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Foreword

Within the U.S. Environmental Protection Agency, the Office of Research and Development (ORD) has a central role in
identifying, understanding, and helping to solve current and future environmental problems. The Sustainability Research
Strategy (SRS) describes ORD’s approach to some of the most pressing current and future national environmental issues.
Science and technology are two key elements in ensuring that people understand the full environmental implications

of their actions and will help ensure that sound decisions are made by individuals, communities, companies, and
government agencies. ORD presents this Sustainability Research Strategy to improve understanding of the earth’s natural
and man-made systems, to assess threats to those systems, and to develop and apply new technologies and decision
support tools.

The focus on sustainability research recognizes the changing nature of environmental challenges that society faces today.
In the past EPA focused its actions more directly on specific pollutants, their sources, and causes. More recently, and
into the future, the Agency must provide information to help address a broader set of environmental issues involving
population and economic growth, energy use, agriculture, and industrial development. Capably addressing these
questions, and the tradeoffs they will entail, requires the new systems-based focus on science and analysis outlined in
the Sustainability Research Strategy.

EPA is an agency with a strong internal research capability. The ability to directly link research and policy in one agency
puts EPA in a good position to lead on environmental sustainability. ORD leads the research element in that linkage;

by thinking and operating strategically, it plays a vital part in forming and driving the policy element. This research
strategy recognizes that system-wide thinking is required to ensure our goal of promoting and achieving environmentally
sustainable decisions at home and around the world.

George Gray
Assistant Administrator for Research and Development
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Executive Summary

Chapter 1. Introduction and Purpose

We make decisions on a daily basis that affect the quality of our own lives as well as the lives of future generations. These
decisions determine how sustainable our future will be. To assist governments, businesses, communities, and individuals
in making sustainable choices, our Sustainable Research Strategy aims to develop an understanding of the earth as a
natural system and craft models and tools to support sustainable decision making. Our strategy incorporates both core
research that advances fundamental understanding of key biological, chemical, and physical processes underlying
environmental systems, and problem-driven research that targets specific environmental problems or customer needs.
The research strategy draws on and integrates across the many research programs within the Office of Research and
Development and focuses this research to support sustainable decision making.

Chapter 2. Rationale for the Strategy

A combination of forces—including unprecedented growth in population, economy, urbanization, and energy use—are
imposing new stresses on the earth’s resources and society’s ability to maintain or improve environmental quality. In
order to improve environmental protection, human health, and living standards, our generation must move to mitigate or
prevent the negative consequences of growing population and economy. The increasing stresses require new approaches
to environmental protection that go beyond end-of-pipe control strategies concerned principally with pollutant emissions.
Based on our understanding that environmental problems are rarely contained within a single resource or geographic
area, we must develop and implement integrated and systems-based approaches to meet society’s needs today and
ensure a more sustainable future.

Chapter 3. Definition and Scope

The concept of sustainable development marries two important insights: environmental protection does not preclude
economic development; and economic development must be ecologically viable now and in the long run. Sustainable
development, which requires an integration of economic, social, and environmental polices, cannot be achieved by
any single federal agency, because it relies on policy coherence across government agencies. EPA’s contribution to
sustainability is to protect human health and the environment for both this and future generations. Our Sustainability
Research Strategy rests on the recognition that sustainable environmental outcomes must be achieved in a systems-
based and multimedia context that focuses on the environment without neglecting the roles of economic patterns and
human behavior. This recognition begets a fundamental change in research design. In a systems-based approach, the
traditional goals of achieving clean air or water or protecting ecosystems and human health can be fully understood
only through a multimedia approach. EPA and its partners will develop integrating decision support tools (models,
methodologies, and technologies) and supporting data and analysis that will guide decision makers toward environmental
sustainability and sustainable development.



Chapter 4. Six Research Themes

Emphasizing an integrated and systems-based approach to achieving sustainability,
we focus on six broad research themes.

1. Renewable Resource Systems. The sustainability of natural systems is critical to protecting human health, supporting
our economy, and maintaining our quality of life. Sustainability demands that we determine how best to obtain the
benefits that renewable resources provide, while considering the system-wide effects their use has on the regenerative
capacity of the entire system. Three of our research strategy aims are especially relevant to renewable resources: (1)
defining clear measures of sustainable renewable systems, (2) improving understanding of ecosystem processes and
services, and (3) developing and applying advanced systems models and tools for decision making.

