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EXECUTIVE SUMMARY

Ecologists sometimes use a parable known as "the tragedy of the com-
mons" to describe the consequences of overconsuming common resources. At
the global level, water is abundant and renewable, but it remains finite as
well as nonrenewable in some respects. Water has value principally because
its natural characteristics have been altered through withdrawal, treatment,
and distribution. Although the reality of absolute scarcity is debatable,
perceptions of scarcity and recent events, most notably the 1988 drought,
have led to a sense of crisis about water. Escalating prices and the ever
intensifying competition for water have probably added to this perception.
But while droughts are caused by nature, water shortages are caused by
people. In response to a growing awareness of this axiom, the wise use of
water may emerge as a guiding principle for water supply management and
regulation. An objective, comprehensive, and interdisciplinary approach is
essential to the consideration of water resource issues and policies.

Water is part of a grand scheme known as the hydrologic cycle, a closed
system in which the same amount of water has been in flux for eons. At
present, water supplies on the North American continent are relatively
abundant, although water issues in the United States are highly regional
because of dramatic differences in water's availability at any given place
at any given time. People intervene in the hydrologic cycle to develop
water resources for instream and offstream uses. Impairments in water
quality or quantity can result either from natural or manmade causes.
Members of the scientific community now include global warming on the list
of critical water supply problems, and some link changes in the global
climate to recurring droughts. Despite the emergence of proposals for
large-scale intervention in the hydrologic cycle to increase water supplies,
many analysts advocate more efficient management of existing supplies as
well as more demand management.

Humans routinely intervene in the hydrologic cycle, borrowing from it
to tend to their water needs. This intervention constitutes water demand.
The principal offstream water uses are for domestic and commercial purposes,
agriculture, industry, and energy development. After decades of steady
growth, estimates indicate that a 10 percent reduction in total offstream

withdrawals occurred between 1980 and 1985, due in part to improved water



efficiencies, more water reuse, and a reduction of groundwater withdrawals
for irrigation. Yet withdrawals for public water supply have continued to
rise. In 1985, estimated withdrawals in the United States totaled 338.3
billion gallons of freshwater daily, although only about 27 percent of this
water was for consumptive use. Because of uncertainties about future demand
and the adequacy of supplies, water demand forecasting is likely to become a
prominent and controversial issue in the coming years.

Drought is unique among natural disasters. The creeping and pervasive
nature of a drought can make it difficult to define and measure with
precision, even retrospectively. Meterological, agricultural, hydrologic,
and socioeconomic perspectives on drought and its effects are available.
Drought prediction is difficult and the probability of accuracy is only
slightly better than chance. Indeed, accepting the inevitability of future
droughts and planning for their recurrence may be a more sensible approach.
Droughts also are part of a nation’s cultural heritage and adjustments to
drought can have a permanent effect on lifestyles and behavior. Although
severe, the 1988 drought was not as extreme as previous ones. A leading
explanation is that the drought was caused by anomalous tropical Pacific
Ocean temperatures. Although it left a substantial mark on many regions,
the effect of the 1988 drought on the nation as a whole was fairly limited.

Although water shortages tend to generate interest in drought planning,
there is an unfortunate tendency toward apathy when supplies are abundant.
Yet future droughts are a certainty. Rather than simply reacting to drought
through crisis management, a better approach is to anticipate drought and
mitigate its effects through risk management. Drought management strategies
can target supply or demand and can have either a short- or a long-term
time frame. Water suppliers benefit from preparing drought contingency
plans and following available planning principles. Absent planning, drought
management priorities may be too informal, with water supply managers con-
fining their drought responses to traditional strategies. Many drought man-
agement strategies have been shown to be effective in reducing water demand.

Water conservation is one long-term solution to scarcity in the wise-
use perspective. Water suppliers can conserve through water loss reduc-
tions, pressure reduction, and resource management. Water suppliers also
can practice demand management through pricing, user restrictions, and

public education. Water users can practice demand management through
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changes in practices, installation of more efficient appliances and
fixtures, use of conservation landscaping, and water recycling and reuse.
Conservation programs typically combine supply and demand management
strategies. Based on analyses of benefits and costs, even a modest
conservation program can yield substantial savings both in terms of water
and dollars for most water suppliers. Social acceptability, however, may be
a key factor in determining the success of conservation and wise use.

The issue of scarcity raises several issues of state public utility
regulation. Prices that accurately reflect costs send correct signals to
consumers and discourage wasteful consumption. Marginal-cost pricing has
been advanced as a conservation tool. Conservation through pricing is
largely a function of the price elasticity of water demand, which is
somewhat variable. Some water rate structures (such as increasing block and
seasonal rates) are specifically designed for conservation purposes,
although disagreement exists over their use. Other regulatory issues on the
horizon concern system adequacy, water markets, and least-cost planning for
water utilities. More and more public utility commissions are implementing
policies that reflect the wise-use perspective. Integrated water resource
planning--temporal, spatial, interdisciplinary, institutional, and
participatory--may emerge as a new approach to water supply regulation.

Water resource policymaking in the United States is fragmented and
pluralistic, so much so that it may appear weak and ineffective. The water
supplier today may be accountable to so many govermmental authorities that
accountability itself is threatened. Governments at all levels formulate
policies that affect the issues of water supply, drought, and conservation.
Water policy at the federal level is a pluralistic collection of authoriza-
tions, appropriations, and administration. The states have primacy in water
resource management defined by a system of water law and water rights.

Local govermments also play a role through municipal water utilities as well
as conservation and planning initiatives. There is even a global context to
water issues, made evident in proposals for diversions of water to the
United States from Canada and Mexico. The abundance of institutional issues
makes water resource policy ripe for reform and revitalization. State
public utility commissions will continue to play an important part in this
process through traditional ratemaking as well as emerging regulatory roles,

such as integrated water resource planning.
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FOREWORD

In 1988, the Mid-America Regulatory Conference (MARC) ratified a
resolution urging the National Regulatory Research Institute to:

[Aldopt as a research project a study of issues related to
the subject of water policy and conservation in its broadest
context. Such a study should include an analysis of the
current status of water resources and an analysis of long-
term policy and supply for the North American Continent.

This report is in response to the MARC resolution, although it is
addressed to all members of the regulatory community and others concerned
with the issues of water supply, drought, and conservation.

As we approach the new decade, this study can serve as a vehicle for
reviewing policies and priorities, identifying and articulating future
goals, and facilitating the implementation process. It should also serve as
a valuable information resource for researchers as well as policymakers.

Douglas N. Jones
Director
Columbus, Ohio
October 31, 1989
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CHAPTER 1
WATER AND THE THEME OF SCARCITY

Severe drought gripped much of the North American continent in 1988,
bringing into focus the concern that water supplies may become increasingly
scarce in the future. By the time many analyses of the drought could be
published, rain had come to many parts of the country, lessening the sense
of fear and, perhaps, lowering the place of water supply issues by a notch
or two on the regulatory agenda. Concerns about drought and water supply
should not be washed away with the rains, however. Times of abundance
should be used to plan for times of scarcity. Saving for dry days is at
least as good an idea as saving for rainy omnes.

Just how to prepare for dry days is not easily agreed upon. A good
starting point may be to address some of the options available to the
decisionmakers responsible for water supply management and regulation. This
compendium addresses many of the key issues related to drought and water
supply based on an extensive review of the literature available on these
subjects. It provides a framework for developing public policies toward
present and future water planning needs against a backdrop of a perception
of scarcity brought about by drought and a variety of other causes.

Water's life-sustaining properties make it a topic for debate that
brings out fundamental philosophical, ideological, and, sometimes, emotional
points of view. This chapter reviews the intellectual context of contem-
porary and future water resource issues and policies. Readers may not agree
with any or all of the perspectives represented, while still appreciating
their relevance to the interdisciplinary water debate. Subsequent chapters
address the issues of water supply and water demand, drought and drought
planning and mitigation, water conservation, ratemaking and regulation, and
federalism. Each subject has significant implications for water supply

management and regulation.



Ecology and the Commons

Plato bemoaned the fact that those things common to all members of a
society receive the least care. Thomas Malthus in the eighteenth century
warned of the perils of overpopulation and the environmental limits on human
activity, for which the study of economics earned a reputation as "the
dismal science."! The degradation of such common resources as water, air,
and even the ozone layer are sometimes explained by the lack of self-
restraint and the tendency to overconsume common resources. More recently,
biologist and human ecologist Garrett Hardin devised a parable for
understanding the causes and consequences of overconsumption known as the
"tragedy of the commons."?2

Suppose, Hardin argued, that some farmers graze thelr sheep on a common
meadow. Because the sheep have value, each farmer has an incentive to
increase his flock as much as possible. Eventually, the meadow becomes
overgrazed, useless to every farmer, and unable to sustain any sheep.

William Ophuls expanded on this logic, emphasizing the problem that

people naturally seek to expand their use of "the commons":

[Tlhe essence of the tragedy of the commons is that one'’s
own contribution to the problem (assuming that one is even
aware of it) seems infinitesimally small, while the
disadvantages of self-denial loom large; self-restraint
therefore appears to be both unprofitable and ultimately
futile unless one can be certain of universal concurrence.
Thus we are being destroyed ecologically not so much by the
evil acts of selfish men as by the everyday acts of ordinary
men whose behavior is dominated, usually unconsciously, by
the remorseless self-destructive logic of the commons.?

According to the theory, the commons is finite. After reaching its

carrying capacity, the commons is destroyed, incapable of sustaining the

! Thomas R. Malthus, Essay on the Principle of Population as it Affects the
Future Improvement of Society, reprinted as First Essay on Population, 1798

(New York: Kelly, 1965).

2 Garrett Hardin, "The Tragedy of the Commons," Science 162 (1968): 1243.

8 William Ophuls, Ecology and the Politics of Scarcity (San Francisco: W.H.
Freeman and Company, 1977), 150.



human activity it once sustained. Absent regulation and protection in the
common interest, resources that once were abundant inevitably are exploited
until they become ecologically scarce. Thus, collective decisions and
authoritative intervention are required if ecological public goods, such as
water, are to be provided to the public at large in reasonable amounts.?

Indeed, the disciplines of economics and political science thrive on
scarcity, the former because of the need for allocation and the latter
because of the ensuing conflict over allocation. Paul A. Samuelson
emphasizes that, "What to produce, how, and for whom would not be problems
if resources were unlimited. . . . There would then be no economic goods,
i.e., no goods that are relatively scarce; and there would hardly be any
need for a study of economics or ’economizing.’"® Similarly, Harold
Lasswell defined polities as "who gets what, when, and how"® and David
Easton defined the political system as "the authoritative allocation of
something of value for the people as a whole."?” Herein lies the linkage
between scarcity and public policy. Were the commons inexhaustible, neither
market allocation (an economic solution) nor collective decisionmaking (a
political solution) would not be required.

Water is a natural resource that is increasingly regarded as a
potential victim of the tragedy of the commons and therefore one that may

require special allocation. According to Ophuls:

The philosopher David Hume pointed out that if all goods
were free, like air and water, any man could get as much as
he wanted without harming others. . . . The nature and
difficulty of the challenge we confront is apparent from the
ironic fact that the very things Hume used to illustrate the
state of infinite abundance--air and water--have become
scarce goods that must be allocated by political

decisions.?®

4 Ophuls, Ecology, 146 and 149. Of course, there are other perspectives on
public goods.

5 Paul A. Samuelson, Economics (New York: McGraw-Hill, Ninth Edition, 1973),
18.

8 Harold D, Lasswell, Politics: Who Gets What, When and How (New York:
McGraw-Hill, 1938).

" David Easton, The Political System (New York: Alfred A. Knopf, 1953).
8 Ophuls, Ecology, 8-9.



