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Executive Summary
Introduction
This 10-year strategic plan (the Plan) describes the rationale and approach for research
activities proposed by the Landscape Ecology and Landscape Characterization Branches
(Landscape Sciences Program) of the National Exposure Research Laboratory (NERL). The 10year goal of the Landscape Sciences Program is to conduct a national assessment of landscape
change between the early 1970s and the early 2000s at relatively fine spatial scales (60-meter
resolution) and to evaluate the consequences of observed change on aquatic resources, including
streams and estuaries. An emphasis on aquatic resource endpoints is based on legislative
mandates and the important role that the EPA plays in monitoring and protecting these resources.
However, the research strategy recognizes the importance of the terrestrial characteristics and
processes in determining the condition of aquatic resources; therefore, many of the indicators
being developed by the Landscape Sciences Program are terrestrial-based.
Five priority research and development areas have been identified to achieve this 10-year
goal: (1) acquisition and assembly of spatial databases on the environment that permit generation
of landscape indicators (as defined by O’Neill et al. 1988, 1997; Jones et al. 1996; 1997) for four
dates (early 1970s, mid-1980s, early 1990s, and early 2000s), (2) development of new remote
sensing methods to improve the quality of spatial databases and to measure landscape indicators
of stress (e.g., grazing, mining, urbanization, other land uses), (3) development of methods that
permit an analysis of landscape change (Change Detection) based on different satellite sensors,
including Landsat Multi-Spectral Scanner (Landsat MSS) and Landsat 4, 5, and 7 Thematic
Mapper (Landsat TM) imagery, (4) development and selection of landscape indicators based on
the degree to which they explain variability in aquatic resource conditions, and (5) development
of landscape assessment approaches and watershed models that permit an analysis of multiple
landscape indicators. The projects will yield information needed to understand how the activities
of humans disturb the quality of our Nation’s waters and the habitats they provide. The Plan
describes the “landscapes approach” as we will apply it to better understand both the causes and
consequences of landscape change.
The Plan is organized in six sections and leads the reader through the sequence of events
from the identification of the research needs, the development of appropriate approaches, the
gathering and analysis of the critical data to close information gaps, to the validated indicators,
models, and databases that are the major research products of the Landscape Sciences Program.
The objectives of the program are to: (1) develop new remote sensing data collection and
processing techniques that measure the extent and magnitude of watershed-level stressors,
including grazing, mining, and different agricultural practices, that will improve future landscape
change estimates, (2) quantify relationships between measures of landscape attributes (landscape
indicators) and parameters representing aquatic resource conditions, and determine of how these
relationships vary within and among regions of the U.S., (3) compile a national comprehensive
landscape-change database representing dates from the early 1970s, the mid 1980s, the early
1990s, and the early 2000s, and make these data available to the public on the Internet, (4)
develop methods to analyze changes in landscape indicators between the early 1970s and the
early 2000s and evaluate the consequences of observed change on our Nation’s aquatic resources,
(5)
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demonstrate how the landscape sciences can contribute to the assessment of the condition of our
Nation’s resources, and (6) provide tools and guidance to the Federal, State, and other resource
managers and the public such that they may confidently apply landscape science techniques to
ecological assessments in various regions of the country. The relationships of these outcomes to
higher order goals and objectives of the EPA and Congress, and to specific environmental laws,
are described in Appendix II.

Approach
Successful implementation of this Plan requires close coordination among three
organizational units in the NERL: the Landscape Ecology Branch, in Las Vegas, Nevada, the
Landscape Characterization Branch in Research Triangle Park, North Carolina, and the
Environmental Photographic Interpretation Center, in Reston, Virginia. It also requires
coordination with the Agency’s Environmental Monitoring and Assessment (EMAP), Regional
Vulnerability Assessment (ReVA), Global Change, and other EPA Programs. The Plan is
designed to facilitate that coordination, to provide guidance to the staff involved, and to help
Agency managers and the Congress understand our long-term research agenda and the resources
needed to accomplish it.
The “landscape approach” (Jones et al. 1996, 1997, O’Neill et al. 1997) relies on the
measurement of the spatial pattern of ecological characteristics relative to the condition of aquatic
resources and associated processes. In this approach, metrics of spatial pattern are used as
surrogates or indicators (landscape indicators) of aquatic resource conditions. Moreover, changes
in landscape indicator values can be used to evaluate the consequences of landscape change on
aquatic resources. However, we currently lack sufficient knowledge to interpret many of the
landscape metrics with regards to aquatic resource conditions and, therefore, have emphasized
this kind of research in the plan.
The Plan includes examples of how the approach can be used to address problems related
to broad geographic areas (e.g., vulnerability of streams to nutrient inputs). Because certain data,
such as those derived from satellites, can be composited over a large area, landscape analysis can
be performed at different spatial levels such as states or parks, watersheds or ecoregions.
Improved resolution of more recent data allows landscape indicators to identify both the nature
and the location of problems. And the ability to use data that have already been gathered, often
for very different purposes, can make the approach highly cost-effective. To implement such an
approach nationally, however, requires the development of landscape indicators that capture
important aspects of landscape change and an ability to relate the indicators to aquatic resource
conditions.
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Priority Research
We have focused our proposed research program on evaluating those aspects of
landscape change that pose the greatest ecological risk to aquatic resources, including (1)
hydrologic alteration, (2) habitat conversion, (3) turbidity/sedimentation, (4) habitat
fragmentation, (5) pesticides, and (6) nutrients (EPA 1999). The resulting Program is consistent
with an EPA NERL strategic goal, “. . . to facilitate environmental management and decision
making by providing the scientific tools needed to estimate (and ultimately reduce) risks posed by
exposures . . . [and] for protecting ecosystems at the complex levels at which ecological processes
actually operate.”

Implementing the Program involves a variety of research activities, focused in five broad
and overarching areas summarized in Table 1. In addition to these five broad areas, the Program
will also address three more focused research areas of high priority to the EPA: (1) methods to
assess stream vulnerability to pesticides and toxic substances, (2) methods to target areas that are
most like to have high values for Total Maximum Daily Loads (TMDLs), and (3) methods to
evaluate status and trends of riparian ecosystems. A more complete listing of planned research
activities -- with time lines and critical milestones over the 10-year life of the Plan -- is found in
Appendix I.
Common to all the research and assessment activities will be a process to (1) understand
stakeholder needs, (2) develop and test methods and approaches, (3) assess method performance
for different geographic areas (including Agency priority study areas), (4) collaborate with other
EPA and external organizations to integrate results across the major research areas, (5) highlight
assumptions, critical steps, and interdependencies, (5) provide user-friendly products (indicators,
models, guidelines, and assessments); (6) make data and information generated from the program
readily available to participating scientists, clients, and the public, and (7) identify future research
needs and opportunities. The Plan presents an extensive list of current and planned research
collaborations that leverage limited resources to address this aggressive research agenda.
The success of this Program will be evaluated in terms of our ability to satisfy our various
clients with useful, timely products and knowledge that enhance their ability to measure, monitor,
and assess those changes in landscape level conditions that impact negatively upon the quality of
our Nation’s aquatic resources. Our clients include the Congress (annual measures under the
Government Performance Results Act), other Agency programmatic and regional offices, other
Federal and State staff, the external scientific community and the general public. Specific
products are described in the Plan or are identified in Appendix I.
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Section I
Purpose, Context, and Organization of this Plan
This Plan presents the rationale and a blueprint for those research activities to be
conducted over the next 10 years by the Landscape Sciences Program of the U.S. EPA’s National
Exposure Research Laboratory (NERL) needed to achieve a national assessment of landscape
change between the early 1970s and the early 2000s and to assess the consequences of those
changes on aquatic resources. The Plan describes a strategic approach for implementing key
research activities that will ultimately lead to the national assessment. It describes the linkage
between our 10-year goal and the goals and objectives described in the Strategic Plan for the
Office of Research and Development (ORD, EPA 1997) and the ORD’s Ecological Research
Strategy (EPA 1998a, see Appendix II), both of which embrace a focus on an ecological risk
assessment paradigm and a shift away from “at the pipe” monitoring to more integrated, multiple
scale environmental monitoring and assessment (EPA 1988, NRC 1997). It also reflects recent
recommendations from a peer review of the Landscape Sciences Program (Golley et al. 1997).
The Plan presents the goals, objectives, and priorities of the Program and projects the outputs and
outcomes to be realized through successful completion of the research objectives outlined herein.
The Plan describes how multi-disciplinary research projects in five critical research areas
will address critical gaps in the science and provide the tools (indicators, databases and models)
and the process knowledge required to assess changes in landscape characteristics and properties
that adversely affect the quality of our Nation’s waters and the ecological habitats they provide.
The Plan will define and explain the “landscapes approach” and how it can be applied to
determine the status and trends in both ecological resources and the key components that alter
those resources. The information that will be generated from research activities in this Plan will
reduce future uncertainty in forecasting changes in our Nation’s resources that result from the
activities of humans.
The proposed research activities are placed in the context of the broader ecological risk
assessment paradigm (Graham et al. 1991, Hunsaker et al. 1990, EPA 1998b) under which the
ORD has organized its major ecological research goals and objectives (EPA 1998a). It is our
belief that the science of landscape ecology and related disciplines are integral to the assessment
of the vulnerability and sustainability of ecosystem processes and functions. The combination of
landscape ecology with advanced technology such as remote sensing, geographic information
systems, and computer science is widely recognized as an effective approach to assess the
potential impacts of complex natural and anthropogenic forces on the structure and function of
ecological resources at various temporal and geographical scales.
The Plan provides a rationale for the research areas selected based upon the 10-year
project goal, national goals developed under the Government Performance Results Act (GPRA
1993), Agency priorities, and peer input from the scientific community. It is designed so that the
reader can follow the logical sequence from recognition and prioritization of the research needs
and information gaps to development of hypothesis-driven research approaches to the acquisition,
processing, interpretation and reporting of the critical data required to close that gap or fill that
need. Products developed in the process will be made available to both Agency users and the
broader scientific community as tools for reducing the uncertainty of our future estimates and
projections of the conditions of our ecological resources.
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This plan is designed to serve multiple purposes. It will function as the principal
guidance document for the staff of the Landscape Ecology and Landscape Characterization
Branches in planning their specific research activities. It will help managers of the National
Exposure Research Laboratory and of the ORD set resource priorities and identify opportunities
for in-house collaboration. It will also help top Agency administrators and the Congress
understand the long-term ecological research agenda and the resources required to accomplish
that agenda. Finally, it will be made publicly available via the Internet to describe the nature,
rationale, and direction of Agency research and to invite collaborative research efforts toward a
common purpose. By providing information on how we plan and prioritize our research and by
providing specific goals, objectives, products, and timetables, we also are providing yardsticks by
which the progress of our research can be assessed by all of our stakeholders.
The plan will not include detailed descriptions of individual research components, such
as sets of hypotheses to be tested, detailed study designs, and resources allocated to individual
projects. Rather, those details will be included in individual research plans for specific projects
(see Appendix I for a list of projects).
The Landscape Sciences Strategic Plan includes an executive summary, six sections, and
three appendices:
•