2. Non-Renewable Resource Systems. The extraction, processing, and use of fossil fuels, minerals, and other materials
are critical elements of our economic life. Sustainability calls for greater conservation and efficient use of these non-
renewable resources, as well as greater reliance on renewable energy, development of substitutes for toxic and
dangerous materials, and an emphasis on management of materials rather than disposal of waste products. Our strategy
seeks to promote sustainable management of non-renewable resource operations and to support the shift to renewable
resources. The research will include life cycle assessment and material flow analysis; application of models to assess the
regional impacts of various energy sources on emissions and air quality; and development of alternative chemicals and
new industrial methods. Climate change research and assessment, a major global sustainability issue, will continue to be
a collaborative effort of many programs at EPA and other agencies.

3. Long-Term Chemical and Biological Impacts. The intergenerational dimension of sustainability means that society must be
mindful of the long-term threat posed by chemical and biological impacts on the environment. Improving our use of materials,
shifting to environmentally preferable materials, and protecting human health all rely on assessing and eliminating the long-
term impacts posed by harmful chemical and biological materials. Our research will aim to develop alternate chemicals and
new industrial processes, as well as decision support tools for evaluating the environmental dimensions of the new chemicals
and processes. It will also employ life cycle assessment and material flow analysis to evaluate environmental releases from
industrial systems and nanomaterials.

4. Human-Built Systems and Land Use. The growth of urbanized areas over the past century has shown that human-
built systems can significantly harm ecosystems and undermine their ability to provide critical services. This strategy will
include research on topics such as sustainable building design and efficiency, management of urban systems, life cycle
assessment for building design and land use, and decision support tools for urban land development and revitalization.
ORD scientists and engineers will work directly with key customers and stakeholders who can most benefit from our
research capabilities in these areas—such as those at state and local levels responsible for myriad decisions on urban
development, land use, and provision of public services.




5. Economics and Human Behavior. Since the sustainable management of natural and man-made systems depends on
human behavior and choice, our research strategy is closely linked with research in economics and behavioral science,
such as developing ecosystem valuation methods and analyzing the role of incentives in decision making and the causes
of market failures. Research in this area is led by ORD’s Economics and Decision Science Research Program. Activities
in the Sustainability Research Strategy will be closely coordinated with this program.

6. Information and Decision Making. The establishment of an information infrastructure of sustainability metrics and
environmental monitoring is a necessary component of any strategy advancing sustainability. EPA's Draft Report on

the Environment (RoE) provides snapshots of the existing environmental state. Metrics are defined in relation to clearly
stated questions such as, “What are the conditions and current trends of surface waters?” and, “What are the trends in
the ecological processes that sustain the nation’s ecological systems?” As EPA moves toward identifying a set of clearly
articulated questions related to sustainable outcomes—such as, “How sustainable are the nation’s water supplies?”—
research can focus on identifying appropriate indicators and ensuring their quality. Our strategy is also closely linked with
the Global Earth Observation Systems of Systems (GEOSS) program. GEOSS will effectively take the pulse of the planet by
compiling a system of all relevant databases (or systems), thus revolutionizing our understanding of how the earth works.
Over time, GEOSS will contribute greatly to sustainability by providing important scientific information for sound policy
and decision making in every sector of society.

Chapter 5. Research Objectives

The five principle research objectives of our research strategy represent areas of strong ORD competence. Our research
aims first to advance systems understanding—to better comprehend the interconnections, resilience, and vulnerabilities
over time of natural systems, industrial systems, the built environment, and human society. Second, our research aims

to further develop decision support tools to assist decision makers. A third key element of our strategy is to develop and
apply new technologies to address inherently benign and less resource-intensive materials, energy sources, processes,
and products. Fourth, our research is committed to collaborative decision making. We aim to develop an understanding
of motivations for decision making and to craft approaches to collaborative problem solving. Fifth and finally, our research
strategy emphasizes developing metrics and indicators to measure and track progress toward sustainability goals, to send
early warning of potential problems to decision makers, and to highlight opportunities for improvement



Chapter 6. Roadmap for Implementation

Our Sustainability Research Strategy builds on ORD’s traditional focus on risk assessment and risk management and
dovetails with EPA's commitment to stewardship and sustainable outcomes. The strategy supports shifts by program
offices toward developing sustainable water infrastructure, managing materials rather than waste, managing ecosystems
and ecoservices, and emphasizing green chemistry and urban sustainability (including green building design and low-
impact development). To implement this research strategy we will take the following steps:

e Demonstrate the value of sustainability research by identifying key national issues where application of sustainability
approaches can be most effective in promoting sound and sustainable economic growth.

