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Abstract.—Watersheds will continue to be planning management units
of choice during the 21st century. Historic precedent, contemporary
beliefs, regulation, and broad institutional support have insured their
future. Whether their use will result in more sustainable systems
depends on keeping natural resource issues a high national priority,
balancing competition for consumptive resource use, advancing tech-
nology, developing strong public policies, and continuing appropriate
research and supportive governmental policies. Further, it appears that
successful watershed management will advance because organizations
promoting its use tend to be highly adaptive, constantly seek new
sources of information, and strategically use processes that foster inno-
vation.

Introduction

As Americans look ahead to the 21st century, we recog-
nize that we are in a position rarely matched in our
nation’s history. Our country has incredible prosperity
and unparalleled technology, while experiencing dra-
matic and rapid changes. We view with pride some
changes, such as medical advances, but other changes,
such as the continuing degradation of our Nation’s natu-
ral resources, especially our water, must be viewed with
alarm. How can this nation continue to prosper without
depleting its resource base? We need to enter the next
century with our attention turned to how best to prevent,
manage, or cope with the problems of gaining wealth at
the cost of continued damage to our ecological systems
(Killeen, 1999). Natural resource decisions, either by indi-
viduals or society, need to be framed in a meaningful
context. Many believe that a watershed context provides
this powerful basis for assessing environmental condi-
tions and tracking the effectiveness of resource interven-
tions. A watershed focus also provides a mechanism to
bridge barriers between management agencies, a logical

geographic unit for technical analysis, and perhaps most
importantly, an understandable and tangible landscape
unit for engaging the public.

In this paper we explore the following questions: will
the use of watersheds as the framework for natural re-
source management increase as we move into the next
century; and will that provide a reasonable structure for
successful coping mechanisms to deal with the predict-
able and unforeseen challenges?

A Brief Retrospective: How We
Got Here

The United States has a long history of water manage-
ment. In the first half of the 19th century, water manage-
ment was strictly a local concern. Private citizens peti-
tioned their town for permission to build structures to
power a mill or to develop a private water supply system.
Abuse of rivers was constrained primarily by public nui-
sance provisions from English common law. Late in the
same century, Eastern and Midwestern cities with politi-
cal power and financial resources condemned expanses of
land for the development of water supply reservoirs. They
acted unilaterally because no other level of government or
segment of society claimed authority over water resources.
In the West, water rights became the provenance of state
government, which enacted laws to define water rights
and settle disputes. The scarcity of water in Western states
led to water rights laws based on codes of behavior origi-
nating with prospecting miners. Foremost was the con-
cept that first in time was first in right. Toward the end of
the 19th century, a series of disastrous floods in the East
prompted calls for flood control. The U.S. Army Corps of
Engineers (the Corps) was directed to build projects that
“harnessed rivers” to protect life and property from floods.
The Federal government also expanded its authority over
water resources with the Rivers and Harbors Act of 1899.
This Act extended federal authority to all navigable wa-
ters and prohibited the construction of any structure or the
modification of any waterway without the expressed rec-
ommendation of the Corps’ Chief Engineer and the autho-
rization of the Secretary of War.
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The early 20th century saw considerable activity at the
municipal level. City Public Works departments con-
structed drinking water systems, built supply reservoirs,
and installed sanitary sewage treatment works. Private
power companies constructed hydroelectric dams. In 1902,
under the Reclamation Act, the Federal government be-
gan the business of water development for irrigation
supply in the West, primarily carried out by the Depart-
ment of Interior’s Bureau of Reclamation (BOR). The 1927
Rivers and Harbors Act significantly expanded water
resource programs of the Corps and authorized the agency
to develop comprehensive multipurpose plans for every
river basin in the United States. By mid-1930 the Corps
had prepared more than 200 plans, which became the
basis for much of that decade’s dam construction boom.
The Corps and the BOR guarded their jurisdiction and
actively opposed the establishment of other federal or
regional entities. Even so, the 1930s saw the entry of
several new players. The U.S. Department of Agriculture
(USDA) was directed to reduce flood damages through
watershed studies and land-based measures. The Tennes-
see Valley Authority (TVA) was established in 1933 with
authorization to build dams (USDA, 1972; NRC, 1992).
Largely motivated to stimulate the economy, the Federal
government began a large program of dam construction
in the 1930s. This era of large public expenditures for
water structures continued until the 1960s. After World
War II, USDA became a major player when the Soil
Conservation Service (now the Natural Resources Con-
servation Service or NRCS) began building projects in
upper watershed areas.

