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Water quality matters for humans, livestock, fish and wildlife, and plants
including food crops. Too often policies and regulations are ineffective while
restoration projects fail to achieve intended goals. The problem is seen in en-
vironmental impact assessments, point- and nonpoint-source discharges, and
Superfund sites. While some reasons for failure are project-specific, three com-
mon and easily avoided reasons are the lack of knowledge about spatial and
temporal distribution of the chemical of concern, no information about the
causes and amount of variability, and the focus on concentrations at a local
point rather than on the entire ecosystem.

Natural ecosystems are highly dynamic; that is, they are stochastic (ran-
dom) and not deterministic. This means that geochemical data need to be an-
alyzed with models that quantify the uncertainties (randomness) in the data.
Statistical models are fit to the available data and measure variability, uncer-
tainty, predictability, and relationships.

Deterministic models describe the behavior of the data using fixed equa-
tions and require that data be fit to these invariant equations. This works in the
built environment but not for ecosystems as highly variable as aquatic ones.

Every environmental observation/measurement has a specific location and
time associated with it. Too often that’s not recorded and this important infor-
mation is lost greatly reducing the value of the data. Seeing how geochemical
concentrations are distributed over space and time gives us valuable insights
into their dynamics in the water body of interest and guides policies and regu-
lations.

Quantifying variability in geochemical concentrations allows separation of
inherent changes due to season, ambient weather, and other natural causes
from changes caused by anthropogenic activities such as agriculture, mining,
transportation, or manufacturing. Regulatory compliance should be limited to
those changes caused by human actions and not within the expected range of
variability of the dynamic ecosystem itself.

Policies and permit compliance focused on point source discharges are com-
paratively simple, even without costly and constantly changing mixing zone
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analyses. Basin-wide policies (TMDLs) and compliance for nonpoint source
contaminants is much more complicated and commonly leaves all sides dissat-
isfied with the results.

Unlike planned environmental geochemical research projects almost all avail-
able data are collected only as required by regulators. This means that sam-
pling locations tend to be clumped (usually near urban areas and specific point
source outfalls) rather than from the entire river network and times are highly
variable. Some discharge permits, such as those for storm waters, may require
monitoring data only once, twice, or four times per year. Baseline collection
data for environmental impact assessments might be collected for a year or two
at a limited number of locations. Data analysis models that do not incorporate
clumped or random spatial variability and infrequent periodicity of temporal
sampling yield wrong results. Policies and actions based on wrong analytical
outputs are unlikely to produce desired future conditions in water quality.

It is not sufficient to consider spatial and temporal variability separately be-
cause they are integrated in natural ecosystems. Applying appropriate spatio-
temporal statistical models rather than deterministic differential equation mod-
els greatly increases the value of the knowledge available to policy makers
and regulators and increases the likelihood of successful pollution control and
ecosystem recovery.
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