Section I introduces the Plan, its purpose, objectives, context, and organization;

•
Section II introduces the need for regional- and national-scale landscape
assessments, the overall goal and objectives of the Program, the Program’s relationship
to broader EPA goals and objectives, and the scope of the program;
•
Section III identifies and describes the five priority research areas within the
Program;
•
Section IV provides detail on implementation strategies, program assumptions,
project priorities, partnering with potential collaborators, a description of anticipated
products, and a discussion of how the research activities relate to other current and
anticipated initiatives;
•

Section V describes the measures of success;

•

Section VI provides a list of references cited in the Plan.
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Section II
Introduction
A. Background
There is a growing interest among Federal agencies, States, and the public to evaluate
environmental conditions at community, watershed, regional, and national scales. Numerous
consortia have been formed to address broader-scale environmental problems. These include the
Great Lakes Program, the Chesapeake Bay Program, the Gulf of Mexico Program, and the Grand
Canyon Trust, to name a few. In some cases, interagency teams have been formed to evaluate
status and trends in environmental conditions, e.g., the Pacific Northwest Initiative, the Interior
Columbia Basin Assessment, and the Mid-Atlantic Integrated Assessment. Finally, the
Committee on the Environment and Natural Resources (CENR), chaired by the Vice President of
the United States, has initiated a national assessment of the environment.
Each of these multi-agency organizations is faced with the daunting task of acquiring and
analyzing data that are of sufficient spatial and temporal similarity to permit regional and national
scale assessments. Moreover, because most existing data have been collected by different
agencies for different reasons, they are generally incompatible. Some agencies have established
their own monitoring programs specifically to address regional and national scale issues. For
example, the Environmental Monitoring and Assessment Program (EMAP) was designed to
assess the status and trends of ecological resources at regional and national scales (Messer et al.
1991). But these programs are often limited to a specific set of questions and ecological
resources (e.g., timber resources, impacts of agriculture, water quality of streams), and, therefore,
they are not generally comparable.
The relatively high cost of collecting environmental data has limited the implementation
of regional- and national-scale monitoring programs. However, a new set of land cover databases
being developed by the Multi-resolution Land Characteristics Consortium (MRLC), a historical
landscape database developed by the North American Landscape Characterization (NALC)
Program, and development of landscape pattern indicators from spatial data (O’Neill et al. 1997),
offers an unprecedented opportunity to assess ecological resource conditions at community,
watershed, regional, and national scales over the next five to 10 years. In 1996, a regional-scale
land cover database was developed for the five-state area of the United States Mid-Atlantic
Region, and this database, along with other regional landscape coverages (e.g., topography, soils,
road networks, stream networks, and human population density), was used to assess landscape
conditions across the entire region down to a scale of 30 meters (Jones et al. 1997). The
assessment used a set of landscape indicators (O’Neill et al. 1988, 1997) to evaluate the spatial
patterns of human-induced stresses and the spatial arrangement of forest, forest-edge, and riparian
habitats as they influence forest habitat suitability and aquatic resources. Advances in computer
technology and geographic information systems (GIS) have made it possible to calculate
landscape metrics over large areas (e.g., regions) at relatively fine scales.
Costs of spatial data derived from satellites and other sources are relatively low when
compared to similar spatial coverages acquired from finer-scale monitoring studies. Additionally,
spatial data lend themselves to analysis in a Geographic Information System or GIS (Ball 1994).
Because certain data, such as those derived from satellites, can be combined (in a mosaic) for a
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large area, landscape analysis can be performed on different spatial units, including natural units
such as watersheds and ecoregions and political units such as parks, counties, and states. This
makes it possible to report landscape statistics at a number of scales for many different types of
units and to determine cross-scale relationships between landscape composition and pattern,
fundamental ecological processes, and ecological goods and services. Finally, because they can
be generated from data that cover an entire region at scales as fine as 30 meters (as opposed to a
sample that covers only a small portion of the total area in a region), landscape indicators can
provide information both on the magnitude of problems and where the problems exist. As a
result, this information can be used to develop multi-scale plans to reduce vulnerability or risk
and prioritize activities to restore ecological function, condition, and sustainability.
Despite these new data and the development of landscape pattern indicators, the current
state-of-science precludes a national assessment of landscape change and the consequences of
observed change on aquatic resources. Significant scientific gaps exist in:
•
our ability to detect and evaluate change in important stressors at watershed
scales, including mining, urbanization, and agricultural land uses,
•
our ability to detect landscape change between the early 1970s and the early
2000s using different types of remote sensing imagery (e.g., Landsat Multi-spectral
Scanner (MSS) and Thematic Mapper (TM)),
•
our knowledge of quantitative relationships between landscape metrics and
aquatic resource condition parameters within and among regions, and
•
our ability to assess consequences of landscape change based on multi-indicator
data sets.
To eliminate the gaps in implementing a national landscape assessment, we propose
research in each of these areas (see Section III).

B. Landscape Approach
The landscape monitoring and assessment approach involves the analysis of the spatial
patterns of ecological characteristics such as soils, topography, climate, vegetation, land use, and
drainage pathways as they relate to processes affecting ecological and hydrological conditions on
areas ranging in size from small watersheds (a few hundred hectares) to entire basins (several
million hectares) (Forman 1990, O’Neill et al. 1994, Kepner et al. 1995, Jones et al. 1997.).
Landscape metrics can be used as indicators (landscape indicators) of the condition of ecological
resources because changes in landscape pattern result in changes to ecological processes that
sustain such resources (Turner 1989, Forman 1990, Figure 1). For example, losses of forested
riparian habitats in a watershed reduce that watershed’s ability to filter sediment from overland
surface flows (Karr and Schlosser 1978, Lowrance et al. 1985, Peterjohn and Correll 1984). This
results in reduced water quality in the streams of that watershed. Similarly, clear-cutting of
forests on areas with steep slopes results in soil loss which in turn can decrease the likelihood of
sustaining harvestable forests on those areas and can increase sediment loadings to streams (Lee
1989, Franklin 1992).
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Five characteristics distinguish a landscape monitoring and assessment approach from most
traditional field or site-based monitoring programs:
(1) it involves analysis of spatial patterns of ecological characteristics (e.g., forests
near streams) to interpret ecological conditions,
(2) it applies the concept from the field of landscape ecology that changes in
landscape patterns result in changes in fundamental ecological processes, including
fluxes in energy, biota, materials and nutrients, and water,
(3) it applies the concept of ecological hierarchy theory that changes in landscape
pattern and ecological processes at relatively broad scales (e.g., river basins) constrain
and influence the condition of imbedded ecological resources (e.g., stream segments),
(4) it uses digital maps or coverages of biophysical (e.g., soils, vegetation,
topography, and climate) and human use (e.g., land use, population distribution)
characteristics to analyze and interpret landscape patterns relative to ecological
condition, and
(5)

it includes humans as part of the environment.

C. Goals and Objectives
The Landscapes Sciences Program seeks to establish landscape ecology and related
disciplines as integral to the assessment of the condition, vulnerability and sustainability of
ecosystem processes and functions. The 10-year goal of the Program is to assess landscape
changes between the early 1970s and the early 2000s and to evaluate the consequences of
observed change on aquatic resources nationally. The assessment of landscape change
consequences is focused on aquatic resources because the EPA has a primary responsibility in
assuring their protection and restoration. However, the landscape approach evaluates many
aspects of the terrestrial environment because these attributes are intricately linked to ecological
and hydrological processes that influence aquatic resource conditions, as predicted from
ecological hierarchy theory (O’Neill et al. 1986). The objectives of the Program are to:
•
Develop new remote sensing data collection and processing techniques that
measure the extent and magnitude of watershed-level stressors, including grazing,
mining, and different agricultural practices, and that will improve future landscape
change estimates,
•
Quantify relationships between measures of landscape attributes (landscape
indicators) and parameters representing aquatic resource conditions, and determine how
these relationships vary within and among regions of the U.S.,
•
Compile a national comprehensive landscape-change database representing dates
from the early 1970s, the mid 1980s, the early 1990s, and the early 2000s, and make it
available to the public on the Internet,
•
Develop methods to analyze changes in landscape indicators between the early
1970s and the early 2000s and evaluate the consequences of observed change on our
Nation’s aquatic resources,
•
Demonstrate how the landscape sciences can contribute to the assessment of the
condition of our Nation’s resources, and
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•

Provide the tools and guidance to the Federal, State, other resource managers,
and the public so that they may confidently apply landscape science techniques
to ecological assessments in various regions of the country.

These goals are related to higher goals established by Congress, the EPA, and ORD.
Appendix II relates various aspects of this Strategic Plan to higher-order agency and government
objectives.

