. The high diverdity of peciesthat favor isothermic, groundwater-fed dkaine
conditions and a very specific hydrologica regime yidld to a few weeds such as Phalaris arundinacea
(reed canary grass), Typha spp. (cattails), Phragmites australis (common reed), Lythrum salicaria
(purple loosestrife), and a handful of other species.
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This default weed flora is tolerant of direct surface water inundation, rapid fluctuations in water levels,
poor water quaity, and sedimentation. The tremendous biodiversity, sysem sability, and biologica
function of our region’s naturd wetland habitats are logt.

VI.  The“Outdoor Rug’ Phenomenon

A trademark of nearly every culturd landscape across the country is the turf grass lawn. The aesthetic
dictated by the lawn implies alandscape that requires regular watering, yet can never be wet, that must at
once be short, yet lives on fertilizer. The landscape is essentidly designed to divest itsdf of water and
resources, the two input components it needs most. This s the legacy of a culturd attempt to create a
water-loving landscape that cannot abide water.

To achieve this desgn, the topsoil is typicaly removed, the underlying clay is compacted and athin layer
of topsoil and sod is rolled out over it. Such ©d commonly conssts of Kentucky blue grass, Poa
pratensis, which is not native to Kentucky or even the Americas. In the typica context, the root system
is but a few inches deep, and the whole layer represents little more than a drug-dependent "rug” with an
exaggerated floor pad. Because water cannot penetrate the clay floor and the shalow root system will
die if it gts in water, the “floor” is tilted & no less than a 2% dope, often a requirement in loca
ordinances. More expensve or eaborate desgns will include bumps or berms placed atidticaly
throughout the landscape, and sorm drains Stuated cleverly so that water drains quickly from the gte,
discharging into detention basins at al deliberate speed.

Current fashion makes it important to mantain the height of the Kentucky blue grass as low as is
physologicdly possble and Hill have something that looks like a green rug.  This requires virtudly
constant mowing, lest grass blades here or there get tdler than others. Mowing, of itself, might be
relatively harmless if it did not use fossl fud in unremediated internd combudtion engines. For every
galon of gas burned, about 15 pounds of various oxides (mostly carbon dioxide, and other worse things),
which the ecosystem of the earth has not seen since the Paleozoic (200 million years ago), are produced
and given over to our atmosphere.

Since it is culturdly important to grow Kentucky blue grass short, it must be fertilized regularly, which
makes it grow fast, 0 that it must be mowed often. Inasmuch as no other living things are dlowed in the
lawn, the full aesthetic requires the gpplication of as much broad-lesf herbicide and pesticide as the
landscape maintenance budget will permit. When it rains, water quickly saturates the rug, inducing runoff
that begins its course down the dope, carrying with it herbicides, extra fertilizer, and anything €'se added
to thelawn.

To contral the flow into local streams, engineers and designers of such landscapes have fashioned huge
holes in the ground placed tacticaly to receive such waters and any toxicants, pollutants, or unused nutri-
ents. There the water gits, its volume and any dissolved or suspended components to be metered into the
nearest stream. Water from such landscapes throughout the watershed accumulates in massve sorm
aurges, filling the rivers with filthy water, eventuelly passing it dong the Missssppi River to the Gulf of
Mexico.

This regular movement of huge volumes of dirty water into the estuarine regions of the Missssppi River
delta is contributing to a catastrophic decline in the productivity of the spawning grounds of the Gulf of
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Mexico. Meanwhile, having sent our rainwater downstream, we no longer have the water to recharge our
landscapes. Since water continues to evaporate and transpire, our landscapes are soon dry and sear,
often within hours of the lagt ran. The solution, inevitably, has been to inddl expendve irrigation
networks to mine water from deep within the ground, a supply that is the largess of alandscape far away
that sill infiltrates and stores water in net amounts.

This contrived "living" rug phenomenon has lead to a curious infragtructurd aesthetic.  few other living
things are acceptable on the rug. Only certain shrubs, planted in artistic groupings of 5s and 7s, and
even-Szed, lollipop-shaped trees planted in rows are dlowed. Expengve plantings include huge clumps
of mulch placed in small rings at the bases of the trees and shrubs. Trees growing in clay holes on bumps
commonly do nat live long, partly because the holes have either too much or too little water in them. In
order to forestdl the mortdity of ill-fated trees planted out of place, a new industry has developed to
provide underdrainage for the clay holes. The relevant point here is that such trees and shrubs are not
redly dive in the sense that they are members of a community and participate in the annud replication and
dability of that community.

Other than mowing, fertilizing, and pesticiding, the only human involvement in such alandscagpe conssts of
workers who replace dead trees. Such landscapes are largely devoid of other living things as well, save,
perhaps, gaggles of sedentary urban geese that have lost the capacity to migrate, . . . but not the capacity
for other bodily functions.

Considering the gterility and lifelessness of our contemporary landscapes, one could get the impresson
that our culture regards the outdoors as little more than living rooms to be designed only with attention to
the vagaries and vicisstudes of the design aesthetic of itsday. The people of the culture no longer can see
that there redlly is such athing as an outdoors, or that it matters. Nevertheless, water remains ared thing,
a noncompressible item that flows downhill. The more of it there is, the greater the volume; the greater
the volume, the greater the potentia flow energy. The greater the energy, the more resourcesiit can carry
with it. Water is one of the few resources that winds up on the top of the hil free, as a result of
evaporation and condensation, rain, dew, or snow. Other resources, such as nutrients and soil, are less
eedlly restored to the top of the hill. For them, the energy required is not sunlight energy, which mediates
water restoration, but some other energy source, and, on the scale of the human lifetime, usudly one that
involves money and |abor.

Water flowing downhill and carrying resources with it leaves the top of the hill bereft of resources, and
render the bottom of the hill surfeited with them. The same force that brings water free to the top of the
hill enforces evaporation potentids such that, in the Chicago area, about one million gdlons of water are
evaporated from each acre per year, which is approximately the amount thet fals annudly. The firg
principle of our contemporary culture seemsto be: get as much water out of sight as fast as possible.
Depending on locd ordinances, the rate of digposd can vary, but dl of it must leave. Just how the
downgtream neighbors handle it istheir problem.

It is not sufficient, once the ligbilities associated with the contemporary aesthetic are understood, smply to
stop dl the mowing, watering, fertilizing, and pesticiding, and “let nature take its course”  This contempo-
rary landscape has nowhere near the stability or biodiverdty to codesce into a sdf-sustaning, sdf-
replicating ecosystem. If current human involvement were smply to disgppear, the landscape would not
“succeed” into some pre-Columbian Eden. Rather, if the Kentucky blue grass went unmowed, a few
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other weeds like bull thistle and danddion would flourish dong with the grass for afew years, eventudly
giving way to weedy shrubs and trees, such as buckthorn, box elder, Amur honeysuckle, and black
locust. Over time, the few ground cover weeds would be shaded out, soil would erode, and the roots of
the trees and shrubs would become exposed and begin to topple. There would be few butterflies, birds,
or anything ese, other than perhgps some roving gangs of starlings feeding on box elder bugs. All the
while, water, soil, and other resources will run downhill, polluting the rivers.

It should be noted that the authors are not opposed to the use of turf grass lawns. There are many useful
goplications for turf grass. We are opposed, however, to the contemporary mores that demand we
default the entire outdoor landscape to turf grass, particularly when other landscape trestments are
available that are far more ecologicaly and economicaly sensble,

What would be so wrong, so unattractive, so heretical to look out upon, indeed, walk within, alandscape
inhabited by a profuson of native grasses and sedges, replete with comdy perennias and colorful
butterflies, infused with flowering shrubs, and dominated here and there by groves of trees--treeswith
futures? Would it be so radica to propose that trees be free to grow branches in whatever manner the
habitat permits, and to grow broad, expangve root systems with a diversaly populated rhizosphere richin
water and mycorrhizal fungi? Would we be so unable to countenance clean streams and rivers that
flourish with fish and mussels and abound with birds?

VII.  TheAgricultural Dilemma

Water in nearby agricultura lands is disposed of just asfoolishly. Prairie lands, with their deep roots and
water holding root systems, once stored net amounts of fixed carbon each year in the creation of deep
black soils. Very little water ran off the surface of the land. Most of the water ether transpired through
the living tissues of hundreds of different species of plants or seeped at a congtant rate into the groundwa:
ter, only to discharge findly in fens and springs far from where it fell. The richness and fertility of
Midwestern soils owes its properties to the hydrology of the grasdands, where subterranean reduction
exceeded oxidation.

Weaver and Noll (1935) described the erosive effects of tillage on prairie soils.

... on bared or sparsely vegetated dopes both run-off and eroson may occur after relativey light
showers. It soon becomes clear that the most important factor tending to decrease eroson in
nonttilled lands is the maintenance of a plant cover.

The quantities of water lost during torrentia rains even from smal aress are impressve and returdly
lead to caculaions of the amounts running off from whole hillsides, the totd amount of soil removed,
the effects of this run-off in forming gullies and ditches, and of the sediment findly slting up the fertile
lowlands. The water is lost to ground storage; the degpening of gullies and ditches lowers the water
table, which results in a constant tendency of the water in the upper layers to Snk to lower levels.
The habitat is gradualy changed. The hard, compact, poor absorbing surface |eft after severe erosion
is dways impressive. That the water holding capacity is reduced is not difficult to understand . . .
eroson can be held largely accountable for disastrous floods, on the one hand, and drought on the
other.
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Thisis hardly anew phenomenon. Amos Sawyer (1874) noted that:

During the last twenty years our climate [in Illinoig has been dowly but surdly changing from wet to
dry. . . . But the most important agent [of this change]--one that is yet to produce greater

mischief--seems to have escaped [our] attention: it is the agueous. The chemica and mechanical

effects of this agency are condantly a work, and the result is plainly visble in the degpening of the
channd of dl our smdl sreams. [It] is hard & work night and day, summer and winter, overcoming
every obstacle placed by nature or man to impede its progress. The work marked out for it to do is
no less than the complete drainage of the ponds and lakes of our prairies: and so surely as the world
dands, so surely will the task be accomplished. . . . Every little Streamlet has its miniature Niagara
Fals. but, unlike their giant relaion, they are making visible progress every year, and are consequently
(drange as the language may seem) more indructive. The ‘hard-pan, which only yidds after
repesated blows from the sturdy laborer's pick, and grinds off its stedl at the rate of two inches per
day, crumbles and gives way under the combined agency of frost and water: the largest trees in the
forest yidld to the conquering dement. . . . Every little Sreamlet is bringing its bed down to aleve with
its parent stream, and the merry rippling of ther little cascades greets the ear on every sde, and tells
you in language not to be misunderstood thet they will in time accomplish the work dlotted them to
perform:-the thorough drainage of the land through which they pass.

[llinoiss topsoil, once fertile beyond imagination, now chokes the last of life from the Illinois River.
Demisse and Bhowmik (1987) note that the average depth of Lake Peoriain 1903 was 8.0 feet, but by
1985 it was no more than 2.6 feet deep. The huge fishery dong the Illinois, which, in 1908, at its peak
yielded 24 million pounds of fish, by 1964 yielded only 1.5 million pounds (Emge et d. 1974). The
musse-fishing industry, once huge, no longer exists. The reasons for this decline are many and complex,
and lllinois biologiss have been writing about the effects of man on the Illinois River for many years
(Bellrose et d. 1979; Mills, Starrett and Bellrose 1966; Starrett 1972). For the first haf of this century,
the Peoria Lakefilled a arate of about 0.05 foot per year, which was too fast to sustain adiversity of life
forms. From 1965 to 1975 it wasfilling a arate of 0.1 foot per year, and from 1975 to 1985 the Lake
Peoria section of the Illinois River was gagging on 0.12 foot per year.

The Heartland Water Resources Council estimates that by the year 2040, Lake Peoriawill have vanished
as a water body, leaving little more than a narrow and muddy navigation channel. Mike Platt, executive
director of the council, sees a grim future, the lake having "turned into willow thickets and mudflats by
2016, swarming with mosguitoes, with only a narrow, muddy barge channd open for boating. Marinas
will have become ghost towns. Waterfowl will have fled and fish will have declined. Property vaueswill
have plummeted. What will properties dong the river be worth when (people) look out over willow
thickets and mudflats?' (Peoria Journd Star, August 7, 1996).

Soil eroson and hydrologic dteraions to the landscape associated with conventiona tillage practices
trigger other detrimenta sde effects. A recent SCS study (1990) concluded that, of the origind average
18 inches of topsoil across the state of lowa at the time of settlement, 10 have been logt to wind and
water eroson, and that, of the remaining 8, haf the tilth (related to soil organic carbon) is gone. When
soil loses tilth, it loses its organic matter, and therefore its ability to absorb water. The corollary to lost
water absorption is increased eroson, and therefore exaggerated divestment of erodible resources, which
then accumulate in somebody ese's back yard in amounts too great to be useful, if not actudly
destructive. The long-term consequences on both the local and broader economy are frightening.
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As the water in the soil is drained away, the reduction/oxidation rdaionships change dramaticaly.

Whereas once the prairies held their water, and carbon was fixed benegth the surface in net amounts,
annud row crop tillage now causes carbon to be oxidized more rapidly then it is fixed, a Stuation
exacerbated by the congtant drain of water through the tile systems and into the ditches. Consequently,
during each growing season, carbon dioxide that was fixed millenia ago is now released into the amo-
gphere in amounts greater than it is taken up, potentidly contributing to the problem known as globd

warning. This net rdlease of soil organic carbon (SOC) is not a minor concern. Recent studies on the
amounts of carbon stored in the Conservation Resarve Program (CRP), in which deep-rooted native
grasses are planted in some of the less productive or more erodible soils, have shown that nearly ten
years of SOC gorage can be oxidized within a sngle growing season after tilling. These amounts can be
impressive, snce land in CRP, over a broad geographic area, can gain an average of 0.5 tons of organic
carbon/acrelyear (Gebhart et a. 1994).

Water is even overlooked as a factor in the interpretation of naturd areas. In a polemic on the
management of remnant naturd woodlands in Illinois, Wilhem (1991) points to the hydrologic changes
occurring deep within the shade of Midwestern woodland areas. Much of the change can be attributed to

the cessation of annua fire, which was practiced by the native people for millennia before European
Settlement.

Already . . . where shade has become the most extreme and herbaceous ground-layer the thinnest,
the forest floor is open to sheet erosion. It is evident that the increasingly species-poor community of
the [woods] no longer can hold water or soil. Recent and dramatic increases in the number, depth,
and width of erosona ditches, though not yet quantified, are obvious to those who have been

watching. It is yet to be determined just how much water is running off the dopes, but indirect
evidence suggedts that it is a Sgnificant percentage of the annud precipitation. . . Because summer
and fal vegetation on the forest floor of the [woods] is sparse, much annua precipitation sheet-flows
toward ever deeper erosiond ditches and carries with it soil, native plant seeds, and diaspores. Tree
buttresses are wholly exposed and some have been undercut by loss of soil. Many smdl maplesare
undercut and propped on their roots, 5 cm or so of soil having washed away since their germination
10-15 years ago. . . Although woody mesophytes are the prevailing species a this time, Smple
arithmetic tells us that no baanced system receiving a given amount of rain per year can continue
indefinitely to evapotranspire the same amount and lose an additionad amount to runoff. Indeed, as
the water table lowers these mesophytes will be less and less able to draw upon the deep gound
water accumulated in the presettiement [period]. Droughts and episodic rainfdl events inevitably will

begin to take ther toll on a system that has become overstocked with phreatophytes [water-loving
plants] and no longer has sufficient means for holding precipitation. The cumulative negative effects of

such naturd system collgpses are now fet throughout the streams and rivers of the prairie province,

ultimately to degrade and diminish estuaries of the Missssppi River ddta region, spawning ground for
many fishes of the Gulf of Mexico.

Hydrologica impacts associated with shortsighted land management practices are not limited to the
Midwest. Note the following citation:

The trees are large and noble in aspect and stand widely apart except in the highest parts of the
plateau where the spruces predominate. Instead of dense thickets where we are shut in by im-
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penetrable foliage, we can look far beyond and see the tree trunks vanishing away like an infinite
colonnade. The ground is unobgtructed and inviting. There is a constant succession of parks and
glades--dreamy avenues of grass and flowers winding between sylvan wals, or spreading out in
broad open meadows. From June until September there is a digolay of wildflowers which is quite
beyond description. The valey sdes and platforms above are resplendent with dense masses of
scarlet, white, purple, and yellow. It is noteworthy that while the trees exhibit but few species the
humbler plants present a very great number both of speciesand genera. . .

Dutton (1887) wrote this in his physical geology report on the Grand Canyon digtrict in Arizona. Since
then, overgrazing and fire suppression have so depleted the Colorado River watershed of its capacity to
absorb water that the dramétic topography is able to conduct massive amounts of precipitation rgpidly to
this once beautiful canyon.  The immense flow energies and scouring capecity of the water have rendered
the canyon little more than a degp and wondrous landscape, bereft of the verdure described by Dutton.
The uplands, once blessed with the deep root systems of bunch grasses and many flowers, are now
heavily eroded and largely defaulted to compacted soils, shallow-rooted Asian brome grasses, and sage-
brushes.

Congder the plight of the western valeys and bays. Currently, stands of pine, juniper, or ok,
undisciplined by regular controlled burns, according to the custom of the native peoples, become ever
more dense, and their leaves accumulate for years beneath them, unable to decompose asfast as they fall
in the dry climate. The leaves shade away the ground cover vegetation, and therefore reduce the dopes
cgpacity to hold water. Findly, when the winds are high and the humidities are low, the inevitable uncon
trolled fire starts, with catastrophic results. The heat produced is tremendous--many trees are killed, the
ground is laid bare, and life and property are lost. When the rains come, waters flow fredy over the
erosve, exposed soils, and fill the streams with brown, scouring, roiling waters that immediately debauch
into the bays, befouling them as well. Soaked dopes without a sahilizing root architecture dip away,
carrying everything upon them, including houses and roads.