Issues of resource scarcity today frequently are evaluated in global
terms. An assessment of the global condition is conducted annually by the
Worldwatch Institute.® 1In its 1986 report, the Institute identified
"ecological deficits" that occur when "the demands on a natural system
exceed its carrying capacity."!® The result of living beyond existing means
is the need to borrow from the future at the cost of future generations.

The world’s forests, grasslands, fisheries, soil, and oil are natural
resources experiencing ecological deficits. The Institute notes that water,

too, is becoming scarce in some parts of the world:

In most situations, scarcity results from a growth in demand
that exceeds locally available supplies. 1In others, it
stems from a reduction in supplies, as deforestation, other
losses of vegetation, and land degradation increase rainfall
runoff, thus reducing both aquifer recharge and evaporation.
Reduced aquifer recharge lowers water tables, and reduced
evaporation and transpiration may lower rainfall. Countries
experiencing a rapid growth in water demand, diminished
aquifer recharge, and less rainfall can find themselves in a
water crisis almost overnight.!?

The greenhouse effect is the focus of many contemporary ecologists. In
the Worldwatch Institute’s 1988 report, Lester R. Brown and Christopher
Flavin label the prospect of a changing global climate a "Tragedy of the
Commons, writ large" and declare that, "Unless all act together, there is
little reason to act separately."!? While industrialized nations are
disproportionately responsible for the climate problem, worldwide increases
in carbon emissions require worldwide cooperation. Water resource issues
are a central part of concerns about the changing global climate, and

scientists increasingly focus on the relationship between climate and

hydrology.

® Lester R. Brown, et al., State of the World (New York: W. W. Norton,

annual).

10 Tester R. Brown, "A Generation of Deficits," in Lester R. Brown, et al.,
State of the World 1986 (New York: W. W. Norton and Co., 1986), 8-11.

11 Thid., 10-11.

12 Lester R. Brown and Christopher Flavin, "The Earth’s Vital Signs," in
Lester R. Brown, et al., State of the World 1988 (New York: W. W. Norton and
Company, 1988), 20.



Debate over the greenhouse effect, coupled with the recurrence of
drought in many parts of the world, has helped to elevate the water issue on
the policy agenda. Because the hydrologic cycle is a closed system, there
is a greater chance that it will be assessed in terms of the commons and the

potential for ecological tragedy.

Water and Scarcity

The tragedy of the commons leads inevitably to the issue of scarcity
and the allocation of scarce resources. Modern economists of a Malthusian
persuasion, such as Kenneth Boulding, warn of the dismal potential of

scarcity to affect future generations:

[Flar from scarcity disappearing, it will be the most
dominant aspect of the society; every grain of sand will
have to be treasured, and the waste and profligacy of our
own day will seem so horrible that our descendants will
hardly be able to bear to think about us.!3

Scarcity is a more common condition than abundance for most goods,
particularly in modern societies. Certainly scarcity is an attribute of
most natural resources and an issue that societies regularly confront.!* In
fact, most economists would argue that when it comes to scarcity, the
relevant concern is the market's determination of price and quantity
supplied. The perception of scarcity is thus based on the effects of higher
prices for a commodity that is increasingly difficult to come by. In
reality, political, social, institutional, and other forces can make
scarcity a very real policy issue. Perceptions of water scarcity, in

particular, can evoke a somewhat emotional response as well:

Scarcity. . . . is a relative and variable condition which
characterizes most natural resources in most settings.
Scarcity is the foundation stone of all economic markets--a
common condition in trade and commerce. With response to
water, however, scarcity somehow takes on the aura for the

13 Kenneth E. Boulding, "Is Scarcity Dead?," Public Interest 5 (1966): 36-44.
14 Kenneth D. Frederick, "Overview," in Kenneth D. Frederick, ed., Scarce

Water and Institutional Change (Washington, DC: Resources for the Future,
1986), 19.



public of extreme deprivation or threatened disaster, even
when conditions only suggest that no more free or cheap
water is available.l®

Indeed, scarcity and crisis are among the most frequently used
characterizations in contemporary studies of water issues. Globally, water
is a plentiful resource with an enormous carrying capacity. Unlike the
common meadow, it is difficult to imagine its obliteration. But even
plentiful resources are finite and can become scarce anytime and anyplace.
The Global 2000 Report to the President noted in 1980 that the world's
supply of freshwater was ten times greater than demand, but that by the year
2000 supply would be only 3.5 times demand, dramatizing "the rapidity with
which human demand is catching up with the world’s theoretical availability
of freshwater."!® The report also emphasizes that even these projections
can be misleading when the extreme seasonal and geographical unevenness in
the distribution of water resources is taken into account. Local and
regional deficiencies in water supplies occur on a seasonal and,
increasingly, perennial basis.

In another study, the Worldwatch Institute points out that water
rationing in the middle 1980s was implemented in cities vastly different in
climate: Newark, New Jersey; Corpus Christi, Texas; Managua, Nicaragua; and
Tianjin, China. According to analyst Sandra Postel, "Water planners in many
corners of the world--in humid climates as well as dry, in affluent
societies as well as poor ones--are projecting that within two decades water
supplies will fall short of needs" at present rates of use.!7

In the United States, conditions of scarcity can be found in virtually
every region of the country at one time or another, but are especially
pervasive in the West and Southwest. Kenneth D, Frederick and Allen V.

Kneese point out that, "The transition to conditions of water scarcity has

15 Gary Weatherford, "Thematic Overview of the Conserve-and-Transfer Strategy
of Water Management, in Gary D. Weatherford, ed., Water and Agriculture in the
Western U.S.: Conservation, Reallocation, and Markets (Boulder, CO: Westview
Press, 1982), 3-4.

16 Gerald 0. Barney, The Global 2000 Report to the President of the U.S.:
Entering the 21st Century (New York: Pergamon Press, 1980).

17 Sandra Postel, "Increasing Water Efficiency," in Brown, et al., State of
the World 1986, 40.



been under way for several decades in some areas of the West."!® Conflict
may be exacerbated by the pluralistic nature of government policy toward
water and the many layers of government involved. Conflict over water in

the Southwest is a case in point:

[T]lhe scarcity of water in the Southwest has led to the
evolution of a complex set of legal and political institu-
tions governing the use of that water. There remain many
important unresolved questions about the adequacy of these
institutions and the scope of their separate jurisdictions.
When projected demands for Southwest water are set down amid
this institutional complexity, the basis for conflict is
laid.1®

The alarm associated with water scarcity may have less to do with the
idea that water resources are exhaustible than with the problem that new
supplies are not guaranteed. The high cost of some new supplies may pose a
barrier to their development. Even the availability of low-value or under-
utilized supplies can be a problem because institutional factors may re-
strict transfers or otherwise discourage efficient allocation. For example,
water resource development in some areas may be impaired by persistent
uncertainties about water rights.

Scarcity affects regions as well as individuals. Long-term conditions
of scarcity, for example, can impair economic development. On the other
hand, the abundance of water can provide a region with a locational
advantage over other regions experiencing scarcity. Some would argue that
water-rich regions should not transfer this resource (assuming this would be
technologically and economically feasible), but should exploit water

resources as a tool of economic development.

18 Kenneth D. Frederick and Allen V. Kneese, "Competition for Water," in
Kenneth D. Frederick and Allen V. Kneese, eds., Competition for Water
(Washington, DC: Resources for the Future, 1984). In another study, Zach
Willey concludes that "Scarcity is at the root of California’s water
conflicts." Economic Development and Environmental Quality in California’s
Water System (Berkeley, CA: University of California, Institute of
Governmental Studies, 1985),

19 Allen V. Kneese and F. Lee Brown The Southwest Under Stress: National
Resource Development Issues in a Reglonal Setting (Baltimore: Resources for
the Future and Johns Hopkins University Press, 1981), 3.



Thus, even if water is globally plentiful, it may become increasingly

difficult to acquire in some areas. As Gary Robinette observes:

The entire water supply on the planet earth is a closed
system. Water changes form and location, not always in the
form and in the location we desire, but almost no water
which has existed on the earth has ever disappeared. .
Basically water is almost always available, but the cost may
prohibit using it in the traditional way. Water, which was
once thought to be free and plentiful, will become
increasingly expensive as man is required more and more to
interfere in and modify the water cycle.?°

Finally, part of the problem in separating myth from reality with
respect to water scarcity is the issue of renewability. As Kenneth D.
Frederick observes, "While the hydrological cycle makes water a renewable
resource, it also makes it fugitive in time and space."?! And in fact,
some water comes from highly constrained or nonrenewable sources, as in the
case of groundwater supplies where overdrafts or pollution have exceeded
nature’s capacity to renew.2?? Moreover, treated water for drinking and
other purposes is not a naturally renewable resource.2?3 The hydrologic
cycle continuously replenishes natural water resources but does not
automatically deliver water free from impurities in unlimited quantities at
a given source and at a given time.

Donald L. Schlenger and Thomas W. Cervino argue that utility-supplied
water has value because its "temporal, spatial, and physiochemical
characteristics have been altered."?* The delivery of water of acceptable
quality and quantity requires manpower, energy, chemicals, and physical

facilities, all of which are composed of nonrenewable and energy-intensive

20 Gary O. Robinette, Water Conservation in Landscape Design and Management
(New York: Van Nostrand Reinhold Company, 1984), 8.

21 Kenneth D. Frederick, "Water Policies and Institutions," in David H.
Speidel, Lon C. Ruedisili, and Allen F. Agnew, eds., Perspectives on Water:
Uses and Abuses (New York: Oxford University Press, 1988), 335. Emphasis
added.

22 Jan Van Schifgaarde and George J. Kriz, et al., "Water: A Basic Resource,"
in William E. Larson, et al., eds., Soil and Water Resources: Research
Priorities for the Nation (Madison, WI: Soil Science Society of America, Inc.,
1981), 1.

23 Donald L. Schlenger and Thomas W. Cervino, "Water Conservation Rationales:
Are There Historical Parallels?," American Water Works Association Journal 72,
no. 1 (January 1980): 37-38.

24 Thid.



materials. Thus, water suppliers can be properly regarded as value-added
carriers. Even self-supplied water requires an investment of resources.
Increasingly stringent federal and state water-quality regulations will add
to drinking water'’s value as a nonrenewable resource because of the often
high costs of compliance. Particularly when there is a perception that

drinking water supplies are scarce, perceptions of a water crisis are highly

probable.

Does a Water Crisis Exist?

Perceptions of scarcity, caused by high prices or other conditions, can
lead to perceptions of crisis. More than one water supply analyst has
concluded something to the effect that unless we change our ways, a water
crisis is inevitable.?5 However, it may be, as Robert W. Harrison argues,

that the term "crisis" has been greatly overused in conjunction with water

supply issues:

The word "crisis" has often been used in relation to water
problems, but after 1974 it became almost a standard prefix,
applicable to both supply and quality. The "water crisis"
was compared to the "oil crisis." It was observed that the
price of bottled water was higher than the top grades of
gasoline! All of this was to a considerable degree the
product of "journalism" and had little relation to real
[life] water problems, but it was and is in a dramatic way a
reminder that uncertainty and a feeling of insecurity is now
widespread when it comes to the water resource.?®

As Harrison implies, the water supply crisis appears linked to other
modern "crises." After all, diverting water from its natural course in the
hydrologic cycle requires energy, and higher energy prices in the wake of
the energy crisis increase the cost of pumping, diverting, treating, and

transporting water. Economic crises, characterized by inflated prices,

25 Terry L. Anderson, Water Crisis: Ending the Policy Drought (Washington, DC:
CATO Institute, 1983), 4. .

26 Robert W. Harrison, "Water Supply and Water Quality Studies in the
Institute for Water Resources U.S. Army Corps of Engineers," in James E. Crews
and James Tang, eds., Selected Works in Water Supply, Water Conservation and
Water Quality Planning (Fort Belvoir, VA: Institute for Water Resources, U.S.
Army Corps of Engineers, 1981), 25.



bring attention to rising costs in general, including the cost of water
supply. The enactment and implementation of more stringent drinking water
standards contribute to a sense of crisis about water quality and safety.
The quality and quantity of water supply both may be impaired by modern
ecological crises, such as oil spills, acid rain, and other forms of
environmental pollution. Global warming may be the foremost crisis at the
close of the 1980s. 1It, too, is linked to the water supply crisis as the
scientific community strives to assess the connections between global
climate and hydrology, and the impact of humans on both.