e Advance core sustainability research and development of new tools and methodologies by transitioning the current
Pollution Prevention and New Technologies Research Program into the Science and Technology for Sustainability
Research Program.

e |Leverage all ORD resources by coordinating and integrating research across ORD that builds a critical knowledge
base for sustainability, such as identifying synergies, gaps to be filled, and high-priority emerging areas among
existing research strategies.

e |everage all EPA resources by coordinating and strengthening collaborations and partnerships—with EPA program
and regional offices, other federal agencies, state and local governments, communities, industry, nonprofit
organizations, universities, and international partners—that address critical sustainability issues and stimulate
broader progress toward sustainability in both research and implementation.







Chapter 1. Introduction and Purpose

This chapter relates the Sustainability Research Strategy to the mission of the Office
of Research and Development and describes the research strategy’s goals, outcomes,

and organization.

Sustainability and the ORD Mission

From the perspective of the Office of Research and
Development, the science of sustainability is developing
the underlying knowledge base that allows decision
makers to make sustainable choices. For natural resource
managers, this means how to manage our resources to
provide maximum services today and in the future. For
urban planners, this means how to build cost-effective
and efficient urban systems that protect both human
health and the environment. For decision makers in
industry, this means how to enhance economic growth
while minimizing industry’s footprint on the environment.
The science of sustainability aims to anticipate problems
and promote innovation. A 1997 National Academy of
Engineering report suggests the path to sustainability
“involves the creative design of products, processes,
systems and organizations, and the implementation of
smart management strategies that effectively harness
technologies and ideas to avoid environmental problems
before they arise.”!

ORD conducts cutting-edge research and fosters the
use of sound science and technology to fulfill the
Agency’s mission of protecting human health and
safeguarding the natural environment. ORD research

is a mix of (1) core research that seeks to advance
fundamental understanding of key biological, chemical,
and physical processes that underlie environmental
systems; and (2) problem-driven research that focuses
on specific environmental problems or customer needs.
The Sustainability Research Strategy encompasses
both core and problem-oriented research, aiming first
at understanding biological, physical, and chemical
interactions through a systems approach; and second,
developing effective models, tools, and metrics that
enable decision makers to achieve sustainable outcomes.?

This important goal of helping society make good
decisions was identified by the 1998 House Committee on
Science report, Unlocking Our Future:

While acknowledging the continuing need for science
and engineering in national security, health and the
economy, the challenges we face today cause us to
propose that the scientific and engineering enterprise
ought to move toward center stage in a fourth role;
that of helping society make good decisions. We
believe this role for science will take on increasing
importance, as we face difficult decisions related to
the environment.?

Recent external reviews of two other ORD research
programs have re-emphasized the theme of this
congressional guidance. The 2005 reviews by ORD’s
Board of Scientific Counselors (BOSC) of the Ecological
Research Program and Global Change Research Program
both emphasized a need for activities that lead to “wise
decision-making” and that are “demand-driven and
participatory.”*

2

National Academy of Engineering. The Industrial Green Game:
Implications for Environmental Design and Management. Washington:
National Academies Press, 1997

National Research Council, Building a Foundation for Sound
Environmental Decisions. Washington: National Academies Press,
1997.

Unlocking Our Future: Toward a New National Science Policy.
Washington: House Committee on Science. September 24, 1998.

The BOSC review of ORD’s Global Change Research Program noted:
“Two underlying themes have surfaced in the Program’s approach to
its work. The first is that its emphasis now and for the future should
be on decision support—improving the ability of those who control
actions to make wise choices in the face of global change through
provisions of useful research and activities. The Subcommittee
concludes that this is the right emphasis and that it should be a
guiding star for the efforts of this Program. The second emphasis is on
stakeholder involvement—being ‘demand-driven’ and participatory.”
Board of Scientific Counselors, Review of the Office of Research
and Development'’s Global Change Research Program at the U.S.
Environmental Protection Agency: Final Report. (March 27, 2006).
www.epa.gov/OSP/bosc/pdf/glob0603rpt. pdf




Purpose of the Strategy

Recognizing its responsibility to lead EPA in science
applications for decision making, ORD management
identified two objectives for this research strategy:

e Develop a crosscutting sustainability research plan
that will tie together the ORD multi-year plans (MYPs)
that concern component parts of sustainability; and

e Develop a revised MYP for Pollution Prevention (P2),
entitled “Science and Technology for Sustainability,”
that will identify new annual and long-term goals and
annual performance outcome measures to better
focus pollution prevention and innovative technology
on sustainability.