D. Scope of the Program
The 10-year goal of the Program is national in scope and ambitious. It seeks to provide
an unprecedented assessment of landscape change across the US at scales relevant to
environmental decision makers and the public. It builds upon ideas and concepts highlighted in
the Program’s 1994 National Research Plan (O’Neill et al. 1994) and the Mid-Atlantic Landscape
Indicator Development Plan (Kepner et al. 1995).
At this time, we do not anticipate having the resources to assess landscape change across
the State of Alaska between the early 1970s and the early 2000s. However, we will explore the
possibility of assessing landscape change from the early 1980s to the early 2000s using data from
the Advanced Very High Resolution Radiometer (AVHRR), which has a 1-kilometer resolution.
The Plan is the culmination of extensive efforts to define those areas of scientific
uncertainty upon which the resources of this Program can have the greatest impact. The Program
sought (and continues to seek) peer input from international leaders in ecological risk assessment
and risk characterization in developing its proposed research agenda. The resulting Program is
mainstream with respect to one of three long-term strategic goals of the National Exposure
Research Laboratory, i.e., “. . . to facilitate environmental management and decision making by
providing the scientific tools needed to estimate (and ultimately reduce) risks to ecosystems
posed by exposures. . . . [and] for protecting ecosystems at the complex levels at which ecological
processes actually operate.”
Findings of a formal expert panel peer review of the Landscapes Sciences Program
(Golley et al. 1997) helped to sharpen the research focus and to identify areas for disinvestment
and areas for intensification. Recognition of key research thrust areas as Congressional priorities
reinforced our confidence that the research program goals and products proposed are broadly
supported, politically as well as scientifically. One such product, A Landscape Atlas of the MidAtlantic Region, released in 1997, received wide acclaim and provided additional support for the
approaches proposed in this Plan.
Based on the overall goal of the Program (see previous discussion) and the current stateof-the-science (see later discussions), we identified five broad and three more specific areas of
research as the foci of the Landscape Program. These are discussed in greater detail in Section
III.

9

E. Statement of Capabilities
The Landscape Sciences Program consists of approximately 40 full-time scientists and
technical experts that are assigned to two research branches in the Environmental Sciences
Division: the Landscape Characterization Branch which is located at Research Triangle Park,
North Carolina, and the Landscape Ecology Branch located at Las Vegas, Nevada, and Reston,
Virginia. The Reston, Virginia office, also know as EPIC, is co-located with the USGS in its
National Headquarters. Co-location with the USGS provides access to a number of USGS
scientists working on national-scale assessments. The two branches have a wide range of
scientific expertise including: (1) aquatic and terrestrial biology, (2) biochemistry, (3)
biogeography, (4) quantitative ecology, (5) landscape ecology, (6) hydrology, (7) remote sensing
applications, (8) remote sensing engineering, (9) geographic information systems, (10)
atmospheric sciences, (11) multi-variate statistics, and (12) spatial statistics. The staff have
produced numerous publications and have organized national and international symposia.
Scientists are supported by state-of-the-art computing, including multiple workstation,
UNIX and NT networks, and a wide range of remote sensing, GIS, and modeling software. Basic
remote sensing and GIS support also are provided through a contract. Four scientists have a Q
security clearance, which permits them to access National Technical Means (NTM) data.
The Landscape Sciences Program collaborates with scientists from a number of other
Federal agencies, including the USGS Earth Resources Observation System (EROS) Data Center,
the DOE Oak Ridge National Laboratory, the USGS Biological Resources Division (two
locations), the US Forest Service, the USDA Agricultural Research Service, the Tennessee Valley
Authority, and the USGS Water Resources Division. Additionally, the Landscape Sciences
program collaborates with scientists from other ORD Laboratories.
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Section III
High Priority Research
We will focus our research and development in five general areas that currently prevent
implementation of a national landscape change assessment (e.g., gaps in the science). These
include (1) spatial data acquisition, assembly, and accuracy assessment, (2) development of new
remote sensing methods, (3) landscape change detection, (4) quantification of the degree to which
existing and new landscape indicators explain variation in aquatic resource conditions, and (5)
development of multi-indicator assessment techniques. Progress in all of these research areas will
be needed to implement and complete the national assessment. Additionally, we will evaluate
landscape indicators and watershed models for their applicability to three other types of
assessments of high priority to the EPA -- (1) estimates of pesticide and other toxic chemical risks
to aquatic resources, (2) identification of aquatic resources at risk to high levels of nutrient and
sediment loading (TMDLs), and (3) determination of status and trends of riparian ecosystems.

A. Spatial Data Acquisition, Assembly, and Accuracy Assessment
Spatial Data Acquisition and Assembly
At the core of a landscape approach to monitoring ecological status and trends is the
basic need for quantifiable and consistent spatial data of biophysical characteristics (e.g., land use
and land cover) on national, regional and local scales. These data permit the calculation of
landscape indicators which we then intend to compare to aquatic resource conditions to build and
execute spatially-distributed models over regional scales (see Sections D and E). Multiple date
landscape data permit calculation of landscape indicators at different time intervals, and changes
in these values can then be interpreted with regards to potential changes in aquatic resource
conditions (see later discussion).
Land use and land cover data are most often derived from some type of overhead,
remotely sensed imagery such as aerial photographs and digital, satellite, remote-sensing data.
Various classifications of land use and land cover are derived from imagery based on manual
interpretations or a variety of digital processing techniques, depending on the application.
Remote sensing data and resources also provide valuable environmental monitoring services such
as change detection, topographic analysis, various types of mapping, indicator development and
analytical support to environmental regulatory programs.
This program will use existing and emerging remote sensing technology and resources as
the primary source of data for landscape analyses. Therefore, the goal of this part of the program
is to assemble a set of primary landscape data that permits an evaluation of landscape status and
change nationally. The principal sources of remote sensing and spatial data needed for landscape
assessments are listed below:
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North American Landscape Characterization (NALC)
The NALC project is a cooperative effort between the National Aeronautics and Space
Administration (NASA), the EPA, and the U.S. Geological Survey (USGS) to make historical
satellite-imagery data available to the widest possible user community for scientific research and
general public interest. The objectives of the NALC project are to (1) develop standardized
remotely sensed data sets and standard analysis methods in support of investigations of changes
in land cover, (2) to develop inventories of terrestrial carbon stocks, (3) to assess carbon cycling
dynamics, and (4) to map terrestrial sources of greenhouse gas (CO, CO2, CH4, and N2O)
emissions. NALC is a component of the NASA Landsat Pathfinder Program used to study global
change. The NALC database consists of Landsat MSS scenes from three decades (1970s, 80s,
and 90s), referred to as a "Landsat Triplicate" and digital elevation model data. The goal is to
produce these data sets for 536 Landsat World Reference System-2 path/row locations (scenes).
Each scene is approximately 185 x 185 km (Lillesand and Kieffer 1994). Satellite data used in
the NALC project include (whenever possible) Landsat MSS data from the years of 1973, 1986,
and 1991, plus or minus one year. The Landsat MSS data is the principal source of satellite data
used in the NALC program for several reasons, including the 20-year Landsat MSS digital data
archive and the relatively low data costs as compared to other sources of satellite imagery.
The NALC represents an invaluable source of historical information on landscape
condition and change because it provides low-cost, consistently processed, temporal Landsat data
for major portions of North America. However, as much as 15% of the scenes from the early
1970s are of insufficient quality to produce reliable landscape indicator estimates. Therefore, a
primary task is to replace poor quality scenes with higher quality scenes from the USGS’s Earth
Resources Observation System (EROS) Data Center archive.
A significant challenge to this project is the generation of high quality, land cover data
from which landscape indicators can be generated for the early 1970s, the mid-1980s, and the
early 1990s. NALC data acquired from EROS Data Center are spatially registered, and most of
the triplicates are terrain corrected but are not classified into land cover. Additionally, each
triplicate set (total of 536) comes in a separate file and, therefore, must be electronically joined or
stitched together into a mosaic in order to analyze conditions across the region. A major task of
this project will be to take the NALC data and produce digital land cover maps for the three
periods. We will use historical aerial photography and NTM imagery (see discussion in Section
B) to calibrate and assess the accuracy of the derived land cover databases. We will test the
effectiveness and accuracy of our image classification through a series of small studies in
different regions of the country. This approach is necessary because variations in climate,
topography, and vegetation among the regions present different types of classification problems.
For example, clouds and atmospheric haze in the eastern U.S. can make classification difficult,
whereas low overall greenness, low soil moisture, and shadows (from high topographic relief) can
make differentiation between desert land cover types challenging.

Multi-Resolution Land Characteristics Consortium (MRLC)
As a result of the increasing recognition of the need for current land cover data, several
federal agencies formed the MRLC in 1995. The MRLC is a cooperative effort for the purpose of
sharing the costs, data, and effort associated with the development of national land cover
databases. The participating agencies include the EPA, USGS, the National Oceanic and
Atmospheric Administration (NOAA), and the U.S. Department of Agriculture Forest Service
(USFS). The goal of the consortium is to produce seamless, conterminous national land cover
data using a consistent classification, and, to the extent possible, quantifiable accuracy
assessments of that data.
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The MRLC vision is to facilitate the development of a national, multi-resolution, land cover
database from Landsat TM satellite imagery and field data.
MRLC is producing two data sets that will be major sources of data for our program.
First, the MRLC has effected a common acquisition and preprocessing of Landsat TM data for
the entire conterminous United States. This pre-processed data, all in the 1991-1994 time frame,
is available to all participating agencies through the USGS EROS Data Center. Second, MRLC is
now in the process of creating a consistent, national land cover data set from the 1991-94 Landsat
TM imagery. Completion of the full national data set is scheduled for 1999.
The MRLC classification consists of 23 land cover classes, nationally (Table 2). This
level of classifications should permit an analysis of the impact of general types of land use,
including agriculture and urbanization, on aquatic resources within watersheds. However, other
sources of imagery will be needed to evaluate the impact of specific agricultural and urban land
uses on aquatic resources (see below).
The MRLC program is currently planning to repeat the national Landsat TM data
purchase and land cover database development in the year 2000. Although still in the planning
stage, this second collection of pre-processed satellite imagery and derived land cover data would
represent a consistent and unprecedented national data set for multi-temporal landscape analysis
for the early 1990s and the early 2000s.

Other Satellite Sensors
Data from other satellite systems will be acquired and analyzed on an individual project
basis for landscape analyses of specific watersheds (e.g., Sections B and D) or for site-specific or
technical-support projects. These data, along with aerial photography (see below) also will be
used to identify the geographic distribution of more detailed features of the landscape that present
potential risks to aquatic resources, including grazing and timber harvest, agricultural land uses,
and urban land uses (e.g., golf courses), that the MRLC classification cannot identify. Numerous
remote-sensing systems are currently available or planned for deployment in the near future that
will provide additional spectral, spatial and temporal resolution data sets for landscape analysis.