Perceptions of crises, however, must be distinguished from actual
conditions. Journalists, for example, can sometimes create a perception of
crisis simply by using the term, even when the facts do not support this
characterization.??” Interest groups sometimes create a perception of crisis
by publishing reports that grab the attention of both the public and
policymakers. Politicians sometimes create a perception of crisis in the
course of election campaigns. Even governments can create a perception of
crisis by spending millions, even billions, of dollars formulating policies,
programs, and projects. Thus, some observers, such as Frank Welsh, conclude

that the water crisis actually is a man-made phenomenon:

[Tlhe water crisis is the creation of man, not nature. It
is the result of shortcomings in human rules and regula-
tions, mot nature'’'s resources. Rather than change their
institutions and letting the market place work, local
entities have looked to big government to solve their self-
imposed crises. Politicians and bureaucrats have been only

too willing to exploit the void and further compound the
crisis.?8

Of course, actual events contribute to perceptions. Droughts, for
example, pose real threats to water supplies by temporarily reducing
carrying capacities. Agriculture, navigation, wildlife, and other areas

also are threatened in real terms. There is a growing awareness, moreover,

27 During drought periods, all of the major news media devote stories or
entire series to the water crisis. Media attention to drought, however, is
generally beyond the scope of this investigation.

28 Frank Welsh, How to Create a Water Crisis (Boulder, CO: Johnson Books,
1985), 192.
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that nature alone cannot be blamed for temporary water shortages. While
having adequate supplies is in part a function of nature (and being in the
right place at the right time), water shortages are a function of both

supply and demand. As James Krohe, Jr. observed:

The prospect of water shortages in a region which is within
spitting distance of the largest fresh water lake system in
the world seems not merely ironic but insane. But the water
problems of northeastern Illinois illustrate one of the
axioms of the water business, which is that while droughts
are caused by nature, water shortages are caused by
people.2°®

There is also an emerging concern about the capability of people and
institutions to plan and manage water resources to assure adequate future
supplies. According to Albert W. White, "The likelihood of the world
running out of water for sustaining its life is zero; the likelihood grows
of its grossly mismanaging its water resource unless the proper political
and technological decisions are made."3° Thus, some of the more pessimistic
water resource analysts not only blame mankind for water resource problems,
but also have little faith that policymakers will be capable of finding
solutions to those problems.

Crises and crisis management may have negative effects, including a
potential to distort decisionmaking processes. Some of the more extreme
proposals for new sources of water supply, are provocative, if expensive and
impractical, and include towing icebergs and desalting the oceans.®! John
R. Shaeffer and Leonard A. Stevens emphasize that such solutions are aimed
at the wrong end of the problem and that the solution to the water crisis
will not be found in the search for new supplies but in the efficient
management of existing supplies.

On the other hand, a crisis--perceived or otherwise--elevates issues to

a higher position on the public and policy agendas, greatly enhancing the

2% James Krohe, Jr., Water Resources in Illinois: The Challenge of Abundance
(Springfield, IL: Illinois Issues, 1982), 13.

80 Albert W. White, "Water Resource Adequacy: Illusion and Reality," in
Speidel, Ruedisili, and Agnew, eds., Perspectives on Water, 19.

31 John R. Schaeffer and Leonard A. Stevens, Future Water: An Exciting
Solution to America’s Most Serious Resource Crisis (New York: William Morrow
and Company, 1983), 15.
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chance that decisionmakers will do something about them. Although the
characterization of the current situation as a crisis is a debatable point,
water issues have become more visiblé and there is an emerging consensus on
the need to address long-term water needs. Of course, how an issue gets on
the agenda may be less important than the fact that it gets there at all.
Whether or not one believes that a water crisis is imminent (due to climatic
change, man-made causes, or simply high prices), preparing for scarcity is

likely to have a positive effect on water resource management and planning.

The Competition for Water and Water Pricing’

Analysts have begun to recognize the intensifying competition for water
that exists among uses, users and locations, and over time.32? The
competition for water has further intensified with the awareness that some
local water resources can reach their carrying capacity, despite the vast
quantity of water in the entire hydrologic system. According to John
Bredehoeft:

On the average, the quantity of water in transport in the
hydrologic cycle remains unchanged. Except for the fact
that we are mining groundwater, no less water is available
than heretofore. The fact that we are approaching the limit
of the water which can be developed means that there is, and
will continue to be, ever-increasing competition for that
water .33

As another observer notes, "There is not necessarily a lack of water;
there is a competition for available water resources."3% The principal
competitive water uses are: domestic, commercial, and industrial use,
irrigation, recreation, wildlife habitat, navigation, and energy production.
Competition intensifies when water supplies are altered or impaired by

environmental, institutional, or economic conditions. The competition for

82 K. William Easter, Jay A. Leitch, and Donald F. Scott, "Competition for
Water: A Capricious Resource," in Ted L. Napier, et al., eds., Water Resource
Research: Problems and Potential for Agriculture and Rural Communities
(Ankeny, IA: Soil Conservation Society of American, 1983). See also Frederick
and Kneese, Competition for Water.

3% John Bredehoeft, "Physical Limitations of Water Resources," in Ernest A.
Engelbert and Ann Foley Sheuring, eds., Water Scarcity: Impacts on Western
Agriculture (Berkeley, CA: University of California Press, 1984), 43.

34 Robinette, Water Conservation in Landscape Design, 8.
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water "can be direct and obvious, as in the case of barges versus fishermen
or among irrigators, or it can be indirect and subtle, as in the case of
acid rain."35%

William Easter, Jay A. Leitch, and Donald F. Scott point out that the

degree to which water uses compete with or complement one another, is highly

sensitive to climatic conditions:

Drought years heighten the competition for water between
irrigators and navigational users. Wet years heighten the
competition between drainage enterprises and downstream
floodplain residents. 1In the first Instance the competition
is expressed in competing claims for receiving water, but in
the second the claims involve disposal of excessive water.3%

Regional examples of the competition for water are plentiful. In the
Pacific Northwest, along the Columbia and Snake Rivers, the competition for
water among divergent uses can be intense.37 Offstream uses include the
provision of domestic water supply for eight million people as well as
irrigation of nearly nine million acres of land. Instream uses include
fifty-nine Columbia River-system dams providing 110 billion kWh in firm
capability and 35 billion kWh in secondary capability, the latter depending
on adequate stream flows, Instream uses also include the annual passage of
eight million tons in barge transportation and the daily passage of 800,000
salmon and steelhead fish.

One of the most notable historical examples of direct competition
concerned the use of Lake Michigan as both a source of drinking water for
the City of Chicago and as a receptor of the city’s wastewater.3% 1In the
wake of an 1885 typhoid and cholera epidemic that claimed 12 percent of the
city's population, engineers reversed the Chicago River’s flow so that waste

would pass to the Illinois River and eventually to the Mississippi River.

85 Easter, Leitch, and Scott, "Competition for Water," in Napier, et al.,
eds., Water Resource Research, 152,

86 Tbid.

87 Pacific Northwest River Basins Commission as reported in Walter R. Butcher
and Philip R. Wandschneider, "Competition Between Irrigation and Hydropower in
the Pacific Northwest," in Kenneth D. Frederick, ed., Scarce Water and

Institutional Change (Washington, DC: Resources for the Future, 1986), 29.
88 Tbid., 140.
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The diversion caused a series of spillover effects, both positive and
negative. Reduced Great Lakes water levels impaired navigation and
hydroelectric power production, but may have reduced shoreline erosion in
some areas. Navigation and power production were enhanced on the Illinois
River by increased streémflows, but downstream flooding increased and
recreational potential was reduced. In a common-law suit spanning more than
four decades (1925-1967), initiated by riparian states on the Great Lakes,
the U.S. Supreme Court ruled that Illinois must limit its lake
withdrawals.®® Since then, especially in drought years, navigation users
continue to press for more diversions of lake water to the Mississippi
River. The debate among competing interests and institutions, however, has
had an almost paralyzing effect on policymaking for the Great Lakes region.
The competition for water has direct implications for public policy in
the area of water supply. According to the Water Resources Council, "With
ever increasing offstream and instream demands being placed on the Nation’s
water resources, it must be recognized that competition for water is a
fact."%% Solutions, the Council suggested, must involve tradeoffs, which
may result in some water use restrictions that, in turn, limit development.
Scarcity and competition for water inevitably raise the issue of price

and the adequacy of existing pricing mechanisms. As Charles Foster and

Peter Rogers observe:

[Qluestions about water pricing--for irrigation, for
commercial and industrial uses, for municipal water supply,
and even for environmmental and recreational purposes--loom
large on the horizon. At a time when the federal deficit
has never been higher, there is an urgent need to more
closely balance water expenditures with water revenues. The
questions become crucial as the useful lifetime of many
aspects of the water infrastructure draws to a close.?!

8% C. W. Fetter, Applied Hydrogeology (Columbus, OH: Merrill Publishing Co.,
Second Edition, 1988), 455. On the issue of water rights, see chapter 9.

40 U.S. Water Resources Council, The Nation’s Water Resources, 1975-2000,
Volume 1: Summary (Washington, DC: U.S. Water Resources Council, 1978).

41 Charles H. W. Foster and Peter P. Rogers, Federal Water Policy: Toward an
Agenda for Action (Cambridge, MA: Energy and Environmental Policy Center,. John
F. Kennedy School of Govermment, Harvard University, 1988), 41.
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According to economic theory, scarce goods should command a higher
price and, conversely, higher prices should cause less consumption. Indeed,
economist Paul A. Samuelson once used a water consumption metaphor to
illustrate the mechanics of price and demand in relation to conditions of

scarcity and abundance:

When water is very dear, I demand only enough of it to
drink. Then when its price drops I buy some to wash with.
At still lower prices, I resort to still other uses;
finally, when it is really very cheap, I water flowers and
use it lavishly for any possible purposes.*?

The economic value of water lies not in the water itself but in‘the
processes required to withdraw it from natural sources and deliver it in
sufficient quantities and of acceptable quality to the consumer. No real
substitutes for water exist, only variations in its quality and methods of
delivery. The most frequent criticism of water pricing is its underpricing,
which in turn sometimes is blamed for the wasteful use of water. Dean Mann
emphasizes that the "scarcity value" of water should play a role in

determining its price, in this case for irrigation:

The problem with current pricing is that the price does not
reflect the cost of supplying water and the willingness of
individuals to pay for water in terms of scarcity value.