Imagine the coasta ranges and the Sierras of the western states, currently so bedeviled by catastrophic
wildfires, mud dides, and water shortages, again replete with hedthy pines, flower-rich dopes and
chaparrds, and streams again filled with base flow waters. Today, people fear the fires and resent the
mud dides, complain of water shortages, and decry the pollution of the bays, asif there were nothing that
could be done about it. Attentiveness to the fire practices of the native people, the natura hydrology, and
the local ecology could be incorporated generaly into dl manner of landscape designs to render a land
rich in flowers, safe from uncontrolled fires, unsusceptible to mud dides, and nurturing to the mgor rivers
and bays. As the awareness and correlative ethics of the people grew, so dso would the hedth and
safety of the land.

VIIl. TheNatureof Landscape Evolution

Impacts to historic biologica systems, as aresult of processes associated with European settlement, have
occurred with a magnitude and rapidity without precedent in the history of the continent’s biota. In plant
communities, for example, there is a griking difference between areas inhabited by a full component of
locdly native species and those inhabited predominantly by weeds. The consarvative systems contain
native biodiversty that is suited to the processes, and they will exhibit long-term stability.
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Weed communities, by comparison, are adapted ether to catastrophic disturbance or the kinds of
activities associated with traditiond culturd landscapes. These weed communities contain neither the bio-
diversty nor the aggregete adaptive ability to codesce into sdf-replicating, sustainable systems.

In our contemporary, fragmented |andscapes, the conservative elements of our native systems, supplanted
in place, have nether refuge, effective migration routes, nor the time to adgpt or move. Rather, their
populations are decimated time and time again until their loca extirpation or ultimate extinction occurs.
The degtiny of many systems dominated by weeds is further destabilization, during which resources such
as water, soil, and nutrients are often lost at rates faster than they are replaced. (Swink and Wilhem
1994)

IX. Restoring a Cultural Relationship with the Land and Water

What do we mean when we say we want to restore the landscape, or restore the hedth of the earth?
What isit that needs to be restored? How do we know when the land is hedthy? Such questions can be
hard to answer for a people who have become so distant and removed from the idea that their
relationship with the earth is integrd both to the long-term perpetuation of their culture and the
renewability of the earth's living surface.

One way of approaching the answers to these questions in human societies, for example, isto regard a
culture hedthy so long as it continues to renew itsaf with each new generation of individuas and families
The hedlth of a culture is dependent upon the behavior of the individuas within it.

Each individud is born with a unique combination of genes that the culture has never experienced before,
and is born into a time and circumstance that has never been before or will be again. Individuas are
reared in the ways of their people by the family within the culture, and draw strength and experience from
the knowledge and wisdom of their elders.

With an eye toward tomorrow, these elders have tested the knowledge and wisdom of their forebears,
made scarcdy detectable modifications in response to their own experience with their people and their
land, and passed it along to young ones. In this way, the hedlth of the culture is assured, as the people,
utterly respectful of the experience of the past, respond to the subtle vicisstudes of an ever changing
earth, so that their cuture might perpetuate itself and replicate the full potential of human experience with
each passing year.

Take the metaphor of the Turtle Mother, as propagated by many of the native peoples of eastern North
America. The elder tels the story, a care-worn hand touching the shoulder of the young one. “The earth
is on the back of the turtle. So goes the turtle, goes to earth.” The young one can see that if he befouls
the waters wherein the turtle lives, so aso he befouls his own world. If the turtle dies, so aso the people
die. Thecircleof lifeisbroken, and the earth falls off the back of the turtle.

So it is with the ecosystems of the earth with which human cultures interact. The warp and weft of life
and human culture on any remnant acre of the earth is unique to the earth. No other complex of genetic
expressons has such an experience of the sngular geologicd, historicd, and climatic definition of aplace,
as do the organisms that have long resdency in it. With each passng season there is a propagation of
young with genesthat are & once nearly identica to those of their parents, yet manifesting combinations of
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genes that have never been before. With the inborn "experience’ of long-time residency in ther habitat,
the next generation is at the same time equipped to accommodate subtle shifts in climate and the gradud
changes brought on by mountains and seas rising and falling.

This coevalution of life forms with the geologicad and meteorologicd transformations of the earth occurs at
atime scae that is inextricably linked with the regular cycles of the earth around the sun, and the time
periods necessary for individuas of populations both to transmit the experience of the place to subsequent
generations and yet to dlow smdl genetic changes to satisfy subtly new conditions.

Rates of change in human cultures and ecosystems are buffered againgt catastrophic collgpse by an
interna diversity that works to protect the whole againgt the development of exaggerated, untested
individua behaviors or genetic maformations. Without such protections, rapid, system-wide changes can
cripple the system's ahility to renew itself and conserveits loca knowledge of the place.

The hedlth of an ecosystem or a culture degrades in accordance with the degree to which it destabilizes or
amplifies itsdf, and there comes a time when there is not enough diversity within the sysem, with ether
enough memory of the past or enough potentid for the future, to continue. The evolution of a system so
compromised ceases.

Egablishing a sugtainable relationship with the living earth requires the reintroduction of a capacity for
change. Water out of place is a primary agent in both cultural and ecologicd ingtability; therefore, our
relaionship with water is related to our ahility to sustain a culture and the culture' s ability to sugtain the
living fabric of the earth.

X. The Challengeto Ourselves

We believe that sustainability is an overarching principle for dl land use. To support the hydrologic cycle,
ecosystem stahility, and other critica natural processes, it is necessary to consider locd, regiond, or even
globa issues on land use of dl szes. In contrast to a sustainable gpproach, much of our contemporary
infrastructure and conventiona planning methodologies are products of a contrived visud aesthetic with
little understanding, relationship, or grounding in the unique redlities of place.

Such methodol ogies represent a cultura indifference to the function of natural systems, or even the energy
required to maintain this infrastructure, much less any long-term consequences. Thisis especialy true with
respect to the dynamics of water. Site planning and development, as awhole, must evauate locd natura
systems and integrate their essentia aspects into problem solving techniques, such that design is based on
higtorica patterns of terrain, water, and climate.

A primary obgtacle facing sustainable plaming and design is that no one professon has the depth of
traning and skills necessary to do it done  Sudtanability requires a multi-disciplinary approach.
Traditiona academic degrees and professiond training lead us to believe we have earned the competence
to solve very specific types of problems. As David Orr (1995) points out: “The ided of a broadly
informed, renaissance mind has given way to the far smaller idea of the academic pecidis.”

To overcome this impediment, the chalenge to planning and design professondsiis to synthesize a broad
spectrum of expertise. The leaders of future sustainable development must be able to facilitate a didogue
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between environmental scientists, landscape architects, engineers, builders, planners, architects, locd,
gate and nationa decison makers, and a public that expects qudity of life to be supported by its
environment. It is encouraging to see tha the seeds of sustainable planning, design, and development are
emerging from avariety of disciplines.

If we are to shift toward sustainability successfully, we must first address severa basic shortcomings that
are pervasive in the plamning and design professions, including landscape architecture. Design profession
as mugt learn to recognize the drawbacks associated with continued reliance on the standard default, an
unwieldy combingtion of visud aesthetics.

“If it comes down to a decison between good design and the environment, I'll aways opt for good
desgn.” Thus proclamed a design practitioner in one of the professond design journds severd years
ago. Thisisacurious, disturbing statement, but unfortunately, it is a sentiment too commonly expressed
among contemporary design professonas. How do the criteria for “good design” differ from those for
“the environment”?

What is the contralling factor in arcraft design--performance and safety, or just aesthetics? Is not the
performance of the land on which we live and depend just as important as the performance of a transpor-
tation vehide? A safe, high- performance airplane isinherently atractive. So aso would be a building and
landscape well integrated into the place.

Sudtainable design is more than artwork, and more than a painting or a piece of sculpture. It is the
achievement of artigic gods within the parameters set by the chain of an unfolding past and future. Every
form of development on the land, no matter how small, requires an undersanding of the rdationship
between land use and its impact on water and other resources. The implications of this understanding
must be disciplined by a culturd ethic that mandates a response that accommodates ecologicd and
culturd gability.

Fellow humans have voices, and are subject to whims and tempora urges. They have faces and money.
Too often it is easy to be seduced into believing that the exigencies of the day are paramount. Few
people see the faces of plants and animas. Plants and animals have no money. Y «, attentiveness to the
exigencies of thar survivd is profoundly informative in regard to the requiste rdationship we must
develop with the living earth.

Building a sustainable rdationship with the living earth requires tha our actions be grounded in
environmentd redities. In a culture-driven society, this requires an ethic. Since the beginning of the
Holocene, and perhaps for much of the Quaternary, an important component in the shaping of the
landscape has been mankind. Human beings are governed not only by random interactions within the
ecosystemn, but by choice. Fundamenta interactions such as predation, competition, and foraging are
complicated by the fact that humans can decide how to act, often with no immediate ecological parameter
coming to bear on this decison, other than a human ethic. According to Leopold (1966),

All ethics so far evolved rest upon a single premise: that the individud is a member of a community of
individud parts. His ingincts prompt him to compete for his place in the community, but his ethics
prompt him aso to cooperate. The land ethic amply enlarges the boundaries of the community to
include soils, water, plants and animals, or collectively: the land. We can be ethicd only in reation to
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something we can see, fed, understand, love and otherwise have faith in. A land ethic, then reflects
the existence of an ecologica conscience, and this in turn reflects a conviction of individud re-
sponghility for the hedth of the land.

The design of environments where humans and other organisms interact, where actions cregte reactions,
where the future is built on an understanding and appreciation of the padt, requires that good design and
the environment is synonymous. Regardiess of scade, the design of sustainable environments means
facilitating human purposes in concert with natural processes.

Once we understand the redlities d place, there are infinite opportunities for crestive expression; true
design freedom is possible only within these limits. Since every place is unique, every design will require
new creetivity, innovation, and technology. A new aesthetic, encompassing every aspect of infrastructure,
will emerge as we become more successful a designing whole systems.  This requires a design process
based on the interconnection of naturd systems, and an increased understanding of the relationship
between an individua ste, the surrounding region, and beyond. The products of such design will be both
visudly interesting and sustainable if they integrate basic physcad and behaviord factors into the solution.
(Patchett and Wilhelm 1995)

As our awareness of the redlity of sustainability expands, the attributes of environmentaly grounded
design will be amply and clearly expressed, without hindrance to a formd and purely aesthetic desgn
paradigm. As Orr (1995) contends, “When human artifacts and systems are well designed, they are in
harmony with the ecologcd patterns in which they are embedded. When poorly designed, they
undermine those larger patterns, creating pollution, higher costs, and socid stress”

In our opinion, if sustainability is to be achieved, it will require a collaboration of philosophy, science,
ethics, and credtivity. Water management is a key touchstone of sudtainability. There is no other
resource or form of energy, with the ability both to sustain or destroy, more powerful than weter.

Xl.  Summary

We were dismayed, athough not surprised, to hear the conclusions of a recent report presented to the
presdent of the United States by a so-called “flood expert,” proclaming that floods are a naurd
phenomenon, and that nothing can be done about them; that we can only plan ahead to save lives. To the
contrary, floods, as we know them today, are not a “naturd” phenomenon. In presettlement landscapes
in the Midwest, the only substantia form of flooding generdly occurred during the spring snow melt, when
grounds were still frozen and incapable of absorbing the meltwater. It tended to create expansive, placid,
dill-flowing pools, quite a different form of hydrology from the snow met dynamic in today’s urban,
suburban, and rura landscape, the volumes and characteristics much dtered by numerous hydrologic and
hydraulic modificationsin the land.

Until our people can comprehend that the devadtating floods of 1993 in the Missssppi River vdley were
not caused by an unusuad and excessive amount of rainfal, but rather, by an unusua and excessve amount
of rain faling on alandscape sorely needing water, but stripped of its cgpacity to absorb it, both droughts
and floods will continue to become more frequent and catastrophic.
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A principa cause of many of our water problems is directly related to the self-deception built into land
use policies of al kinds. Many policies consst of agendas that are characterized by unrelated vaues and
narrowly focused priorities. For example, locd stormwater management ordinances routingly focus on
water quantity issues, because many voters live in flood-prone areas. Such ordinances reflect little
undergtanding of water qudity or the implications of how water is dispersed throughout the landscape,
because few voters are aware of the ecology of water so long asit is not in their basement or inundating
their roads.

Decisons made in such contexts may appear to be economically sound because they are supported in
pat by a series of federal, Sate, and locd programs, but the long-term economic and ecologica
consequences of such actions are rarely recognized. A redirection in these programs that integrates
sugtainable economic and environmenta objectives will give decision makers better choices and solutions.

Ancther barrier to sound policy is a lack of knowledge within the citizenry and their eected
representatives regarding their environment and sudtainable economic dternatives  (DuPage County
Environmeta Commisson 1993). No one factor will guide future sustainable land use and gSte
development more than education. Making informed decisions is paramount to preserving the qudity and
quantity of the earth’s resources.

A primary god of sustainable design in building and ste development should be, wherever possible, to
retain water whereiit fals, tresting the water as aresource, not discharging it as awaste product. Thiswill
require new design innovations throughout the urban and rurd environment in the form of buildings that
detain and use water, redesigned Ste drainage systems that replicate surrounding natural hydrological pat-
terns, and the integration of landscape systems with agricultura crops that have specific water holding
capabilities and are uniquely adapted to the region. Many of these idess, in various forms, have dready
or are currently being introduced in awide range of areas around the globe.

Since precipitation is universa, our relationship with water must be devel oped everywhere. Every form of
land use, whether urban, suburban, rural, or otherwise, must be based upon a clear understanding of the
relationships of water within the physical characterigtics unique to each place. Whatever the context of

human inhabitancy or nature€'s hydrology, the manor in which water is incorporated into the design,

development, and management of the land should be such that water does not act as a depleter of

resources. It isour propostion that a sustained economy and culture are most assured if priority is given
to developing new paradigms that incorporate water into our livesin ways that sustain life and nurture our
Joreci ous resources.

Today, we divest oursalves of naturd resources and serilize our imaginations in regard to cresting
economic growth, jobs, and prosperity. Envison, instead, a new economy, defined by the extent to
which we reinvest in natura resources, as industrid, urban, resdentia, and agriculturd North Americais
redesgned and rebuilt sugtainably. Children who now are born into a world feding that thereis no hope
for a sustained future can be enlisted into a cultura recovery program based on redlity and a sense of
tomorrow. Whatever their particular bent or specid gift, their youthful energies, and naturd openness
toward tomorrow can be deployed within a new cultura ethic, one that engenders hope and a sense of
sdf-worth-aworld in which eders pass dong wisdom, as well as knowledge.
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It'sa Matter of Scale: Commentson the Paper
“The Ecology and Culture of Water: New Directionsfor Urban Hydrological Infrastructure”’

Gerdd E. Gdloway, J.
Internationd Joint Commission
Washington, DC*

“[Canada and the United States are] reshaping a continent, completing the job that nature had begun thousands of
years ago...Man is conquering another of nature’ s challenges.”

Walter Cronkite in film describing the construction of the St. Lawrence Seaway, ca 1957

“...the ecological view...shows the way, for man would be...its steward, enhancing the creative fit of man-environment,
realizing man’s design with nature.”

lan McHarg, Design with Nature, 1969

In their paper, “The Ecology and Culture of Water,” James Patchett and Gerould Wilhem dedl with the
contrast between what many see as a need to finish nature’'s work and what others identify as acts that
destroy the naturd environment. They offer us vauable philosophica ingghts into the manner in which
society has chosen to ded with water in its hydrologica context. They podit that “ a sustained economy
and culture are most assured if priority is given to developing new paradigms that incorporate water into
our livesin ways that sustain life and nurture our precious resources” They further notethat a“...primary
god of sustainable building and site design development should be wherever possible to retain water
whereit fdls, treating water as aresource, not discharging it as awaste product.”

| could not agree more and applaud their efforts to make their vison aredity in the urban landscape.

They then suggest that an urban landscape god should be the capture of dl water that fals to earth and
then imply that this urban goproach could be extrapolated to more mega-environments. It is in the
gpplication and extension of these theses that | begin to part company with the authors.

Before discussng my concern with some of their findings, let me note those conclusions and positionswith
which | agree, and they are the mgority. They note:

The complex interrelationship between surface water, ground water and wetlands and the value of
wetlands to the urban ecosystem. Sound agpproaches to development require a clear
understanding of these interrdaionships. (USGS; Mitsch)

That modern society has falled to adequately capture water where it fals, and that by not doing
S0 it has turned water into a destabilizing force that takes with it many vauable resources. |
would add that only a certain amount of the water can be captured and that some destabilization
isnaturd.

That the environment least capable of handling excess runoff is a saturated wetland habitat. In
many respects, wetlands act like sponges and we dl recognize thet sponges can only hold so
much water.
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Society is obsessed with getting as much water out of sight as afast as possible. Much of today’s
landscape is designed to divest itself of dl water that falls upon it. | was taken by their description
of our modern communities and ther *drug dependent rugs” You don’'t have to drive very far to
See that this Stuation exists and is getting worse.

Much of the water that runs off the land contains harmful products and results in sressful habitat
conditions in wetlands and can cause their eventua demise.

In agricultura areas, erosion robs the land of topsoil. What farmers would |et someone drive on
to their property and carry off topsoil in trucks? Y et, through poor farming practices, they create
such theft.

They dso offer us some wise counsd:

The hedth of a society’s culture is dependent on generationd renewd and that we are losing our
ability to properly renew. We of this generation are providing the wrong lessons to those who are
coming &fter us.