Aerial Photographs
Archives of historical aerial photographs represent one of the most comprehensive
sources of landscape information available. High-resolution aerial photographs from as early as
the 1930's are routinely available for most parts of the United States and can be used for a variety
of analytical purposes including change detection and landscape analysis. Such photos, because
of their analog format and limited footprint of coverage, are best suited to smaller, site-specific
types of analyses. They do, however, provide an excellent complement to broad-area satellite
coverage and can be used as a source of data for calibration and quality control for satellite land
cover data.
Large archives of aerial photographs are available from a variety of Federal, State, local and
commercial sources including the U.S. Geological Survey, the U.S. Department of Agriculture,
U.S. Forest Service, and the National Archives and Records Administration. Additionally, the
Environmental Photographic Interpretation Center, a field station of the Environmental Sciences
Division, has over twenty years of experience in aerial photographic applications and maintains a
library of historical aerial photographic holdings.
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The primary use of historical aerial photography will be to calibrate and perform accuracy
assessments of digital land cover maps generated from NALC imagery (see below).

National Technical Means
The civilian agency use of data gathered by the U.S. intelligence infrastructure, termed
“National Technical Means” (NTM), has long been recognized as a vital and proper use of
nationally funded resources. Especially in terms of remote sensing technology (satellite and
aircraft imaging), NTM data are inexpensive and of high technical quality compared to
unclassified sources. The active use of classified information sources could provide the EPA
with unique archives of environmental data and state-of-the-art scientific capabilities.
NTM collection systems have proven their utility in a wide variety of environmental
applications. Projects completed to date include large-area site discovery and inventory, disaster
monitoring, coordination and assessment of environmental emergencies, natural-resource
inventories, pesticide-application activities, noise abatement and control as well as basic land use
and land cover mapping. DOD remote sensing technology provides the civil Federal community
with a variety of sensors that have great potential for fulfilling Agency needs for spatial
information. Although these sensors are classified and cannot be discussed outside a classified
arena, the derived cartographic output products derived from them are not; they have been used
successfully on hundreds of occasions in many of the major research and development programs
within the Agency.
The primary use of the NTM data will be to calibrate and conduct accuracy assessments
of the digital land cover maps derived from NALC imagery (see below).

Other Spatial Data
In addition to land cover data, other spatial data will be necessary to calculate landscape
indicators. These data will also be useful in improving the accuracy of NALC land cover maps
and in evaluating the spatial pattern of error. We will acquire national spatial-data coverages as
follows:
•

digital elevation models (30-meter resolution) from the U.S. Geological Survey

•

national stream networks (River Reach File 3) from the U.S. EPA

•
soils (STATSGO and SSURGO) from the USDA Natural Resources
Conservation Service
•

human population or census data from the U.S. Department of Commerce

•

road distribution and density data from the U.S. Geological Survey

•

geology from the U.S. Geological Survey

In some cases, it may be necessary to construct regional mosaics of these data as the data are
usually provided in geographic pieces.
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Accuracy Assessment
Quantifiable information on the thematic and spatial accuracy of land use and land cover
data derived from remotely sensed sources is required if these data are to be used to develop
larger landscape metrics and relationships. The development of viable accuracy assessment data
requires the comparison of the remote-sensing-derived land cover data with reference-test
information, often referred to as ‘ground truth’ data (Jensen 1986). The reference-test data is
usually developed with some of type of statistical sampling design and contains an inherent level
of accuracy that is known and significantly higher than the remote-sensing-derived land cover
data. Ideally, ground truth data is developed by actual field visits and in-situ sampling of the
landscape and its attributes. However, in practice this is rarely accomplished because: (1) the
field work is too time consuming and expensive, (2) field visits and sampling require prior
landowner approvals, and (3) significant amounts of time often elapse between the date of
imagery acquisition and the field work, creating temporal change inaccuracies in the reference
data set.

Because of these problems, a priority research area will be the development and implementation
of methods to document the accuracy of classified land cover and land characteristics databases,
such as MRLC and NALC (see previous discussion). This will require the development of
techniques that can quantify the accuracy and precision of derivative products such as land cover
surface maps. Part of the research will focus on image classification techniques; it will involve
the application of high-spatial-resolution stereo imagery that will be commercially available
beginning in 1998 and historical imagery from aerial photographic and NTM archives. Other
portions of this activity involve enhancement of the statistical rigor for determining uncertainty
and the development of sampling designs and sampling techniques for determining accuracy of
derivative classification products.
Accuracy assessments are included in the MRLC effort, and results will be made
available as a standard MRLC product. However, since the NALC program does not include
digital land cover maps, no accuracy assessment is available. We will use historical aerial
photography to calibrate digital land cover maps produced from NALC imagery of the 1970s,
1980s, and 1990s. We will evaluate different accuracy-assessment sampling designs and test the
application of historical imagery derived from aerial photography and NTM in the initial NALC
study areas (see previous discussion).
We will use a range of methods for error evaluation in classified imagery, including (1)
methods to assess the accuracy of individual date remote sensing classification maps and
landscape indicators (Congalton and Green 1999), and (2) methods to assess the accuracy of
change detection products (Khorram et al. 1999).
Advances in statistical ecology will be needed to take advantage of the new data sources
and estimates of accuracy (Gardner and Turner 1991). For example, existing statistical methods
are limited to dealing with data on a single spatial scale (Turner et al. 1991). Classification errors
are more likely to occur at the edge, rather than the center of a patch.

We know little about how to incorporate such a priori knowledge into analyses and assessments
(O’Neill et al. 1982). Holling (1992) has suggested that important impacts result simply from the
disruption of the scaled structure of landscape patterns, but we have no sensitive methods to
analyze those scales (Turner et al. 1991).
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These, and similar statistical problems, may be the limiting factors in our ability to analyze and
apply the new sources of data. We will evaluate the spatial pattern of error in classifying the land
cover in each of the NALC study areas and develop statistical approaches to assist us in
identifying such patterns.

B. New Remote Sensing Methods Development
The goals of this key research area are to: (1) enhance our interpretation of landscape
change from the early 1970s to the early 2000s, (2) improve our ability to detect the spatial
distribution and magnitude of stressors (e.g., surface mines and grazing) that cannot be readily
detected by conventional remote sensing approaches, and (3) improve future landscape analyses
through the use of new remote sensing imagery (e.g., Moderate Resolution Imaging Spectrometer
(MODIS)).
The science of remote sensing is currently undergoing a revolution in terms of both technical
capabilities and the number and quality of data sources. Advances in spatial and spectral
resolution, new platforms and continually improving digital analysis techniques are creating
significant new data sources for landscape-level analysis. Government remote-sensing programs,
such as NASA’s Earth Science Enterprise (ESE), are currently developing a wide range of
aircraft and space-borne remote-sensing capabilities. In addition, recent commercialization of
space-borne, remote-sensing has resulted in plans by the commercial sector to develop several
high-resolution sensors that promise to provide global coverage at unprecedented levels of detail.
Table 3 shows a partial list of relevant new sensors and capabilities that will be available in the
near future. The new sensors may be especially important in estimating the magnitude and
distribution of landscape-level stressors that go undetected by Landsat sensors; these include
grazing, timber harvesting, mining, and certain agricultural activities (e.g., raising hogs and
chickens). These sensors and data sources are likely to play a significant role in the future of the
Landscape Sciences program, not only from the perspective of additional sources of data for the
development of the current suite of landscape indicators, but also from the perspective of new
scientific techniques that could enhance landscape analysis.
Data derived from these new sensors will not contribute directly to our national
assessment of 30-years of landscape change. However, they may play an important role in
identifying land use stresses on watersheds that affect landscape conditions observed during the
early 2000s samples. Moreover, the new data will provide a higher resolution baseline from
which future landscape change can be evaluated.
The following are brief summaries of (1) some of the major new capabilities and (2)
research we plan to conduct.

Digital Photogrammetry
Photogrammetry is the science of extracting reliable measurements from imagery and,
until recently, generally involved complex optical instruments and computationally intensive
techniques. The basis for nearly all precision mapping, photogrammetry was once limited to
aerial photographs acquired with precision mapping cameras. However, recently developed
digital techniques can be applied to a wide range of imagery, including that from satellite
systems, and can be used in a desktop computing environment. Products that may be relevant to
landscape analysis include vegetation-height measurements, precision measurements of slope,
volume, and fill, and the development of sub-meter digital elevation models. We will evaluate the
application of digital photogrammetry in each of the NALC study areas.
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High-Spatial-Resolution Satellite Remote Sensing
Several new sensors, such as IKONOS 2, which is scheduled for launch in 1999, will deliver
global multispectral imagery at the 3-meter level of spatial resolution (1 meter panchromatic).
This level of spatial detail is an order of magnitude better than previous satellite imaging
capabilities and could be significant in the development of landscape indicators of land use
stressors. We will evaluate whether this sensor can be applied effectively to estimate the spatial
distribution of such land use stressors as mining, urban sprawl, hog and chicken operations, and
specific cropping practices and the potential risks they pose to aquatic resources. For example, an
improved estimate of the spatial distribution of crop types should improve our ability to estimate
pesticide loadings to streams. Where possible, we will conduct these tests in areas already under
study (e.g., NALC studies). However, it may be necessary to add additional study areas to
evaluate certain stressors (e.g., grazing in the western U.S.).

Microwave Remote Sensing
Active microwave remote sensing, also known as radar, is available through a number of
operational satellites such as RADARSAT, ERS-1 and the Shuttle Imaging Radar (SIR)
experiments. These systems are active remote sensing instruments in that they operate
independently of reflected electromagnetic energy and transmit their own microwave energy
toward the earth’s surface and record the reflected signal. For this reason, they have unique
almost all-weather, day/night capabilities. Because of the special wavelength characteristics in
this part of the EM spectrum, microwaves provide unique information about the landscape such
as soil- and leaf-moisture content, the dielectric properties of materials, and the physical structure
of the landscape. Also, microwave systems have been shown to increase land cover classification
accuracy when merged with traditional Landsat data (Haack and Slonecker 1994), especially
relative to wetlands that are covered by vegetation. Our primary goal will be to develop methods
to improve our estimate of wetlands, especially in areas where wetlands lie under extensive
canopy cover (e.g., the southeastern U.S.).