The tendency, then, is for users to take more water than the
real social value of water should warrant. If water were
priced at its true scarcity value, it is argued, farmers
would tend to use the water more efficiently--both in the
technical and economic sense of the word.43

The pricing issue is intrinsically related to the issue of water use
and competition. When water is abundant (and inexpensive), many alternative
uses can be satisfied; when water is scarce (and costly), tradeoffs must be
made. In most regions of the country, there are many alternative uses for
water resources. The tension among water users during times of scarcity

(such as during a drought) can run high, and high prices can aggravate the

42 Paul A. Samuelson, Economics: An Introductory Analysis (New York: McGraw-
Hill, Seventh Edition, 1967), 60.

43 Dean Mann, "Opportunities for Water Conservation," in Weatherford, ed.,
Water and Agriculture, 25.
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situation. In most areas, water markets are ill-defined and layered with

laws, interest groups, and institutions that complicate the pricing issue.
As Bredehoeft explains, when water uses compete, the problem is not

necessarily a shortage of water in the hydrologic system but a shortage of

cheap water:

Increased competition implies a higher value for the
commodity. While as a society we rarely make large-scale
water decisions purely on economic grounds, higher value
also implies a higher price. Thus, in the context of
increased competition, we have a shortage, at least of
inexpensive water.%%

At higher prices, the motivation to conserve is also higher. 1In the
competition for water, water users not only have an interest in their own
ability to conserve, but in the ability of others to conserve so that more
water is available for their own use. A study by the Congressional Research
Service contends that small diversions from agriculture can meet projected
municipal and industrial water demand in the water-short West without
displacing agriculture "if exchanges are accompanied by increased efficiency
in agricultural water use."*® One book about water scarcity in agriculture,
on the other hand, includes a chapter on increasing efficiency in
nonagricultural water uses.%6

Several analysts emphasize the use of pricing as a conservation tool in
the interest of the more efficient allocation and use of scarce water

resources:

[W]ater is. . . . a resource that may be developed or
conserved on the basis of the benefits and costs to society.
Greater technical efficiency may be achievable and water may
be put to additional uses, but the question is whether it is
economically efficient for society or for the individual
farmer to make the necessary investments to do so.
Conservation may be accomplished by pricing water at its

44 Bredehoeft, "Physical Limitations," in Engelbert and Sheuring, eds., Water
Scarcity, 43.

45 John L. Moore, et al., The Nation’s Water Supply: An Overview of Conditions
and Prospects (Washington, DC: Congressional Research Service, Library of
Congress, 1986), iv.

46 Engelbert and Scheuring, eds., Water Scarcity.

16



marginal value in a market that provides for transfers of
water to its highest uses.*7

On the other hand, some will argue that price is not an appropriate
allocation tool during a severe water shortage because of the potential for
inequity as well as physical harm. As one group of scholars noted, "After
the air we breathe, water is the first requirement for human existence and,
therefore, in the ultimate, cost camnot be the only criteria [sic], and
drought control by price cannot be a major factor."%4® Those who will not
advocate the sole use of price must find alternative allocation methods.

Whether or not it is used for conservation or drought control purposes,
water pricing is central to future supply planning. In fact, the sense of
water scarcity may be a crisis of pricing and planning as much as anything
else. When water resources are undervalued, investments in their
development may be misallocated or fall short of needs altogether. As the
days of cheap water draw to a close, the water debate will be shaped by the
ability and willingness of different users to pay for this increasingly
scarce resource. Those who are unable or unwilling to pay for water at
higher prices may choose conservation as a way to keep costs down. In a

genuine water crisis, they may have no choice but to conserve,

Conservation and the Wise Use of Water

As water becomes more scarce, more expensive, or both, conservation
gets more attention. But conservation, like scarcity, means many things to
many people and there is no universally accepted definition of water
conservation.%® Dictionary definitions are not necessarily helpful. Most

emphasize the preservation and protection of a natural resource. Debates

47 Dean Mann, "Institutional Framework for Agricultural Water Conservation and
Reallocation in the West: A Policy Analysis," in Weatherford, ed., Water and
Agriculture, 12-13.

4% David R. Dawdy, L. Douglas James, and J. Anthony Young, "Demand Oriented
Measures," in Vujica Yevjevich, Luis da Cunha, and Evan Vlachos, Coping with
Droughts (Littleton, CO: Water Resources Publications, 1983), 164.

49 Yilliam O. Maddaus, Water Conservation (Denver, CO: American Water Works
Association, 1987), 5.
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over definitions can be a matter of semantics, and may not prove to be
productive. On the other hand, such debates are not entirely academic.
Alternative definitions of conservation frequently reflect underlying
conflict over goals. Because they suggest public policy alternatives for
water use and supply, they also are central to the policymaking process.

Part of the problem in defining conservation is that so many activities
seem to qualify. The proposed Muﬁicipal and Industrial Water Conservation
Act of 1989, for example, defined water conservation as "any beneficial
reduction in water use or water losses."%? William O. Maddaus points out
the diversity of water conservation methods, which include the development
of maximum dependable yields, watershed protection, water loss reduction,
universal metering, the use of efficient fixtures, and public education
programs.>?!

In 1980, the U.S. Water Resources Council defined water conservation as
activities designed to reduce the demand for water, improve efficiency in
use and reduce losses and waste of water, or improve land management prac-
tices to conserve water.®? The American Water Works Association has defined
water conservation as a way to solve many water supply problems, either
through supply management (in which the water utility conserves water) or
through demand management (in which the consumer conserves water).53
Similarly, Mark J. Hammer sees water conservation as either a reduction in
consumer water usage or a reduction in water losses, both of which would be
carried out in order to reduce water demand, reduce water and wastewater
processing costs, and slow the depletion of a limited water supply.®%

Each perspective on water conservation has a slightly different

emphasis. 1In a particularly useful classification, Dean Mann identifies

50 "Municipal and Industrial Water Conservation Act of 1989," Senate Bill
1422, Congressional Record, Vol. 135, No. 103, 27 July 1989.

51 Tbid.

52 "Guidelines for State Water Management Planning," Federal Register, 21 July
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53 American Water Works Association, Before the Well Runs Dry, Volume I--A
Handbook for Designing a Local Water Conservation Plan (Denver, CO: American
Water Works Association), 6-7.

54 Mark Hammer, Water and Wastewater Technology (New York: John Wiley & Sons,
Second Edition, 1986), 324.
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four contemporary perspectives.®5 The first links water to use and
development, emphasizing that water not used is wasted. In this view,
traditional economic efficiency goals are secondary to goals of growth and
development. The second takes an opposing view emphasizing the principle of
preservation. Aesthetic, ecological, and naturalist goals take precedent
over other uses and management purposes. A third definition is more
technical and emphasizes efficiency in the hydrological sense. Conservation
éfforts in this area, including more efficient irrigation practices, target
the reduction of water losses caused by evaporation, transpiration,
drainage, or pollution. The fourth perspective emphasizes conservation from
an economic efficiency standpoint. The use of water markets, marginal-cost
pricing, and cost-benefit analysis for water resource projects are all
consistent with the idea that water is wasted or misallocated because prices
do not adequately reflect its value. Accordingly, the degree to which water
either is developed or conserved should be determined by market mechanisms,
not direct intervention, and barriers to market reliance should be removed.

Peter E. Black draws upon resource economics for a conservation
definition that emphasizes slowing rates of resource use; in other words
"shifting rates of use towards the future."5¢ Black contends that
conservation is a way of controlling use over time for people’s benefit.
Thus, conservation is neither exploitation (through immediate consumption)
nor preservation (through indefinite postponement of consumption). Instead
conservation is the entire spectrum of consumption. According to Black,
conservation is a "balance of policies, programs, plans, projects, and
practices that run the gamut from exploitation to preservation in order to
manipulate (manage) the rate of using natural resources in the interest of
mankind."%7

The idea of the "wise use of water™ has been advanced by many analysts
and policymakers as the best way to avert a water crisis. Indeed, "wise

management” and "efficient use" are central themes of water conservation

55 Dean Mann, "Introduction and Context," in Weatherford, ed., Water and
Agriculture, 12-13.

56 Peter E. Black, Conservation of Water and Related Land Resources (New York:
Praeger Publishers, 1982), 156.

57 Ibid., 157.
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legislation recently proposed in Congress.S® The wise-use concept combines
advances in the technology and management of water supplies with changes in
attitudes toward water consumption, particularly with respect to wasteful

activities and behaviors. As Warren Viessman, Jr. explains:

In the final analysis, the severity of water and other
crises we may face as a nation will depend heavily upon our
ability to be "society wise" as well as "technology wise."
If we can do this, our creativity, imagination, and solid
technical underpinning will find a way to unlock the
constraining mechanisms that force users to operate at a
level of efficiency far beneath that for which we are
capable. . . . This is the challenge, and if it is not
accepted, the frequently referred to "water crisis" will
become a reality.5?®

The wise-use concept has emerged as a perspective on water conservation
that has appeal because it encompasses efficiency goals without necessarily
discouraging the use of water as appropriate and necessary. Thus it does
not preclude the development of water resources, as long as they are
justifiable in terms of wise use. In this respect, wise-use definitions go
further than some others in integrating supply and demand for the purposes
of water resource management and regulation.

Schlenger and Cervino emphasize that because drinking water is a
nonrenewable resource, it merits conservation, that is, "wise, efficient
use." According to these authors, progressive definitions consider
conservation in terms of planned management or wise utilization of the
resource. They also criticize the tendency to approach water conservation
in terms of rationalization rather than "the carefully, considered

intelligent approach it deserves."6©

58 "The Municipal and Industrial GConservation Act of 1989," Senate Bill 1422
(H.R. 3099), Congressional Record, Vol. 135, No. 103, 27 July 1989.

59 Warren Viessman, Jr., "Water Crisis: A Physical Reality or an Institutional
Specter," Appendix C in U.S. Army Corps of Engineers and Pennsylvania Bureau
of Water Resources Management, The State of the States in Water Supply/
Conservation Planning and Management Programs (Fort Belvoir, VA: Institute for
Water Resources, U.S. Army Corps of Engineers, 1983), C-4.

60 Schlenger and Cervino, "Water Conservation Rationales," 37-38.
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James C. Wade also provides a wise-use definition that emphasizes
preserving water resources for future generations as well as balancing the

needs of different water users:

Conservation is the wise use of society’s natural resources
for present and future generations. Through individual
decisions, negotiations, and legislation society makes
resource choices and sets conservation policies. 1In this
context, conservation decisions reflect society'’s attitudes
toward and strategies for using natural resources in
production, recreation, and culture.$?

Finally, the U.S. Water Resources Council extended its wise-use

definition to encompass a public-interest perspective:

The goal of water conservation is to avert critical water
shortages and to get the greatest use from existing
supplies. If better management and technology can reduce
water withdrawals while producing the same services, the
efficiency of water use (output produced for each unit of
water) can be increased. Although improvements in water
management and technology will be constrained by costs and
other considerations, conservation efforts can focus on
technologies to reduce water requirements. . . . Neither
"availability" nor "requirements" should be treated as un-
alterable in water conservation. Technology and management
can bring supply and demand into balance in the best public
interest. The challenge for water conservation is to ensure
the best allocation of available supplies among users.8?

The wise-use principle will continue to play a role in shaping choices
about water supply. However, the extent of its role will depend largely on
how the perceptions of policymakers, not only in times of scarcity but in
times of abundance. The regulatory agenda, too, will be affected by water

issues--supply, drought, and conservation--more than ever before.

61 James C. Wade, "Efficiency and Optimization in Irrigation Analysis," in
Norman K. Whittlesey, ed., Energy and Water Management in Western Irrigated
Agriculture (Boulder, CO: Westview Press, 1986).

62 U.S. Water Resources Council, The Nation’s Water Resources 1975-2000,
Volume 1: Summary, 21.
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Scarcity, Public Policy, and the Regulatory Agenda

According to Robert W. Harrison, "Much can be learned about the values
placed on the uses of water by studying the response different types of
communities make to water shortage and fear of shortage."®® The same can be
said for state governments and nations as a whole. At one time or another,
every corner of the world experiences a shortage of water. For some,
scarcity is a perennial problem.