In moving to establish an integrated sustainability
research program across ORD, management recognizes
three challenges: (1) defining clear and comprehensive
sustainability goals that are meaningful to EPA and that
connect the dots among existing ORD research strategies;
(2) initiating and leveraging new activities within a limited
range of budget options; and (3) overcoming a tradition of
media-specific (“stovepipe”) approaches to environmental
problems.

Through this strategy, ORD aims to address these
challenges by defining sustainability within EPA and
identifying research priorities and management steps
necessary to achieve the dual national goals of supporting
a growing economy and advancing environmental
protection.

Stakeholder Input and Strategy
Goals and Outcomes

This Sustainability Research Strategy was derived from
input gathered through internal and external activities:

e  Consultation with regional and program offices on the
types of research that can provide the greatest benefit
to their programs,

e Recommendations of the EPA Science Advisory
Board (SAB) and Board of Scientific Counselors
(BOSC),

e Review of the sustainability research literature and
consultation with outside experts,

e  Review of EPA-sponsored workshops related to
sustainability, and

e  Review and consultation with other national
governments, the European Commission, and
multilateral organizations.

Economic Benefits

The economic benefits of applying sustainable
management practices for current and future energy
construction, greenhouse gas emissions, material and
chemical use, ecosystems services, and health protection
are only now being fully appreciated. For example, by
2030 new and replacement building development will
amount to 204.1 billion square feet, equal to almost

90 percent of the built space that existed in 2000.

All of this amounts to about $30 trillion in total new
development (including infrastructure) that will occur
between 2000 and 2030. A new focus on biofuels as

an energy source will demand new infrastructure and
transportation systems in nearly all ecozones of the United
States. Rebuilding the aging U.S. water infrastructure

will translate into billions of dollars. EPA's Clean Water
and Drinking Water Infrastructure Gap Analysis (2002)°
estimated that if capital investment and operations and
maintenance remain at current levels, the potential
funding shortfall for drinking water and wastewater
infrastructure could exceed $500 billion by 2020.

5 www.epa.gov/waterinfrastructure



Aiming to affect present and future economic
development and encourage sound taxpayer and public
investment, the research strategy seeks to advance these
goals:

Improve understanding of earth systems to better
protect human health, manage natural resources,
and design

cost-effective and sustainable policies;

Enable EPA, states, and communities to more
successfully envision, plan, develop, manage, and
restore their infrastructure and spaces so that human
health and quality

of life, and the quality of air, water, and land are
protected

for the future; and

Design, manufacture, and manage chemicals and
materials so as to protect the environment and public
health, prevent pollution, and conserve resources,
while advancing global competitiveness and societal
objectives.

Criteria for measuring the success of this research
strategy and the companion ORD MYPs are outlined in
Goal V of the 2006-11 EPA Strategic Plan.®

Goal V of the EPA Strategic Plan for 2006-2011

Objective 5.4: Enhance Society’s Capacity for
Sustainability through Science and Research.
Conduct leading-edge, sound scientific research on
pollution prevention, new technology development,
socioeconomics, sustainable systems, and decision-
making tools. By 2011, the products of this research
will be independently recognized as providing critical
and key evidence in informing Agency polices and
decisions and solving problems for the Agency and its
partners and stakeholders

Sub-objective 5.4.2: Conducting Research. Through
2011, conduct leading-edge, sound scientific
research on pollution prevention, new technology
development, socioeconomics, sustainable systems
and decision-making tools. The products of this
research will provide critical and key evidence in
informing Agency policies and decisions affecting the
Agency programs in Goal 5, as well as EPA partners
and stakeholders.

www.epa.gov/ocfo/plan/plan.htm

www.epa.gov/indicators/roe







Chapter 2. Rationale for the Strategy

A host of far-reaching, interrelated, and complex factors—such as growing human
populations, increases in waste production, growing energy demands, and land
development—are all contributing to stresses on the earth’s natural systems. Protecting
human health and safeguarding the natural environment in the face of these stressors is
a national priority—and a daunting challenge.

