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EXECUTIVE SUMMARY

In 1988 the Science Advisory Board of the U.S. Environmental Protection Agency (EPA) recommended
implementing a program within EPA to monitor the status and trends of ecological condition and to develop
innovative methods for anticipating emerging problems before they become crises. More recently, EPA
established a program aimed at monitoring for results; that is, confirming that the nation’s environmental
protection efforts are truly maintaining or improving environmental quality. EPA’s Office of Research and
Development (ORD) began planning the Environmental Monitoring and Assessment Program (EMAP) in
response to these needs for better assessments of the condition of the nation’s ecological resources. Planning
is being conducted in cooperation with other agencies and organizations that share responsibilities for
renewable natural resources or environmental quality.

When fully implemented, EMAP will answer several critical questions: What is the current extent of our
ecological resources, and how are they distributed geographically? What proportions of the resources are
currently in good or acceptable condition? What proportions are degrading or improving, in what regions,
and at what rate? Are these changes correlated with patterns and trends in environmental stresses? Are
adversely affected resources improving overall in response to control and mitigation programs?

EMARP scientists will answer these questions by designing and implementing over the next five years integrated
monitoring networks with the following objectives.

+ Estimate current status, extent, changes, and trends in indicators of the condition of the nation’s
ecological resources on a regional basis with known confidence

* Monitor indicators of pollutant exposure and habitat condition and seek associations between
human-induced stresses and ecological condition

* Provide periodic statistical summaries and interpretive reports on status and trends to the EPA
Administrator and the public

EMAP networks will provide statistically unbiased estimates of status, trends, and associations with quantifiable
confidence limits over regional and national scales for periods of years to decades. EMAP will also provide
a framework for cooperative planning and implementation with other agencies and organizations that have
active monitoring programs in the ecological and natural resource areas. This framework will provide for
direct integration of these data, where appropriate, and will enable EMAP to supplement existing networks
to fill data gaps, if necessary.

PURPOSE OF THIS DOCUMENT

The purpose of this document is threefold: (1) to inform potential EMAP data users of the approach
proposed to describe ecological condition; (2) to define a strategy for evaluating, prioritizing, and selecting
indicators that will facilitate coordination and integration among each of six EMAP resource categories; and

(3) to seek expert advice and environmental data sets from the scientific community that are needed to better
characterize the spatial and temporal variability of the proposed indicators on a regional scale.

EMAP BACKGROUND

Six broad ecological resource categories have been defined within EMAP: near-coastal waters, inland
surface waters, wetlands, forests, arid lands, and agroecosystems. Within each of these categories, several
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ecological resource classes have been identified (e.g., large estuaries, small lakes, emergent estuarine
wetlands, oak-hickory forests, sagebrush-dominated shrubland, and orchard cropland). In addition to
measures of extent (numbers, length, area), EMAP will make routine measurements of environmental
indicators on resource sampling units selected from each of these resource classes. The measurements
will be used to provide regional- and national-scale assessments of the condition of the nation’s resources.

The EMAP sampling design will lead to unbiased estimates with known confidence of the extent of resource
classes and their current ecological condition. The design must also be sufficiently flexible to accommodate
sampling of many distinct resource classes and identification of emerging environmental issues, as well as to
associate resource condition with pollutant exposure, habitat condition, and natural and human-induced
stresses.

The proposed sampling design uses a systematic triangular sampling grid of points randomly placed over the
United States. Grid density can be increased or decreased to meet specific needs, but the baseline density
is approximately one point per 640 km?, which results in about 12,600 points across the contiguous United
States and approximately 2,400 and 56 points in Alaska and Hawaii, respectively. Next, a two-stage process
is used to select points from the grid for landscape description and sampling site selection. In the first stage,
a set of points is selected by using probability methods; the landscape within a hexagonal area (landscape
sampling unit) centered on each of these grid points then will be characterized (by using maps, aerial
photography, and satellite imagery) to estimate the extent of each resource class and to facilitate selection
of resource sampling units upon which indicators will be measured. In the second stage of the process, a
subset of resource sampling units is selected for each resource class from which regional population estimates
are to be made. Because the points represent a probability sample, the measurements of resource extent
and environmental indicators can be extrapolated to yield estimates for resource classes for regions or the
entire nation.