Throughout this period, concern about cost efficiency
and interagency battles led to the establishment of several
commissions charged with coordinating the federal agen-
cies involved in water resources; the Corps, the BOR, the
Public Health Service, and SCS. Those commissions failed
largely because the politics of deciding which projects
would be built where became very important to Congress.
They resisted any attempt to interfere with the “pork
barrel politics” that could benefit a Congressional repre-
sentative so significantly (Riley, 1993).

After decades of failed attempts to coordinate water
policy, the Water Resources Planning Act was enacted in
1965 to establish a National Water Resources Council
(WRC) and several regional river basin commissions. The
Act provided for the Council to develop water policy and
to provide financial assistance to the states to support
state-level water planning. Interstate basin commissions
could be established to coordinate water supply, sewage
and flood-control districts, state water resource agencies,
the Corps, BOR, SCS, and the Environmental Protection
Agency (EPA). Interstate commissions were to prepare
and update coordinated plans and conduct data collection
and studies (Fairchild, 1993). In 1972, the Clean Water Act
was passed and it too had a major planning component;

section 208 provided for a national program of “area
wide” or regional water quality plans. Also in 1972, the
Coastal Zone Management Act was enacted encouraging
comprehensive planning for coastal areas.

By 1980 all of these programs, to some degree, had
failed to fulfill their original promises. The main reason
for widespread failure of the regional component of the
1965 and 1972 acts was that the major players refused to
acknowledge the authority of the regional entities (com-
missions) that had been established. The Corps consid-
ered itself the nation’s water planner and saw no benefit
in cooperating with them. The Office of Management and
Budget (OMB) saw its role of deciding which projects
would go into the President’s budget as threatened by the
commissions (Fairchild, 1993). Congressional committees
were opposed to what they interpreted as the WRC ad-
vancing the President’s role in deciding project priorities.
President Carter’s “water project hit list” epitomized this
belief when the WRC identified a multitude of water
projects as inadequate in providing regional or national
benefits (Riley, 1998).

Finally, the states saw these efforts as attempts to un-
dercut their role in water planning and saw little reason to
work with the commissions when they could get their
projects funded directly from Congress. The states’ per-
ception was not unfounded since the Clean Water Act
was, in fact, based on the belief that the states were
unwilling or unable to control water pollution. The Act
empowered the EPA to regulate cites and industries, run
the permit programs, and manage the construction pro-
grams. The Act’s 208 planning process and several other
grant programs intentionally circumvented the states and
provided funds to regional planning entities. As the states
developed stronger programs through the 1970s and 1980s
in order to win “delegation” of the Clean Water Act
programs from the EPA, they increasingly opposed the
efforts of regional planning commissions. The 208 plans
had no buy-in from either state or local governments, and
the EPA had no authority or funding to ensure that local
governments followed plan recommendations. Thus, the
plans developed reputations as bonanzas for consultants
and unused documents. In 1981, the WRC was abolished
by the Reagan administration and the Federal govern-
ment largely abandoned basin planning. In the early
1990s, the EPA renewed the call for a “watershed ap-
proach” to environmental planning. The EPA was moti-
vated by the need to engage local entities in nonpoint
source control and ecological restoration efforts for which
federal authority is inadequate (USEPA, 1991).

What lessons can be learned from the history of water-
shed planning? First, the public mind-set and state/local
laws about water resources varied historically and con-
tinue to do so from east to west and from cities to small
towns based on scarcity of water and community wealth.
Second, the fragmented nature of the local-state-federal
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governing structure in the U.S. and the decentralized
authority of agencies at all levels of government create
barriers and challenges to integrated, comprehensive
watershed or basin management. Third, the top-down
model in which federal agencies act as the primary deci-
sion-maker draws strong resistance from state and local
entities. Finally, planning agencies at any level of govern-
ment must have adequate authority through either finan-
cial resources or policy-making authority.

Contemporary Predicament:
Where Are We Now?

Given the lack of clear success historically in the man-
aging the nation’s water resources, what is our contempo-
rary situation? To understand the present, the authors
examine the primary influences on resource management
at the watershed scale in this decade: the drivers, enablers,
and state/federal support for watershed use.