Thermal Infrared Remote Sensing
Although Thermal Infrared (TIR) remote sensing has existed for decades, new
technological developments and systems will create the potential for a new range of
environmental applications. TIR measures emissive energy in the 3-5 and 8-14 micron
wavelength range and is generally related to the heat budget of surface phenomena.
Until recently, TIR data were acquired mainly by sophisticated aircraft-based sensors and/or
satellite systems that collected data at spatial resolutions that were often inappropriate for
landscape-level analysis. New sensors such as MODIS and Landsat 7 will deliver TIR data that
can be used to add a thermal dimension to landscape classification and analysis, such as to
determine the role of urban heat islands in ecosystems processes.

High Spectral Resolution Remote Sensing
The most promising new technology in environmental remote sensing is the development
of hyperspectral and ultraspectral instruments and analytical techniques. Traditional
multispectral systems, such as the Landsat Thematic Mapper, capture data in broad spectral bands
selectively placed across the reflective spectrum. Hyper and ultra-spectral systems gather data in
hundreds and thousands of discrete, narrow, contiguous bands.
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As a result, landscape features can be analyzed using the same types of spectroscopic techniques
that are traditionally used in chemistry and astronomy. Figure 2 show a graphic comparison of
multi, hyper, and ultra-spectral data collection.
These spectral analysis techniques record the interaction of photons with material at the
molecular level and return unique spectral ‘fingerprints’ of the material being sensed. Figure 3
shows hyperspectral fingerprints of various minerals, as acquired from the NASA Advanced
Visible Infrared Imaging System (AVIRIS) instrument.
Spectral remote sensing has the potential to deliver critical new capabilities to the
Landscape Sciences Program, such as vegetation species identification, air and water pollutant
identification, and improved monitoring, e.g., of pesticide fate and transport. However, this
technology is in its infancy, and significant research is required, especially in the area of
environmental applications. We will evaluate the application of AVIRIS in the NALC study
areas and in those areas selected indicator quantification studies (see later discussion). Emphasis
will be given to detecting gradients of stressors as well as to improving land cover maps.
Another priority need is likely to fall in the area of cross-scale analysis. The new
imagery will provide simultaneous measures on individual, population, community, ecosystem,
watershed, and regional levels. Our ability to integrate this multi-scaled data is in a primitive
state (Rastettler et al. 1991). Hierarchy theory (O’Neill et al. 1986) provides a general framework
– it indicates that finer scale data can provide mechanisms, and coarser scale data can provide the
constraints. But the theories need to be developed into practical techniques for routine analysis of
multi-scaled data.
The most advanced thinking in cross-scale analysis has occurred in the national
monitoring and the global-change programs. The EPA’s Environmental Monitoring and
Assessment Program developed a hexagonal spatial grid that facilitates the extrapolation of plotscaled measurements to regional assessments in a statistically valid manner (Overton et al. 1990).
The Global-modeling program has developed methods for extrapolating primary productions on
individual plots to carbon exchange across a continent (King et al. 1989). But these efforts only
scratch the surface of the problem (Risser 1987). New approaches will take advantage of the
emerging vector and parallel processing computers (Casey and Jameson 1988) to link ecosystem
models across a spatial grid (e.g., Running et al. 1989, Burke et al 1990). Further breakthroughs
will be required to make most effective use of the multi-scaled data that the new sensing
technologies will provide.

C. Change Detection
Identification, development and refinement of the means to detect change in landscape
pattern and composition over time is central to the scientific objectives of this strategic plan.
Landscape patterns, processes and trends are directly related to natural and anthropogenic uses of
land and to the subsequent changes in those uses over time. Several key landscape indicators of
ecological conditions, such as vegetation gain/loss, human landscape alteration patterns and forest
fragmentation require assessment of changing landscape conditions (Jones et al 1997). Accurate
delineation of landscape change is fundamental to landscape ecology in general and is required to
fully understand the interface between dynamic biophysical and anthropogenic systems (Jensen
1986).
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Detection of changes in landscape attributes involves the comparison of multi-temporal
data sets to discriminate areas of land use or land cover change. This is generally accomplished
by comparing thematic or spectral spatial data sets, usually in a GIS environment.
Landscape change is identified using the direct spatial comparison of either the thematic
landscapes attributes, in the case of land cover data, by differences in reflected electromagnetic
energy in the case of remote sensing data, or by the calculation and comparison of changes in
landscape indicators derived independently from each time period. A critical issue relative to
detecting change over the 30-year period is the comparability of imagery generated from the
different sensors. The early to mid-1970s Landsat MSS data, the mid-to-late 1980s Landsat MSS
data, the early 1990s Landsat TM data, and the early 2000s Landsat TM data represent different
instruments that in some cases were or will be on platforms with different orbits and that have
different band characteristics. Moreover, differences in data collection dates and within and
among-year variations in climate will make comparisons across dates even more difficult. A
major task of ours will be to develop and test approaches within and among regions so that
landscape change can be accurately detected. We will focus our research on landscape change in
the NALC study areas (see previous discussion).
There are several technical considerations that can affect the quality of landscape change
estimates derived using these approaches, and they must be taken into account in planning change
detection research (Lillesand and Kieffer 1994). These include the spatial, spectral, radiometric
and temporal resolution of the remote sensing systems used. Several environmental
considerations, such as growing season, atmospheric conditions, and tidal stage can also be
critical. Major differences in any of these parameters can create erroneous positive or negative
change estimates and generally result in very noisy data. Additionally, the majority of change
detection research concentrates on relatively small, site-specific applications. Attempting to
develop change detection data on regional or national scales becomes more complicated because
of the need for temporally and spatially consistent data over large landscape units.

Change detection methods that overcome inherent spatial and temporal limitations of base data
are needed. Potential new methods include data development from new and improved sensors,
band differencing and ratioing techniques, data-set calibration by high-resolution sensors and
statistical development techniques such as those demonstrated in Jones et al (1997), pages 67-71.
Methods from Landscape Ecology must be adapted to distinguish natural changes, such as those
related to fire (irregular edges set by topography, dry sites, fuel-rich stands), from those related to
harvesting (straight edges, mature stands) or to development (straight edges, low topography)
(Krummel et al. 1987).

As demonstrated by the contributions of percolation theory (Gardner et al. 1987), fractal theory
(Milne 1988), and lacunarity theory (Plotnick et al. 1993), there is a need for land use change
theory to produce neutral models (Dunn et al. 1991). The neutral model provides a “null
hypothesis” that can then be tested statistically against the noisy change data (Gardner et al.
1989). This approach helps distinguish random errors from significant trends of change over a
landscape or region.
Landscape change theory has largely developed in the field of economic geography
where it predicts how to maximize utility by the spatial distribution of economic activities on the
landscape (Sklar and Costanza 1991). Recent approaches have used Von Thunen theory to
predict change as a function of distance to the nearest developing urban center (Wickham et al.
1999).
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Additionally, we will evaluate a sampling strategy to assess changes in landscape
indicators by ecoregion. An initial test of a landscape sampling design will be made in the midAtlantic Region.

This region possesses enough variability in land cover types and human uses of the landscape to
test the sensitivity of the sampling design. Moreover, it will be the first region with wall-to-wall
land cover change estimates from the early 1970s to the early 1990s. The goal is to see whether
or not variability in landscape change can be reduced via a classification scheme and whether
change can be estimated through a sample-based approach. Additional evaluation studies will
likely be needed in topographically diverse areas of the western U.S. The sample-based approach
is viewed as a viable back up to the wall-to-wall assessment proposed in this project, especially if
wall-to-wall coverages of land cover data are not available.

D. Quantification of Landscape Indicators Relative to Condition of Aquatic
Resources
Landscape indicators are defined as a measure, an index of measures, or a model that
describes the condition of an ecosystem or one of its critical components (Hunsaker et al. 1990).
An indicator may reflect biological, chemical or physical attributes of ecological condition. The
primary uses of an indicator are to characterize current status and to track or predict significant
change. A landscape indicator may also be used to identify major ecosystem stress (Jones et al.
1997).
As our primary goal is to evaluate landscape change and aquatic-resource conditions, our
research will focus on landscape indicators that relate to changes in hydrological and ecological
processes.
Assessing the consequences of landscape change on aquatic resources requires a thorough
understanding of the degree to which aquatic resource conditions vary with landscape pattern.
Hierarchy theory (O’Neill et al. 1986) suggests that individual stream segments, wetlands, and
estuaries should be constrained by landscape composition and pattern within their watershed
areas. A number of studies have shown the strong relationships of water quality, water quantity,
and runoff to landscape characteristics. Water quality of streams, wetlands, and estuaries is
dependent on the landscape's ability to collect and purify water. A decrease in natural vegetation
indicates a potential for future water quality problems (Walker et al. 1993, Hunsaker and Levine
1995). Many studies have shown that the land uses within a watershed can account for much of
the variability in stream water quality (Omernik 1987, Hunsaker et al. 1992, Charbonneau and
Kondolf 1993, Roth et al. 1996). Agriculture on slopes greater than 3 percent, for example,
increases the risk of erosion (Wischmeier and Smith 1978). Empirical studies have established
the significant causal relationship between watershed characteristics and nutrient and sediment
loads (Levine et al. 1993).
A drastic change in vegetation cover, such as clear cutting in the Pacific northwest, can produce
90% more runoff than in watersheds not altered by human practices (Franklin 1992). The linkage
between intact riparian areas and high water quality is well established (Karr and Schlosser 1978,
Lowrance et al. 1985). Riparian habitat functions as a "sponge," greatly reducing nutrient and
sediment runoff into streams (Peterjohn and Correll 1984).
The percentage and location of natural land cover influences the amount of energy that is
available to move water and materials (Hunsaker and Levine 1995). Forested watersheds
dissipate energy associated with rainfall, whereas watersheds with bare ground and anthropogenic
cover are less able to dissipate that energy (Franklin 1992). The percentage of the watershed
surface that is impermeable, due to urban and road surfaces, also influences the volume of water
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that runs off and therefore the amount of sediment that can be moved (Arnold and Gibbons 1996).
Watersheds with highly erodible soils tend to have greater potential for loss of soil to streams
than watersheds with non-erodible soils.