As already discussed, the characterization of the current situation as
a crisis is at least debatable. Yet the overwhelming view is that water
supply issues in the United States require serious attention. Some advocate
fundamental changes to how mankind views water resources; not just here but
worldwide. Wise use, or a variation on this theme, may emerge as the new
paradigm, or guiding principle, for water supply management and regulation.
Conservation and integrated water resource planning are among the policies
that are generally consistent with the idea of wise use.®* A report

published by the World Meteorological Organization is prefaced with the

remark that:

[M]an has begun to realize that he can no longer follow a
"use and discard" philosophy--either with water resources or
any other natural resources. As a result, the need for a
consistent policy of rational management of water resources
has become evident, 85

Charles H. W. Foster and Peter P. Rogers conclude that, "the dominant
water problems are not those of supply, but rather of availability,

management, and usage--matters affected by water policy."8® Some critics

63 Harrison, "Water Supply and Water Quality Studies," in Crews and Tang,
eds., Selected Works in Water Supply, 34.

64 That is, all conservation and planning policies do not constitute wise use
simply by definition. Such fine distinctions, however, are not essential to
this analysis.

65 M. A. Beran and J. A. Rodier, Hydrological Aspects of Drought (Paris,
France: UNESCO and The World Meteorological Organization, 1985), iii.

66 Charles H. W. Foster and Peter P. Rogers, Federal Water Policy: Toward An
Agenda for Action (Cambridge, MA: Energy and Environmental Policy Center, John
F. Kennedy School of Government, Harvard University, 1988), 1.
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characterize United States water policy--if there is one at all--as one of
crisis management.®? Droughts come and policymakers shift into a crisis
mode. Droughts pass and business-as-usual resumes. Little attention is
paid to water-shortage issues during the interim when water is relatively
abundant.

Governments at the federal, state, and local levels have begun to take
note of water supply, drought, and conservation policy issues. These same
issues also are making their way onto the already complex and demanding
agendas of public utility commissions that recognize the potential for
jurisdictional water utilities to be affected by occasional or perennial
water shortages.

Issues of water supply and conservation may appear before regulatory
bodies in a number of different forms. Rate cases may address the merits of
alternative approaches to pricing. Water supply cases may consider
conservation practices, including pricing reforms, as alternatives to
building new sources of supply. Commissions or other parties may initiate
rulemakings to address such issues as least-cost water supply planning and
drought planning. Management prudence and financial decisions affecting
future supplies may be evaluated in the course of audits or other regulatory
proceedings.

Policy choices in the water resource field are vast and varied; many
are tied to particular disciplines. Economists may advocate pricing reform.
Engineers may advocate development of new supplies. Attorneys may advocate
revisions in the system of water rights. Risk managers may advocate drought
contingency planning and mitigation measures. Proponents of wise use may
advocate conservation and integrated water resource planning, and so on.
Many of the parameters of these choices are addressed in this report.

Whether or not one subscribes to a scarcity theory, a crisis scenario,
a resource competition model, or any other systematic assessment of today's
global water condition (and regardless of how one defines the concept of
conservation), the time is ripe for water supply regulators to develop their

own perspective on the issues. Rather than react to existing conditions or

67 Donald A. Wilhite and William E. Easterling, eds., Planning for Drought:
Toward a Reduction of Societal Vulnerability (Boulder, CO: Westview Press,
1987), preface.

23



to other players’ actions in the regulatory system, they may choose to
actively address the issues in a manner suitable to both the traditions and
principles of public utility regulation as well as to the demands of current
policy issues. The public-interest standard so central to public utility
regulation seems quite appropriate for decisions about water supply,
particularly when a tragedy of the commons becomes possible.

Regulatory commissions are routinely challenged to test new limits of
knowledge and technical expertise. There is no reason to believe that
commissions are any less capable of dealing with complex water issues as
with any other complexity of regulation. If anything, the commissions are
well positioned to place water supply issues on the regulatory agenda and

keep them there not only in times of scarcity, but in times of abundance as
well.
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CHAPTER 2
WATER SUPPLY

The supply of water is part of a grand scheme known as the hydrologic
cycle. While the total global quantity of water remains constant, great
fluctuations occur in the level of supply at any given place at any given
time. As already discussed, many current assessments of water supply
emphasize the prospect of scarcity; some even warn of an impending water
crisis. As will be seen in chapter 3, the components of water demand can be
divided into use categories that compete, directly or indirectly, for the
earth’s water supplies. 1In fact, the withdrawal of water from natural
sources is normally associated with specific water-use categories.

Most analysts recognize the symbiotic relationship between supply and
demand when seeking to explain the causes and effects of water scarcity.!
For water, both supply and demand are influenced by natural and artificial
circumstances. This chapter concerns Waterbsupply——where water comes from,
how it is distributed, and issues associated with assuring future supplies.
It provides some of the information and terminology used in the water
debate, recognizing the interdisciplinary context in which the debate takes
place. The issues of water demand and future water needs are addressed in

the next chapter.

Hvdrology, Meteorology. and Water Supply

Hydrology is the science of water and its movement through what is

known as the hydrologic cycle, depicted in figure 2-1.2? The hydrologic

! See, for example, Donald A. Wilhite and Michael H. Glantz, "Understanding

the Drought Phenomenon," in Donald A. Wilhite and William E. Easterling, eds.,
Planning for Drought: Toward a Reduction of Societal Vulnerability (Boulder,
CO: Westview Press, 1987), 24.

2 This discussion of the hydrologic cycle is adapted from C. W. Fetter,
Applied Hydrogeology (Columbus, OH: Merrill Publishing, Second Edition, 1988).
According to Fetter, the hydrologic cycle can be quantified by the equation:
Inflow = Outflow * Changes in Storage.
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Fig. 2-1. The hydrologic cycle as depicted in C. W. Fetter, Applied
Hydrogeology (Columbus, OH: Merrill Publishing, Second Edition,
1988). Reproduced with permission.

26



cycle has no beginning and no end, but descriptions of it normally start
with the ocean. Surface waters of the ocean evaporate (at a higher rate
near the equator) and leave ocean salts behind. Vaporized water in the
atmosphere condenses and then either revaporizes while still airborne or
falls to the earth as precipitation. Once on land, water is transpired by
plants or it moves off the land as overland flows or infiltrates the ground.
Infiltrated water passes the water table, defined by the top of the
saturated zone of soil and rock, and becomes groundwater. Total streamflow
is known as runoff and the groundwater contribution to a stream is known as
baseflow.

The hydrologic cycle is a closed system in which the same quantity of
water has been in flux for eons.® No water disappears from the system, but
its distribution is extremely uneven. The worldwide distribution of water
in the hydrosphere is reported in table 2-1. As the table indicates, over
97 percent of the water in the hydrosphere is ocean water. At the other
extreme, only a small fraction is found in stream channels. Even freshwater
lakes constitute less than one-tenth of one percent of total water. The
worldwide flux in the hydrologic cycle is reported in table 2-2. Thousands
of cubic kilometers of water are in flux at any given moment--flowing,
transpiring, evaporating, precipitating.

Hydrology’'s sister discipline is meteorology, the science of atmos-
phere, climate, and weather. Some scholars emphasize that the hydrologic
cycle is actually an integral part of the climatic system.* While water
systems are generally regarded as being affected by climate, water systems

may affect climate, also through the hydrologic cycle.® The interaction of

8 John Bredehoeft, "Physical Limitations of Water Resources," in Ernest A.
Engelbert and Ann Foley Sheuring, eds., Water Scarcity: Impacts on Western
Agriculture (Berkeley, CA: University of California Press, 1984), 43; and Gary
O. Robinette, Water Conservation in Landscape Design and Management (New York:
Van Nostrand Reinhold Company, 1984), 8.

4 S5.I. Solomon, M. Beran, and W. Hogg, eds., The Influence of Climate Change
and Climatic Variability on the Hydrologic Regime and Water Resources
(Washington, DC: International Association of Hydrological Sciences, 1987).

5 A. J. Askew, "Climate Change and Water Resources," in Solomon, Beran, and
Hogg, eds., ibid., 421-30,

27



TABLE 2-1

WORLDWIDE DISTRIBUTION OF WATER IN THE HYDROSPHERE

Water Volume Percentage of
Location in Liters Total Water
Average in stream channels 1lx lO15 .0001
Atmosphere 13 x 107> .001
Vadose water, including soil moisture 67 x 1015 .005
Saline lakes and inland areas 104 x 10 .008
Fresh-water lakes 125 x lO15 .009
Ground water within depth of half a mile 4,170 x 1015 .31
Ground water, deep lying 4,170 x 1015 .31
Icecaps and glaciers 29,000 x 1015 2.15
World oceans 1,320,000 x 10%° 97.20

Source: U.S. Geological Survey as reported in Brian J. Skinner, Farth
Resources (Englewood Cliffs, NJ: Prentice-Hall, 1986), 155.

TABLE 2-2

WORLDWIDE FLUX OF WATER IN THE HYDROLOGIC CYCLE

Amount per year in

Factor cubic kilometers
Deep ocean/surface ocean mixing 710,000
Evaporation from ocean areas 419,060
Precipitation on ocean areas 381,410
Precipitation on land areas 106,250
Land precipitation from ocean evaporation 94,000
Evapotranspiration from land areas 68,600
Atmospheric moisture flow, land to oceans 57,000
Runoff from land to ocean 37,650
Land precipitation from land evaporation 12,000

Source: Various sources as reported in James W. Moore, Balancing the Needs
of Water Use (New York: Springer-Verlag, 1989), 2.
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climate and hydrology is the subject of increasing scientific attention,
particularly in light of concerns sbout global warming.®

Runoff, or total streamflow, is a typical measure of water supply.
Runoff is a function of both temperature and precipitation, as seen in table
2-3. The relationship is well established and highly intuitive: runoff is
greatest when rainfall is high and temperatures are low, and lowest when
rainfall is low and temperatures are high. Arid regions are highly
sensitive to these relationships because of the greater likelihood of
dryness and warmth. Knowing the meteorological patterns of a locality
provides much insight into the probability that water supplies will be
impaired by weather factors.

Figure 2-2 presents the path of precipitation once it has fallen to
earth. Seventy percent of all precipitation is returned to the hydrologic
cycle through evaporation and transpiration; the rest enters stream flows.
Only 8 percent of the total amount of global precipitation is withdrawn and
used by humans and only .6 percent of precipitation can be traced through
stream flows to municipal water withdrawals (those made by central
suppliers). The Second National Water Assessment by the U.S. Water
Resources Council tracked the path of precipitation, or the "water budget,"
for the coterminous United States, as reported in table 2-4.7 The Council
pointed out that of the 4,200 billion gallons daily (BGD) that precipitate
over the nation, 2,750 BGD is immediately evaporated from wet surfaces or
transpired by vegetation; Moreover, in most years only about 47 percent of
the 1,450 BGD that remain is considered available for withdrawal for human
use, given existing surface storage and the extremes of annual
precipitation. The table also illustrates the predominantly eastward flow

of both stream waters and subsurface waters.

6 The Great Lakes region is getting its share of attention in this area of
research. Two approaches to modeling climate and hydrology for the region
were M. Sanderson and L. Wong, "Climatic Change and Great Lakes Water Levels,"
and Stewart J. Cohen, "Sensitivity of Water Resources in the Great Lakes
Region to Changes in Temperature, Precipitation, Humidity and Wind Speed," in
Solomon, Beran, and Hogg, eds., The Influence of Climate Change.