To meet this challenge, EPA’s Sustainability Research Strategy explores an integrated,
scientific approach to defining and achieving sustainability goals in six key natural
resource systems: energy, air, water, materials, land, and ecosystems.

Given the breadth of existing ORD research activities, this chapter explains the rationale
for the new strategy, concluding that a more crosscutting and system-oriented research

strategy is needed to address existing and emerging environmental problems.

Externalities Affecting the
Environment

Water, air, land, and energy research are interrelated and
affected by a host of externalities related to economic
growth, demographic changes, and energy use. Economic
growth is essential for maintaining social well-being; how
this growth is achieved determines a society’s quality of
life. Most countries have clearly learned that sustainable
environmental polices are an essential component of
sound economic growth. Research that supports this goal
is thus an area of national priority.

When EPA was founded in 1970, the U.S. population
was just over 203 million; in 2006 it reached 300 million,
reflecting a 35-year increase of nearly 50 percent.

This growth, however, has not been distributed evenly.
About one-third of the U.S. population resides in the 17
Western states, which include seven of the nation’s 10
fastest growing states. Through 2030 the population of
the Southwest is projected to increase as a proportion of
the U.S. population. The population increase has already
greatly affected the allocation and use of resources.
Approximately one acre of land becomes urbanized or
otherwise developed for each additional U.S. inhabitant.
Many Western and Southwestern states with rapidly
expanding population are also experiencing urban
expansion, increasing energy demand, and diminishing
water resources.® The U.S. population is also aging,
thereby creating new needs for health and human

services. These changes require a heightened awareness
of potential future challenges, especially increasing
demand for water and energy in much of the nation.

World population and economic growth will expand rapidly
during the coming decades. Global population is expected
to increase by nearly 40 percent by 2050. By 2030 more
than 60 percent of the world’s population will live in

cities, many in Africa, Asia, and Latin America, where the
urban populations will grow from 1.9 billion people to 3.9
billion people. Economic growth in the “BRIC” countries
(Brazil, Russia, India, and China) will significantly impact
future global and trans-boundary environmental issues.
Over the next 30 years, while the U.S. per capita GDP is
expected to increase by 60 percent, the per capita GDP
in China and India is projected to increase nearly tenfold.®
Together these changes will place considerable stress on
the earth’s resources and on humanity’s ability to maintain
or improve environmental quality. Unless steps are taken
to address the consequences of growing populations and
economies, the resilience of the global ecosystem will be
undermined. The challenge is to prevent or minimize the
potential negative consequences.

Population data is taken from Mark T. Anderson and Lloyd H. Woosley,
Jr., Water Availability in the Western United States. U.S. Geological
Survey Circular 1261. Washington: USGS, 2005. http://pubs.usgs.
gov/circ/2005/circ1261

Dominic Wilson and Roopa Purushothaman, Dreaming with BRICS:
The Path to 2050. Goldman Sachs Global Economics Paper No. 99.
October 2003. www.gs.com/insight/research/reports/report6.htmi
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Table 2.1. Proposed Sustainable Outcome Measures '°

Natural Resource Systems Sustainable Outcomes

Energy Generate clean energy and use it efficiently.

Air Sustain clean and healthy air.

Water Sustain water resources of quality and availability for desired uses.
Materials Use materials carefully and shift to environmentally preferable materials.
Land Support ecologically sensitive land management and development.
Ecosystems Protect and restore ecosystem functions, goods, and services.

Achieving Sustainability

This challenge means that achieving sustainable
environmental outcomes must be a long-term national
environmental goal. This is a key goal of the new EPA
report, Everyday Choices: Opportunities for Environmental
Stewardship, in which senior EPA managers identify
sustainable outcomes in six resource systems relevant

to the Agency’s mission. The report is the first explicit
statement of EPA senior leadership focused on
recommendations for sustainability outcomes that the
nation should seek. While much more discussion and
debate will be needed to refine these goals, the report’s
linkage of stewardship with sustainable outcomes has set
a direction for future policy development and research.
The sustainable outcomes outlined in the report are
listed in Table 2.1.

The possibility of achieving these outcomes will be
greatly affected by the trends presented in Table 2.2. For
example, growing population and GDP will significantly
impact the six resource systems. Population increases
will affect how and where land is developed and thus the
viability of ecosystems. Population growth has historically
led to increased use of energy, water, and materials—
and increased production of waste, leading to greater
pollution of air, water, and land, with associated negative
consequences for ecosystems and human health.