Moreover, intense precipitation events may more easily exceed the reduced energy threshold and
move large amounts of sediment across a degraded watershed (Junk et al. 1989, Sparks 1995). It
is during such events that human-induced landscape changes have their greatest negative impact.
The anoxia or hypoxia problem in the Gulf of Mexico results from extensive agriculture, loss of
riparian zones, and channelization throughout the Mississippi River Basin that permits mass
movements of sediment into the Gulf during extreme precipitation events, as witnessed in 1993
(Goolsby et al. 1999).
Growth of human populations often results in increasing water use and consumption.
Historical responses to these needs have often been the construction of dams and diversion of
water from streams and rivers. Dams create barriers to fish migration and often disrupt natural
hydrological patterns resulting in fundamental changes in aquatic habitats. Dams, therefore, can
decrease both the size and diversity of habitats and stream network connectivity. This, in turn,
generally increases the likelihood that whole fish populations will be lost due to a combination of
the higher extinction rates associated with smaller habitat sizes and the decreased probability of
recolonization.
Differential responses of fish and benthic communities to landscape changes may reflect major
differences in life histories between these two types of organisms (Schlosser 1990, Poff and Allan
1995). Because of larger home ranges and migrational requirements, fish populations may
respond to changes over an entire network of streams, including barriers to migration, and to
overall habitat suitability. Conversely, benthic populations are more likely to respond to
landscape and habitat changes in local sites or individual stream segments. Research is needed to
test this hypothesis.
Considerable progress has been made in the development and application of landscape
indicators in measuring landscape conditions within watersheds that affect aquatic resources
(Hunsaker and Levine 1995, Jones et al. 1996, 1997, O’Neill et al. 1997). These indicators
include simple metrics generated from a single spatial database (e.g., the percentage of the
watershed surface with crop land calculated from a land cover database), metrics generated by
combining or overlaying spatial data (e.g., the proportion of stream miles in a watershed with
forested riparian cover calculated by intersecting spatial coverages of streams and land cover), or
metrics generated through the implementation of relatively simple, spatially distributed models
(e.g., estimation of soil loss with models incorporating the Universal Soil Loss Equation). The
following summarizes more recent advances in the application of landscape indicators:

1. quantification of landscape composition and pattern from remotely sensed and
other spatial data (U.S. EPA 1994, Riitters et al. 1995, Jones et al. 1996, O’Neill et
al. 1988, 1997),
2. (statistical independence of landscape metrics (Riitters et al. 1995),
3. influence of grain and pixel size in determining landscape composition and pattern
(Wickham and Riitters 1995),
4. influence of sample and assessment-unit size on landscape-indicator performance
(Hunsaker et al. 1994, Wickham and Riitters 1995, O’Neill et al. 1996),
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5. scale relationships between landscape composition and pattern in different
environmental settings (O’Neill et al. 1991, Rastetter et al. 1991),
6. sensitivity of landscape indicators to human-use gradients (Wickham et al. 1997a),

7. sensitivity of landscape indicators to misclassification of remotely sensed data
(Wickham et al. 1997a),
8. relationships between environmental stressors and landscape pattern (Krummel et
al. 1987, O’Neill et al. 1988, McIntyre 1995, Wickham et al. 1997b),
9. analysis of landscape indicators to assess relative watershed conditions at the
regional scale (Jones et al. 1997, Wickham et al. 1999a and b),
10. relationships between landscape pattern and aquatic resources (Hunsaker et al.
1992, 1995, Charbonneau and Kondolf 1993, Walker et al. 1993, Poff and Allan
1995, Frenzel and Swanson 1996, Roth et al. 1996),
11. spatial GIS models (spatially distributed models) that relate landscape
characteristics to: water balance (Storck et al. 1998), nutrient loadings to surface
waters (Soranno et al. 1996,Young et al. 1996), erosion (Mitasova et al. 1996,
Zhang et al. 1996), soil chemistry (Burke et al. 1990), and nitrogen mineralization
(Fan et al. 1998) at watershed to regional scales,
12. biogeographic models that explicitly consider landscape composition and pattern
(Wiens 1985, Wiens et al. 1993, 1997, Schumaker 1996, Riitters et al. 1997).
The outstanding progress in all of these research areas, new spatial databases covering
large areas at relatively fine scales (e.g., 30 meters), and new computing capabilities make us
optimistic that the remaining critical gaps can be filled in a timely manner. However, despite
these advances, we lack a comprehensive understanding of how landscape pattern influences
aquatic resources and associated processes. For example, although we are aware of landscape
factors that influence water quality, recent papers (e.g., Roth et al. 1996, Weller et al. 1996)
suggest that the importance of landscape features may change in different environmental settings,
or when moving from one spatial scale to another. Differences in biophysical attributes of
watersheds (e.g., size, gradient, precipitation, soils, geology) may explain why these studies had
different results. Moreover, we lack knowledge of how these relationships vary among different
regions of the country. For example, highly variable precipitation and topographical patterns
make the western US hydrologically and ecologically distinctive from the eastern US, and these
differences are likely to result in different spatial and temporal relationships between landscape
conditions and aquatic resources. To fill some of these important gaps, our research will attempt
to:
1. establish quantitative relationships between various indicators of landscape pattern
and water quality, discharge, and biota in different biophysical settings (e.g.,
watershed size, gradient, geologic setting, climate regime);
2. determine how the importance of different landscape patterns in explaining water
quality, discharge, and biological condition varies within and among different regions
of the US; and
3. determine which stressors contribute most to observed landscape condition.
We propose to establish several paired watershed studies in regions of the country where
relationships between landscape pattern and aquatic resources and associated ecological and
hydrological processes are likely to be different. We will use existing spatial databases of
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landscape attributes and biophysical characteristics; national coverages of these data at relatively
fine scales (30-60 meters) should be available within the next two to five years. We will use
existing stream and estuary samples, primarily from the EMAP Surface Waters and USGS
National Water Quality Assessment (NAWQA) programs, to evaluate nutrients, sedimentation,
and indicators of stream biological conditions.
We will “pair” each set of aquatic and landscape indicator data related to the site’s watershed
area. Using a range of multi-variate statistics, we will determine which landscape indicators
explain the greatest variability in aquatic site conditions.
From these results, we will develop empirical models to be used in the assessment process. In
conducting these studies in different locations across the US, we will consider how different
temporal and spatial scales of the data might affect our results. The results will also be critical in
deciding which landscape indicators to use in the assessment process, in parameterizing
watershed models to assess the consequences of landscape change on water resources, and in the
development of landscape indices (statistical combination and weighting of landscape indicators).

E. Assessment Methods Research and Development
We have two primary assessment goals related to the project: (1) an assessment of how
landscapes have changed from the early 1970s to the early 2000s across the U.S., and (2) an
assessment of the consequences of observed change on aquatic resources based on quantification
studies (see previous discussion). The primary objective of the assessment is to identify and
prioritize those areas that have undergone changes in landscape pattern that are likely to pose
significant risks to water quality and biota in streams and estuaries. The assessment will depend
on progress made in all of the high priority research areas discussed in this plan, and will require
close coordination between basic data gathering and processing, multi-watershed research, and
implementation of the resulting products. To achieve the overall assessment objectives, project
components must be carefully sequenced within each region (Figure 4).
One key issue in the assessment phase of this strategy is the selection of appropriate
assessment units. We propose to use two general types of assessment units: (1) a watershed-level
unit to identify and demonstrate those biophysical attributes that mediate the response of the
aquatic resources to landscape change, and (2) a unit that relates to the aquatic resource itself
(e.g., a stream segment or individual estuary). Research described in the previous sections should
assist us in determining how aquatic resources respond to landscape indicators in different
biophysical settings. The aim of this research will be to develop a watershed classification that
characterizes different aquatic resource responses based on biophysical properties of the
environment (e.g., watershed size, topography, climate; see Maxwell et al. 1995).
Another potential way to approach this problem is to report out on risks to individual stream
segments and estuaries based on landscape indicator values for watershed or drainage areas for
each of these aquatic resources. Instead of coding watershed risks based on landscape change, we
would code the risk to each individual stream and estuary. To do so will require research and
development in computer data analysis, including watershed-level applications of GIS, primarily
because of the large number of watersheds and associated indicators that would have to be
generated for each stream segment or estuary. An assessment of individual stream segments and
estuaries is important because the EPA’s Office of Water and individual Regional Offices need
robust and systematic approaches to identify those water bodies that are most likely to exceed
certain water quality standards.

Another key assessment issue is how to report results of multiple indicator sets relative to aquatic
resource conditions. At least four approaches are possible:
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1. report values for those landscape indicators that explain the highest proportion of
variation in aquatic resource condition (based on quantification studies), but do not
combine landscape indicators into an index;

2.

apply multi-variate statistical approaches, such as cluster and principal components
analyses, to determine those watersheds and individual aquatic resources at greatest risk
(see Jones et al. 1997 and Wickham et al. 1999c);