Drivers: External Forces

Public Health and Expected Levels of Livability

Many institutions are revisiting or establishing new
commitments to their constituents regarding environmen-
tal legacy; i.e., creating a vision of what kind of landscape
should be passed on to descendants. For example, the
Commonwealth of Pennsylvania’s Constitution states in
Article 2, Section 27, “The people have a right to clean air,
pure water, and to the preservation of the natural, scenic,
historic and esthetic values of the environment.
Pennsylvania’s public natural resources are the common
property of all the people, including generations to come.”
This constitutional right became the basis of the state’s 1998
Report of the 21st Century Environment Commission that
recommends a comprehensive framework to conserve natu-
ral resources for sustainable use and make a healthy envi-
ronment for healthy people. The framework depends in
large part on comprehensive watershed management as an
implementing mechanism. Other institutions and govern-
ments have similar initiatives and activities.

Pervasive Focus on the Essential Need for
Clean Water

Arguably, water is the most necessary and recognized
public natural resource. Concern for clean (drinkable,
swimable, and usable) water is a major influence on the

increase in watershed activities. In the 1990s, there have
been outbreaks of microbiological contaminants (includ-
ing such bacteria as Cryptosporidium, protozoa, and vi-
ruses) in drinking water, increased issuance of “boil wa-
ter” notices, beach closures, fish kills, and elevated levels
of nitrate in drinking water that pose immediate threat to
young children. These situations fuel public and govern-
ment concern about watershed functions and how the
processes relate to the quality of potable water.

Regulatory Shifts

Since the 1970s, control of point-source discharges
within our watersheds has been hugely successful due to
the installation and upgrading of treatment facilities by
units of government and industry. With these severe
problems largely under control, nonpoint source runoff
and aquatic habitat degradation are now considered the
most significant impacts on water resources. Millions of
individuals own nearly 70 percent of the land base in our
Nation and each is responsible for generating some
nonpoint pollution and habitat degradation. As a result,
recognition that regulation of nonpoint sources is not
culturally acceptable, cost effective, or practical to imple-
ment is increasing.

In response to this recognition, governments at nearly
all levels are committing to more locally based systems of
regulation and citizen-based actions involving communi-
ties. Many believe that these multitiered, citizen based
processes may be the most effective ways of institutional-
izing the underlying values necessary for lasting resource
management efforts (Lee, 1996).

Belief in an Environmental/Economic/Community
Equilibrium

Leadership in the U.S. believes that Americans can
“have it all.”  “All” broadly defined means sustainable
development; i.e., environmental health, economic pros-
perity, and social equity and well-being (President’s Coun-
cil, 1996). Some ecologists refer to this belief as the “Nature
Balanced” view or a belief system based on the notion of
logical growth and the challenge of navigating through
demographic, economic, social, and environmental shifts
to reach a plateau of sustainability (Gunderson, et al.,
1995). Much scholarship and many policy changes are
being driven by this belief. This equilibrium concept is a
clear, intellectually appealing force, but as yet, its attain-
ability is unknown.

Strong Feelings about Environmental Values,
Community, and Future Generations

The American public has valued the environment,
community, and responsibility to future generations since
the early 1960s (Kempton, 1995). Some of these values
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now are evolving into the use of watersheds as spatial
units for planning. In part, this comes from widespread
public and political recognition that ecological identity or
one’s “watershed address,” relates water resource con-
cerns to one’s nearby environment. Thus, environmental
health for one’s descendants is more likely to be perceived
as a product of individual efforts in local communities
rather than by centralized regional or national institu-
tions. As U.S. Senator Kit Bond from Missouri stated in a
recent press release, “I believe that a ‘one size fits all’
approach no longer works. I believe that states and locali-
ties, instead of Washington bureaucrats, are best able to
make environmental decisions and set priorities.” While
this statement rings of political rhetoric, it was followed
by the Senator’s acquisition of $3 million in funds for the
Missouri Watershed Initiative.

Enablers: Supportive Forces

Increasing Quantities of Resource Data at Large
Spatial Scales

Satellites, aircraft, and ground-based instruments con-
stantly collect data. At least 30 earth observation satellites
and sensors were on observational missions in June 1999
using optical and near-infrared radiation and radar (active
microwave) to generate visible images. The World Wide
Web’s remote sensing virtual library lists hundreds of sites
for satellite data and remote sensing conferences, societies,
documents, journals, news groups, and resources. An ex-
plosion of natural resource data is available as is the prolif-
eration of regional and watershed scale assessments and
plans. Paradoxically, even though remote sensing data has
exploded in quantity, we still lack basic information on the
status of resources that cannot be assessed using remote
sensing such as the ecological condition of aquatic re-
sources or status and trends in water quality (Paulson,
1998).