7 U.S. Water Resources Council, The Nation’s Water Resources: 1975-2000,
Volume 1: Summary (Washington, DC: U.S. Water Resources Council, 1978), 12,
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TABLE 2-3

TEMPERATURE, PRECIPITATION, AND RUNOFF IN ARID AREAS

Weighted
Average Annual Precipitation in Inches (mm)
Tenmperature 7.9 11.8 15.7 19.7 23.6 27.6
°F (°C) (200) (300) (400) (500) (600) (700)
Annual Runoff in Inches *
28.4 (-2) 2.1 3.6 6.1 9.1 13.0 17.3
32.0 ( 0) l.6 2.9 4.9 7.5 10.8 15.0
35.6 ( 2) 1.1 2.2 3.7 6.1 8.9 13.0
39.2 ( 4) .7 1.6 3.1 4.9 7.5 10.4
42.8 ( 6) .4 1.0 2.4 3.9 6.1 8.7
46.4 ( 8) 0 .7 1.7 3.2 5.0 7.3
50.0 (10) - .3 1.1 2.5 4.1 6.1
53.6 (12) - 0 7 1.9 3.1 5.1
57.2 (14) - - b 1.3 2.6 4.1
60.8 (16) - - 0 .8 2.0 3.3

Source: W. B. Langbein, et al., Annual Runoff in the United States
(Washington, DC: U.S. Geological Survey, 1949) as reported in Roger
R. Revelle and Paul E. Waggoner, "Effects of a Carbon Dioxide-
Induced Climatic Change on Water Supplies in the Western United
States," in National Research Council, Changing Climate (Washington,
DC: National Academy Press, 1983), 420.

* The figures are averages based on representative data from 22 drainage
basins for relatively arid areas. Average monthly temperatures were
weighted by monthly precipitation. Precipitation and runoff were
converted from millimeters to inches (1 inch = 25.4 mm) and °Celsius were
converted to °Farenheit ([1.8 x °C] + 32° = °F).
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Precipitation

5.88 x 1015 liters per year

70% | | 30%
I I
i |
1 1
Evaporation and Stream flow
transpiration | |
| 8% | | 22%
| 4 i
i Withdrawn  Not
23% Pasture and crops and used Withdrawn
16% Forests and browsing vegetation |
31% Noneconomic \

3.4% Irrigation
3.4% Industry
0.6% Municipal

Fig. 2-2. Global path of precipitation as depicted in Brian J. Skinner,
Earth Resources (Englewood Cliffs, NJ: Prentice-Hall, 1986), 155.

TABLE 2-4

PATH OF PRECIPITATION FOR THE COTERMINOUS UNITED STATES

In Billions of Gallons Daily (BGD)

Atmospheric moisture 40,000

1
Precipitation 4,200 --»—» Evaporation from wet surfaces 2,750
or transpired from vegetation
Streamflow to Atlantic Ocean 920
and Gulf of Mexico
Streamflow to Pacific Ocean 300
Consumptive use 106
Subsurface flow (east) 75
Subsurface flow (west) 25
Reservoir net evaporation 15
Streamflow to Canada 6
Streamflow to Mexico 2

Source: U.S. Water Resources Council, The Nation’s Water Resources: 1975-
2000, Volume 1: Summary (Washington, DC: U.S. Water Resources
Council, 1978), 12.
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The dimensions of time and space have a lot to do with how much water
is available and, thus, how water issues are perceived.® If precipitation
were evenly distributed across the globe, rainfall would amount to about 86
centimeters annually. Actually, annual precipitation varies from under 25
centimeters to more than 254 centimeters.® Variations in rainfall can be
dramatic from year to year and even from month to month. Figure 2-3 is a
map depicting typical zones of water deficiency and water surplus across the
globe, based on the amount of precipitation required for well-watered
vegetation. Throughout North America, both types of zones are apparent.

Water supplies on the North American continent are relatively abundant,
particularly when compared with Europe and Asia on a per capita basis, as
seen in table 2-5.10 Water issues in the United States are highly regional,
however, because of dramatic differences in water's availability.!! Water
withdrawals east and west of the 100th Meridian (running through Dodge City,
Kansas) are roughly comparable at a little over five-hundred-thousand acre-
feet daily, about 54 percent of dependable supplies. Although the West has
60 percent of the land it receives only 25 percent of the precipitation in
the United States. Table 2-6 provides city-level data on precipitation,
organized according to regions and states. Differences among cities can be
dramatic. Average annual rainfall in New Orleans (60 inches), for example,
is over eight times that for Phoenix (7 inches). Precipitation from year to
year fluctuates by as much as 20 percent of the mean, and stream flows
fluctuate by even larger amounts.

Human intervention in the hydrologic cycle takes many forms: producing
hydroelectric power, collecting rain in a barrel for use in a garden,
distributing water through a public supply system, and seeding clouds to

produce rain where and when it is needed. Hydrology and water resources,

8 Jan Van Schifgaarde and George J. Kriz, et al., "Water: A Basic Resource,"

in William E. Larson, et al., eds., Soil and Water Resources: Research
Priorities for the Nation (Madison, WI: Soil Science Society of America, Inc.,
1981), 1.

® William W. Kellogg and Robert Schware, Climate Change and Society (Boulder,
CO: Westview Press, 1981), 75.

10 Per capita water demand in the United States, however, is greater than that
for most nations. See chapter 3.

11 Schifgaarde and Kriz, et al., "Water: A Basic Resource," in Larson, et al.,
eds., Soil and Water Resources, 1.
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Fig. 2-3. Global water surplus and deficiency: water-deficiency (-) and
water-surplus (+) zones in the world as depicted in William W.
Kellogg and Robert Schware, Climate Change and Society (Boulder,
CO: Westview Press, 1981), 75.
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TABLE 2-5

DISTRIBUTION OF WATER SUPPLIES AND POPULATION BY CONTINENT, 1980

Supply (Runoff) Population Per Capita

Global Region Volume (a) % Millions % Supply (b)
North America 6.0 14.1 252 5.6 23.8
South America 11.0 25.9 362 8.0 30.4
Europe 5 8.2 750 16.7 4.7
Africa (c) . 4.0 9.4 470 10.4 8.5
Asia 12.5 29.4 2,641 58.7 4.7
Australia-Oceania 3.0 7.1 23 0.1 130.4
Antarctica 2.5 5.9 0 .0 --
Total 42.5 100.0 4,498 100.0 9.4

Source: A. C. Gross, "Water Quality Management Worldwide," Environmental
Management 10 (1986), 25-39 and author's calculations.

(a) In 1000-cubic-kilometers annually.
(b) In cubic kilometers annually.
(¢) Includes the Middle East.

however, are not identical. For a body of water to be a resource "it must
be available, or capable of being made available, for use in sufficient
quantity and quality at a location and over a period of time appropriate for
an identifiable demand."!? While having enough water may depend initially
on hydrology (and being in the right place at the right time), the key to
water supply is water resource development.

Humans intervene in the hydrologic cycle by means of water resource
development for both instream and offstream uses. Offstream water uses
(also known as water withdrawals) are made up of water diverted or withdrawn

from surface or groundwater sources for use by people (as discussed in

12 Askew, "Climate Change and Water Resources," in Solomon, Beran, and Hogg,
eds., The Influence of Climate Change, 423.
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TABLE 2-6

PRECIPITATION IN THE UNITED STATES BY REGION, STATE, AND CITY

Average Number
of Days With

Normal Annual Precipitation
Census Precipitation of .01 Inch
Region State City (a) in Inches (b) or More (c¢)
Northeast Connecticut Hartford 44 .39 127
Maine Portland 43.52 128
Massachusetts Boston 43.81 127
New Hampshire  Concord 36.53 125
New Jersey Atlantic City 41.93 112
New York Albany 35.74 135
Buffalo 37.52 169
New York 44 .12 121
Pennsylvania Philadelphia 41.42 117
Pittsburgh 36.30 154
Rhode Island Providence 45.32 125
Vermont Burlington 33.69 154
Midwest Illinois Chicago 33.34 127
Peoria 34.89 114
Indiana Indianapolis 39.12 125
Iowa Des Moines 30.83 107
Kansas Wichita 28.61 86
Michigan Detroit 30.97 134
Sault Ste. Marie 33.48 166
Minnesota Duluth 29.68 135
Minneapolis-St. Paul 26.36 115
Missouri Kansas City 35.16 107
St. Louis 33.91 111
Nebraska Omaha 30.34 98
North Dakota Bismarck 15.36 97
Ohio Cincinnati 40.14 129
Cleveland 35.40 156
Columbus 36.97 137
South Dakota Sioux Falls 24,12 97
Wisconsin Milwaukee 30.94 125
South Alabama Mobile 64 .64 122
Arkansas Little Rock 49.20 104
Delaware Wilmington 41.38 117
D.C. Washington 39.00 112
Florida Jacksonville 52.76 116
Miami 57.55 129
Georgia Atlanta 48.61 115
Kentucky Louisville 43.56 125
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TABLE 2-6--Continued

Average Number
of Days With

Normal Annual  Precipitation
Census Precipitation of .01 Inch
Region State City (a) in Inches (b) or More (c)
South Louisiana New Orleans 59.74 114
(cont.) Maryland Baltimore 41.84 113
Mississippi Jackson 52.82 109
North Carolina Charlotte 43.16 111
Raleigh 41.76 111
Oklahoma Oklahoma City 30.89 82
South Carolina Columbia 49.12 109
Tennessee Memphis 51.57 106
Nashville 48.49 119
Texas Dallas-Fort Worth 29.46 78
El Paso 7.82 48
Houston 44.76 106
Virginia Norfolk 45.22 114
Richmond 44 .07 113
West Virginia  Charleston 42.43 152
West Alaska Juneau 53.15 220
Arizona Phoenix 7.11 36
California Los Angeles 12.08 36
Sacramento 17.10 58
San Francisco 19.71 62
Colorado Denver 15.31 88
Hawaii Honolulu 23.47 100
Idaho Boise 11.71 92
Montana Great Falls 15.24 101
Nevada Reno 7.49 51
New Mexico Albuquerque 8.12 60
Oregon Portland 37.39 153
Utah Salt Lake City 15.31 91
Washington Seattle-Tacoma 38.60 157
Spokane 16.71 114
Wyoming Cheyenne 13.31 98

Source: U.S. Bureau of the Census, Statistical Abstract of the United States
1988 (Washington, DC: U.S. Department of Commerce, 1987), 202-203.

(a) All data were recorded at the airport, except for New York City, where
data were recorded at city offices.

(b) Normal annual precipitation based on a standard 30-year period
(1951-1980).

(c) Annual averages from period of record through 1986 except for Juneau
(through 1985) and New York City (through 1983).
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chapter 3). Withdrawn water is either put to consumptive or nonconsumptive
uses. Water for nonconsumptive uses is released from the point of use and
discharged through return flows to surface or groundwater sources. Water
for consumptive uses, by contrast, is withdrawn but not returned directly to
any water source, although it does return to the hydrologic cycle at some
point.13

The amount of water available for withdrawal and use can be expressed

by the following equation:t*

Wt = Nt - Tt - Dt - T, + Et

For a given time period (t):

W,_ = Total withdrawals for consumptive and nonconsumptive uses;

N_ = New water (liquid) from precipitation and inflow (via rivers,
streams, underground flows, aqueducts, and so forth);

Tt = The sum of losses from liquid water through transpiration and
evaporation other than vapor losses associated with withdrawals;
Dt = Liquid discharge away from the area through surface streams

underground flows, storm drains, sewers, and the like;

r, = The net change in the liquid water stored either on the surface
or underground through natural or artificial means (such as
underground aquifers or reservoirs); and

E, = The amount of effluent withdrawals in the form of recycled water,
also called nonconsumptive water use.

The concept of "safe yield" is a guiding principle in water resource
development. Historically, the term was used to refer to the amount of
water that could be pumped "regularly and permanently without dangerous
depletion of the storage reserve."!5 C. W. Fetter provides a composite

definition of safe yield that has contemporary relevance because it

13 Wayne B. Solley, Charles F. Merk, and Robert R. Pierce, Estimated Use of
Water in the United States (Washington, DC: United States Geological Survey
Circular 1004, 1988).

14 Richard A. Berk, et al., Water Shortage: Lessons in Conservation from the
Great California Drought, 1976-77 (Cambridge, MA: Abt Books, 1981), 10.