We need to operate within an interdisciplinary environment and that much of what we do in the
academy in our apprentice years moves us in the opposite direction. Here | should stand to
goplaud for higory is replete with examples of discipline-comfortable solutions to landscape
issues that have satified the discipline but not the society. Their cdl for broad based
interdisciplinary education is something | have strongly supported for some period of time. |
don't believe we work together as well as we should. We are separated by disciplinary
intolerance and prejudices learned during our academic experience. Engineers enjoy desiroying
the environment don’t they? Ecologists must hug trees and are out of touch with redity. We must
find ways for engineers, biologists, architects and builders to work together each and every day.
Theland ethic reflects the existence of an ecologicd conscience and individua responsibility.

Their descriptions of the present day urban environment and our gpproach to dealing with many of its
water related problems are right on target.

When the authors attempt to upscale these urban findings and approaches to the regiona and nationa
scde and offer broad principles, | begin to get uncomfortable. As a matter of fact, this discomfort
became most gpparent when | read their summary comment that they were dismayed to hear that a so-
cdled “flood expert,” had proclaimed to the President that floods are natural events and that nothing can
be done about them.

Since | am that o-cdled ‘expert’ | must take issue on three counts. Firg, | doubt if anyone proclaims
anything to the Presdent — he does the proclaiming. Second, | do bdlieve that floods are naturd events,
and third, | did not say that nothing could be dome to reduce the magnitude and impacts of floods. Asa
matter of fact, | did note that while floods are natura events, the damages associated with then are largely
humant-induced. 2

The authors leave the impresson that, in an ided world, dl water faling to earthwould be captured by the
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land and that with this capture, most of the problems of erosion would disappear and our rivers would run
clear. In some locales, those conditions might prevail, but in mog, the fundamenta forces of nature
operate in a different manner. In the world in which we live, the forces of aggradation — tectonic forces
sruggling mightily to build up the earth, spar with the forces of degradation - the constant interaction of
water and soil. In his 1795 Theory of the Earth, James Hutton described erosion as a natural process
that is congantly transferring materia from the lands to the sees. This naturd erosion is influenced by
vegetation, the topography of the landscape and the intengity of the rainfal that brings the water to the
earth. The steeper the dope, the less the infiltration. The heavier the rainfall, the more the eroson. Long
before the human intervention, the Missouri was muddy and the delta of the Mississppi was being formed
by sediments carried from the Appaachians and the Rockies. Even the Illinois River must carry its share
of sediments (Bhowmik).

A system in which al water is captured by the ground is not the norma naturd system. While streams are
supported by groundwater flows, these groundwater elements generdly do not condtitute the mgority of
source water for streams. Direct surface water runoff plays many important roles in nature (USGS)

The authors comment that floodplains, as we know them today, are aso not naturd phenomena. Again |
would argue that floodplains are the most naturd of phenomena and we must learn to live with and
repect the functions of floodplains. Today, through unwise human intervention, we have increased the
frequency of inundation of floodplains and in many cases the magnitude of this inundation. While the
approach suggested by the authors — capturing more waters where they fal - will asss in reducing the
meagnitude of inundation, it will not diminate this inundation.

The authors jumped from their description of urban hydrology and micro-impacts and relaionships to the
conclusion that the devastating Flood of 1993 was not caused by unusua and excessive rainfal but by
unusua and excessve amount of rainfdl faling on a landscape sorely needing water but stripped of its
capacity to absorb it.  For their statements to be true, one would have to then assume that had the
landscape been its natural form, such aflood would not have occurred.  Studies conducted after thel993
Missssppi Hood have indicated that floodplain and upland wetlands do capture rainfal; however, during
maor rainfal events, they quickly fill and surface flow into streams and rivers begins (U.S. Interagency
Floodplain Management Review Committeg). For more frequent flood events, wetlands diminate or
greatly reduce flooding. For larger events, wetlands only shave the top off the peak of the flood stage.
Nature tdls us we will ways have floodplains. Both paeo-history and the writings of early vistorsto this
country tell us of mgjor flood evertswell prior to any sgnificant anthropogenic influence on the landscape.
DeSoto's expedition to the Missssppi in 1543 encountered a flood that filled the valey near Memphis,
Tennessee for over 60 days.

We live in aworld in which the human race must co-exist with nature. We must grow food. We must be
housed. We must travel. And, we must provide the infrastructure that will permit these events to occur.
Because most of us have observed our mistakes and recognized the logic of sustainable development, we
have begun to change our relationship with nature. In the field | know best, floodplain management, the
period since the 1993 Hood has seen a marked redirection of nationa focus in deding with the
floodplain. People are more aware that the floodplain must be shared with the river. Over 25,000
families have been relocated from the floodplain. Thousands of others have adjusted the landscape
around their homes to alow for the passage of flood waters. People are turning to land restoration as a
toal in reducing flood impacts (Galoway). Last month the Congress passed a bill authorizing the Corps
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of Engineers to place nongtructura flood projects on the same pedesta as structural ones.  Levees
generdly are not the only solution. (I say ‘generdly’ because there are Stuations in which, even today,
the only correct solution might be structurd.)

The authors have spoken well to the improvement of the micro-landscape and called for dl of usto adopt
their new paradigm. Were we dl to move in that direction —perhgps with a few green rugs dill in
exigence — the landscepe generadly would be a better place. However, we should not believe that
goplications of their new landscape designs are everywhere possible and dways desirable.

As the authors sugges, it is the development of an ecologica conscience that will lead us to proper
sewardship of the resources with which we must live and work.

A land ethic then reflects the existence of an ecological conscience, and thisin turn reflects a conviction of individual
responsibility for the health of the land.
Aldo Leopold, A Sand County Almanac

Endnates

1. Theviewsin this paper are those of the author and do not necessarily reflect those of the International Joint
Commission.

2. Thisisnot anew concept. See House Document 465, 89" Congress, 2nd Session (1966).

References

Bhowmik, Nani. 1993. “ Sedimentation and In-stream Sediment Management.” Governor’s Conference on Management
of the lllinois River System Special Report 30. Water Resources Center, University if Illinois, Urbana.

Caterpillar Tractor Company. 1957 (ca), The Eighth Sea. Him.

Galloway, G.E. et a. 1998. “What's Happened in Floodplain Management Since the '93 Mississippi Flood,” Natural
Hazards Observer, May

Leopold, Aldo. 1949. A Sand County Almanac, New Y ork: Oxford University Press.

McHarg, lan. 1969. Design with Nature. Garden City: Doubleday

Mitsch, William J. Restoring and Creating Wetlands — Providing the Science and Engineering Basis and Measuring
Success. Ecological Engineering 4 (1995) 61-64

Morgan, M.A. 1969. “Overland Flow and Man,” Introduction to Geographical Hydrology, Richard Chorley, ed.
Suffolk:Methuen

U.S., Department of Commerce. 1994. The Great Flood of 1993: Natural Disaster Survey Report, NOAA. Silver Spring,
MD

U.S., Geological Survey. 1998. Ground Water and Surface Water: A Single Resource. Circular 1139. Denver, USGS

U.S., Interagency FloodJoIain Management Review Committee. 1994. Sharing the Challenge: Floodplain
Management into the 21™ Century. Washington: GPO

101



102



Using Integrated Dynamic M odeling to Scope Environmental Problems
and Build Consensus

Robert Costanza

Professor, Center for Environmentd and Estuarine Studies

and Biology Department, and Director, Ingtitute for Ecologica Economics
Universty of Maryland

Box 38, Solomons, MD 20688-0038, USA

Td: (410) 326-7263 Fax: (410) 326-7354

E-mall: Costza@chl.umces.edu

Abdract

This paper assesses the changing role of dynamic modeling for understanding and managing
complex ecological economic systems. It discusses new modding tools for problem scoping and
consensus building among a broad range of stakeholders, and describes case studies in which dynamic
modeling has been used to collect and organize data, synthesize knowledge and build consensus about the
management of complex ecologica economic systems. The case studies range from natural ecosystems
(Louisana coastd wetlands and Fynbos ecosystems in South Africa) to linked eologica economic
gystems (Maryland's Patuxent River basin and the Gwynns Fdls urban watershed in Batimore). They
illugrate uses of dynamic modeling to include stakeholders in dl stages of consensus building, ranging
from initid problem scoping to model development and testing.  The resultant models were built usng a
three stage modeling process, which includes scoping, research, and management models.
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Typesand Uses of Models

In environmental systems, nonlinearities and spatid and tempord lags preval. However, dl too
often these system features are moved to the sddines of scientific investigations. As a consequence, the
presence of nonlinearities and spatid and tempord lags sgnificantly reduce the ability of these
investigations to provide ingghts that are necessary to make proper decisions about the management of
complex ecologica-economic sysems. New modeling approaches are required to effectively identify,
collect and relate the information that is relevant for understanding those systems, to make consensus
building an integra part of the modeling process, and to guide management decisions.

Mode building is an essentid prerequisite for comprehension and for choosing among aternative
actions. Humans build mental models in virtualy al decison Stuations, by abgtracting from observations
that are deemed irrdevant for understanding that Stuation and by reaing the rdevant parts with each
other. Language itsdf is an expresson of mentd modeing and one could argue that without modding
there could be no rationa thought at dl. For many everyday decisons, mental modds are sufficiently

detailed and accurate to be reliably used. Our @(p())egmca with these models are passed on to others
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through verbad and written accounts that frequently generate a common group understanding of the
workings of asystem.

In building mental modds, humans typicaly smplify sysemsin particular ways. We base most of
our menta modding on quditétive rather than quantitetive relationships, we linearize the rdaionships
among system components, disregard tempord and spatid lags, treat systems as isolated from their
surroundings or limit our investigations to the system’ s equilibrium domain. When problems become more
complex, and when quantitative relaionships, nonlinearities, and time and space lags are important, we
encounter limits to our ability to properly anticipate system change. In such cases, our menta models
need to be supplemented.

Statistical gpproaches based on historical or cross-sectiona data often are used to quantify the
relationships among system components.  To be able to ded with multiple feedbacks amnong system
components and with spatid and tempord lags requires the availability of rich data sets and eaborate
datigticd models. Recent advances in gatistica methods have significantly improved the ability to test for
the goodness of fit of dternative model specifications, and have even attempted to test for causdity in
detigtical modds (Granger, 1969, 1993). Typicaly little attention is given to first principles in atempts to
use datisicdl modds to arrive a a better understanding of the cause-effect rdationships that lead to
system change. Modd results are driven by data, the convenience of estimation techniques, and statistical
criteria—none of which ensure that the fundamentd drivers for sysem change are satisfactorily identified
(Leontief 1982, Leamer 1983). By the same token, a statisticd modeling exercise can only provide
indght into the empirica relationships over a sysem’s higtory or a a point in time, but are of limited use
for analyses of a system’ s future development path under dternative management schemes (Allen 1988).
In many cases, those dternative management schemes include decisions that have not been chosen in the
past, and their effects are therefore not captured in the data of the system’s history or present State.

Dynamic modding is didinct from datisticd modeling by building into the representation of a
phenomenon those aspects of a system that we know actualy exis—asuch asthe physica laws of materid
and energy conservation that describe input-output relationships in industrid and biological processes
(Hannon and Ruth 1994, 1997). Dynamic modeling therefore starts with an advantage over the purdy
datistical or empiricd modeling schema. It does not rely on historic or cross-sectional data to revea
those rdlaionships. This advantage adso alows dynamic models to be used in a wider range of related
applications than empirical modds. Dynamic modds are more transferable to new applications because
the fundamenta concepts on which they are built are present in many other systems.

Computers have come to play a large role in developing dynamic models for decison-making
support in complex sysems. Computer models can numericdly solve for complex nonlinear
relationships among system components, and can ded with time and space lags and disequilibrium
conditions.

It isinappropriate to think of models as anything but crude (yet in many cases absolutdly essentia)
abstract representations of complex interrelationships among system components (Levins 1966, Robinson
1991, Ruth and Cleveland 1996). Their usefulness can be judged by their ability to help solve decison
problems as the dynamics of the red system unfold (Ruth and Hannon 1997). The dynamic modds
presented in this paper are designed with that criterion in mind. They are interactive tools that reflect the
processes that determine system change and respond to the choices made by a decision maker.
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Models are essentid for policy evauation, but, unfortunatdly, they can adso be misused since there
is"...the tendency to use such modds as a means of legitimizing rather than informing policy decisons. By
cloaking a policy decison in the ostensbly neutrd aura of scientific forecasting, policy-makers can deflect
attention from the normative nature of that decison..." (Robinson 1993). The misguided quest for
"objective’ mode building highlights the need to recognize, and more effectively ded with, the inherent
subjectivity of the model development process. In this paper we wish to put computer modeling in its
proper perspective: as an inherently "subjective’ but absolutely essentid tool useful in supplementing our
exiging menta modeling capabilities in order to make more informed decisons, both individudly and in
groups.

In the case of modding ecologica and economic systems, purposes can range from developing
smple conceptud models, in order to provide a genera understanding of system behavior, to detaled
redigic gpplications aimed at eva uating specific policy proposas. It isingppropriate to judge this whole
range of modes by the same criteria. At minimum, the three criteria of realism (Smulating system
behavior in a quditatively redigsic way), precison (Smulaing behavior in a quantitatively precise way),
and generality (representing a broad range of systlems behaviors with the same model) are necessary
(Holling 1964, Levins 1966). No single modd can maximize dl three of these gods and the choice of
which objectives to pursue depends on the fundamental purposes of the model.

In this paper we propose a three step process for developing computer models of a Situation that
begins with an initid scoping and consensus building stage amed at producing very smplified, high
generdity models, and then moving to amore redigtic research modding stage, and only then coming to a
high precison management mode stage. We daborate this process further on.

. Using Modelsto Build Consensus

In order to effectively use models to support decisons it is not enough for groups of academic
“experts’ to build integrated dynamic computer models. What is required isa new role for modding asa
tool in building a broad consensus not only across academic disciplines, but also between science and
policy (Yankeovich 1991, Weisbord 1992, Weisbord and Janoff 1995). More broadly, involving a
wide range of partiesinterested in or affected by decisons on environmenta investments and problems is
key to achieving fairness and sustainability (Rawls 1971, 1987) and to developing policies that are
actudly implementable.

Integrated modeling of large systems, from watersheds to continental scale systems and ultimately
to the globa scale, requires input from a very broad range of people. We need to see the modding
process as one that involves not only the technica aspects, but dso the sociologica aspects involved with
using the process to help build consensus about the way the system works and which management
options are most effective. This consensus needs to extend both across the gulf separating the relevant
academic disciplines and across the even broader gulf separating the science and policy communities, and
the public. Appropriately designed and appropriately used integrated modeling exercises can help us
bridge these guifs.

The process of modeling can (and must) o serve this consensus building function. It can help to
build mutua undergtanding, solicit input from a broad range of stakeholder groups, and mantain a
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substantive dia ogue between members of these groups. Integrated modeling and consensus building are
essentia components in the process of adaptive management (Gunderson et d. 1995).

1. Modding Toolsfor Scoping and Consensus Building

Various computer tools for scoping and consensus building have been developed for business
management applications (Roberts 1978, Lynels 1980, Westenholme 1990, 1994, Morecroft et d.
1991, Vennix and Gubbes 1994, Morecroft and van der Heljden 1994, 1994, Senge and Sterman
1994). In the past, emphasis was placed on the provision of computer hardware and software to support
group communication (Kraemer and King 1988). More recent trends are to facilitate problem structuring
methods and group decison suypport (Checkland 1989, Rosenhead 1989, Phillips 1990). The use of
computers to structure problems and provide group decision support has been spurred by the recognition
that in complex decision settings bounds on human rationality can create persstent judgmenta biases and
systematic errors (Simon 1956, 1979, Kahnemann and Tversky 1974, Kahnemann et a. 1982, Hogarth
1987). To identify rdevant information sources, assess relationships among decisons, actions and results,
and hence to facilitate learning requires that cause and effect be closdy rdated in gpace and time.
Dynamic modeling is one tool that helps us close spatid and tempord gaps between decisons, actions
and results.

Dynamic moddling has incressingly become a part of executive debate and diadog to help avoid
judgmental biases and systemdic errors in busness management decison making (Senge 1990,
Morecroft 1994). It has dso penetrated, abeit to a lesser extent, the assessment of environmental
investments and problems (Ruth 1993). Both areas of gpplication of dynamic modeing have sgnificantly
benefited from the use of graphicd programming languages. One of the main drengths of these
programming languages is to enable scientists and decison makers to focus and dlarify the menta modd
they have of a particular phenomenon, to augment this modd, daborate it and then to do something they
cannot otherwise do: to run the mode and let it yield the inevitable dynamic consegquences hidden in their
assumptions and their understanding of a sysem. With ther relaive ease of use, these gregphica

programming languages offer powerful

tools for intellectud inquiry into the workings of complex ecologica-economic systems (Hannon and Ruth
1994, 1997).

To model and better understand ronlinear dynamic systems requires that we describe the main
system components and ther interactions.  System components can be described by a set of date
variables—or stocks—such as the capita stock in an economy or the amount of sediment accumulated
on alandscepe. These date variables are influenced by controls—or flows, such as annud investment in
new capital or seasona sediment fluxes. The extent of the controls—the size of the flows—in turn may
depend on the stocks themsalves and other parameters of the system.

There are various graphica programming languages available that are specificaly designed to
facilitate moddling of nonlinear, dynamic systems. Among the mogst versdile of these languages is the
graphica programming language STELLA (Costanza 1987, Richmond and Peterson 1994, Hannon and
Ruth 1994). STELLA runsin the Macintosh and Windows environments. A STELLA dynamic systems
model conssts of three communicating layers that contain progressively more detailed information on the
structure and functioning of the modd (Figure 1). The high-level mapping and input-output layer provides
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tools to lay out the structure of the model and to enable non-modelers to easily grasp that structure, to
interactively run the modd and to view and interpret its results. The ease of use of the modd &t this
aggregate levd of detall thus enables individuals to become intdlectudly and emotiondly involved with the
model (Peterson 1994).