Increased Cooperation Between Organizations

Historically, myths, paradigms, and ideologies that
represent special viewpoints drove institutions and orga-
nizations. When fewer paradigms exist and organizations
work toward shared viewpoints, the flow of information
and resources increases, learning occurs, and people coa-
lesce toward action (Westley, 1995). In the 1990s, collabo-
ration between natural resource agencies is being pro-
voked, to a large degree, by downsizing and associated
fund reductions and personnel. Whether stimulated by
scarcity or perceived benefits, experienced watershed prac-
titioners know that finding common ground through co-
operation and building partnerships is leading to wider
acceptance and quicker implementation of actions that
benefit natural resources.

State and Federal Watershed Leadership

State Supported Strategies

State governments are now taking active roles in en-
couraging and requiring watershed management ap-
proaches, particularly for the reduction and elimination of
nonpoint discharges to water. Kentucky, South Dakota,
and Texas promote the use of statewide approaches; Cali-
fornia and Oregon have assembled watershed-based
project inventories and river information systems, while
Massachusetts and Wisconsin have reorganized state
agency structures to coincide with watershed or basin
boundaries. The general trend is for states to take an active
leadership role in resource management and to use water-
sheds as the basic planning unit.

Federal Strategies

Federal agencies, led by the authority and persuasive-
ness of the White House and the Clean Water Action Plan,
are strongly supporting and advocating the use of water-
sheds (CWAP, 1998). The greatest federal emphasis is
from the EPA’s Office of Water. This office provides
massive quantities of resource information related to wa-
tershed management in the form of publications, web
sites, videos, training, and educational material. The moni-
toring aspect of watershed work is strongest from the U.S.
Geological Survey’s Water Resources Division and their
NAQWA program, and on land technical assistance is the
primary focus of the USDA’s Natural Resources Conser-
vation Service. The 1996 “Farm Bill” statute redirected
financial support for conservation toward priority areas
to better align resources with watershed planning efforts.
The trend is clearly toward federal leadership in using
watersheds as a basic planning unit.

Prospects for the 21 st Century:
A Potpourri of Opinions

The world is not run by thought, nor by imagination,
but by opinion (Drew, 1926).

If indeed the world is run by opinion, what are our
opinions with regard to how natural resources will be
managed in the U.S. of the 21st century? Will a focus on
watersheds influence scenarios for management? The
authors used an informal query of opinions to gain some
insights into these issues by asking knowledgeable profes-
sionals where they thought the nation might be and where
it might go with regard to watershed management. Four
questions were directed toward these professionals:
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• How will people’s attitudes toward natural re-
source issues change in the 21st century?

• What factors will cause those changes in atti-
tudes?

• What do you think should be the primary role for
the Federal government in watershed-based
resource management in the 21st century?

• What motivations will encourage people to use a
watershed approach in the 21st century?

• What will be the top three research needs for
watershed management in the 21st century?

This was not a scientific study, thus no sampling
techniques were applied. The authors received responses
from 22 people from different areas of natural resource
management. The individuals contacted work for a
variety of governments and organizations including
the Audubon Society, the Charles River Watershed
Association, the Chesapeake Bay Commission, the South
Florida Water Management District, Texas Natural Re-
sources Conservation Commission, The Watershed Coa-
lition, the University of Maryland, and the EPA among
others. Many regions of the country are represented as
well as job positions including policy makers, research-
ers, land managers, administrators, and natural re-
source managers. The synthesis of these conversations
provides a compelling story about attitudes and soci-
etal direction for natural resource and watershed based
activity for the 21st century.