15 Fetter, Applied Hydrogeology, 450.
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considers additional constraints. Accordingly, safe yield can be defined as
"the amount of naturally occurring ground water that can be withdrawn from
an aquifer on a sustained basis, economically and legally, without impairing
the native groundwater quality or creating an undesirable effect such as
environmental damage."!6

Thus, from the standpoint of the hydrologic system, the availability of
water for withdrawal is not strictly a function of precipitation. Rates of
flow, storage levels, and the return of unconsumed water to the system also
determine whether water supplies are abundant or scarce and the amount of
safe yield. Whether humid or arid, water-rich or water-poor, every locality
is accustomed to an average water condition. Water supplies anywhere,

however, may at some point in time become impaired by natural or artificial

causes.

Water Supply Impairment

Water supplies can be impaired for a variety of reasons. First,
however, it is useful to distinguish between impairments that have an effect
on quantity and those that have an effect on quality. This makes it
possible to distinguish between shortages of water in general and shortages
of water of acceptable quality. Second, it is useful to distinguish between
natural causes and artificial causes of water supply impairments.

A typology of impairments along the cause and impact dimensions 1is
presented in table 2-7. Each cell of the matrix represents some of the
examples of water supply impairments. Drought, for instance, is a natural
cause of shortages in water quantity. By contrast, water quantity can be
impaired by lack of planning or an inadequate infrastructure for water
delivery. Water quality can be impaired by natural causes--as in the case
of salinity--or by artificial causes--as in the case of pollution.
Impairments in quality such as pollution, of course, can lead to impairments

in the quantity of water supplied.

16 Tbid.
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TABLE 2-7

A TYPOLOGY OF SELECTED WATER SUPPLY IMPATRMENTS

IMPACT

Quantity Quality

Natural arid climate salinity
inaccessibility acidity
natural disasters natural disasters

(e.g., drought) (e.g., volcanoes)
CAUSE

Artificial overconsumption inadequate treatment
cost and cost recovery pollution
inadequate forecasting improper waste disposal
inadequate infrastructure manmade disasters
inadequate technology (e.g., spills)

legal barriers
(e.g., water rights)

Source: Authors'’ construct.

Each type of water supply impairment suggests certain solutions to
water supply problems, as illustrated in table 2-8. Often, one solution
addresses more that one type of problem. A simple solution may be for
societies to adapt to new conditions. Another may be to find alternative
water supplies. Planning can play a role in addressing virtually every type
of water supply impairment, with a slightly different emphasis depending on
the type of impairment. For artificial causes, institutional solutions play
a significant role. These include removing institutional barriers, improv-
ing regulation, integrating planning efforts, and controlling pollution.
Designing appropriate solutions to water supply problems depends on
targeting the cause of the problem and mitigating its effect on quantity,

quality, or both.17

17 Later chapters in this report deal with water supply solutions, particu-
larly drought mitigation (chapter 6) and conservation (chapter 7).
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TABLE 2-8

A TYPOLOGY OF SELECTED WATER SUPPLY SOLUTIONS

IMPACT
Quantity Quality
Natural adaptation adaptation
alternative supplies technological solutions
emergency planning reduced standards
(e.g., drought management) emergency planning
improved disaster improved disaster
response response
CAUSE
Artificial improved regulation improved regulation
removal of barriers technological solutions
long-term planning pollution control
improved technology integrated planning
improved disaster
response

Source: Authors’ construct.

Water Supply Assessments

Assessments of the nation’s water resources have evoked considerable
disagreement over the accuracy of supply projections. As mentioned earlier,
not all studies conclude that a water crisis is imminent. There is somewhat
more consensus over the critical problems facing the nation’s water
supplies, all of which intensify the competition for water. Projections of
future supplies are intrinsically related to assessments of problem areas.

The nation’s water resources regions are defined according to the major

river basin boundaries, illustrated in figure 2-4.'% Especially water-rich

18 John L. Moore, et al., The Nation’s Water Supply: An Overview of Conditions

and Prospects (Washington, DC: Congressional Research Service, Library of
Congress, 1986).
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Fig. 2-4. Water resources regions of the United States as depicted in Wayne
B. Solley, Charles F. Merk, and Robert R. Pierce, Estimated Use of
Water in the United States in 1985 (Washington, DC: U.S. Geological
Survey, 1988), inside cover.
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regions are the Mississippi River Valley, the Pacific Northwest, and the
South Atlantic-Gulf. 1In fact, aggregate statistics do not support the idea
of a water crisis for most parts of the country. As indicated in table 2-9,
based on data for 1980, thirteen of the nation’s twenty-one water resources
regions consume less than 10 percent of their renewable water supplies. The
remaining regions, however, consume much more. Most notable is the Colorado
River Basin, where use exceeds supplies and the difference must be made up
by drawing down groundwater resources.!® Depending on water demand, other
regions could experience comparable water shortages. When consumption takes
a large share of renewable supplies, areas become more vulnerable to drought
conditions and other supply impairments.

The key water supply issues for each water resource region were
identified in a study by the Congressional Research Service, as reported in
table 2-10. This assessment distinguishes between water quantity, water
quality, and institutional issues affecting each of the nation’s major river
basins. Water quantity problems include heavy withdrawals in New England
from both surface and ground sources, groundwater overdrafts in the Texas
Gulf, and conflicts between instream and offstream uses throughout the
Western regions. Water quality problems include heavy chemical and
biological loading of surface waters in the Upper Mississippi Valley and
high salinity of surface waters in the Great Basin caused by irrigation
runoff. Equally vexing in some regions are institutional issues, such as
conflicts over water rights (Indian v. state v. federal), which occur with
frequency in the West. Another example is the conflict among interest
groups over lake—levei regulation and use of the Great Lakes.

According to the now-dormant U.S. Water Resources Council, in its
second annual assessment, the following ten categories encompass the

nation’s major water resource problems:?°

e Inadequate surface-water supply
o Overdraft of groundwater
¢ Pollution of surface water

19 71bid., 21.
20 U.S. Water Resources Council, The Nation'’s Water Resources, 21.
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TABLE 2-9

SIMPLE WATER SUPPLY BUDGETS BY WATER RESOURCES REGION, 1980

Consumptive
Water Billions of Gallons Daily: Use/
Resources Stream Consumptive Renewable Renewable
Region Outflow Use Supply (a) Supply (%)
New England 77.8 0.6 78 .4 1%
Mid-Atlantic 78.9 1.8 80.7 2
South Atlantic-Gulf 227.9 5.6 233.5 2
Great Lakes 72.7 1.6 74.3 2
Ohio (b) 137.5 2.1 139.6 2
Tennessee 40,8 0.4 41.2 1
Upper Mississippi (c¢) 75.1 2.1 77.2 3
Mississippl (d) 428.3 42.3 464.8 9
Souris-Red-Rainy 6.0 0.5 6.5 8
Missouri 45.8 19.3 62.9 31
Arkansas-White-Red 61.3 11.0 68.7 16
Texas-Gulf 27.9 8.3 33.1 25
Rio Grande 2.2 3.2 5.4 59
Upper Colorado 9.9 4.0 13.9 29
Colorado (d) 1.6 10.8 10.3 105
Great Basin 5.9 4.1 10.0 41
Pacific Northwest 263.6 12.6 276.2 5
California 50.5 25.5 74.6 34
Alaska (e) 0.4 975.5 0
Hawaii (e) 0.7 7.4 9
Caribbean (e) 0.3 5.1 6

Source: U.S. Geological Survey (1983) as reported in John L. Moore, et al.,
The Nation’s Water Supply: An Overview of Conditions and Prospects
(Washington, DC: Congressional Research Service, Library of
Congress, 1986), 10 and 22.

(a) Includes replenished groundwater and stream flow.
(b) Exclusive of Tennessee region.

(c) Exclusive of Missouri region.

(d) Entire basin.

(e) Not reported.
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e Pollution of groundwater

e Quality of drinking water

« Flooding

» Erosion and sedimentation

¢« Dredging and disposal of dredged materials

> Wet-soils drainage and wetlands

* Degradation of bay, estuary, and coastal water

For each problem area, the Council provides a map indicating the areas
of the country where the problem is particularly acute. Overlaying all ten
maps would produce a composite picture in which virtually no state escapes
having at least one of these major water resource problems. In addition,
the Council’s 1980 evaluation included assessments of two institutional
problems: intergovernmental cooperation and planning and evaluation
improvements. More and more, assessments of water supplies include
institutional issues, or artificial causes of water resource problems. Many
of these institutional issues may be rectified with improvements in conflict

management, planning, and government regulation.

Forecasting Water Supply

Predicting water supplies is no easier than predicting the weather,
which of course plays an integral role in determining water availability in
many areas. Like any type of forecasting, uncertainty grows with the length
of the forecast period and continual adjustments may be necessary. Even
though the hydrologic cycle is closed, meaning that expectations about
supply are shaped by certain general parameters, fluctuations around mean
values can be substantial. Supply forecasts can help explain these
fluctuations as well as assist in planning the development of a water
resource to achieve its appropriate capacity.

For supply forecasts, the variables used in most models fall into three

general categories: hydrologic, topographic, and climatic.?! Hydrologic

21 See J. J. Boland, et al., Forecasting Municipal and Industrial Water Use: A
Handbook of Methods (Fort Belvoir, VA: Institute for Water Resources, U.S.
Army Corps of Engineers, 1983); B. Dzielielewski, D. D. Baumann, and J. J.
Boland, Prototypical Application of a Drought Management Optimization Proce-
dure to an Urban Water Supply System (Fort Belvoir, VA: Institute for Water
Resources, U.S. Army Corps of Engineers, 1983); and David W. Prasifka, Current
Trends in Water Supply Planning (New York: Van Nostrand Reinhold Co., 1988).
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TABLE 2-10

MAJOR WATER SUPPLY PROBLEMS BY WATER RESOURCES REGION, 1980

Water
Resources
Region Water Quantity Water Quality Institutional
New Heavy withdrawals Municipal/industrial
England surface and ground pollution
Middle Pollution; salinity
Atlantic in estuaries
South Shortages of fresh
Atlantic- surface water in
Gulf Florida and cities
Great Industrial, muni- Lake level regulation
Lakes cipal, and agricul- and competing
tural pollution interest groups
Ohio Pollution from
industrial waste
and acid mines
Tennessee Point source pellu-
tion; low dissolved
oxygen from hydro-
electric discharge
Upper Heavy chemical and Lack of comprehensive
Mississippil biological loading management strategy
of surface waters
Lower Industrial pollu-
Mississippi tion and salinity
Souris- Low water table Intense recreational
Red- because of use, poor sewage
Rainy agricultural and treatment, and
urban consumption cropland runoff
Missouri Instream/offstream Water rights (Indian
uses conflict v. state v. federal)
Arkansas- Groundwater deple-  High salinity of
White-Red tion; heavy use surface water
Texas Groundwater over- Salinity;
Gulf drafts; declining pollution

water tables
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TABLE 2-10--Continued

Water
Resources
Region

Water Quantity

Water Quality

Institutional

Rio
Grande

Instream/offstream
uses conflict;
overappropriation;
high phraetophyte
consumption

High salinity of
surface waters,
hypersaline inflow
to estuary

Upper
Colorado

Instream/offstream
uses conflict;
water storage and
delivery systems

High salinity of
surface water and
groundwater; pollu-
tion from mining

Water rights (Indian
v. state v. federal)

Lower
Colorado

Instream/offstream
uses conflict;
declining water
table

High salinity of
surface water and
groundwater; pollu-
tion from mining

Water rights (Indian
v. state v. federal)

Great
Basin

Shortages during
critical flow;
high diversion
requirements

High salinity of
surface waters
from irrigation
runoff

Water rights

Pacific
North-
West

Instream/offstream
uses conflict
(irrigation)

California

Distribution prob-
lems; excessive
groundwater uses;
drainage; salt
balance

Alaska

- - - - - - - - No major water problems

as yet - - - - - - -

Hawaii

Water rights

Caribbean

Periodic water
shortages; distri-
bution problems;
groundwater use
limited; storage

Source: Adapted from Warren Viessman, Jr. and Christine DeMoncada, Water Use
Trends to the Year 2000 (Washington, DC: Congressional Research
Service, Library of Congress, 1980), 271.
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indicators include reservoir rating curves, drainage area, streamflow, raw
water quality, and the hydrologic characteristics of alternative sources
(including yield estimates, water quality, and minimum flow requirements).
Topographic indicators include regional maps, soil moisture conditions, and
the extent to which drought-tolerant landscaping is used. Climatic
indicators include air temperature, precipitation (rainfall and snowfall),
and moisture deficit.