3. develop empirical models from the quantification research (see previous section)
that combine landscape indicator values into an index or relative risk
characterization;
4. apply process models that utilize landscape indicators to estimate changes in
specific aquatic variables (see Fan et al. 1998 and Storck et al. 1998 for examples).
It is likely that a combination of all four of these assessment approaches will be used.
Again, results from the quantification studies should assist us in deciding which approaches to
use. For example, we may find that one or two landscape indicators explain most of the variation
in certain water quality parameters. In this case, we might want to report out on only these two
landscape indicators without combining them into a multi-variate model.
Another important scientific gap in our ability to assess relative risk is the inability to
deal with synergistic effects. One assessment of the mid-Atlantic States (Jones et al. 1997) used
the relative magnitude of stressors: the greater the number and magnitude of stressors, the greater
the relative risk. But this approach assumes that the stressors act independently (Hunsaker et al.
1990). What is needed is a mechanistic understanding of how the stressors interact to impact
aquatic resources. This is a major research area, but every incremental improvement in our
understanding can improve our ability to prioritize.
Risk assessment is basically a quantitative method (Barnthouse et al. 1982, O’Neill et al.
1982). The approach estimates the probability of an undesirable impact as a function of
uncertainties in measurements (O’Neill et al. 1981), natural variability (O’Neill 1979), model
assumptions (Bartell et al. 1983), etc. Although we can begin to rank impacts to water resources
using qualitative approaches (Graham et al. 1991) ultimately, we must move to quantitative
estimates of risk (Barnthouse et al. 1983). This is an important area of research, with long-term
implications for our ability to manage the Nation’s water resources.
A number of ecosystem and hydrologic models could be applied to prioritizing impacts.
Unfortunately, few of these models have been tested across regional scales. As a result, we
cannot confidently move the models across the full range of biophysical conditions in the Nation
without first confirming their “transportability.” Statistical models are largely limited to specific
watersheds and, in general, cannot be applied to watersheds in different biophysical settings.
Therefore, research is needed to determine the applicability of these models in assessing
landscape change and its consequences on water resources.
Each of these assessment issues will be evaluated in geographic areas where other
research activities have been initiated, including NALC, stressor gradient, and indicator
quantification studies.
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Section IV
Strategic Approach for Implementing
Research and the National Assessment
Our strategic approach will be to implement research and assessment activities in a
systematic manner within each region (see Figure 4). Significant progress in spatial data
assembly and in key research areas is needed to complete a national landscape assessment. Our
approach will be to implement the program on a “region-by-region” basis through a series of
focused studies. Where possible, we will conduct key research activities in the same geographic
areas. This will depend upon the degree to which certain study areas possess data and the
physical environment to address the range of research questions. Once the studies have been
completed, we will apply the methodologies to the regional spatial databases to conduct the
national assessment.
A proof of concept of our approach will be carried out in the mid-Atlantic Region of the
U.S. as this area will be the first to have all key aspects of the approach completed.

A. Implementation Themes
A number of themes will be central to all of the research and assessment activities. These
themes include:
!

understanding stakeholder needs,

!

highlighting assumptions, critical research steps, and interdependencies,

!

setting research and development priorities,

!

developing and testing a method or approach

!

assessing the method performance for different geographic areas,

!

considering ORD’s high priority geographic areas in the selection of study areas,

!

managing information for use by collaborating scientists, clients, and the public,

!

collaborating within the EPA and with academia, federal agencies, and others, and

!

collaborating within the EPA and with academia, federal agencies, and others, and

!

providing customer services and products
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These themes are discussed further below.

Stakeholder Needs
To better understand stakeholder needs, we will seek the assistance of Regional and
Program Offices, and various laboratories and programs (e.g., EMAP) in ORD. Through an
ongoing process of workshops, informal and formal meetings, surveys, and working with existing
forums (such as the ORD Landscape Working Group) we will refine our understanding of their
priorities and long-term concerns. Data quality objectives and assessment questions will be
developed. We will solicit input and feedback on interim results through various mechanisms,
including Internet web pages and user conferences (discussed further under customer services).

Highlighting Assumptions, Critical Research Steps, and Interdependencies
Within each research area, clearly articulating our assumptions, critical research steps,
and interdependencies will be essential to the communication and interpretation of our interim
products and results. For example, additional land use data for the year 2000 is critical to
performing a 30-year assessment, so the acquisition of these data is a high priority for the
Landscape Sciences Program. NALC data variability from the 1970's compared to the 1980's and
1990's may prevent some types of land cover and change analyses, so this potential problem will
need to be addressed early in the program’s development through the focused NALC studies.
Transferring approaches or indicators from one region of the country to another may pose
unexpected problems. Finally, the transition from research mode to full-scale application mode
will require careful judgements about the adequacy of research results across multiple geographic
areas. The research community and other stakeholders will need to be involved in these decisions
in some capacity. Full-scale national production will depend on the outcome of these
interactions. These topics will be discussed in detail in the individual research plans and also will
be revisited as the program develops.

Setting Priorities
Implementation of a national landscape change assessment requires establishment of
priorities for data collection and research activities. Priority setting across the entire Landscape
Sciences Program will rest with the Environmental Sciences Division management, subject to
approval by NERL management. Research projects within the program will be sequenced using a
“fast-fail” approach so that a workable plan to achieve the national assessment is established as
early as possible in the program development.
There are a number of priorities relative to accomplishing the national assessment, but
some of the activities must be completed within the first three years of the project to determine
the feasibility of the approach. The two most important priorities relative to the approach are:

•

determining whether landscape change can be estimated accurately across
different sensors in different regions of the US
•
determining whether landscape indicators explain variation in aquatic-resource
parameters in different regions of the US
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These priorities are reflected in the number and type of research activities planned in the
early years of the project (see Appendix I). If the results of either of these two research areas are
poor or inconsistent, then a national assessment of landscape change (from the 1970s to the early
2000s) and its consequences on aquatic resources may not be possible. However, if the results
suggest that the basic concept will work, then the next most important priority will be the
assembly of spatial databases needed to generate the indicators nationally. Since the MRLC will
be generating land cover for the early 1990s and 2000s, our emphasis will be on the generation of
early 1970s and mid-1980s digital land cover maps from the NALC database. To do so will
require replacement of poor quality 1970s scenes, classifying the imagery into land cover, and
assessing the accuracy of the land cover databases. If the classification of early 1970s and mid1980s NALC proves infeasible, we will limit the wall-to-wall assessment of landscape change
from the early 1990s to the early 2000s. Alternatively, we might deploy a sample-based approach
to assess landscape change between the early 1970s and the early 2000s (see early discussion);
such an approach might require far fewer images.
Priority must also be given to upgrading computing capability within the Landscape
Ecology and Landscape Characterization Branches. We will analyze and identify current and
anticipated needs for hardware and software to meet both our near-term priorities and those of the
10-year national assessment goal.
Table 4 summarizes the respective duties and responsibilities of the three organizational
units that comprise the Program and how they will be coordinated.

Developing and Testing Approaches and Methods
Each of the major research areas involves developing and testing a combination of
landscape ecology, landscape-characterization, watershed-modeling, and remote-sensing
approaches. While working within such diverse disciplines, many differences in approach are
expected. However, some commonalities are expected. Typical stages will include specification
or refinement of the parameters upon which the research is based; identification or development
of appropriate conceptual models related to the parameters of interest; determination of what
landscape scales and units are appropriate; selection of a procedure (or an indicator in the case of
indicator development) that is consistent with the parameters and conceptual model; selection of a
geographic area for initial testing; acquisition of data to test the approach; and extension of the
testing to additional geographic areas. In the process, quality assurance approaches and methods
for data analysis and interpretation will be developed and tested. As mentioned earlier, research
will be conducted in a limited number of geographic areas. The number of different study areas
established will depend on the degree to which multiple research objectives can be accomplished
in individual geographic areas.
Study areas will be selected based on: (1) landscape data availability, (2) aquatic resource
data availability, (3) stressor and biophysical spatial gradients, (3) importance to, and support
from EPA Regional Offices, and (4) importance to integrated programs of ORD (e.g., EMAP).
The third criterion is critical because EPA Regional Office collaboration is essential in achieving
a meaningful national assessment.

Assessing the Method Performance for Different Geographic Areas
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With the goal of a national assessment, validating each procedure or indicator for
multiple geographic regions becomes a high priority. We anticipate finding differences between
regions in the temporal and spatial scales at which biophysical and landscape characteristics
influence water resources. We also expect to find differences in the importance of landscape
pattern among regions. Therefore, multi-regional studies are needed.
While initial testing will be performed in an area selected for scientific considerations,
accessibility, or availability of data, a successful procedure or indicator must be re-evaluated for
application in other geographic areas. We expect that 10 or possibly 11 areas of the U.S.
including the Northeast, the Mid-Atlantic, the Southeast, the Midwest/Central Plains, the Upper
Midwest, the Upper Great Plains, the Pacific Northwest, the Pacific Southwest, the Southwest,
the Inter-Mountain West, and the South-central U.S. will be needed. These geographic regions
are consistent with broad-scale ecoregions and physiographic provinces for the lower 48 States.
Some procedures or indicators will require more or less testing to determine their geographic
transportability; the research will be planned accordingly (see Appendix I).
Integration issues arise when results from multiple research activities and diverse
geographic areas are combined to create a coherent national assessment. Data collected by one
method in one part of the U.S. may or may not be comparable to data collected by a similar
method at another location. Differences may develop in interpretive analysis methods due to
inherent differences from one ecosystem to another. Methods and sensors used historically may
not agree with methods and sensors in current use. Quality of remote sensing data and derived
results may differ from one region to another because of the availability of cloud-free days.
Timing of projects and data delivery will be a critical factor in planning for a smooth flow of
information so that synthesis and integration issues can be addressed properly. Because of the
importance of the integration issues, the difficulty in predicting specific problem areas so early in
the program, and the potential for “show-stoppers,” this topic will be revisited frequently in the
dynamic planning of the program.

Considering ORD’s High Priority Geographic Areas in the Selection of Study
Areas
When considering where to test initially and how to expand the testing process
geographically, certain options offer special advantages. Significant opportunities for sharing
existing data and leveraging sampling activities are available by working in one of the high
priority areas of interest to the ORD. These areas currently include the Pacific Northwest, Great
Lakes, Gulf of Mexico, and South Florida. In addition, the ORD Ecological Research Program
has designated the Mid-Atlantic region as a single, primary area of coordination for ORD with
other federal and state agencies. Finally near-laboratory sites, which serve as field laboratories,
have been designated and include the Savannah, Neuse, Lower Colorado, and Little Miami River
watersheds. These geographic areas offers different types of ecosystems, topography, climate,
and local issue priorities.

Managing Information for Use by Collaborating Scientists, Clients, and the
Public
The acquisition, manipulation, analysis, and dissemination of large databases associated
with this research program require the development of a comprehensive information management
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plan. The plan must address a number of key issues needed to support a program of this
magnitude, including:
(1) exchange of data, analysis programs, and information among participating
scientists located across the country;
(2) availability of data and information on results to the scientific community and the
public;
(3) documentation of analytical methodologies and data quality such that the
methods and results can be replicated;
(4) archiving of data and analysis programs and results.
The plan also must consider upgrades to the computer system and network that will be
needed to support the increasing scope of the project over the next 10 years. As a result of these
needs, we propose to develop and implement a comprehensive information management plan by
September 2000. This plan will be coordinated with the EPA Office of Information Resources
Management, as well as several collaborating organizations, including EMAP and the EROS Data
Center.