Attitudes toward Natural Resource Issues
in the 21 st Century

In general, respondents described a strengthening in
attitudes for natural resource awareness in the 21st cen-
tury. Few consistent responses emerged about possible
changes in citizen attitudes. Some believed that there will
be a broadened focus on natural resources and an increas-
ingly educated population will have a growing positive
awareness of resource values. Some, but not all, thought
these changes could relate to watersheds rather than
political boundaries. A thread throughout the responses
suggests that people will become possessive about natural
resources and more demanding about their preservation
and protection. This sense of urgency is countered by
others who stated that environmental concerns will be
lessened and more localized—a continuation of a current
trend where people are now more interested in their
backyards, less globally aware, and somewhat compla-
cent. On the other hand, some thought that environmental

awareness is now growing again in the late 1990s, after a
strong beginning in the 1970s and a waning in the 1980s
and early 1990s. Several said that natural resource issues
might rise to a top priority.

Various rationales were given as to why people will
become more involved, more focused and increasingly
linked on natural resource issues. Changed attitudes and
behavior will be the product of personal experiences,
environmental education, media activity about ecological
problems, and a result of technological advances that
permit instant connections among a concerned citizenry.
Respondents overwhelmingly believe that these changes
will be driven by three primary factors: degradation of the
environment, accompanied with associated declines in
the quality of life; potential shortages of natural resources
as commodities; and technological innovations that will
keep decisionmakers and the public better informed.

Degradation of the Environment

Respondents felt that the public’s witness of ecological
degradation will help sharpen their viewpoints, espe-
cially degradation that results in decline of quality of life
and increased costs of pollution control. Citizen attitudes
will be influenced by personally experienced environ-
mental degradation and impacts resulting from increased
development, flooding, increased fragility of resources,
more urban sprawl, loss of habitat, and more pollution
problems moving from the city to rural areas, such as air
pollution and poor water quality. Additionally, an in-
creasing population will direct more and more pressure
on natural resources. Some conjectured that these condi-
tions would push people to seek solutions, such as more
emphasis on protection of green space and natural habi-
tat. People will become more informed about environ-
mental issues and less tolerant of pollution. Attitudes in
the 21st century may be further influenced by an expected
clarification of the connection between degraded environ-
mental conditions and negative human health.

Competition for Resources

Several respondents commented that people would
view natural resources as commodities, with an increased
eye to their extraction. Some stated that natural resources
will simply become more limited, thus more expensive,
and this scarcity will play an important role in a sharp-
ened focus on them. One respondent thought a growing
recognition that the “world is no longer empty” will be a
major driving force, and that technology will be redirected
toward conserving natural capital. In fact natural capital
may be increasingly recognized as the limiting factor
instead of more traditional measures of economic capital.

A number of respondents mentioned the increasing
view of natural resources, especially water, as a com-
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modity, and suggested that future debates will argue
their true economic value. Expected population increases
will demand more of these already stressed resources,
and water scarcity will become a more crucial and con-
troversial issue, especially in the more arid areas. The
true costs for having abundant and clear water will
sharpen the issue in the public’s mind. Arid areas will
seek more water, and those “areas of plenty” will view it
more protectively, thus intensifying public debate and
making a key natural resource the subject of intense
economic concern. With increasing scarcity people may
be willing to pay more for their consumptive use, but at
the same time, more to protect them. Unfortunately, this
protection could come mainly from an impetus to control
resources rather than from an educated understanding
of ecosystems.

Technological Contributions to Informed
Decisionmakers and Citizens

Several respondents believed that the rapid availability
of information to decisionmakers and citizens via new
technology (i.e., the Internet) could affect what they know
and understand and thus, influence their attitudes about
natural resources. Computers and web sites will continue
to provide increasing amounts of information on water-
shed issues, the overall environment, and environmen-
tally induced illnesses. The availability of digital data
should enhance availability and management of informa-
tion for scientific evaluation and information sharing.

One professional suggested that technology break-
throughs might increase general knowledge and under-
standing of ecological impacts from different stressors on
humans and other biota. This would result in greater
abilities to intervene in ways that will achieve watershed
management goals with a higher level of predictability.
This broad and hopeful thought, one full of promise and
challenge, might prove to be the most prophetic.

Future Role of the Federal Government in
Watershed Management

Respondents thought that state and regional entities
are best equipped to handle local issues and problems, but
believed that the Federal government has several signifi-
cant roles. The roles suggested are not necessarily new,
rather the respondents’ opinions of roles for which the
national government is best suited. The majority of re-
source professionals contacted believed appropriate fed-
eral roles should be: a) providing funds and incentives
while giving authorization to the states and regional enti-
ties; b) providing guidance and oversight, especially set-

ting and regulating minimum standards; and c) facilitat-
ing complex, multiparty, integrated resource manage-
ment plans. There were also minority opinions expressed
that the Federal government should provide baseline
information, inventory and disperse data, and be a “pa-
tron” for small watershed efforts.