High Layer Map Containing
Didog Boxes, Graphs,
Tables and Input-Output
Devices

Mode Construction
Layer Containing
Icons for Stocks,
Hows, and
Information Arrows

Mode Equetions
Including Algebraic,
Graphicd and
Logicd Functions

Figure1. STELLA Il Modeling Environment

Models are condructed in the next lower layer. Here, the symbols for stocks, flows and
parameters are chosen and connected with each other. STELLA represents stocks, flows and
parameters, respectively, with the following three symbols:

Icons can be selected and placed on the computer screen to define the main building blocks of
the computer model. The structure of the mode is established by connecting these symbols through
“information arrows’

>

Once the gructure of the mode is laid out on the screen, initid conditions, parameter values and
functiond relationships can be specified by smply clicking on the respective icons. Didog boxes gppear
that ask for the input of data or the specification of graphicaly or mathematicaly defined functions.

Equdly easy is the generation of modd output in tabular or graphica form through the choice of
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icons. With the use of diders, a user can aso immediately respond to the modd output by choosing
dternative parameter values as the model runs. Subsequent runs under dternative parameter settings and
with different responses to modd output can be plotted in the same graph or table to invedtigate the
implications of dternative assumptions. Thus, the modding gpproach is not only dynamic with respect to
the behavior of the system itsdlf but aso with respect to the learning process thet is initisted among
decison makers as they observe the system’s dynamics unfold. The process of learning by doing
experiments on the computer rather than the red-world sysem gives model users the opportunity to
investigate the implications of their assumptions for the sysem’s dynamics and to assess thar ability to
make the “right” decison under aternative assumptions.

The lowest layer of the STELLA modeing environment contains a liging of the graphicaly or
dgebracadly defined rdationships among the sysem components together with initia conditions and
parameter values. These equations are solved in STELLA with numerica techniques. The equations,
initid conditions and parameter values can aso be exported and compiled to conduct sophisticated
datigtica analyses and parameter tests (Oster 1996) and to run the moded on various computing platforms
(Cogtanza et d. 1990, Costanza and Maxwell 1993).

IV. A Three Step Modeling Process

To support decisons on environmenta investments and problems, we advocate the use of athree
sep modeding process. The firg stage is to develop a high generdity, low resolution scoping and
consensus building modd involving broad representation of stakeholder groups affected by the
problem. STELLA and smilar software make it feasble to involve a group of relaive modeing novices
in the condruction of relaively complex modes, with a few people competent in modeling acting as
fadlitators. Usng STELLA, and projecting the computer screen onto the wall or sharing a modd via the
Internet, the process of modd congtruction can be transparent to a group of diverse stakeholders.
Participants can follow the modd congtruction process and contribute their knowledge to the process.

After the basic modd structure is developed, the program requires more detailed decisions about
the functional connections between variables. This process is dso trangparent to the group, using well-
designed diadlogue boxes, and the potentid for graphic and agebraic input. The modds that result from
this process are designed to capture as much “redism” as possible and to answer preiminary questions
about system dynamics, especidly its main areas of sengtivity and uncertainty, and thus to guide the
research agenda in the following modding stage.

The second stage research models are more detailed and redigtic attempts to replicate the
dynamics of the particular system of interest. This stage involves collecting large amounts of historica
data for cdibration and testing and a detailed andlysis of the areas of uncertainty in the modd. It may
involve traditiond “experts’ and is more concerned with analyzing the detals of the historical development
of aparticular syslem with an eye toward devel oping specific scenarios or policy optionsin the next stage.

It isdill critical to maintain stakeholder involvement and interaction in this stage through the exchange of
models and with regular workshops and meetings to discuss model progress and results.

While integrated models aimed a redism and precison are large, complex, and loaded with
uncertainties of various kinds (Costanza et a. 1990, Groffman and Likens 1994, Bockstadl et d. 1995),
our ahilities to understand, communicate, and ded with these uncertainties are rapidly improving. It is
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aso important to remember that while increasing the resolution and complexity of models increases the
amount we can say about a system, it dso limits how accurately we can say it. Modd predictability tends
to fal with increasing resolution due to compounding uncertainties (Costanza and Maxwell 1993). What
we are after are models that optimize ther “effectiveness’ (Costanza and Sklar 1985) by choosing an
intermediate resolution where the product of predictability and resolution (effectiveness) ismaximized. As
a consequence, resolution of the research modds is medium to high, depending on the results of the

scoping model.

The third stage of management models is focused on producing scenarios and management
options in this context of adaptive feedback and monitoring, and based on the earlier scoping and
research modds. It is aso necessary to place the modding process within the larger framework of
adaptive management (Holling 1978) if management is to be effective. “Adaptive management” views
regiona development policy and management as “experiments,” where interventions at severd scaes are
made to achieve understanding and to identify and test policy options (Holling 1978, Walters 1986, Lee
1993, Gunderson et d. 1995). This means that models and policies based on them are not taken as the
ultimate answers, but rather as guiding an adaptive experimentation process with the regiond system.
Emphass is placed on monitoring and feedback to check and improve models, rather than usng models
to obfuscate and defend a policy which is not corresponding to redity. Continuing stakeholder
involvement is essentid in adaptive management.

Each of these stages in the modeling process has useful products, but the process is most
beneficia and effective if followed in the order described. Too often we jump to the research or
management stage of the process without first building adequate consensus about the nature of the
problem and without involving the gppropriate stakeholder groups. What we save on time and effort by
jumping ahead is easily lost later on in attempts to forge agreement about results and generate compliance
with the policies derived from the modd.

V. Case Studies

In this section we briefly describe a set of case udies that embody some or dl of the
characterigtics of the three stage modeling process outlined above. The purpose of this section is to
illugrate the range of environmenta issues to which scoping and consensus-building modeing can be
goplied, and to indicate the various degrees to which stakeholder involvement has been achieved in mode
development. Workshop mestings for scoping and consensus building were conducted in which a group
of stakeholders convened to collectively develop modds for scoping and consensus building purposes.
Some of the modd's presented here have been followed up with more detailed research and management
models.

A. Louisiana Coastal Wetlands
Applications of dynamic modding to scoping and consensus building in indudtrid systems have
concentrated on materid and energy flows within these systems and between these systems and their
environment. In contrast, the Louisana coastd wetlands project traces the distribution of water and
sediment through a landscapes.

The changing higtorical sequence of Missssppi River man didributaries have depodted
sediments to form the current Missssppi ddtaic plan marshes. This ddta switching cyde lasts on
average 1500 years and sets the historica context of this landscape. At present, the river is in the
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process of changing from the current channd to the much shorter Atchafdaya River. The US Army
Corps of Engineers maintains a control structure at Old River to control the percentage of Missssippi
River flow going down the Atchafdaya. Since about 1950 this percentage has been st at gpproximately
30%. Atchafdaya River borne sediment first filled in open water aress in the upper Atchafdaya basin,
and more recently have begun to build adeltain Atchafaaya Bay (Roberts et d. 1980, Van Heerden and
Roberts 1980a, 1980b). During the next few decades, a new deltais projected to form a the mouth of
the river, and plant community successon will occur on the recently formed delta and in the existing
marshes. At the same time, the overdl Louisiana coastd zone is projected to have a net loss of

gpproximately 100 ka/yr due to sediment gtarvation and salt-water intruson (Gagliano et al. 1981).

The leveaing of the Missssppi and Atchafdaya Rivers, dong with the damming of digtributaries,
has virtudly eiminated riverine sediment input to most Louisiana coastd marshes. This change has broken
the ddtaic cycle and gresatly acceerated land loss. Only in the area of the Atchafadaya delta is sediment-
laden water flowing into wetland areas and land gain occurring (Roberts et a. 1980, Van Heerden and
Roberts 1980a, 1980Db).

Primary human activities that potentidly contribute to wetland loss are flood control, cands, spail
banks, land reclamation, fluids withdrawa, and highway congruction. There is evidence that cands and
levees are an important factor in wetland loss in coastdl Louisana, but there is much disagreement about
the magnitude of the indirect loss caused by them (Craig et d 1979, Cleveland et d. 1981, Scaife et d.
1983, Deegan et d. 1984, Lelbowitz 1989). Natura channds are generally not deep enough for the
needs of oil recovery, navigation, pipdines, and drainage, so a vast network of cands has been built. In
the Ddtaic Plain of Louisana, cands and their associated spoil banks of dredged materia currently
comprise 8% of the total marsh area compared to 2% in 1955. The congtruction of canas leads to direct
loss of marsh by dredging and spoil deposition and indirect loss by changing hydrology, sedimentation,
and productivity. Cands are thought to lead to more ragpid sdinity intruson, causng the degth of
freshwater vegetation. Cand spoil banks aso imit water exchange with wetlands, thereby decreasing
deposition of suspended sediments.

Proposed human activities can have a dramatic impact on the distribution of water and sediments
from the Atchafdaya River, and consequently on the development of the Atchafalaya landscape. For
example, the Corps of Engineers was conddering extending a levee dong the east bank of the
Atchafdayathat would restrict water and sediment flow into the Terrebonne marshes.

This dtuation represented both a unique opportunity to study landscape dynamics and a unique
opportunity to build consensus about how the system works and how to manage it. The Atchafdaya
landscape is changing rapidly enough to provide time-series observations that can be used to test basic
hypotheses about how coastal landscapes develop. In addition to short-term observations, there is a
uniquely long and detailed history of field and remotely sensed data available on the Sudy area (Bahr et
al. 1983, Codtanza et a. 1983). Solutions to the land loss problem in Louisana al have far-reaching
implications. They depend on which combination of solutions is undertaken and when and where they are
undertaken. Outside forces (such as rates of sea levd rise) aso influence the effectiveness of any
proposed solution. In the past, suggested solutions have been evaluated independently of each other and
inan ad hoc manner, and without adequate dia ogue and consensus among affected parties.

In order to address this problem in a more comprehensive way, a project was started in 1986 to
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apply the three-stage modeling approach described above. The first stage of scoping and consensus
building involved mainly representatives of the Corps of Enginears, the US Fish and Wildlife service, loca
landowners and a@wironmentaigts, and severd disciplines within the academic community. This age
involved a series of workshops amed a developing a "unit modd", usng STELLA, of the basic
processes occurring at any point in the landscape, and at coming to agreement about how to model the
entire landscape in the later stlages. This stage took about a year.

In the second (research) stage an integrated spatiad smulation modding gpproach was developed
(Costanza et al. 1988, Sklar et a. 1985, Sklar et a. 1989, Costanza et a. 1990) that replicated the unit
model developed in stage 1 over the coastal |andscape and added horizontal flows of water, nutrients,
and sediments, dong with successond agorithms to model changes in the digtribution pattern of habitats
on the landscape.  Using this gpproach, the ability was demondtrated to smulate the past behavior of the
gystem in afairly redistic way (Costanza et a. 1990). This part of the process took about 3 years.

In the third (management) stage of the dynamic modeing process a range of projected future
conditions was laid out as a function of various management dternatives and natural changes, both
individualy and in various combinations. The research and management modd smulates both the
dynamic and spatial behavior of the system, and it kegps track of severd of the important landscape leve
variables in the system, such as ecosystem type, water level and flow, sediment levels and sedimentation,
subsidence, sdinity, primary production, nutrient levels, and eevation.

The research and management model was caled the Coasta Ecological Landscape Spatia
Simulation (CELSS) moddl. It consists of 2,479 1 km? spatia cells to smulate arapidly changing section
of the Louisana coast and predict long term (50 to 100 year) spatidly articulated changes in this

landscape as a function of various management aternatives and natural and human-influenced dimate
vaiations.

The modd was run on a CRAY supercomputer from initial conditions in 1956 through 1978 and
1983 (years for which additional data were available for cdibration and vaidation) and on to the year
2033 with a maximum of weekly time steps. It accounted for 89.6% of the spatid variation in the 1978
cdibration data and 79% of the variaion in the 1983 verification data. Various future and past scenarios
were andyzed with the mode, including the future impacts of various Atchaefalaya River levee extenson
proposas, freshwater diverson plans, marsh damage mitigation plans, future globa sea leve rise and the
higtorica impacts of past human activities and past climate patterns.

The modd results were used by the Corps of Engineers and the Fish and Wildlife service in
meaking decisions about these management options. Because they were involved directly as participantsin
the process through al three stages, the modd results were much easier to both communicate and
implement. The participants dso had a much more sophisticated underdanding of the underlying
assumptions, uncertainties, and limitations of the modd, dong with its strengths and could use it
effectively as a management tool.

B. South African Fynbos Ecosystems

A scoping and consensus building project was initiated in South Africa to address issues of water
supply, exotic species invasion, and species diversty. The area of sudy is the Cape Florigtic Region—
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one of the v§orld’s smalest and, for its Sze, the richest flord kingdom. This tiny area, occupying a mere
90,000 km™, supports 8,500 plant species of which 68% are endemic, 193 endemic genera and Six
endemic families (Bond and Goldblait, 1984). Because of the many thregts to this region’s spectacular
flora, it has earned the distinction of being the world' s “hottest” hot-gpot of biodiversity (Myers 1990).

The predominant vegetation in the Cape FHorigtic Region is fynbos, a hard-leafed and fire-prone
shrubland tha grows on the highly infertile soils associated with the ancient, quartzitic mountains (mountain
fynbos) and the wind-blown sands of the coasta margin (lowland fynbos) (Cowling 1992). Owing to the
prevaent cimate of cool, wet winters and warm, dry summers, fynbos is superficidly smilar to Cdifornia
chaparral and other Mediterranean climate shrublands of the world (Hobbs et a. 1995). I;ynbos
landscapes are extremedly rich in plant species (the Cape Peninsula has 2 554 species in 470 km ) and
narrow endemism ranks amongst the highest in the world (Cowling et d. 1992).

In order to adequately manage these ecosystems severd questions had to be answered, including,
what services do these species-rich fynbos ecosystems provide and what are their value to society? A
two-week workshop was held at the University of Cgpe Town (UCT) with a group of faculty and
gudents from different disciplines dong with parks managers, business people, and environmentaigs.
The primary god of the workshop was to produce a series of consensus-based research papers which
critically assessed the practical and theoretical issues surrounding ecosystem vauation as well as assessng
the value of services derived by loca and regional communities from fynbos systems.

To achieve the gods, an 'atdlier' gpproach was used to form multidisciplinary, multiculturd teams,
breaking down traditiona hierarchica gpproach to problemsolving. Open space (Rao, 1994) techniques
were used to identify criticd questions and alow participants to form working groups to tackle those
questions. Open space meetings are loosely organized affairs, which give dl participants an opportunity
to raise issues and participate in finding solutions.

The working groups of this workshop met saverd times during the first week of the course and
amogt continuoudy during the second week. The groups convened together periodically to hear updates
of group projects and to offer feedback to other groups. Some group members floated to other groups
at timesto offer specific knowledge or technica advice.

Despite some initid misgivings on the part of the group, the loose sructure of the course was
remarkably successful, and by the end of the two weeks, seven working groups had worked feverishly to
draft papers. One group focused on producing an initid scoping mode of the fynbos. This modding
group produced perhaps the most developed and implementable product from the workshop: a genera
dynamic model integrating ecologica and economic processes in fynbos ecosystems (Higgins et a. 1996).

The modd was developed in STELLA and designed to assess potentid values of ecosystem services
given ecosystem antrols, management options, and feedbacks within and between the ecosystem and
human sectors. The mode helps to address questions about how the ecosystem services provided by the
fynbos ecosystemn at both a local and internationa scale are influenced by dien invason and management
drategies.  The modd comprises five interactive sub-modes, namey hydrologicd, fire, plant,
management and economic vauation. Parameter estimates for each sub-mode were ether derived from
the published literature or established by workshop participants and consultants (they are described in
detail in Higgins et al. 1996). The plant sub-modd included both native and dien plants. Smulation
provided aredigtic description of dien plant invasions and their impacts on river flow and runoff.

112



This modd drew in part on the findings of the other working groups, and incorporates a broad
range of research by workshop participants. Benefits and costs of management scenarios are addressed
by edtimating values for harvested products, tourism, water yield and biodiversity. Codts include direct
management costs and indirect costs. The mode shows that the ecosystem services derived from the
Wegtern Cape mountains are far more vauable when vegetated by fynbos than by dien trees (a result
condgtent with other studies in North America and the Canary Idands). The difference in water
production aone was sufficient to favor spending sgnificant amounts of money to maintain fynbos in
mountain catchments.

The modd is designed to be user-friendly and interactive, dlowing the user to set such features as
area of dien clearing, fire management drategy, levels of wildflower harvesting, and park vigitation rates.
The modd has proven to be a vauable tool in demongrating to decison makers the benefits of investing
now in tackling the dien plant problem, since delays have serious cost implications. A research and
management moddling exercise may ultimately follow from thisinitiad phase
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C. Patuxent River and Gwynns Falls Watersheds, Maryland

The case studies described above concentrated on the ecologica impacts of human activitiesin a
complex ecosysem. In contrast, the following case sudy includes both the ecologica and economic
aspects of the system endogenoudly.

The Maryland Patuxent River Watershed, which includes portions of Anne Arundel, Cavert,
Charles, Howard, Montgomery, Prince George's, and St. Mary’s counties, has been experiencing rapid
urban development and changes in agriculturd practices, resulting in adverse impacts on both terrestrid
and aguatic ecosystems.  Significant water quality deterioration had begun in the 1960's and concern
pesked when the Patuxent estuary began to experience rapid degradation of water quality and
disappearance of sea grass beds in the 1970's.  Since then the Patuxent has been a focus of scientific
sudy and palitica action in efforts to conserve environmenta resources. It is aso a modd of the larger
Chesapeske Bay watershed and serves as an example and test bed for many ideas about managing the
entire Bay watershed (Costanza and Greer 1995).