Economic growth has usually required greater quantities
of energy, materials, and water from expanded agriculture
and industry, leading to more waste, toxics, and pollution
of air and water. The land and ecosystems change as
materials are extracted, goods produced, infrastructure
built, and wastes disposed of.

EPA's 2003 and 2007 draft reports on the environment
outlined U.S. successes in environmental protection and
identified many remaining challenges and data gaps.
Table 2.2 lists examples of trends identified in this report
for each of the six resource areas, revealing a few of the
many potential stresses stemming from the expected U.S.
population and economic growth. Other potential impacts
of stressors on the environment have been identified
through a survey of EPA senior program officers and from
external future studies.!!

19 Everyday Choices: Opportunities for Environmental Stewardship,
Innovation Action Council Report to the Administrator, November
2005. www.epa.gov/epainnov/pdf/rpt2zadmin.pdf

1 www.epa.gov/indicators



Table 2.2. Potential Consequences of Growing U.S. Population and GDP

Natural Resource Systems

Current Trends °

Consequences Projected
Over 20 Years

In the last 30 years energy consumption
has increased by 42%.

Demand for petroleum, natural gas, and
coal each will increase by 25-40%.

Energy Between 1982 and 2001, NOx emissions | Passenger miles driven and number of
rose by 9%, primarily from increased road vehicles will increase by 30-40%.
diesel fuel use. CO2 emissions will grow by 28%.13
133 million people live in areas with air Increased transportation demand will
Air quality not meeting NAAQ standards increase NAAQS exceedances; between
(indoor air pollution is associated with 23 million and 33 million additional
asthma in children). housing units will be needed.
408 billion gallons of water per day In some areas, existing water supplies
are withdrawn. will be inadequate to meet demands for
Water Excess nitrogen and phosphorus have people, cities, Tarms, and the natural
degraded aquatic life in 2.5 million acres | SyStemsand biota.14
of lakes and 84,000 miles of rivers and Reduced water availability is projected to
streams. impede electric power plant growth.15
MSW over the last decade MSW has Under “business as usual” scenarios, a
M leveled at 4.5 lbs/person/day. 24% projected increase in population will
Waste systems are managing growing result in a comparable increase in total
quantities of toxic chemicals. waste generation.
The pace of land development between About 10% of forested land is expected
Land 1992 and 1997 was more than 1.5 times | to be converted to urban and developed
the rate of the previous 10 years. use.16
Coastal wetland area has decreased by Flux of nitrogen to coastal ecosystems
8% since the 1950s. will increase by 10-20% worldwide.
Ecosystems

One third of native species are at risk.

Species extinction rates are projected to
be ten times higher than current rate.17

12 Extracted from the 2003 Draft Report on the Environment Technical Document. Washington:

EPA, 2003. www.epa.gov/indicators/roe/html/tsd/tsdTOC.htm
13 Department of Energy. Annual Energy Outlook 2004. DOE/EIA-0383(2004). January 2004. www.econstats.com/EIA/AEO2004. pdf

14 Department of the Interior, “Water 2025: Preventing Crises and Conflict in the West.” www.doi.gov/water2025

15 Electric Power Research Institute, 2001. www.epri.com

16 Climate Change Science Program, 2003

17 United Nations, Millennium Ecosystem Assessment. Washington: Island Press, 2005. www.millenniumassessment.org/en/index.aspx




Table 2.3. Linkages Among Resource Systems

Potential Response to the Stressed Resource System
Resources Under Stress
Energy Air Water Materials Land Ecosystems
Energy Increased Increased Increased Extraction Extraction
(increased use) pollutants demand extraction impacts impacts
Increased Pollutant Increased Increased
Air . Waste ,
(increased pollutants) energy for deposition demand, disposal negative
cleanup from air Degradation impacts
Increased Transfer of Increased Increased
Water Waste .
(increased pollutants) energy for pollutants demand, disposal negative
cleanup from water Degradation impacts
Increased Increased Extraction
, Increased
Material demand Increased demand, impacts, el
(increased use) (processing | pollutants Increased Waste imgacts
energy) pollutants disposal >
Increased Reduction
Land Increased Increased ollutants of Reduction
. u ,
(increased development) | demand pollutants P of resource
Runoff resources
Reduced Reduced
Increased natural natural Reduced
u u
Ii;:osysten:js ilabili energy for ) , renewable Erosion
(decreased availability) . processing processing
restoration , ) resources
capacity capacity