Funds, Incentives, and Authorizations

Overwhelmingly, the respondents stated that the na-
tional government has a substantial role in funding the
efforts of states and regional entities. One comment was
“Many of the solutions are simply beyond the funding
ability of many states in which the key natural resource
issues are located.” The general sense was that the govern-
ment is going in the right direction with environmental
mandates accompanied by funding. Support was also
given for incentives and increased authorization to the
states and regional entities to pursue local solutions to
local problems. The respondents believed that these ap-
proaches should continue and be enhanced.

Provision of Guidance and Oversight

Contributors think that the Federal government should
provide methods, protocols, and education, and in gen-
eral, serve as a communication link for providing infor-
mation across political boundaries. The government should
also lead regional, state, and local governments to work
cooperatively along watershed lines. Some respondents
thought an essential role is providing oversight through
establishing and enforcing broad-based standards, such
as TMDL’s (total maximum daily loads). Reasonable stan-
dards should be set by the national government, but a
primary role should also be to bring constituents together
to identify, analyze and solve natural resource problems.
This is especially important for large basin issues with
implications for regional and interstate water resource
management.

Facilitation for Complex, Multiparty, Integrated
Resource Management Plans

One respondent noted that a “forgotten” role of the
national government is to provide focus on regional scale
or interstate resource management issues. It was further
emphasized that the government should be “emphasiz-
ing, encouraging, and insisting on integrated resource
management.” Integrated management was described as
going beyond traditional concepts of watershed manage-
ment as surface water control. The federal level should
clearly understand and promote an ecological systems
approach that integrates the interactions between all sys-
tems—physical, biological, and atmospheric.
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Motivations to Use a Watershed Approach

Respondents thought that motivations to use a water-
shed approach will be strikingly similar to the factors cited
as those most likely to change citizen attitudes about
natural resource management in the next century. They
believed appropriate motivations should be crafted around
economic incentives, education, and regulation.

Economic Incentives

Clearly, the use of money as economic incentive was a
recurring theme among the responses. Mini-grants and
financial incentives for planning and watershed coordi-
nators were discussed. Several respondents replied that
economic logic is also an appropriate motivator. For ex-
ample, watershed approaches have been demonstrated to
be cost effective when the cost for not dealing with water-
shed issues is computed (i.e., pollution abatement, treat-
ment facilities, remediation, and restoration costs).

Education

The most pervasive response to the issue of motivations
was that education, in its broadest concept, was necessary.
Citizens need to understand what watersheds are, how
they can be used as a framework to balance differing
resource concerns, and how their use would be beneficial
to encourage collaboration and sharing of limited re-
sources. Perhaps most importantly is the understanding
that watershed system-based approaches could replace
piecemeal, quick fix solutions that often generate worse
conditions than originally present. Education could re-
duce lack of understanding about how total watershed
systems react to intervention.

Regulation

A few respondents expressed strong belief that volun-
tary watershed management is limited in its ability to
produce results. One person noted that “people are set in
their ways; the Federal government must mandate—then
the voluntary part will happen after that.” Another noted
that, “Many aspects of natural resources and the environ-
ment are essentially nonrenewable and must be proactively
managed by those who are looking out for the long-term
well-being of humans and other creatures.”

Perhaps the most blunt, but true, response about motiva-
tions to encourage the use of watershed approaches was
that, “Everything else that has been tried has failed; it is the
only way to deal with cumulative effects. Watershed ap-
proaches will be successful when governments realize they
are very effective tools to gather citizens toward action.”

Research Needs for
Watershed Management

The contributors provided a rich river of ideas about
what watershed managers need under the general um-
brella of “research,” though most used a liberal interpre-
tation of the term. There was little to no duplication of
ideas, so clearly a great deal about the field and practice of
watershed management is still to be learned. Respondents
stated that more knowledge is needed in the inquiry areas
of planning (tools, methods and protocols), basic research,
and applied research.

Planning (Tools, Methods, and Protocols)

Several of the ideas involved planning tools to deal
with the human elements of watershed work including
how to change behavior and how to use communication
techniques for effectively working with communities.
Others focused on tools for more abstract processes such
as developing ways to preserve natural resources along
with quality of life and determining the effectiveness of
controlled growth and land use planning.