As part of this effort a three stage modding project was begun in 1992. This ongoing project is
another outgrowth of the initid work with the CELSS mode in Louisana. It uses: (1) workshops
involving the full range of scientific, government and citizen stakeholder groups to develop initid scoping
moddls, to communicate results, and to refine and adapt the research agenda; and (2) integrating ongoing
and new scientific studies over a range of scaes from small microcosms to the Patuxent watershed as a
whole. The project is amed at developing integrated knowledge and new tools to enhance predictive
understanding of watershed ecosystems (including processes and mechanisms tha govern the
interconnected dynamics of water, nutrients, toxins, and biotic components) and their linkage to human
factors affecting water and watersheds. The god s effective sustainable ecosystem management at the
watershed scale. Mgor research questions include: (1) What are the quantitative, spatialy explicit and
dynamic linkages between land use and terrestrial and aguatic ecosystem structure and function; (2) What
are the quantitative effects of various combinations of naturd and anthropogenic stressors on watershed
ecosystems and how do these effects change with scde and (3) What are useful ways to measure
changes in the totad vaue of the landscape including both marketed and non-marketed (natura system)
components, and how effective are dternative mitigation gpproaches, management dtrategies, and policy
options toward increasing this value.

The overdl modd conssts of interrdated ecologica and economic submodels that employ a
landscape perspective, for this perspective captures the spatid and tempora digtributions of the services
and functions of the naturd system and human-related phenomena such as surrounding land- use patterns
and population digtributions (Bockstee! et d. 1995). Configuration and reconfiguration of the landscape
occurs as aresult of ecological and economic factors, and these factors are closdly intertwined.

The ecologica part of the modd is based on the Patuxent Landscape Mode (PLM), one of a
series of landscape-leve spatid smulation modds as discussed above (Costanza et d. 1995). The PLM
is capable of amulating the successon of complex ecologicd systems using a landscape perspective.
Economic submodels are being devel oped to reflect human behavior and economic influences. The effects
of human intervention result directly from the converson of land from one use to another (e.g., wetlands
conversion, resdentid development, power plant Siting) or from changes in the practices that take place
within specific land uses (eg., adoption of agriculturd best management practices, intensfication of
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congestion and automobile emissions, change in urban water and sewer use, and storm run-off).

Economic submode s will characterize land use and agricultural decisons, and capture the effects
on these decisions of inditutiond influences such as environmenta, zoning, trangportation, and agriculturd
policies. The integration of the two models provides a framework for regulatory analyss in the context of
risk assessment, non-point source pollution control, wetlands mitigation/restoration, etc. Figure 2 show
the relationship of the various modd components.
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Figure 2. Integrated ecological economic modeling and valuation
framework (from Bockstael et. al. 1995).

The integrated modd will adlow gakeholders to evauae the indirect effects over long time
horizons of current policy options. These effects are dmaost dways ignored in partid andyses, dthough
they may be very sgnificant and may reverse many long-held assumptions and policy predictions. It will
aso dlow us to directly address the functiona vaue of ecosystem services by looking at the long term,
gpatia and dynamic linkages between ecosystems and economic systems. Some additional details about
the structure and datus of the PLM and a new gpplication of the framework in the Gwynns Fdls
watershed in urban Batimore are given below.

VI.  Structure of the Patuxent Landscape Model (PLM)
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The Patuxent Landscape Model (PLM) is designed to serve as atool in a sysematic analysis of
the interactions among physica, biological and socioeconomic dynamics of the watershed. (For a
complete description of the modd and its current daus see our web Ste
http://kabir.col.umcesedw/PLM). In the ecologicad component of this spatidly explicit modd, the
important processes that shape plant communities are Smulated within the varying habitats distributed
throughout the landscape. The principa dynamics within the modd are:  plant growth in response to
avalable sunlight, temperature, nutrients, and water; flow of water plus dissolved nutrients in three
dimensons, and successon in the plant community in response to the historicd environment. Using a
mass balance approach to incorporate process-based cia of a reasonably high resolution within the
entire watershed, changing spatid patterns and processes can be analyzed within the context of atered
management drategies such as the use of Best Management Practices (BMPs). By incorporating high
gpatia, tempord, and complexity resolution, the model can redigticdly address large-scae management
issues within the heterogeneous system of the Patuxent watershed.

For the PLM, the modeled landscape is partitioned into a spatia grid of nearly 2,500 sgquare unit
cdls (Coganza, DeBdlevue, e d., 1993). The mode is hierarchicad in structure, incorporating an
ecosystem+-leve "unit" modd thet is replicated in each of the unit cdlls representing the landscape (Figure
2). The unit modd (Fitz et a., 1996) itsdf is divided into a set of mode sectors that smulate the
important ecologica dynamics a adaily time step.

The mode includes sectors for hydrology, nutrient movement and cycling, terrestrid and estuarine
primary productivity, and aggregated consumer dynamics. The hydrology sector of the unit model is a
fundamenta driving force, smulating water flow verticdly within the cell.  Phosphorus and nitrogen are
cycled through plant uptake and organic matter decompasition, with the latter smulated in another sector
that describes the sediment/soil dynamics. The sector for macrophytes includes processes such as growth
response to various environmental condraints (including water and nutrient availability), changes in lesf
canopy structure (influencing weter transpiration), mortdity, and other basic plant dynamics. As may be
evident from the above linkages, feedbacks among the biologica, chemicd and physcd modd
components are important structurd attributes of the modd. While the unit mode smulates ecologica
processes within a unit cell, horizonta fluxes across the landscape occur within the domain of the broader
goatid implementation of the unit modd to form the PLM. Such fluxes are driven by cel-cell head
differences of surface water and of ground water in saturated Storage. Within this spatid context, the
water fluxes between cells carry dissolved and suspended materials, determining water qudity in the

landscape.
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The same generic unit moded gtructure is run in each cell and there is a database of parameters
that serves as input to the modd to represent the different habitat types within the landscepe.  The
vegetation communities in the cdls respond to changing hydrologic and nutrient regimes via successond
dgorithms.  Thus, when run within the spatiad framework of the overdl PLM, the landscape evolves to
reflect changing hydrology, water qudity, and materia flows between adjacent cdlls.

The ecologicd modd is linked to an economic model which predicts a spatid digtribution of the
probability of land use change within the seven counties of the Patuxent watershed (Bockstad, 1996).
Human decisons to develop land are modeled as a function of both economic and ecological spatia
variables. The land vaue (derived from tax assessment data) is used as the dependent variable in the first
stage regresson modd and spatid variation in land prices is explained by an extensve array of features of
the location: distance to employment centers, access to public infrastructure (roads, recreationa facilities,
shopping centers, sewer and water services), and proximity to desirable (e.g. waterfront) and undesirable
(e.g. waste dumps) land uses to name a few. Also included are explanatory variables based on spatia
pattern of land use that describe the land uses surrounding a parcel. A second stage modd predicts the
probabilities of land converson based on the land valuesin residentid land use generated by the first sage
mode and the costs of converson. The modd generates the relative likelihood of conversion of cellsand
when used in combination with information about growth pressures, alows maps of predicted new
resdentia development to be developed.

The linked modd dlows the effects of both direct land use change through human actions and
indirect effects through ecologica change to be evaluated. Preliminary modes of land prices and land use
converson explain the factors that have the mogt effect on land vaues in different uses and therefore the
factors that affect pressures for land conversion. The physical location of the parcel as well as the spatid
pattern of regulations affect the value of a parcd in different uses and therefore the likelihood thet a parcel
will be developed or kept in a naturd date or used in agriculture. The following factors have been
investigated for affects on land use pattern:  Transportation network (Bell 1997); Public utilities provison
(Bdll and Bockstad 1997); Competing county zoning and agricultural preservation (Bockstadl and Bell
1997).

VIl. PLM Status

The unit ecologicd model has undergone rigorous testing usng newly-developed calibration
software, which cdculates a comprehensive Mode Performance Index (MP1). The index integrates an
aray of variable-pecific tests into a single score, which expresses the overdl fit with data and hypotheses
(Figure 2). Each test consders a different aspect of the modd’s output, e.g. fit to data, known patterns
of autocorrdation, meaningful boundary vaues, or seady dtates. For example, cdlibration data used in
the andysis incdluded 10-day maxima of the Normalized Difference Vegetation Index (NDVI), which
were supplemented with data on stand characteristics from the Forest Inventory Analysis (FIA) database.
The MPI gructure is inspired by multi-criteria decison andyss as wel as gdidtica estimation theory and
is defined as a weighted average of variables partia scores, each weighted according to the importance
of the variable for the modd’s gods or to the qudity of the reference data. MPI vaues range from 0 to
1, with 1 indicating maximum agreement between the mode output and cdlibration criteria

An adaptive directed search agorithm was developed to automaticaly search the parameter
gpace for points yieding the highest MPI vaues. The combination of the automated search cycles and the
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forma andysis of the results has dlowed us to identify satisfactory parameter combinations which would
have otherwise been impossible to find. The unit modd was cdibrated for two years a a daily timestep
and MPI vaues have reached 0.53 in experiments to date (Figure 3). Documentation on the MP! is

avallable on the Internet at the URL hitp://kahir.chl umecesedu/~villa/syp/syp html.

Unit modd calibrations were carried out to test the general modd performance for typica forest
and agricultura land uses of the Patuxent watershed. Within the macrophyte sector, caculated forest and
crop biomass remained within acceptable bounds established from literature, field data, and EPIC mode
output. The moded captures important seasona dynamics in plant growth. Data from the Patuxent
watershed sites provided boundary conditions for biomass, but data on seasona dynamicsto track forest
nutrients and primary productivity were not reedily available. Data from Coweeta LTER proved ussful
for comparing generd dynamics. Data being developed from satellite imagery (e.g. NDVI) have been
used both for calibrating NPP and standing crop biomass in the unit model and the spatid model.

Cdlibration of the spatia hydrology modd at severd spatid and complexity scaes has improved
modd robustness and overdl performance. The hydrology portion of the landscape model, which serves
as the mgjor vector for movement across the landscape, has been calibrated at several spatid extents and
the full ecosystem model has been implemented and tested for generd conformity to expected variable
ranges for the entire Patuxent subwatershed. The hydrology modd shows good agreement with
measured streamflow data for an initid 2-year testing period in 1980-82. Fig. 4. shows a portion of this
comparison. Severd nested subwatersheds were used to test model behavior at arange of spatia extents
(from 58,905 to 566 cells and resolutions (200x200 m and 1x1 km). The modd performs well in
describing overdl surface and ground water flow at dl spatid extents with modd predictions generdly
fdling within 10% of daily vaues, dthough some large flood peaks deviate to alarger extent. We have run
severd scenario andyses to investigate the effects of land use changes and other perturbations on various
hydrologic varigbles (Fig.5). (For further details of the modd dructue and cdibration, see

).

The full ecosysem modd is running spatidly and displays expected orders of magnitude in
ecosystem stock variables, and appropriate seasond dynamics in plant growth and nutrient cyding.
Spatid cdibraion data include annua increment to forest biomass (using species-pecific tree ring
records and spatid distributions in the Patuxent watershed), seasond and longitudina dynamic records for
phosphorus and nitrogen concentrations in the river, and 10-day maximum NDVI data at the 1 knf
gpatia resolution derived from AVHRR satdlite images.

VIIl. GFLM Satus

The Gwynns Fdls Landscape Modd (GFLM) is an application and extenson of the PLM to a
lagdy urban waeshed in  Bdtimore, a pat of the Bdtimore LTER proect
(http://batimore.umbc.edu/Iter/). Thiswill involve both the collection of the relevant data base for the new
watershed, and expansion of the “human” component of the modd. During year 1 of the LTER project
(1998), we have been working with other project participants to apply the basic framework of the PLM
mode to the Gwynns Fdls watershed. This includes discussons about basic data requirements and
sampling dtrategies, and assembly of the relevant existing data bases (see the PLM web ste for a more
complete description of the modd and its data requirements. http://kabir.cbl.umces.edwW/PLM/). By the
end of year one (1998) we should have assembled most of the data sets necessary to run the PLM model
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for the Gwynns Fdls ste. We will dso add a human dynamics component to the GEM unit mode,
induding human populations, built infrasructure, and inditutions.  This will dlow the GEM modd to
represent the full range of habitats from “naturd” ecosysems with littte human influence, to
“agroecosysems’ with intermediate levels of human influence, to “urban ecosysems’ with high levels of
human influence. By the end of 1998, we expect to have a running modd with preliminary cdibrations to
severd steswithin the study area.

IX. Conclusons

The complexities that surround environmenta problems require that nonlinearities and spatid and
tempora lags be adequatdly reflected in the models used for decison support. Dynamic modding is
designed to address these system features. Dynamic modeling can aso be used to scope environmenta
problems and build consensus and it has been used in thisway in anumber of case studies.

In the case studies described above, the three stage modeling process enabled usto provide a set
of detailed conclusions regarding the management of the respective systlem. These conclusions were built
on models that embodied the input and expert judgment of a broad range of stakeholders. The modeling
process dso offered unique ingght into our ability to anticipate a system’s dynamics in the light of
nonlinearities, and spatid and tempord lags. Our ability to anticipate those dynamics on the basis of
avallable data and knowledge, and to develop consensus about those dynamics, is an essentid
prerequisite for the successful management of complex ecologica-economic systems. We anticipate that
future modding efforts will increasingly make use of the software tools and the three-step modding
process with stakeholder involvement described in this paper.
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This paper presents a thoughtful discussion of the roles of science, research, and stakeholdersin
the management of environmenta systems. A “three slep” modeling process is advocated in which the
first step engages sakeholders in the formulation and initid modeling of the environmental system, aimed
largdly at building consensus, the second gep focuses on developing more detailed dynamic models that
are cdibrated with historical data; and the third step is focused on producing policy scenarios that predict
the system dynamics under dternative management regimes. The second part of the paper presents
severd case sudies in which one or more of these three modding steps were used to guide the research
process.

From a philosophica perspective, the paper is gppealing sSince it challenges the more conventiond
approach to research and urges that research and modd building seek involvement from stakeholders and
policymakers from the outset. Although somewhat vague about exactly how stakeholders should
contribute to an understanding of a system’s dynamics, the paper presents important and useful idess
about how to develop optima policy models to guide ecosystermn management.

From amodeing pergpective, the author does a good job in making some important points about
the nature of integrated economic-ecologic models, but the paper is less saisfying in the darity and details
given to discussing these models. In formulaing my comments about the paper’ s specificsin thisregard, |
focus mainly on quedions relaing to the integrated modding, with an emphasis on the economic
component of these modes. | recognize that this paper was written more from the perspective of
developing ecologicd models and offer these comments in the spirit of how the paper could be
broadened to include afuller discussion of economic models and integrated modeling.

An important god of integrated economic-ecologic modding is to understand the choices that
humans make that impact the environment, how these actions ater ecosystem functioning, and how
subsequent ecologica changes impact human wefare and ecosystem hedth. As is pointed out in the
paper, to do so requires a aidly explicit modding approach in which the linkages between human
actions and ecosystem changes can be evduated at a sufficiently fine level of spatid disaggregation. In
discussing the various case dudies, the author provides some explanation of the spatidly explicit
landscape models that are used to modd the ecologica processes both within and across cells.
However, the paper lacks a full discusson of spatidly explicit economic models and of the chdlenges
involved in “linking” outputs from economic and ecologica modes.
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The question of how economic and ecologicd models trade outputs is not a trivia issue. For
example, the rdlevant tempora and spatia scales of ecosystems and economic systems (i.e. markets) are
very different. Ecologigts tend to employ high-resolution time models (e.g. with hourly or daily time
deps), but are Ao interested in very long time horizons. This is largely because they are primarily
concerned with the cumulative effects of human actions on ecosystem change, which may require tens or
hundreds of years to fully manifest themsdlves. Alternatively, economigts typicaly concern themsdlves
with lower time resolution modes (eg. annuad or quarter time steps), but are loathe to predict changesin
economic systems over the very long run. They believe that future perturbations that are relevant to
economic systems (e.g. changes in technology) are essentially impossible to predict. Reconciling these
two different tempord scaesis not straightforward.

Other modding chdlenges include the fact that ecologicd modds are naturdly defined by
ecosystem boundaries (eg. watershed boundaries), whereas economists rely on the extent of the
economic merket to define the geographic boundary of their models. Another issue concerns the choice
of state variables — the variables that are important for one modd may not be relevant or useful in the
other. For example, ecologists may treat al developed land as one category — eg. urban. But for
economigts, the digtinction between whether the land is in a resdentid, commercid, or industrid use is
paramount to explaining human behavior. In discussng “linked” models, the paper fails to explicitly
address issues such asthese.

A second limitation of the paper is the lack of discusson and detail devoted to the economic
modeling of landscape change. References are made to models of the *human component,” but the paper
lacks much specific detail. The only detal that is provided is a brief summary of some of the work by
Bockgad and others in modding land use conversion, but thisis a limited account. The limitations of the
paper in this regard are understandable, however, since the development of spatidly explicit economic
models of land use change is arelatively new endeavor in economics.

Traditiond economic modes of land use conversion offer descriptions of the spatid pattern that
depend on equilibrium conditions, even though the spatia process of land use change may often be better
characterized as one that is fundamentally out of equilibrium. In addition, traditiona models have ignored
the types of spatia heterogeneity in the landscape that are centrd to the science questions.  As such, the
traditiond gpproach is largey ingpplicable to andyzing the spatidly disaggregate consequences of the
types of policies and environmenta management drategies that are of interest in economic-ecologic
modding.