Collaborating within the EPA and with Academia, Federal Agencies, and
Others
Because of the size of this national assessment, intellectual and financial collaboration
both within and outside the EPA is essential. Within the EPA we will solicit partners who share
our research interests and priorities. Because the EPA Regional Offices will be key to the
implementation of the national goal, we train and assist Regional Office staff to compile
landscape data, generate landscape indicators, and conduct regional-scale assessments. Regional
Offices have already started to reorganize and pull together a critical mass of landscape and GIS
staff. The EMAP Western Pilot will be a test of the proposed joint ORD/Regional Office
implementation of the Program. Additionally, implementation of the Program will correspond to
national implementation of EMAP Surface Waters and Near Coastal Programs. Close
coordination with these two groups will be necessary to conduct landscape indicator/aquatic
resources quantification (see earlier discussions). Two additional ORD programs are available to
Regional Offices desiring ORD support: the Regional Applied Research Effort (RARE); and the
Regional Environmental Monitoring and Assessment Program (REMAP). Studies under these
programs are developed jointly by the Regional Office and ORD staff and typically last one to
two years. Such studies, when focused within one of the key research areas listed above, can help
us to test our concepts and research results in settings which have high priority to a Regional
Office. Additionally, EMAP provides EPA Program Offices (e.g., the Office of Water) an
opportunity to be involved. Part of the focused research is aimed directly at their needs;
leveraging ORD resources with Program Office funds is also an option. We anticipate that EPA’s
Offices of Water; Prevention, Pesticides and Toxic Substances; Policy, Planning and Evaluation;
International Affairs; Administration and Resource Management; Solid Waste and Emergency
Response will benefit from this research and may be involved directly as partners and
collaborators. In the ORD, a number of programs within the National Research Laboratories and
Centers offer opportunities for collaboration, as listed in Table 5. In some cases, we have longstanding cooperative efforts, while in other cases, we will be developing new relationships. The
STAR Grants Program is a competitive, peer-reviewed, investigator-initiated, EPA-funded,
research grants program to foster innovative and far-reaching scientific projects and facilitate
cooperation between EPA and the scientific community. Each year research categories are
designated to which potential grantees respond. We anticipate working with NCERQA to
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develop research opportunities that can complement the scientific discovery taking place within
the Agency.
Outside the EPA, opportunities for collaboration exist among federal and state agencies,
especially with the Departments of Interior, Commerce, Agriculture, and Energy, and NASA.
Some of these relationships are summarized in Table 6. Two existing collaborative efforts
illustrate these relationships. The MRLC was developed to provide the capability for broad-based
research on current and future conditions of the physical and biological resources of the United
States, and the NALC Project was developed by EPA and the EROS Data Center/USGS to
provide a standardized digital-data set of satellite images for the 1970s, 1980s and 1990s for the
contiguous 48 states and Mexico (see earlier discussions).

Providing Customer Services and Products
Customer services and products will be an important factor in achieving the long term
goal of the Landscape Sciences Program. These will include the following:
•
Peer-reviewed research plans, revised as needed and annually updated
appendices that list products, completed outputs and expected outputs,
•

Journal articles that provide current research results to technical audiences,

•
Guidance and user manuals that provide systematically organized advice,
instruction, and recommendations to technical audiences, especially within the
Regional Offices and States,
•
Data management via EPA’s Environmental Information Management System
(EIMS) and associated databases to make data available to interested users inside and
outside the agency. These databases are expected to include NALC, MRLC-92,
MRLC-2000, and others,
•
Two Internet web sites, one for Remote Sensing Methods, and one for Landscape
Indicators to make research results and guidance available to technical audiences and
the general public,
•
Computer Landscape Assessment Tools to assist Regional Offices in conducting
landscape analysis relative to aquatic resources,
•
Biannual User Conferences on Remote Sensing and Landscape Indicators, hosted
by the Landscape Science Program. These conferences will offer sessions on research
results, Regional and Program Office applications, and training. These will be the
primary mechanisms for our outreach efforts (methods and indicator guidance). They
will result in wide recognition and use of our research products and lead to consensus
on research needs and priorities, and
•

Training of the Regional and Program Office staff upon request.

We will prioritize among these product types based on feedback from our stakeholders.
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B. Research Plans
A key component of the research strategy will be development and peer review of
individual research plans for specific research activities outlined in this plan. These plans will
follow the form of National Science Foundation research grant proposals, including a description
of the research area, a review of the state-of-science, statement of hypotheses and questions to be
addressed, a description of the study and analysis designs, and time lines, resource needs, and
backgrounds of principal and co-principal investigators. The research plans will provide details
on individual projects that were too voluminous to describe in this plan. Generally, these
research plans will cover a two to three-year study period. Some research activities, including
Regional Environmental Monitoring and Assessment Program (REMAP) projects that already
have research plans will not require a new plan. Research plans will not be required for
development of analysis tools and web sites.

C. Time Line for Research and Assessment Implementation
Appendix I provides a road map of activities and milestones to achieve the goal of the
program. These projects represent a diversity of programs funded by the EPA, including EMAP,
the Regional Environmental Monitoring and Assessment Program (REMAP), the Regional
Vulnerability Program (ReVA), and the Global Change Research Program (GCRP). Although
not listed, the EPA funds a number of external grants (Science to Achieve Results (STAR)
Grants) that will contribute to our knowledge of landscape change and how it affects aquatic
resources. Information on the EPA External Grants program can be found at
http://es.epa.gov/ncerqa/grants/.
We believe that the national landscape assessment can only be achieved by coordinating
and leveraging these individual programs. We anticipate that the road map will change
somewhat, especially in out years where initiation of specific activities is dependent on
significant research progress, completion of national-scale data sets, and funding. Appendix III
provides an example of milestone outputs.
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Section V
Measures of Success
The measures of success for the Landscape Sciences Program include publication
productivity, client satisfaction, recognition by the science community, successful outside
evaluations, the successful completion of GPRA objectives and milestones, and the adoption of
our methods and approaches by others, ranging from county planners to other countries.
Productivity can be evaluated in terms of the quality and quantity of our publications and
databases when considered in relation to our assignments, budget, and staff. Our scientists
produce technical journal articles, databases, reports, and research plans. As this list suggests, the
wide range of activities conducted within the Program does not always lead to journal articles.
However, we consider journal articles highly desirable because of the peer review and recognition
inherent in the process. We are striving to increase the numbers of journal articles and databases
by focusing our efforts in this area, while continuing to produce the other products when needed.
Client satisfaction involves the quality, relevance, and timeliness of our products and support
(Table 7), as perceived by our many stakeholders. We provide our clients several different means
for giving feedback on our work, including meetings to discuss results and tear-off pages with
product questionnaires in the back of reports. Recognition by the science community can be
judged by the number of requests received for invited presentations, and consultation and
collaboration with our scientists, and citations of our papers in other scientific publications.
Outside evaluations take several forms, including technical program reviews conducted
by a panel of academics and leaders in similar programs from other federal agencies. Such
reviews, scheduled every three years, in accordance with ORD policy, consist of comprehensive
presentations to the review panel of our research results, work in progress, and plans for the
future. Program peer review results are summarized in a report by the reviewers. Our progress in
meeting these measures is tracked both formally and informally. Published journal articles are
listed for each Branch in monthly reports, as are major requests for consultation or collaboration.
Client satisfaction as indicated by tear sheets is tallied and examined for trends, and delivery of
key products is evaluated by follow-up visits or telephone conversations by senior managers.
This combination of measures provides a sound basis for the ongoing evaluation of the Landscape
Sciences Program.
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Changes in Uses of Land

Modification of
Landscape Pattern

Landscape
Indicators

Socio-Economic
Indicators

Changes in
Human Behavior
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Changes in Ecological and
Hydrological Processes

Changes in Human
Benefits Derived from
the Environment

Figure 1. General conceptual model of landscape change and sustainability of environmental attributes values by society.

VHF to LF

0.8 m

Microwave

Multispectral - Available
Number of Bands..... Several to Tens
Band Width - Wide Spectral
Resolution - Medium

3 x 106 m

Medium and
Far Infrared

1.5 µm

0.7 µm

0.45 µm

100nm

Visible

Ultra
Violet

X-Rays

0.3nm

Wave
Length

0.03nm

Gamma
Rays

Near IR

Remote Sensing Theory

Detects Solids and Liquids

Hyperspectral - Emerging
Number of Bands..... Hundreds
Band Width - Narrow Spectral
Resolution - High

Detects and Identifies
Solids and Liquids

Ultraspectral - R&D
Number of bands............. Thousands
Band Width - Very Narrow
Spectral Resolution - Very High

Detects and Identifies
Solids, Liquids, and Gases

Figure 2. Comparison of multispectral, hyperspectral, and ultraspectral signatures.
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Iron Oxide and Hydroxide

Reflectance
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Figure 3. Unique reflectance spectral of minerals as derived from NASA's AVIRIS instrument.
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Acquire and Process Primary
Landscape Data

Develop and Apply
New Remote Sensing
Techniques and
Landscape Indicators

Acquire and Assemble
Aquatic Resource Data

Determine Quantitative Relationships
Between Stream and Estuary and Landscape
Indicators (Within-Region, Watershed Studies)

Select Landscape Indicators to be
Used in the Models
Develop Multivariate, Landscape Indicator Models
Test and Validate Models
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Select Subset of Aquatic Data
to Validate Models

Apply Landscape Models to Regional Data Sets (Wall-to-

1970s Landscape Conditions

1980s Landscape Conditions

1990s Landscape Conditions

2000s Landscape Conditions

Evaluate consequences of
Landscape Conditions

Evaluate consequences of
Landscape Conditions

Evaluate consequences of
Landscape Conditions

Evaluate consequences of
Landscape Conditions

Evaluate consequences of Landscape Change on Aquatic Resources -- 1970s to 2000s

Figure 4. General implementation strategy for landscape research and assessments proposed in the Plan.
The strategy will be implemented on a region by region basis.