Basic Research

Identified basic research needs included: (1) improved
understanding of surface water and ground water inter-
actions and their effect on stream ecology, and (2) im-
proved understanding of the effects of low concentrations
and mixtures of potentially toxic compounds interspersed
with seasonal pulses of higher concentrations on aquatic
organisms. Others focused on nutrient management from
a watershed perspective: (1) transport, fate and effects of
nutrients on stream ecology, (2) source and control of
nonpoint bacteria and true relative risk, and (3) prediction
of loadings of phosphorus and metals, and (4) better
information on sources and controls of agricultural run-
off.

Applied Research

Most responses dealt with application and the need for
action-oriented guidance. One respondent stated emphati-
cally, “We are a research happy nation—need to start
applying the research we have.” The applied research
needs included: (1) cost effective water treatment tech-
nologies prior to discharge into natural systems, (2) deci-
sion tools that allow integration of natural resources
with other activities so that system linkages can be
portrayed, and (3) system tools for understanding ur-
ban ecosystems.
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Predictions: A Summary

Does anyone have a crystal ball that will truly allow us
to gaze into the next century with accurate predictability?
Practically speaking, it is a great accomplishment if one
can anticipate trends of the next 5 to 10 years. If current
trends continue, it seems reasonable that the following
will occur:

1. For privately owned lands, states will continue to
support watershed organizational efforts, pro-
vide some financial incentives, coordinate with
federal agencies, and orchestrate instate water-
shed management activities. Federal agencies will
serve primarily in a technical support and facilita-
tion role, provide some financial incentives, and
continue to be active leaders in interstate and
international efforts. On public lands, federal agen-
cies will lead the planning and management ac-
tivities, but with increased partnership from pri-
vate land managers in the watershed.

2. States will increasingly adopt strong state statutes
to require watershed planning and analyses, es-
pecially as it relates to the management of water
resources. The Federal government will establish
incentives for states to adopt strong statutes to
support and provide oversight and guidance to
watershed planning efforts.

3. The concept and practice of adaptive manage-
ment will be increasingly critical and more fre-
quently used in watershed management. Adap-
tive management starts with the recognition that
the knowledge to predict the results of a resource
management decision is often lacking. Major re-
source management decisions are approached
similar to an experiment with monitoring and a
process to evaluate results and modify the re-
source management plan in response to new
knowledge.

4. Ecological sciences important to watershed man-
agement will continue to evolve at the same time
as public agencies struggle with adaptive actions/
reactions. Agencies will most likely still remain
bogged down in inflexible policies and regula-
tions; generally several steps behind leading edge
of ecological knowledge.

5. Watershed planning processes will increasingly
be bottom-up, locally based efforts that rely on
strong citizen leadership and activism. Public dia-
log, ownership, and education will be critical.
Nongovernmental organizations will increasingly

build bridges to the public and be effective mod-
erators between adversarial parties.

6. Interdisciplinary work will be absolutely essen-
tial in watershed management, and more ‘nontra-
ditional’ and arcane disciplines will be needed to
address increasingly complex issues.

7. Effective watershed management will require that
scientists agree on definitions for “success” and
“failure” and establish thresholds for tolerance.
Monitoring and evaluation will become essential
components of all watershed projects that involve
ecosystem protection, modification, or restoration.

8. Scientists need to find more effective methods of
explaining their work to reduce confusion and the
fog factor for the public and decisionmakers using
watershed approaches.

9. Ecological changes in watersheds and basins
caused by cumulative, seemingly insignificant,
human actions will continue to cause surprises
and sometimes disasters.

10. Analysis tools, such as geographic information
systems and remote sensing, will become more
affordable, sophisticated, and commonly used in
decisionmaking processes. At the same time these
tools will become increasingly mobile and acces-
sible to the public. The availability of data will
increase exponentially as dependence on the infor-
mation highway (Internet) grows. Watershed plan-
ning will be confounded by the vast amount of data
available and practitioners will struggle with how
to manage it effectively and in a timely manner.

The 21st century in the United States will be an ever
changing ecological, economic, and social environment. If
watershed management succeeds as a viable tool for man-
aging natural resources, it will be because visionaries are
attracted to the challenge and because organizations in-
volved are highly adaptive, encourage shared collabora-
tion, are constantly open to new sources of information,
and strategically concentrate on processes that foster in-
novation and learning.
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