The U.S. Army Corps of Engineers’ Institute for Water Resources has
published a series of reports on water supply forecasting and planning. One
study summarizes several methods of water supply forecasting, as reported in
table 2-11. Each method has different data requirements, depending on its
focus, and advantages and disadvantages depending on its application. Most
are highly technical in nature and limited in the sense that they focus
strictly on the hydrologic supply side. However, they also serve an
important role in integrated approaches that combine expectations about

supply with expectations about demand for planning purposes.

Hydrology and Global Warming

Hydrology and meteorology are the center of attention in most studies
of global warming, also known as "the greenhouse effect." Some analysts
even link the recurrence of drought to global warming. The Global 2000
Report to the President utilized three climate scenarios between 1975 and
2000 developed by a diverse group of climatological experts whose opinions
were weighted according to their expertise.?? The "no change" case assumes
. temperatures and precipitation similar to the years 1941-1970 (with less
temperature variability than the past one-hundred to two-hundred years),
less severe drought in the Sahel, and less monsoon failure in India. The
"warming" scenario assumes a 1° C increase in global temperatures, with only
slight warming in the tropics, an increase in annual precipitation by 5 to

10 percent, and less variability in precipitation. The "cooling" scenario

22 Gerald 0. Barney, The Global 2000 Report to the President of the U.S.:
Entering the 21st Century (New York: Pergamon Press, 1980), 78-79.
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TABLE 2-11

SELECTED WATER SUPPLY FORECASTING METHODS

Method

Type of Forecast

Data Requirements

Basin Climatic
Index (BDI)
Method

Position
Analysis

U.S. Geological
Survey Technique

National Weather
Service River
Forecasting
Systems
(NWS-RFS)

Snow Accumulation
and Ablation
Model

Sacramento Soil
Moisture
Accounting
Model

Expected total for 12
months’ runoff, with 10
25, and 50 percent prob-
ability of occurrence.

Percent probability of
complete exhaustion of
of the reservoir storage
during drought.

Percent probability of a
dry reservoir based on
representative trace of
inflows.

Simulated stream flows;
total volume of flow;
maximum, minimum, and
average mean daily flow.

Snow cover outflow plus
rain that fell on bare
ground.

Five components of water
flow: direct runoff;
surface runoff; lateral
drainage interflow;
supplementary baseflow;
and primary baseflow.

Drainage basin or regional
data: long-term average BCIs
and runoff, monthly precipi-
tation and temperature.

Monthly inflow, withdrawals
and evaporation for a
reservoir plus current
reservoir storage.

Historical and filled-in
stream-flow data.

Hydrological parameters and
initial conditions of a
watershed, including mois-
ture storage contents, snow-
pack water-equivalents,
future time-series of mean
areal precipitation, and
temperature (at least 10-20
years of record).

Air temperature, snow pack
water equivalents, other
snow-cover variables.

Same as for the NWS-RFS
model (above).
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TABLE 2-11--Continued

Method ‘ Type of Forecast Data Requirements
Sensitivity Same as for the NWS-RFS Typical trace of 6-hour-
Approach model (above). interval rain data,

(for the NWS-RFS current soil moisture,
rainfall-runoff variance of rainfall
procedures) input.

Stochastic Stream-flow forecasts 6, Rainfall data in 6-hour
Conceptual 12, 18, 24, 30, and 36 time steps and incoming
Hydrologic Model hours in advance. real-time discharge.

(based on NWS-RFS)

Source: Benedykt Dziegielewski, Duane D. Baumann, and John J. Boland,
Evaluation of Drought Management Measures for Municipal and
Industrial Water Supply (Fort Belvoir, VA: Institute for Water
Resources, U.S. Army Corps of Engineers, 1983), 26-27.

assumes a 0.5° C decrease in global temperatures, with only slight cooling in
the tropics, a decrease in annual precipitation, and more variability in
precipitation.

Interestingly, the report hypothesizes that the probability of drought in
the continental United States will increase in both the warming and the
cooling scenarios. Thus, some experts see domestic drought in the future,
regardless of disagreements about overall warming or cooling trends.

The potential for a greenhouse effect caused by a buildup of carbon
dioxide as well as chlorofluorocarbons, methane, and nitrous oxide, is a cause
for continued concern and debate in the scientific community. In testimony
before the Senate Subcommittee on Science, Technology, and Space of the
Committee on Commerce, Science, and Transportation, J. D. Mahlman, a

laboratory director with the National Oceanic and Atmospheric Administration
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(NOAA), submitted the following predictions based on his model of climate

changes due to greenhouse gases, along with their probability of occurrence:?23

e Large stratospheric cooling (virtually certain)

e Global-mean surface warming (very probable)

+ Global-mean precipitation increase (very probable)

e Northern polar winter surface warming (very probable)

¢ Reduction of sea ice (very probable)

e Northern high latitude precipitation increase (probable)
¢ Summer continental dryness/warming (probable)

e Rise in global mean sea level (probable)

» Regional vegetation changes (uncertain)

» Tropical storm increases (uncertain)

Average global warming over the long-run is calculated to be between
1.5° to 4.5° C. While the model predicts an increase in global precipita-
tion on average, local regions of the world may experience decreases in
precipitation. Another probable effect is increased dryness and warming in
interior continental regions, indicated by lower soil moisture caused by
earlier ends to snow melt and spring rains.

James E. Hansen of the National Aeronautics and Space Administration’s
Goddard Institute for Space Studies also testified before the Senate in the
spring of 1989.2¢ His analysis provides specific projections of extreme
weather conditions, both wet and dry, based on anticipated greenhouse
effects.?® The model on which the testimony was based predicts more
frequent and more intense drought conditions because of higher surface air
temperatures, which, in turn, increase the rate of evaporation. Because
droughts are interspersed spatially and temporally, however, more detailed
analysis becomes difficult. The authors also "emphasize that, even as
droughts intensify with a growing greenhouse effect, all of the droughts

continued to be ‘matural,’ in the sense that their location and timing can

23 J. D. Mahlman, "Testimony of J. D. Mahlman Before the Subcommittee on
Science, Technology, and Space of the Committee on Commerce, Science, and
Transportation, United States Senate" (May 8, 1989).

24 James E. Hansen, "Statement of James E. Hansen Presented to the
Subcommittee on Science, Technology, and Space of the Committee on Commerce,
Science, and Transportation, United States Senate" (May 8, 1989).

25 The testimony incorporates J. Hansen, et al., "Regional Greenhouse Climate
Effects," in Proceedings of the Second North American Conference on Preparing
for Climate Change, December 6-8 1988 (Washington, DC: Climate Institute,
1989).
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be related to antecedent land, atmosphere and ocean conditions."2?® Hansen
and his colleagues conclude their Senate testimony by saying that the
results of current climate studies indicate "it is appropriate to encourage
those steps which would reduce the rate of growth of the greenhouse gases
and which would make good policy independent of the climate change issue."27

The policy implications of global warming are extensive, including
potentially serious consequences for water resource planning and
development. As reported in table 2-12, Roger R. Revelle and Paul E.
Waggoner predict that a 2° C temperature increase and a 10 percent reduction
in precipitation would result in a 53 percent reduction in water supply for
the Western water resources regions, and that at present rates of use,
supply would actually fall short of demand in the year 2000. The authors
note that major water resource systems take thirty to fifty years to be
planned and constructed, and that in the past, "these activities have been
based on the explicit assumption of unchanging climate."?® The potential
effects of a carbon-dioxide-induced climatic change over the next five to
ten decades would "warrant careful consideration by planners of ways to
create more robust and resilient water-resource systems that will, insofar
as possible, mitigate these effects."?29

According to many scientists, however, statistical analyses of global
temperatures and precipitation are not yet sufficient either to support or
refute the greenhouse effect. One recent study found no statistically
significant evidence of an overall increase in annual temperature or change
in annual precipitation for the contiguous United States for the period 1895
to 1987.3% Another recent and widely publicized study concludes that,

"Current forecasts of the artificial greenhouse effect do not appear to be

26 Tbid., 2.

27 Tbid., 17.

28 Roger R. Revelle and Paul E. Waggoner, "Effects of a Carbon Dioxide-Induced
Climatic Change on Water Supplies in the Western United States," in National

Research Council, Changing Climate (Washington, DC: National Academy Press,
1983), 431.

29 Ibid.

80 Kirby Hanson, George A. Maul, and Thomas R. Karl, "Are Atmospheric ‘Green-
house' Effects Apparent in the Climatic Record of the Contiguous U.S. (1895-
1987)?," Geophysical Research Letters 16, no. 1 (January 1989): 49-52.
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TABLE 2-12

WATER SUPPLIES AND CLIMATIC CHANGE IN THE WESTERN UNITED STATES

Average Annual Supply Ratio of

in Billion Cubic Meters Demand in Year
Western Water Present Altered Percentage 2000 to
Resources Region Climate Climate (a) Change Altered Supply
Missouri 85.0 30.7 -64% 1.2
Arkansas-White-Red 93.5 43.2 -54 0.4
Texas Gulf 49 .2 24,7 -50 0.7
Rio Grande 7.4 1.8 -76 3.7
Upper Colorado 16.4 9.9 -40 1.7
Lower Colorado 11.5 5.0 -57 2.7
California 101.8 57.1 -44 0.7
All regions 359.9 (b) 165.3 -53% 0.9

Source: Roger R. Revelle and Paul E. Waggoner, "Effects of a Carbon Dioxide-
Induced Climatic Change on Water Supplies in the Western United
States," in National Research Council, Changing Climate (Washington,
DC: National Academy Press, 1983) as reported in Sandra Postel,
"Stabilizing Chemical Cycles," in Lester R. Brown, et al., State of
the World 1987 (New York: W. W. Norton and Co., 1987), 165.

(a) Assumes a 2° C temperature increase and a 10 percent reduction in
precipitation.

(b) Does not equal sum of column because a portion of Lower Colorado flow is
derived from Upper Colorado.

sufficiently accurate to be used as a basis for sound national policy
decision,"3!

The jury is still out on all the implications of the greenhouse issue;
a verdict cannot be expected any time soon. This does not mean that no
policy attention should be given to the issue. And even if the drought of
1988 or any other drought is not seen as part of the greenhouse effect (and

even if one does not subscribe to the greenhouse effect at all), some

81 George C. Marshall Institute, Scientific Perspectives on the Greenhouse
Problem (Washington, DC: George C. Marshall Institute, 1989), 33.

52



prominent members of the scientific community predict that in the long run,
drought conditions may occur with greater frequency and/or intensity. In
any case, policies that address the causes of climatic change and policies
that seek to mitigate its effects are both likely to remain high on the

national policy agenda.

Future Water Supply Issues

As discussed in chapter 1, the terms scarcity and crisis are closely
associated with the issue of water supply. Despite the closed nature of the
hydrologic cycle, there is a growing sense that the earth is rummning out of
water. This is not true, of course. For reasons of nature and mankind,
however, levels of supply and demand in some areas are in closer proximity
and the limits to readily available supplies are increasingly apparent,
particularly in certain regio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>