Economigts have begun to develop spatidly explicit and disaggregate modds of land use
converson in which the trangtion probabilities associated with a parcd of land are estimated using
discrete choice models based on behaviord models of agents land use decisions. In addition to the
Bockstael (1996) work referenced by the paper, Landis (1995) and Landis and Zhang (1997) have
developed an urban smulation model (caled the Cdifornia Urban Futures Modd) for the San Francisco
Bay and Sacramento aress. Both public land use policies and private development decisions are
incorporated into the modd. Landis and Zhang use econometric models to predict future household and
employment projections by jurisdictions and a multinomia logit mode to estimate the probability of land
use change as a function of a variety of Ste and community characteristics. The resulting parameters are
used to calculate land use trangtion probabilities for al cdls that are “developable’ and development is
then dlocated based on the highest probabiilities or “bids’ for development.
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Irwin and Bockstadl (1999) have used a smilar approach to studying the spatia and tempora
dynamics of land use change. A modd of the individud agent’s land use converson decison is
developed in which the converson decison is treated as a function of both exogenous landscape features
(eg. roads, public services) and a tempordly lagged spillover effect generated by neighboring
development. Because the spillover effect is generated from neighboring agents  land use decisions, this
introduces an endogenous component into the evolution of land use pattern. Econometric results identify
the spillover as a negative effect, suggesting that congestion externdities among neighboring resdentia
areas contribute to a scattered pattern of development. A spaia smulation modd using the estimated
parameters demondtrates that this mode predicts the evolution of a pattern that is quditatively smilar to
the scattered devel opment observed in recent resdentia development.

Some evidence of the impact of ecologica changes on economic systems has been provided in
the literature. For example, Brucaro, Murdoch, and Thayer (1990) estimate the economic benefits of
improvements in ar qudity by measuring both the improvements to hedlth and aesthetic effects and the
change in housing prices generated by a reduction in air pollution. Bockstael and Leggett (1999) use
hedonic techniques to show that water qudity has a sgnificant effect on property values dong the
Chesapeake Bay and use these results to caculate the potentid benefits from a water qudity
improvemen.

Despite these advances, much work remains, particularly in terms of integrating economic models
with ecologicd models. A centrd question is whether fully integrated models should be developed, in
which a smultaneous modd of the economic and ecologic systems are built, or whether the economic and
ecologic models can be built somewhat separately. In the later casg, it is necessary that each mode
recognize the spatial and tempora scale and the dtate variables used in the other modd so that the two
models can be linked interactively. A fuller discussion of these issues would improve the paper.

Findly, while the paper discusses the importance of evauating the benefits and costs of dternative
landscapes that result under different policy scenarios, there is no discussion of how the nortmarket
benefits of the various ecosystem configurations can be evauated. The author suggests at one point that
the rdlevant parameters can be pulled from the exiting literature, which is an invaid approach from an
economics perspective.  While this may be appropriate for parameters from a modd of a physcd
process, it is ingppropriate for an economic modd of vauation, n which the parameter estimates are
functions of individuas income levels and locd and regiond markets. The question of how to vaue
changes in ecosysems is a complex one. Evauaing the costs and benefits of various landscepe
configurationsis certainly adesirable god, but not as straightforward as is suggested in this paper.

As an asde note, | found the paper to be somewhat doppily written. For example, there are
severd references to figures that aren't included. In addition, outdated language is used in some places,
eg. prdiminary results from the Gwynn Falls landscape modd are said to be expected by the end of
1998.
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Presarvation of environmentaly and ecologicaly vauable lands is atracting fresh attention amid
growing concerns with urban sprawl. | outline an economic perspective for understanding the issues,
conflicts, private and socid costs and vauation mechanisms involved in preserving land. The economics of
preservation is addressed from the point of view of a society, which respects private property rights. The
role of private property ownership and how it comesinto conflict with public clamsis the starting point of
the discussion and provides a basis for the proposed preservation strategy. In a market-based economy,
preservation would succeed and be most defensible, if preservationists can properly value and buy the
lands that they wish to preserve. | discuss some of the fundamenta difficulties and complexities associated
with this gpproach and how they can be circumvented. | close with abrief discussion of strategies on both
ddes of the debate: government policies such as growth boundaries under which land is taken without
compensation, versus nore recent policies focused on buying the land to preserve it. Next, | discuss
zoning and development taxes as dternatives to fee smple ownership of land targeted for preservation.
Respect for private property requires that unanticipated losses in land \due tha result from zoning,
development taxes and from infrastructure provision should be compensated by taxing the gains that are
reaped by others. The planning and management of metropolitan water resource systemsisacase in point
where public actions have spatidly complex effects on the entire metropolitan economy. Design of policy
in this context would benefit from the development of economic-ecologica modes capable of caculating
the consequences of water resources policy actions.

Land economics, land preservation, environmenta protection
1. Introduction

Although this paper is presented at a conference on water resources, the focus of the paper is much more
generd. | am not an expert on water resources. As an urban economis, | am interested in how land
markets function efficiently and in the consequences of public policy on land market efficiency and on the
digribution of resources. In section eight, | explain how the development of metropolitan economic-
ecologica modds would alow application of the principles discussed in this paper to metropolitan water
resources planning.

The perspective of efficiently functioning land markets should play a centra role in how we, as a S0ciety,
formulate policies which bear on environmenta preservation. More than ten years ago | authored two
papersin which | attempted to introduce this perspective into environmental economics by bridging it with
land economics.' | now take a fresh look at the problem of environmental preservation of land within the
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context of efficently functioning land markets The same principles gpply whether the reasons for
preservation are hydrologica resources lying on the surface (such as wetlands), underground or adjacent
to the land, or the survival of plant and anima populations (bio-diversity), or the conservation of a unique
aguatic naturd amenity.

| gpproach the problem by introducing the concept of property rights. We live in a society in which
privately held property rights are of central importance. | argue that policies for the preservation of land
should respect the fundamentd principle of private ownership. | atempt to delineate the extent to which
this principle can be respected, where we run into difficulties in implementation and how we can
circumvent these difficulties

The most proactive Strategy for preservation uses the market itsdf as the arena for insuring preservation.
Buying land to preserve it is the most defensible strategy. * This entails the rdlated questions of "how
much to buy and where?" "who should pay?" and "how much to pay?" and "how to buy it?"
These are questions that require complex responses. But these are not as complex or as unpleasant as the
consequences of aternative Strategies rgjecting or opposing market-based approaches. Thereis room for
innovation and inditutional change to redize the promise of market-based solutions to the problem of
preservation. At the same time there are serious difficulties which ultimatdy cal for the involvement of the
public sector abeit in ways which are much more amenable to economic efficiency than currently existing
legidation dlows.

2. Private property rightsand public claims

It is sometimes best to illugtrate a point by reciting anecdota evidence. | will borrow from the June 1999
issue of Reason in which the author (Delong, 1999) refersto an April 1,1999 article which appeared in
the Washington Post ° It is an excellent example of the clash between private rights to property and public
clams on that property. The aticle refers to a 79-year old retired contractor, John Taylor. His 74 year
old wife is confined to a whedchair. Taylor wants to relocate his family from their multistory house to a
sngle story home he plans to build on an adjacent lot he owns. But because a bald eagle has built anest
on nearby land, the U.S. Fish & Wildlife Service, acting under the Endangered Species Act, has declared
a 750-foot no-build buffer zone around the nest, even though ten houses dready exist within that zone.
The sarvice is willing to let Mr. Taylor build the new home if he pays $3,500 to a fish retoration program
in the Potomac River designed at increasing the food supply for eagles. According to the article, Mr.
Taylor'sresponseis. "1'm not going to bribe my government to let me build on my own land.”

In this case, society has not clearly recognized Mr. Taylor's private right to his property. On the one hand,
under norma circumstances, his right to build on his lot is undisputed. On the other hand, such right
ceases to exist the moment that a bald eagle chooses to build a nest nearby. In that case, the de facto
"owner" of the vacant ot becomes society. Mr. Taylor is recognized to have merdly a conditiond right: he
must buy back his right to use the land by paying $ 3,500.

It is incredible that such an absurdly complicated solution has been worked out to what in essence is a
smple problem. | am not an ornithologist and have no expertise on the nesting patterns of bald eagles. But
| am willing to bet that, in this particular instance, the welfare of the bad eagle can be vastly improved by
relocating the nest to surroundings far superior to those of urban Washington, D.C. We as a society
should have an interest in the preservation of bad eagle habitats. We should al derive some satisfaction
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from knowing that their extinction is prevented or forestalled. But the extra satisfaction we would derive
from knowing that abad eagle and his family are coping to make it in urban Washington, D.C. rather than
in a location far better suited to their species is surdy negative not postive. There is dso, | would
presume, not an iota of evidence that increasing the number of houses within 750 feet of the nest by one,
from ten to eleven, in any way degrades the welfare of the bald eagle.

Apparently, the Endangered Species Act makes no provison for the welfare of the Taylors. they would
benefit substantidly from their new home, probably to the tune of thousands of dollars. They are
prevented from enjoying these benefits, even &t the socid bendfit of smultaneoudy improving the welfare
of the bald eagle and they are asked to pay to get the chance to reclam those benefits. Clearly, if Mr.
Taylor has the right to his property (that is if he has an unconditiond right) it is society that nust
compensate him for taking hisland. If hislot isworth say $ 30,000 thet is at least the price the public must
pay him to compensate him for not using it. | would argue the price should be higher to compensate Mr.
and Mrs. Taylor for the inconvenience they are enduring or to cover the cost of moving them dsewhere
where they could enjoy the benefits of living in aone-story home.

Congder, furthermore, the bad example and - more importantly - the distorted incentive structure
crested by the policy in question. If the environmentaists knew that they would have to buy Mr. Taylor's
lot to in effect purchase nesting rights for our bad eagle, they would have to come up with the
hypotheticd $ 30,000 +. If this were the palicy, the environmentdists woud quickly redize that moving
the bald eagle to more favorable surroundings would be chegper for them and thus they would be drawn
inexorably to the policy which is socidly efficient. Alternatively, they might try to raise the required capitd
from those citizens of Washington, D.C. and esewhere who vaue bad eagles in their town or in cities,
and value them enough so asto pay for the purchase of Mr. Taylor’s land.

If environmentaists lobbied them for the funds, most people would see the benefits of relocating the eegle
away from urban pollution and cement structures to more pastora settings. This “saves two birds with
one stone’: it improves the wefare of the bad eagle and its ability to prosper and multiply, while dso
benefiting the Taylors by letting them do with their property asthey wished. It is clear in this case thet the
chegpest solution is the most efficient, entailing the least waste of resources, as it is dso the most

equitable. The chalenge is to set up a mechanism which naturaly leads dl parties involved not only to the
discovery of the chegpest solution but dso to its implementation to the mutual benefit of all.

Redtricting the Taylors rights to property is not such a mechanism. To the contrary, this policy breeds
irresponsibility and even lawlessness. Instead of lobbying the people to raise funds for a good cause, the
preservationigts lobby the politicians to set up restrictions on peoples property rights. If the law says that
| have to pay to gain back the right to use my land, the preservationist does not have to work to convince
people that bald eagles must be preserved. Under current law, it is the property owner who must pay to
repopulate the fish in nearby rivers (the solution regected by the Taylors) and the people who most vaue
bad eagles take a free ride: they do not have to pay anything at dl while getting the benefit. Meanwhile
the property owner, seeing an affront to his rights, has become intransgent: he does not build because he
isinsulted to pay the required fee even if he may be financialy better off paying it than not paying it.

The result is a bitter sandoff. The owner cannot enjoy his property, the preservationists dlocate thelr
efforts unproductively and end up lobbying the wrong people, those who love bald eagles take afreeride,
while the bald eagle remains in inferior surroundings. It could be worse: an irate property owner - we are
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happy that the Taylors are not such people, but less admirable folk have been known to do harm for less
- could damage the bad eagle nest. Should society assign police to guard urban bald eagle nests? You
do not have to be a genius to see that the solution under present law is an abject failure. It gives dl the
wrong incentives to all the parties involved. Its mora bassis highly questionable.

3. The benefits of preservation and the land market

We can et the owners of land have an unconditiond right to the use of their land. Preserving that land for
the future should entail purchasing the land or special development rights to the land from the current
owner by the entity, whether governmenta or private, which wishes to do the preserving.

Suppose that a private entity owns a piece of land with unique resources on it or under it. Suppose that
development of the land in an urban or other use is so threatening to the resource that it would cause its
permanent destruction and society would incur serious unrecoverable losses.*  The correct solution here
isto first vaue the benefits to society of preserving that land by forestdling the planned development onit.
The second step isto raise the funds necessary to purchase that land from the owner and thus keep it out
of the reach of development for awhile or forever. But this second step should not be taken if the value of
the land in development is higher than the vaue of the land in preservation.

No smart presarvationist should want to pay more for a piece of land than that land is worth to
preservation interests. Those extra dollars would be better spent preserving other land where the
preservation value exceeds the development vaue. Preservationists who waste money by paying too
much for preservation should be treated with the same harshness accorded to financia officers of
companies who waste resources on bad investments.

The point | am trying to get across is that preserving land is an economic activity. The activity is worth
undertaking if by undertaking it more vaue is created than would be by undertaking dternative competing
actions. The pesarvationig entities could be private individuas, groups of individuds, busnesses, or
locdl, state or federd agencies. In each case we can and should expect these agents to compete with the
other potentia users of land in the land market. An adage of the land economist isthat land goes to the
highest bidder. It is common to think of the bidders for land to include speculators, farmers or
commercid or reddentid red edtae deveopers. There is no inconsstency in broadening our
understanding to include among such bidders those entities that want to buy the land in order to preserve
it.

As a society we are very far from the point in time when presarvationists must compete for land. That is
because our society has not yet developed the indtitutions and broadly held vaues which support a
market-oriented approach to land preservation. This is despite the efforts of the Nature Conservancy and
other smilar organizations. Historically, most preservationists have sought the support of the government
to help them take what, in their judgment, must be preserved. They are not trained to buy what must be
preserved.

Pat of the reason for this is that they are not trained to see the preservation activity as a form of

investment - asit should be - but rather view it asaform of policing action as it most definitdy should not
be.
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Market discipline requires vigilance. Suppose | am holding land | wish to preserve by kesping it out of
development forever. Like any investor, | should keep an open mind to the possbility that circumstances
may change. | need to regularly recaculate the present vaue of the benefits | am creating by preserving
that land. If, a some point in time, someone waks up to me and bids more for my land than the benefits |
am cregting, | should serioudy consider selling. That land might be developed, but | may be able to use
the funds to buy and preserve other land esawhere, the development of which would be more
detrimentd. All in dl, by sdling the land | was holding and by re-deploying the funds | should have
improved the stream of benefits created by my overdl preservationist activity. Indeed, to be successful in
amarket environment preservationists should learn some portfolio management.

4, Difficulties with the market-based approach

So far | have been trying to weave a story free of wrinkles. But there are a number of agpects that make
the economics of land preservaion consderably more complex than the economics of farming or
commercid land development. Studying these complexities should guide how we, as a society, should
conceive, design and support our preservationist entities. But, it does not, in my judgment, change the
conclusion that these entities should be subjected to market discipline as much as possible.

The firg difficulty with preserving land is the difficulty in estimating the benefits from preservation.
Condder a piece of land that is currently wild. It is a big area of shalow wetlands. There are two
investors bidding on it. One would like to cover t with earth or drain the water and put it into farming
barley. The other would like to buy it and keep it out of development. Doing so would preserve a unique
gpecies of microscopic aguatic life. The same aguatic life can be found in some other places around the
country but not many are left. The barley farmer has ardatively easy job. He can with little effort estimate
the net profit from barley farming, taking into account the historical evolution in the price of barley reative
to inflation. While there are many sources of uncertainty in these calculations, some benchmark numbers,
reliable in the short run at least, are not difficult to pin down. Using an gppropriate interest rate, our barley
farmer arrives a a present vaue for the land and he is not willing to pay the current owner more than thet.

Our preservation minded investor faces a much more difficult job. While he strongly believes in the vaue
of the genetic information to be ultimately extracted from the rare aquatic species, he is nowhere near
certain about when that will be possible or how much it will be worth. After dl, with dl of the advancesin
gene decoding, equaly useful genetic information might emerge out of a species of butterflies which are
not in danger of extinction or, for al we know, out of microorganisms we might someday find on Europa,
a moon of Jupiter. > Perhaps, the land has some recreationa vaue and a fairly reliable income can be
extracted by charging wetland buffs to vigt the land and engage in various recregtiond activities on it. But
it is difficult to believe that the ultimate annualized stream of net revenues from the preservationist use of
the land can be calculated with the same degree of confidence as can the stream of net revenues from
farming it. Under these circumstances, how much is the presarvationist willing to pay? That is why the
element of faith should play abig role in preservation. Faith does count in the marketplace. One should be
prepared to pay for one's faith by coming up with the bucks to outbid the barley farmer.

A second area of difficulty comes from knowing how much is best to preserve We may dl vdue the
bald eagle and can derive a sense of pride and satisfaction just form knowing that there are enough bald
eagles roaming the skies. But how many is enough? ° And do we care if they are in Colorado or in
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Washington, D.C.? Would we be satisfied if every zoo had ten bad eagles in good hedlth? How much
more is it worth to have them in the wild? Should they be sustained everywhere where they can possibly
survive or just in some places? From these questions try to work back to the question of how much land
must be preserved in what contiguous chunks to serve as viable bad eagle habitats and you see the
complexity of the problem. The result is that we know damn little about how much preservetion is enough.
Especidly when the resource is not renewable, there could be a tendency to preserve too much.

A third area of handicep arises from the question of "who pays and who should pay?" which takesus
into the free rider problem. We aready saw that Mr. Taylor should not have to pay for the bald eagle's
food supply. That burden should fal on those who care and vaue bad eagle surviva in Washington, D.C.
Perhaps, that is everyone in D.C. including the Taylors but it cannot be disproportionately the Taylors.
Just like those who pay for the barley crop of the previoudy wetland areas are those who consume
barley, those who pay for the preservation of the bad eagle habitat (or the aguatic habitat) should be
those who will benefit from it.