Even as population and GDP impact a particular resource
system, that system in turn interacts with other areas in
complex, dynamic, and interrelated ways. For example,
since 1971 each 1 percent increase in worldwide GDP
has resulted in a 0.64 percent increase in energy use.
Most of the energy has been produced from fossil

fuels, so the increased energy use has led to greater
emissions of air pollutants from the combustion of these
fuels. Nearly half of U.S. water withdrawals are used for
cooling power plants and water is also used to scrub air
pollutants from flue gas; so rising energy use increases
both demand for and pollution of water. Extraction of
fossil fuels from the earth requires use of more materials,
changes the surrounding land, and produces more
wastes (i.e. unwanted materials). Finally, increased energy
use impacts ecosystems through such factors as silt
runoff from energy extraction activities and the decline

in water quality caused by runoff from mining facilities.
Such response impacts are shown in the first row of
Table 2.3. Interactions like these demonstrate forcefully
that a systems approach offers the best strategy for
understanding environmental impacts and for designing
cost-effective and sustainable policy responses.

Sewerage provides another example of interaction

among resource areas. As shown in Table 2.3, polluted
sewer water requires energy for cleanup; air pollutants

of methane and nitrogen compounds are produced, and
solid waste is generated and typically sent to landfills.
Finally, sewerage overflows can impact ecosystems. These
examples illustrate how a change in one resource area
can negatively reverberate through other areas.

The Need for a Systems Approach

Ensuring continued improvement in environmental
quality and in the protection of human health under these
increasing stresses requires new approaches. Fortunately,
this is not without precedent, as approaches to
environmental protection have evolved over the decades
to meet emerging challenges and the advance of science.

In its early years, EPA developed end-of-pipe strategies
that targeted emissions of pollutants from, for example,

smokestacks and sewer lines. As these strategies
matured, new problems were recognized, and were met
accordingly with new upstream approaches, such as
waste minimization and pollution prevention.

As additional environmental stressors were recognized,
the evaluation and choice of pollution control and
mitigation options required greater understanding of the
overall context of problems. This led to the development
of life cycle assessments, which demonstrated that

the vast majority of environmental problems are not
contained within a single resource area or within a single
product’s life cycle, but extend across multiple areas
and timeframes. It is now clear that a more integrated
approach to environmental protection is needed.

As environmental protection has become more complex,
the Agency has evolved, moving from point-source
pollution controls associated with particular industries

to larger problems of regional emissions, such as

those associated with agricultural operations, urban
transportation, and emerging contaminants. Successfully
meeting all of these challenges—significant increases in
stressors, impacts across resource areas, emissions from
diffuse sources, and emerging contaminants—uwill require
a continued evolution in how environmental protection
approaches sustainability.

Is the problem of sustainability urgent? Does it address
the national interest? There is no doubt that improving
the health and well-being of people today and in the
future, while growing the economy and protecting
natural resources, is a national priority. Prudent scientific
management would suggest launching a program aimed
at better understanding the linkages among the six
resource systems and developing effective means to
disseminate and apply the research results.







Chapter 3. Definition and Scope

ORD focuses its sustainability research portfolio on capturing and quantifying systems
dynamics, assessing and managing variability, and understanding resilience of
systems to stresses and disturbances, both expected and unexpected. Sustainability
research is an essential foundation that incorporates new research approaches with
the established foundation of ORD'’s existing research focused on individual media

(land, air, and water).

Sustainability research will focus on six broad crosscutting themes that are
coordinated with ORD’s economic and behavioral science research and global

monitoring programs.

Toward Sustainable Development

The concept of sustainable development marries two
important insights: (1) environmental protection does
not preclude economic development; and (2) economic
development should be ecologically viable.*® Sustainable
development also addresses the question of trade-offs
between the welfare of people today and the welfare of
people in the future. In the words of the 1987 report
Our Common Future—better known as the Brundtiand
Report—development is sustainable when it “meets the
needs of the present without compromising the ability of
future generations to meet their own needs.”*®

Sustainable development fosters policies that integrate
environmental, economic, and social values in decision
making. The National Environmental Protection Act
(NEPA)—drafted in 1969 before EPA was established—
provides that the federal government, in partnership

with the states, should “use all practicable means and
measures... to create and maintain conditions under
