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Natural ecosystems are complex and highly variable at multiple size scales.
Because of the difficulties of accurately summarizing complexity and variabil-
ity in an index number, regulators often require a reference area for comparison
with a proposed or reclaimed project area. Agreement on a suitable reference
area may be a requirement prior to permitting or bond-release decisions for
mining and logging operations.

It is common for selection of an acceptable reference area to take a long
time. There is no consensus on criteria defining reference areas because of
the variability among drainage basins, streams and rivers, riparian zones, and
forests and woodlots so decisions tend to be subjective rather than scientific.

The more technically sound and legally defensible way of assessing actual
or potential change is characterization of key dynamics of the project ecosys-
tem. Spatial and statistical analyses of appropriate observations estimate nat-
ural variability and separate that from anthropogenic changes. This approach
can be applied to baseline studies prior to preparation of an environmental im-
pact assessment or issuance of an environmental permit, and to support release
of reclamation bonds.

Many concerns are based on hydrology. This makes drainage basin terrain
analysis using digital elevation models (DEMs) the place to start. Terrain anal-
ysis defines stream networks (time of concentration, water chemistry, aquatic
biota distributions), hillside slopes (time for water to flow to the nearest down-
hill stream channel, potential vegetation, soil stability), stream and groundwa-
ter flows, erosion and sediment transport, and identification of flooding and
flood-prone areas. This baseline drainage basin characterization is the stan-
dard used to monitor changes over time.

Statistical models of plant and animal distributions quantitatively assess
habitat quantity and quality. These results can be associated with basin char-
acteristics and hydrology and used in modeling changes under different man-
agement scenarios. Aquatic biota that might be expected to be in a stream
(or reach) with certain geomorphic and chemical characteristics can be esti-
mated by examining the EPA’s ecological monitoring and assessment program
(EMAP) biotic database. Explanations why fish are found in some streams or
reaches and not in others can be inferred by describing the geomorphic, hydro-
logic, and hydraulic differences in populated and unpopulated areas.
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Spatial time series reveal changes in variables of concern that are not as eas-
ily revealed by looking at tables of numbers. Time series help separate natural
variability from anthropogenic changes. More importantly, they can be used
to determine the extent of anthropogenic change relative to hydrology, vegeta-
tion patterns, and species distributions in comparison with statutes such as the
Endangered Species Act and regulations under the Clean Water Act.

Too often, environmental data are selectively used to promote someone’s
agenda. Some times a mean is used rather than the individual data points;
other times restricted time periods are used because this limited data set has a
pattern different from that of the entire data set. Using this project-area-specific
set of analyses makes use of all available environmental data and avoids the
selectivity that can skew results and open them to appeal and legal challenge.
The results of area-specific analyses are objective, quantitative, demonstrate
that a hard look was taken at the data, and avoid potential issues associated
with reference areas.
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All newsletters, white papers, and other technical resources can be freely
downloaded from http://www.appl-ecosys.com/publications/.
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