It can be argued easily that species preserved should be treated like public goods because we al benefit
or will benefit from them (though to vastly different degrees). But once we enter the dippery ream of
public goods, we are faced with the free rider problem. That is if the Bad Eagle Preservation Society
were to atempt to raise funds to buy habitats suitable for bald eagle preservation, many potentia
beneficiaries would not come forward. For example, | certainly would not come forward if | heard that
the Society had convinced Bill Gates to give them a few of his hillions. Many potential beneficiaries
cannot come forward because they are now children or as yet unborn. Their proclivities for enjoying bald
eagles are as yet unknown or may be unrdiable. The Society would thus probably raise fewer funds than
the sum tota of the vaue attributed to this issue by dl those who will benefit. It may be able to solve the
intergenerationa problem in the cpitd markets: it could borrow and count on future fundraising to pay
back the loan. It may be hard to find a private sector sponsor for such a loan, so the government may
have to guarantee it. Perhagps, things would go a step further and the government would pay for the land,
sling bonds for the purpose. That is dill far better than the government taking the land without
compensation or selectively forcing some to pay for eagle food in order to gain back their land rights.

The free rider problem works a many levels. It operaes at the level of volunteering to join the
preservation society. If you know that your neighbors will contribute, you may figure that the problem will
be solved without your contribution. If the resdents of the state of New York learn that the State of
Colorado just bought a big piece of land and put it into a bald eagle preservation trust, they may decide
they will vote to have their taxes pay for other needs. They may be satisfied to know that bald eagles exist
in Colorado. The extra benefit of having them closer a home in New York may not be worth the extra
cost given that they have been preserved in Colorado. Thus New Y orkers benefit from Colorado bald
eagles without having to pay for them, while folk in Colorado assume the extra burden of sugtaining the
bald eagles for the whole country. It becomes al too tempting to say that the federd government should
do the preservation: ergo the Endangered Species Act , twisted as its logic might be. But even if the
federa governmernt does the preservation, there is dtill free riding. The present generation takes afree ride
on the future generations by passng the burden on to them. One way in which thisis done is by doing
nothing about the problem on the belief that sufficient numbers of bald eagles will survive anyway and our
kids or grandchildren will pay for their preservation in the future. Indeed, free riding can cause extinction
under these circumgtances. Findly, there is adso free riding among dternative presarvationists. For
example, if the bald eagle habitat is aso a Ste for river recregtion, those who wish it preserved as a bad
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esgle habitat may not contribute if they learn that it will be preserved as a water recrestion area, figuring
that thisinsures the preservation of the bald eagles.

Formidable as it is, the free riding problem does not shake me out my pogtion. It is dill better for the
federa government to tax people at large to raise the money to buy land into preservation than to try to
take land without compensation. It is virtudly impossible to tax different people for what they are truly
willing to pay. But it is much easier to find a reasonable tax most people would agree to pay.

This brings me to a fourth problem: the holdout problem. Suppose that someone refuses to sdll land he
owns a any price. The land has some unique characteritics that cannot be preserved by buying land
edsawhere. Assume dso that the current use of the land is dangeroudy degrading those unique
characterigtics. The owner holds out in the hope of extracting an even higher price than the preservation
society is willing to pay, or he is holding out because of sheer irrationdity or because holding out is
making him or her famous. In this Stuation, it is reasonable for society to legdly force asae by paying the
person an arbitrated fair price for his land. | believe the price should be equd to the true vaue the land
would generate in preservation, but it should at least be equd to the value it generates in its current use. If
the former were lower than the latter, society should not want to buy the land anyway. The other Sde of
the coin is that a preservation-oriented owner of land can adso hold out, refusing to return land to a
commercid use, even though that land is now worth less in preservation. If the commercia benefits are
indeed criticd, the arbitration principle should aso gpply in this case.

A fifth problem | will examine is the land assembly problem. Suppose that severa different owners own
separate pieces of the land that must be preserved as a whole to achieve a preservation purpose
effectively. The problem faced by the preservationidts in this case is to engage in a potentidly complex

process of assembling the land by negotiating separately with each owner. This can lead to various forms
of srategic behavior whereby each owner atempts to extract a higher price than he or she could if al

owners truly competed with each other. Depending on how many owners there are, collusive holding out
among them is a possibility asisdso holding out by one or more owners independently. In this Stuation, a
possible outcome is that society would be unable to assemble the quantity of land needed for effective
preservation.

If the preservation activity is of criticad importance, it would be important to devise a mechanism which
would make it possible for the preservationist agency to successfully assemble dl the land. Fird, the
collectivity of owners can be defined as a common interest group, like the shareholders of acompany
holding different quantities of its sock. The rationde for this is that they jointly own land which, when
viewed from the point of view of preservationist usg, is indivisble Then, the preservationist agency can
buy them out by offering the same price to dl of them. To avoid holdout problems, the rule may require
that if a required proportion agree to the offer price, then al must sdll a that price. While this sort of an
arrangement appears preferable to having to negotiate with each owner separatdy, it may not work well if
the owners are few in number because then they can eadly collude regardiess of how the offer is made. It
may aso fall, if the rule requires unanimity or avery large mgority for the takeover to go through.

Economies of coordination are dso important in land preservation. As we have aready noted severd
times, people in a nation may care about land preservation for a variety of reasons. But for many
purposes they may care only about the aggregate quantity of land preserved. Uncoordinated actions
among different counties, different states or different private groups can result in too much land preserved
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in the aggregeate. In this case the presarvationist entities fail to free ride on each other because they cannot
coordinae ther actions. That is why deciding a a high level on aggregate quantities to be preserved and
on what needs to be preserved for some purposes does have some advantages. This can keep the
economy from preserving too much land in too many places. As anexample, once acriticd mass of bad
eagles is achieved in severd places, then it should no longer be necessary to engage in more land
preservation for this purpose. But if no one monitors the aggregate performance, too much land would be
preserved for this purpose and there would be too many bald eagles around. Those extra preservation
resources are better spent preserving another species or buying other land for other preservation
purposes.

In summary, dthough the various impediments discussed here are redl and invite nont market responses to
the problem of preservation, the solution * if you want to preserveit, buy it do not takeit,” isdill very
appeding. How the buying happens is a complex problem. In many Stuations, the bidding entity should
represent a codition of interests jointly interested in land preservation. These interests include commercia
ones because the land being preserved can lend itsdf to certain types of limited commercia use such as
recregtion, helping to defray the purchase price. Other interests include those of future generations
represented by currently existing interest groups. Such groups for example, would favor using higher taxes
on current generations, as they would not want future generations to overpay. More importantly, entities
such as biotechnology and pharmaceutica companies or a foundation built by them, should be interested
in paying to preserve in order to sugtain biologicd diversity. And there is room for those who would pay
just to preserve for the sake of preserving or for the sake of beauty or as a reaffirmation of our love for
Nature and God. In preservetion, it isdl of these interests which must pull together and come up with the
paymen.

5. Buying land to preserveit: Isthereanew trend?

As noted earlier, some private organizations such as The Nature Conservancy have been involved in
buying land to preserveit. Large chunks of land such as nationd forests and parks are traditionaly owned
and protected by the public sector. The public sector has dso been known to sdl land when its
development vaue increases, dthough it has difficulty exercisng proper market discipline and is prone to
succumb to political pressure in doing so.

Recently, we have seen some new examples of the public sector purchasing land to preserve it. About
two weeks ago, President Clinton announced a plan to buy land adjacent to Y ellowstone Nationd Park.
Many state governments have acted smilarly, buying land for open space preservation. For example, an
aticle in the New York Times (Preston, 1998) referred to a variety of states and how they are raising
money to buy land for open space preservation. In New Jersey, Governor Christine Todd Whitman has
proposed using a gasoline tax to buy and preserve haf of the state's two million remaining undeveloped
acres over ten years. In Georgia ared estate transfer tax has been proposed. Connecticut and Minnesota
have proposed bond programs. Many locd and county governments across the country have smilar
initigtives. Other states like Maryland have proposed smart growth plans targeting infrastructure subsdies
to aress that are dready developed in an effort to discourage development of remaining open areas.” All
of these legidative developments are occurring in the midst of goparently growing dissatisfaction with
urban sprawl.

These proposds and programs have much in ther favor. It makes a lot more sense to buy land to
136



preserve it rather than to take it without compensation or to redtrict its use unreasonably. The proposals
discussed in the previous paragraphs may be compared to the growth boundary policies of the state of
Oregon. ® These policies restrict development on land beyond a certain distance from the center of acity.
By redtricting the supply of land that can be developed, such policies function as a subsidy on the owners
of land within the boundary (who redlize windfal gains) and as atax on those who rent or buy land within
the boundary after the policy is announced. ° These regtrictions mean that owners of the land outside the
boundary cannot redize the full value of their land because no compensation is given to them. The
government in fact takes their property rights away.

A better growth boundary policy would involve buying the land beyond the boundary to keep it out of
development. Since the growth boundary increases the wedlth of those holding land insde the boundary,
it isthey who should be taxed to raise the funds to buy the land outside the growth boundary. But Oregon
policy is a take-the-land-policy not a buy-the-land-policy. The purpose of Oregon policy is not land
preservation per se but the creation of compact cities based on a belief, supported by no evidence to my
knowledgeg, that living in high densities is sodidly better than living in low densities. *° To the extent that
gpecific land ingde or outsde urban aress is environmentdly and ecologicdly vaduable, the date
government or private preservation interests or a codition of these interests could selectively buy such
land. But such apoalicy, which we are advocating in this paper, isfar different from indiscriminately putting
aboundary around each city in the Sate, regardless of the preservation vaue of the surrounding land

6. Alternatives to buying the land: zoning and development taxes

Because of the difficulties discussed in section four, a codition of diverse interests dl of whom benefit
from preservation is difficult to put together and that difficulty is the Achilles hed of preservation. This
gives rise to the use of other public-sector instruments for preserving land without exercisng fee-ample
ownership. | now discuss these dternatives. But these dternatives do not mean that the principle of
respect for private property should be dispensed with.

There are two frequently cited dternatives to buying the land to preserve it. One of these isfor the public
sector to use zoning that redricts certain uses of privady owned land. The other is to levy a
development tax on certain kinds of development that could occur on the land with the intention of
limiting, preventing or forestaling those types of development. | will now consider these two instruments,
explaining how each of them amounts to a taking of private property rights. If these instruments are used
properly, they should be accompanied with compensation of the land vaue lost. That in effect is
equivaent to buying rights to the land.

Zoning restricts the land's use while leaving it in private ownership. Thisis, in fact, what happened to the
Taylors. A zoning action that reduces the vaue of a parcel of land amounts to a taking. Zoning should not
be used to preserve land or control its use unless such action generates positive net benefits. The zoning
action would presumably raise the vaue of other parcels and would generate other benefits that are not
capitdized into land, for consumers, businesses and government. It should be possible then, to tax the
gainers and use a part of the proceeds to compensate the owners of the land that lost value because of
the zoning. Such re-digtributive taxation preserves private rights to property by compensating landowners
for the vaue loss that they suffered from the zoning.

A development tax on the land is to be paid only if the land is developed in a particular way, tus
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preventing or greetly delaying its development in less desirable ways. This tax would reduce the property
vaue of the land on which it islevied but would presumably generate benefits elsewhere in the economy.
For example, adjacent land that might benefit from the preservation would increase in value because it
abuts on the postive amenity on the preserved land. As in the case of zoning, if the tax - properly
cadculated - did not generate postive net benefits, then preservation would not be worth pursuing in the
firdt place and the tax should not be levied. If net benefits are positive, as they should be, the negative
effects can be remedied by taxing beneficiaries and compensating the landowners whose land lost vaue.

Under zoning and under the development-tax, the compensation principle offsets the taking effect. By
compensating for the logt value, the public sector reaffirms the principle that rights to land's use should be
purchased not taken. Can zoning and devel opment taxes be used improperly? It isdl too easy to over-
zone or under-zone or to over-tax or under-tax so that the net benefits of these actions are not postive.
In that case, because net benefits are not positive, re-distributive taxation cannot offset losses in land
vaues without hurting some other economic agents. It is, of course, dso true thet it is possible to overpay
for land to be purchased for preservation. The tendency to overpay is probably stronger if governments
are doing the purchase and they act with little market discipline because their pockets are deep. It is
therefore important to devise mechanisms for keeping such purchase actions transparent and accountable
to the taxpayer by gppropriately monitoring those government agencies that preserve land.

Zoning and levying development taxes, with gppropriate re-didributive taxaion are equivdent to fee
ample ownership in that the principle of private ownership is respected. Another frequently used line of
argument is that the government supplies infrastructure that ends up enhancing the vaue of some land.
Hence, the argument goes the government is entitled to share in the ownership of the land. Indeed, | see
nothing wrong with the government taxing the increase in land vaue caused by the new infrastructure as
long as the government also compensates the owners of land who logt value. Thet is, in fact as we saw, a
necessary part of the re-didributive taxation principle that should accompany zoning and development
taxes. It aso applies to invedting in infrastructure. There are a variety of instruments available for the
purpose of taxing landowners to pay for infrastructure. Impact fees on developers, vaue increment taxes
and specid assessments are dl reasonable instruments for this purpose. This is how infrastructure should
be financed while the pecuniary changes it imparts on land values should be remedied by re-didributive
taxation.

A serious difficulty exists in measuring how much infrastructure investiments impect land vaues. The land
market tends to anticipate & least some of the infrastructure investments thet are likely to be made in the
future. Hence, when market agents buy land they have dready paid for the benefit of some of the future
investments in infrastructure because those benefits have been capitdized into land vaue. What is a issue,
therefore, is to be able to assess unanticipated changesin land prices that result from government actions.
Wewill seein section eight that that is not easy to do without the use of sophisticated economic models.
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7. Preservation of metropolitan hydrological resources

The hydrologica resources of a region or metropolitan area comprise a complex system. There are
surface resources like rivers, lakes, wetlands and groundwater resources. These serve as amenities for
recregtion of various forms. They can aso supply the metropolitan area as well as other areas with water
for various uses. Hydrological resources are largely renewable but their quality is degradable by pollution
generated by economic activity. Qudity is postively affected by the degree of wastewater trestment and
indugtrid pollution abatement. Improper preservation of the quality and quantity of hydrological resources
is codly. If loca water resources are depleted or polluted to a high degree, water may have to be
transported in from other places at high cost and locd recreationa amenities are reduced and must be
subgtituted with smilar amenities farther awvay.

To maintain adequate quantities of metropolitan hydrologica resources, the margina cost pricing of water
becomes important when its supply has become rdlatively scarce. At the same time, the quality of weter is
best preserved by a sysem of effluent taxes levied on polluters. A specid feature of hydrologica
resources is that pollution a an upstream source has damaging effects a many points downstream.

Effluent fees at the source must take into account the geographica complexities of the watershed. This
meakes the caculaion of these fees difficult.

What is the reationship between tydrological resources and the land? Clearly, how land is devel oped
does influence how much pollution impacts surface and groundwater resources while the quaity and
quantity of water resources can have effects on land's vaue and ultimately its use. For example, sorm
and sanitary sawer systems must have adequate capacity to prevent excessive pollution of lakes and
rivers into which these systems discharge. The capacity of these sewer systems in turn depends on the
extent and dendty of the metropolitan land use. Impact fees on developers and effluent charges on
polluters can dl be designed so that the level of pollution is optimized or does not exceed a given
gtandard. Ownership of land is not normally a critical part of preserving hydrologica resource quality and
quantity within metropolitan areas except when the land itsdlf isacriticd component for preservation.

Purchase of metropolitan land parcels for preservation would be justified when there are aguatic habitats
on the land such as wetlands. Aquetic amenities adjacent to the land such as a lakeshore or riverbank
with recregtion potential aso provide reasons why such land may be purchased to insure preservation.
Frequently, development of such land as a public amenity or for recregtiond purposes is desrable.
Congder, for example, a private owner who holds unique land on the lakeshore. The highest bidding use
may be gpartment buildings that would have views of the lake. Preservation can purchase the private
owner’s rights to build such gpartments. If a zoning ordinance is passed to prevent such congtruction, the
owner should be compensated for the loss in vaue. Equivaently, the preservation agency can smply
purchase the land and put it into an appropriate commercia recregtional use.

Limiting the quantity of land that can be developed in a metropolitan areais not necessary for maintaining
the quantity and qudlity of the hydrologica resource base. The impact fees and effluent charges should do
the job if these are properly calculated and monitored. When these become sufficiently high as loca water
becomes scarce, economic agents in the area would prefer to import cheaper water rather than use
expensve locd water and the revenues from these fees would be sufficiently high to permit the
congtruction of pipelinesto import such water. When fees for the recreationa use of local water resources
become sufficiently high, travel to other areas for recreation becomes a viable substitute.
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8. Therole of metropolitan modelsin preservation strateges

The last two sections serve as prologue for understanding the role of integrated economic models of
metropolitan aress to identify economicaly efficient plans for charting out broad strategies for managing
the preservation of natural resources a the metropolitan leve. While such modds to date do not
incorporate economic-ecologica interactions, it is possble to extend them in these directions in future
years.

Modes of the metropolitan economies and the land market are desgned to examine a variety of factors
including how zoning, investment in infragtructure and the pricing and financing of infragtructure affect
metropolitan development. Such models are the only tools available for estimating how these actions will
reverberate throughout the metropolitan economy. Modds would determine those who would benefit and
those who would lose from a particular set of actions. A modd that | developed is focused on the
relaionship between persond transportation systems and the metropolitan economy. It determines how
changes in the levd of service of highway and public trandt systems affects the vaue of commercid and
resdentid land throughout a metropolitan area and how additional benefits are regped by the users of
these transportation systems. ** At least in principle, the modd is capable of identifying how much the
beneficiaries of trangport improvements should be taxed and how much compensation the landowners
who lose vaue are entitled to under the compensation principle.

Metropolitan hydrologica systems and trangportation systems have important Smilarities. Both are
networks connecting disparate locations within the metropolitan area. Effluents a some locations trave in
the hydrologicd network affecting environmenta quadity a many other locations. Controls on land use,
effluent charges and impact fees levied a some places will have repercussions at other locations. Because
of this high degree of the patid interdependence of hydrologica resources, locally confined public actions
will have effects that are highly non-local. Modds which can estimate these effects and how they affect
the economy including the land markets are the only means available, however imperfect, for doing
logically consstent decison making for weter resources.