Placement of the grid determines the ultimate sampling location, and many of the sampling sites will not be
available for intensive or continuous monitoring. Also, indicators must be measured on an adequate number
of resource sampling units to make regional population estimates with sufficiently narrow confidence bounds.
EMAP will therefore operate as a series of annual surveys, measuring indicators during a particular season or
other time period that is likely to be specific to each resource category and possibly to each resource class.
For example, late summer may be selected as the index period for making measurements on fish
populations, when stream flows and dissolved oxygen levels may be lowest and effects of stressors may be
highest.

EMAP’s objectives include describing current condition as well as documenting trends in condition. Optimal
achievement of either objective would require different designs; the EMAP design resolves this issue by
selecting distinct subsets of resource sampling units each year in a four-year cycle, returning to the first year’s
subset in the fifth year; a particular site therefore will be sampled only every fourth year, and condition
estimates will be based on four-year running averages. Regional or national trends are expected to be
discernible within 10-15 years. Because individual sites are sampled only once every four years, and 10-
15 site visits are required to detect a trend, EMAP will provide little information about the conditions at any
particular site for a period of 40-60 years. This probability-based survey approach places important
constraints on indicator selection.

INDICATOR STRATEGY

In EMAP, we have defined several categories of indicators - response, exposure, habitat, and stressor,
examples of which are given in Figure 1. Response indicators are characteristics of the environment
measured to provide evidence of the biological condition of a resource at the organism, population,
community, or ecosystem level of organization. Exposure and habitat indicators are diagnostic indicators
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that are measured in conjunction with response indicators. Exposure indicators are characteristics of the
environment measured to provide evidence of the occurrence or magnitude of a response indicator’s contact
with a physical, chemical, or biological stress. Habitat indicators are physical attributes measured to
characterize conditions necessary to support an organism, population, or community in the absence of
poliutants. Stressor indicators are characteristics measured to quantify a natural process, environmental
hazard indicators, or a management activity that effect changes in exposure and habitat. Response, exposure,
and habitat indicators will be measured during annual surveys at sampling sites associated with points on the
EMAP grid. Stressor indicators normally will not be measured at the sampling sites; instead, stressor data will
usually be obtained from other monitoring programs.

EMAP will use response indicators to describe ecological condition. Exposure and habitat indicators will be
used to provide plausible explanations for observed differences and changes in response indicators, and
stressor indicators will be used to identify possible causes for changes in exposure and habitat indicators.
Analyses will rely on correlative empirical approaches and thus cannot prove causality. The use of correlative
approaches will, however, identify hazards that are geographically widespread, most intense, or associated

< ON-FRAME INDICATORS =i Exposure-Habitat

Response indicators (E)
Indicators {R)

Biomarkers

P Coa SPATIAL
: ' ASSOCIATIONS
Ecosystem Process
Rates & Storage t(R,E,S)
: o o Tissue Concentrations

Community Structure - TEMPORAL

R Ambient Concentrations
?éj:uh@lon e mdu"'. » -Water, Alr, Soil, Sediment

oo, : Exotics / Genetically-
Gross Pa\hology . ] Engineered Organisms

RS l Hebitat Structure

Landscape Pattom
|
/ N\
o | \

Hazard Indicators Natural Process Indicators Management Indicators
Axmospheric Deposition / Emissions Dredging / Filling
Demographics Climatic Fluctuations Fire Management
Discharge Estimaies Pest-Disease Relations Harvest Rate
f::“t“;‘ Pesticide Appications Predator-Prey Relations Hydrologic Modification
Pormits Successional Stage Landecape Pattem
Pollutant Loadings P