Appropriate models would be able to help us optimize metropolitan water resources policy. Such modds
could aso be used to caculate the socid costs of adhering to unreasonable water quaity standards. The
models would tell us how much good policy is worth and dso tell us how much bad policy would cost.
As an example of the former, a well-designed modd would caculate the total economic surplus that can
be generated by following a particular water resources policy. As an example of the later, the same
modd would be able to caculate the economic cost of maintaining a stringent water qudity standard. It
would be able to dso caculate the resources that would be saved were this stringent standard to be
relaxed. In both cases, the model should be able to determine the spatia distribution of the effects of each
policy: which land parcels would increase in value, which would decrease and by how much? Which
consumers would benefit and which wouldn’t and by how much? How would the budgets of loca
governments be affected and by how much? Findly, the modd would be &ble to cdculate how the
economy would be impacted if the surplus resulting from a particular policy were to be redigtributed
according to the compensation principle.

9. Conclusions
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We have observed conflicting aspects of public policy regarding the trestment of land for preservation

purposes. On the one hand, public policy takes the property rights of private landowners without

compensating them, as was the case with Mr. and Mrs. Taylor. Thisis codly, inefficient and gives dl the
wrong incentives to dl the parties involved. On the other hand, many governmentd entities a dl levels, the
date of Oregon notwithstanding, have recently come to accept the advantages of buying land to preserve
it aswe saw in the lagt section. Such actions, in part driven by overreactions to urban sprawl, can result in
buying too much land making developed land more expengive than is economicaly efficient. But at leedt,
buying the land forces the preservationists to accept market redity and to put their money where their
mouths are. This should ultimately make preservation a more effective activity.

One lesson of this paper is that preservation interests need to learn to view preservation as an investment
activity. They need to submit to market discipline and come up with the funds needed to achieve thar
ams just like dl other market agents must do. To succeed in this misson, they need to learn how to
smartly put together coditions of private and public entities interested in investing in land for preservation
purposes by outbidding other uses of the land which conflict with its preservation. Thisis a far cry from
where we are today but there is some evidence that a move in the right direction may be underway.

We dso addressed aternative instruments to fee smple ownership such as zoning and devel opment taxes.
While these ingruments are gppropriate when preservation entities cannot come up with the price to pay
for land, it should be remembered that they cause reductionsin the value of the land that is preserved and
are, in effect, forms of taking or partia taking of property rights. In these circumstances, the principle of
compensating for reduced property vaues is the naturd remedy. Spatid shifts in land values and in user
benefits dso occur when the government invests or makes management changes in infrastructure systems
including water resources systems. Because such public action can have spatidly interdependent effects
that extend throughout a metropolitan area, we need to develop modes of economic-ecologica
interactions designed to caculate the spatid distribution of the benefits and costs of these actions. Such
models can dso calculate how the compensation principle should be applied.
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1. SeeAnas(1984, 1988)

2. Such efforts by some private groups are nothing new. The Nature Conservancy (waay tnc.org) serves as a
good example.

3. SeeJamesV. Delong (1999). What followsisavirtually identical recitation of the incident.

4. For example, a unique habitat would be destroyed causing the extinction of some species about which people
care or which contain or might contain unique and irreplaceable genetic information. Or, the quantity of water, open
space or other resources available to the immediate area would become greatly diminished.

5. | do not mean to make light of the potential importance of genetic information. | am well aware of the rapid loss
of bio-diversity in places like the Amazon forest which is systematically torched by specul ator-arsonists.

6. Notethat to preserve genetic information, all we need to do is sustain generations of single male-female pairs,
perhaps with some extra ones for safety. When positive genetic value is confirmed these can be multiplied to the
desired degree to enable commercial exploitation of the required genetic materials if such cannot be artificially
engineered. Using this logic only a small number of bald eagles need to be preserved in highly controlled
environments. But, of course, genetic information is not the only reason for preserving the bald eagle.

7. The American Planning Association (1997) endorses avariety of such policies.

8. | havewritten about these policies elsewhere. See Anas (1999). Also see Knaap (1985).

9. SeeNational Association of Home Builders (1997), Anas (1999).

10. Oregon land use restrictions have unintended effects. While land available for development is rendered scarce
and expensive which does cause higher densities within the boundary, those who cannot bear that price move to other
towns with lower land prices within and beyond Oregon. They include commuters from rural towns who relocated out
of Portland to avoid the higher rentsthere. See Anas (1999).

11. See Federal Transit Administration (1993). The use of integrated transportation-land use modelsto evaluate the
consequences of metropolitan transportation investments is a basic standard strongly recommended for compliance
with the Clean Air Act and the Inter-modal Surface Transportation Efficiency Act. The improper use of such modeling
has even sparked lawsuits. See Garett and Wachs (1996).
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It is a privilege and a pleasure to be able to comment on Professor Alex Anas paper, “The
Economics of Preserving Environmentaly and Ecologicdly Vauable Lands’. Privilege, because | have
long admired Alex’sintellectud and empirica work, as well as the efforts he takes to make tough materid
understandable to the broadest possible audience. Alex is not only a good economist; he is dso a good
writer. It's a pleasure, because | find mysdf agreeing with dmogt everything Alex writes in this paper:
Buying environmentaly vauable property is the best, most efficient, and fairest way to preserveit. It is
aso mogt permanent method. Regulation may seem cheaper and thus more codt-effective; but because
politicd and judicid regimes frequently change, over the long run, preservation-through-purchase is
clearly the way to go.

So for those of you who were hoping for a knock-down, drag-out argument, I'm afrad my
comments today may seem a trifle tame. Instead of taking issue with Alex, as | was tasked to do, let me
try to extend his argument further, and in some new directions. Specificdly, | want to tak about how to
figure out how much land of what types and in what locations to buy, and how to organize to pay for it.

l. Criteriafor Identifying Potential Acquisition Sites

Like Alex, | assume that funds for land preservation are quite dear; and that any land acquisition
fund, no maiter how well-endowed, will not have sufficient resources to preserve dl the landsiit is cdled
upon to save. This is exactly the dilemma facing the Packard Foundation in Cdifornia Established in
1998 with an initia endowment of $200 million, the Packard Foundation’s California Landscape Program
took upon themsdves the task of working with loca conservancies to preserve large chunks of
Cdifornia s naturd and heritage landscapes. They quickly found themselves overwhemed with requests
for financid assstance. To help them, and you find away out of this dilemma, let me propose five smple
criteriafor identifying and prioritizing potentia acquisition lands. Starting from my Cdiforniaroots, I'll start
in terms of public preservation of lands for reasons of biodiverdty. | will later extend the andysis to
wetlands, watersheds, and aguifer recharge aress; as wdl as to initiaives undertaken by locdly-based
Conservancies.

1 Firg and most important, lands identified for permanent purchase/acquisition (by public entities)
should be important or unique for reasons of biodiversty and/or because they are habitat lands
for endangered, threatened, or unique species, and/or they should be of high aesthetic or amenity
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vaue to loca and regiond populations; and/or they should be designated as signature or heritage
lands, and/or, they should be designated as important and valued resource lands (e.g., forest,
wetland, riparian areas, farmland). In one way or another, potential acquisition stes should be
both rare and irreplacedble. It is not enough that they be undeveloped or near large populations.

Second, lands identified for permanent purchase acquisition should be otherwise threstened by
land imminent urban land converson or large-scale harvesting or resource extraction. We may
perhaps disagree on what time frame to atach to the term “imminent,” but | think we can dl agree
that paying top-dollar for lands not threstened with loss or land conversion would be wasteful.
Acquiring land under this criteria is bound to be expensive, Snce, by definition land's vaue rises
when it is desired for a developed or harvested use.

Third, lands dated for permanent purchase-acquisition should not be otherwise protectable by
less expensve means, principaly loca land use and environmental regulation. Master plans,
generd plans, zoning ordinances, and subdivison regulations al work very well for short-term
presaervation, provided there is politica agreement, and they tend to be far less expensive than
purchase-acquigtion. They aso work very well when gppropriately combined with purchase-
acquigition. At the same time, as Alex has so rightly pointed out, regulatory approaches tend to
be prone both to over-use and to misuse. Over time and al too often, land use regulators find
themselves on a dippery dope, casudly deriving legitimate property owners of therr rights dl the
while conferring on the “public,” rights they do not legitimeatdy have.

Fourth, lands protected by purchase -acquisition should be capable of being preserved in
aufficient Sze and shape to insure that the underlying resource remains sustainaole. Preserving the
most vishle and obvious pieces of a watershed, viewshed, range habitat, is dways the most
popular thing to do. Regrettably, in terms of long-term environmenta quaity, sometimesthat’sall
itis

Lastly, any organized effort at land acquistion should take what has come to be known as a
“portfolio approach.” This means that the efficacy of aland conservation effort should be judged
not on its success a preserving any sngle dte, but on its ability to acquire a range of
complementary and subgtitutable dtes. Just as a dedrable financid portfolio should included
investments that “hedge’ one another, so too should a desirable land conservation portfolio
include sites that subgtitute and replicate the environmenta characteristics of other stes. While this
concept of a portfolio gpproach may seem obvious a one level, recognize thet it is squardly a
odds with much of physical science which tendsto view Stesin terms of their intringc uniqueness.

Details, Details
As with every issue in which science, economics, rights, and public policy intersect, the devil isin

the details. At this point, it is eader to pose questions than provide comprehensive answers. How does
one go about identifying the most biologicdly diverse lands, or the most sengtive habitat, or the most
important forestland, or the most critica watersheds? Isiit really possible to identify those sites which are
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most threstened by man, either through over-harvesting or development? Is it possible to optimally match
particular land conservation gpproaches (including regulation) with particular Stes and contexts? How
does one identify minimum ste thresholds sizes and shapes? And how exactly does one go about
congtructing aland portfolio?

With respect to the first question, how best to identify sengitive lands, considerable progress has
been made in recent yearsin mapping land cover and habitat, and in spatially modding of watersheds and
waterflows. Indeed, it is quite feasble in many parts of the country, to begin to rate undeveloped lands
aong one or more dimensions of environmenta sengtivity.

Congderable progress has aso been made regarding the second issue: how to identify Stes most
threatened by development and over-harvesting. By coupling spatid and census data, new techniques of
goatia analyss, and discrete change analyss using logit and other non-linear estimators, it is now possible
to cdibrate (and use) reasonably robust statistical models of urban land use change. We have constructed
one such modd in Cdifornia, known as the Cdifornia Urban and Biodiversty Anadyss Modd, or
CURBA. CURBA is intended to be used to test the usefulness of multiple policy approaches, including
purchase, for protecting sendgtive habitat from incipient urbanization. There is no reason CURBA-like
models could not be developed elsewhere to dedl with issues of watershed preservation.

As Alex has s0 ably argued, purchase-acquisition is the preferred, or as economidts say, “fird-
best” tool for preserving environmentdly vauable lands. It is not the only such tool. There may be some
circumstances in which other, less expensive gpproaches work dmost as well. For more than 25 years,
locd governments in and around Portland, Oregon have used an urban growth boundary (UGB) to
successfully protect agriculturd lands at the urban fringe. (On the downside, Portland’'s UGBS has aso
contributed to a rapid run-up in loca housng prices) In Cdifornia, a combination of regiona ®astal
plans and loca zoning ordinances have done a sSmply amazing job at protecting the state's coast from
over-development, while, in most cases, not robbing landowners of their private property rights. There
are other success gories as well. And failure stories. The point I'm making is that we lack a systematic
understanding of which of these “second-best” approaches works best in which locations and under what
crcumstances. And which work wel together with purchase-acquistion. This is a promisng area for
policy research.

An important area for scientific research is to figure out minimum required preservation area
shapes and Szes. Thisis extremdy difficult to do. What, for example, is the right minimum site shape and
gze for bat habitat, or for condor habitat, or for sdmon habitat? Are two large-but-distant preserve areas
adequate? They probably are for mountain lions, but not, for example for ek. Is alarge preserved upland
watershed, with no downdope protection a better configuration than a preserve that buffers most locdl
streams? How much if any development or harvesting should be dlowed within such buffers. These are
difficult questions, and there are answers that are appropriate for certain types of landscapes but not for
others.

1.  A*Federalist” Approach

In the absence of good information, Alex worries about acquiring too much land. Maybe its my
Cdifornia bent (and the fact that we Hill have origind landscapes Ieft in Cdifornia) but | worry more
about not acquiring enough land, or acquiring the wrong lands. Acquiring the right lands requires going
beyond just doing more and better scientific research. It aso requires re-thinking how locd palitica
structures should organize themselves to do land conservation. Here again, Alex is on to something. In the
initial absence of good information, the establisnment of property rights and markets serves to promote
the creation of better information about environmental vaues as wdl as about willingness-to- pay.

Assuming tha we move toward a purchase-acquistion mode of land preservation, as Alex
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recommends. Which entities should teke the lead? The federal government? Loca governments? Non
profits organizations? Private philanthropies and advocacy organizations? An obvious answer is that they
al need to work together, so as to acquire the maximum amount of appropriate land for the minimum
price. Without some system of coordination, the wrong lands are likely to be acquired, probably at
higher-than-necessary prices. Moreover, full purchase may not be necessary. Purchase of development
rights — wherein a public or non-profit entity purchases some or dl rights to development, but where title
and land ownership remainsin private hands —may be both a more effective and less expensve approach.

One way to think about such a coordination system is in federdigt terms, that is, in terms of
partitioned and complementary resources and responghilities. The role of state and/or regional
government entities in such a system should be to use tax revenues or other public monies to purchase
those lands (or their development rights), the protection of which will generate the greatest benefit to all
the resdents of a particular Sate or region. In economic terms, the function of large governmenta entities
should be to purchase those sites characterized by the greatest totd willingness-to-pay over the largest
possible area. The role of loca governments would be to use loca own-source revenues to purchase
lands within their municipal boundaries that benefit a mgority (or better yet, super-mgority) of
municipd resdents. The function of private, non-profit entities (such as land conservancies) should be to
raise funds to purchase more specidized or locdized Stesin line with the wishes of their memberships. In
keeping with the federalist modd, individua loca governments may wish to voluntarily contribute more to
regiona preservation efforts and/or to create incentives (such as maiching grants) to promote grester
private and non-profit land conservation.

The advantages of this federdist system are severd-fold. It maximizes totd willingness-to-pay,
and therefore maximizes the tota resource base available for land protection. It encourages resdents or
persons who redlize the greatest benefit or consumer surplus to contribute the most. For individuds, it
more fully equalizes the margind cogts of consarvation with the margina bendfits. 1t minimizes (while not
completely diminating) problems of free-ridership. It would aso make it more difficult for holdout
landowners to charge monopoly prices.

Theory isfine, but how might such asystem work in practice? I'll start with the case of preserving
habitat. A consortium of government and university researchers would begin by mapping al stes
according to their contributions to statewide habitat quaity and the estimated degree of threat. Sites with
large concentrations of threatened and/or endangered species and which are most sendtive to
development or resource depletion would be ranked highest, and earmarked for purchase by the state.
Sites with concentrations of threstened and/or endangered species but which are somewhat less sengtive
to development might be earmarked for state purchase- of-development rights; as might sites which are
richin biodiversty, but which are not inhabited by threatened or endangered species. Siteswhich serve as
regional open space or regiona wildlife corridors would be ranked one level lower, and earmarked for
preservation by regiona and/or county government entities. Sites which serve as municipa open space,
greenbelts and greenways, or recreation lands would be ranked one level lower ill. As above, the
protection mechanism — be it outright purchase, purchase of development rights, or perhaps long-term
development regulation —would have to be tailored to the specifics of the Ste and jurisdiction. The lowest
ranked sites would be those which serve as private or neighborhood open space, or which are used as
development buffers. Because non-governmenta entities typicaly lack the authority to regulate land uses,
the principd mechanism for preserving these locdly-important lands would be through outright purchase
or the purchase of development rights. Note that this is where zoning most frequently gets into trouble:
when it is used to the benefit of relatively few at the expense of individua property rights.

All of this is easer said then done. Inevitably, there would disagreements about the rating or
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ranking or particular sites. Nonetheless, it could be done. And the disagreements would be about Sites,
rather than about approaches.

Extending this agpproach into the realm of water resources planning seemsto me— and like Alex, |
am not a water resources person — to be much more difficult. Depending on the area, water resources
may be used for drinking and bathing; for irrigation; for recreation; and to maintain local, metropolitan,
and in some cases regiond, habitat quality. Moreover, as a non-water-resources-person, it is not
immediatdly clear to me that urban development is the principa threat to water-quality. Eroson, fertilizer
and chemicd runoff, toxic discharges, over-drafting, and even long-term dimatologicad cycles may play a
far bigger role in affecting both runoff and groundweater qudity than the amount and type of urbanization.
Regulating the qudity and impacts of development is probably more important than regulating the amount
and type of development. Mitigation and clean-up technologies dso have a large role — something thet is
rarely true in the case of habitat preservation. Whereas habitat models are data-driven once we have an
inventory of vegetation types and species populations, we can dart rating land in terms of its habitat
qudity water resource models are much more process and flow-driven. Tempord variaions aso play a
much greater role. Does this mean that the type of land prioritization exercise | suggested above can not
be done? Not at dl. It just needs to be done by people more knowledgeable than me.

So let me conclude by saying how much appreciate being asked to be here today, and to
comment on what redly is a through-provoking and excellent paper. As a spatiad modder with the black
heart of an economist — some might say no heart — we redly are living in an excting tme. Recent
advances in spatid and behaviord modeling and large-scde data integration and synthes's have made it
possible for us to congtructively address these problems on alarge scae. At the sametime, what | hopeis
a new-found respect for the value of private property rightsin afree society, now forces usto try to more
carefully and productively balance socid benefits with individua codts.
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