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ABSTRACT

QUANTITATIVE PERCENT E XCEEDENCE: A S IMPLIFIED METHOD FOR
THE ANALYSIS OF WATER QUALITY DATA ; A CASE STUDY
FOR THE SOUTH YUBA RIVER CITIZENS LEAGUE

by
Rebecca L. Bushway
Master of Science in Geosciences
Hydrology/Hydrogeology Option
California State University, Chico
Spring 2014

Long term water quality monitoring by citizen groups has produced large data sets, often
with little or no capacity for data analysis beyond basic quality control. It is often beyond
the capability of citizen monitoring groups to analyze large sets of water quality data by
available data analysis methods, and discern the biological importance of the results
within naturally variable systems. To assist citizen monitoring groups with the
evaluation of water quality data in their watershed, a new method of analysis was
developed and subsequently validated. The method developed, Quantitative Percent
Exceedence (QPE), was based on biologically important thresholds, and designed to be
carried out by citizen monitoring groups with a basic software package (Microsoft
Excel). Sites were categorized by exceedence from the standard using QPE, and

xi

compared to clusters obtained from hierarchical cluster analysis. The correlation between
these categorizations was verified by X2 analysis. Categorizations obtained from
hierarchical cluster analysis (HCE) were well correlated with those from QPE (p <0.001).
QPE is an effective method for the categorization of sites based on biologically
meaningful data that citizen monitoring groups can use to inform monitoring and
remediation efforts in their watersheds, producing results that are statistically comparable
to the accepted method of hierarchical cluster analysis.

xii

CHAPTER I
INTRODUCTION
Citizen monitors are valuable: citizens, who explore their environments, report
what they see, and advocate for legislation to protect it. The Coastal Watershed Council
monitors urban runoff that flows into rivers and streams that ultimately impact the
Monterey Bay (Coastal Watershed, 2013). The South Yuba Citizen’s League (SYRCL)
identified a river in need of defense from future dams, and organized to protect a large
section of the Yuba River under the California Wild and Scenic Rivers Act (California
1999). California Coast Keepers Alliance uses data from a variety of citizen monitoring
groups to identify pollution impacted water bodies, and has been responsible for the
listing and relisting of many water-bodies as impaired under the Clean Water Act (303(d)
list) (California Coastkeepers Alliance, 2013). While these are modern examples, citizen
monitoring is part of an historic tradition.
The first environmental monitors were citizens; John Muir, Theodore Roosevelt,
and Ansell Adams were all citizens who explored their environments, reported what they
saw, and when they could, protected the environment through laws.
When John Muir came to California in 1868, the Sierra Nevada Mountain Range
seemed “to be not clothed with light, but wholly composed of it, like the wall of some
celestial city,” but he also noted that snow rested on its peaks all year, with “a pale, pearlgray belt of snow…along the top, and extending a good way down” (Muir, 1894).
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While he was documenting important scientific details, his words made people who had
never been to California, care about the Sierra Nevada Mountains. But when he saw the
devastation wrought in the National Parks, he was prompted to form the Sierra Club, and
begin the long battle toward changing laws (Sierra Club, 2013).
Theodore Roosevelt began observing his environment at a young age: at 7 he
began collecting specimens for the “Roosevelt Museum of Natural History”, and at 9 he
wrote a scientific paper The Natural History of Insects (PBS 2013). With amazing
foresight, he knew the natural world would need defending; and when he had the political
power, he created the Antiquities Act in 1906, protecting 18 monuments, and 4 National
Parks while in office (National Park Service, 2013).
Ansel Adams came to the Sierra Nevada Mountains as a boy in 1916, and was
transfixed by the beauty he found here (Sierra Club, 2013). As a member of the Sierra
Club, Ansel Adams took photographs of wild places, and published them, Sierra Nevada:
The John Muir Trail. That publication was instrumental in persuading Congress to
establish Kings Canyon National Park (Sierra Club, 2013).
By 1962 we had fallen so far from John Muir’s Sierra Mountains that it took a
scientist, Rachel Carson, to remind us that the protection of the environment is the
responsibility of every citizen. In writing Silent Spring, she challenged citizens to
monitor their environment, and so when the Cuyahoga River caught fire in 1969 (Time,
1969) it was citizen activism that brought enough pressure to Congress to pass the
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Federal Clean Water Act (1974). Based on The California Environmental Quality Act
(1970), the mandate of the Federal Clean Water Act represented a change in thinking in
the United States; the charge to make the nations rivers swimmable and habitable for fish
within a decade was as bold as Kennedy’s boast to go to the moon.
The California Environmental Quality Act (CEQA), passed in 1970, requires that
public agencies and projects proposers, identify any significant environmental impacts of
their actions, avoid those impacts if possible, and mitigate the environmental impacts
when they can’t be avoided (CEQA, 1970). The determination of significant
environmental impacts is provided by the Environmental Impact Report (EIR), which is
completed by the agency either proposing the action or overseeing it (CEQA, 1970). The
CEQA is now enforced by the California EPA (Cal EPA, 2013).
Prior to 1974, water quality was defined as ‘pollution by dilution’, so long as the
concentration of pollution going down stream was below a certain threshold, the
pollution was considered safe. The Federal Clean Water Act (CWA) redefined water
quality based on point source pollution, and the desired use of a water body. The CWA
also made the quality of the water resources in the United States the responsibility of
State and Tribal governments. State and Tribal governments are required to monitor
trends and identify emerging problems within their own boarders, compile water quality
monitoring data, and report the state of their water resources to the Environmental
Protection Agency (EPA). The form water quality data take, the parameters measured,
and the method of analysis is at the discretion of individual states and tribal governments.
The EPA compiles the data collected at the State or tribal level, and prepares a biannual
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report for congress through the National Water Quality Inventory Report (EPA, 1972).
When water quality problems are identified, water bodies are listed as impaired as part of
the 303(d) Program. These sites are given a Total Maximum Daily Load (TMDL)
allocation (EPA, 1972). In addition to changing the way pollution was identified and
dealt with, as of 1987 the CWA also provided funding in the form of Section 319 Grants
(EPA, 2012). These grants provide funds for programs as small as citizen monitoring
groups, and as large as watershed restoration projects (EPA, 2012). The CWA grants
joined the Fisheries Restoration Grant Program (FRGP) that had been established in 1981
by the California Department of Fish and Game in response to the decline in wild salmon
and steelhead populations (DFG, 2014). These grants provide funds for the restoration of
riparian land, and the rehabilitation of spawning grounds (DFG, 2014). Additional
federal funds were provided in 1996 by the implementation of the National Oceanic and
Atmospheric Administration’s (NOAA) Community Based Restoration Program Grants
(Nature Conservancy, 2011). From shellfish to salmon, these grants fund a variety of
habitat restoration programs (Nature Conservancy, 2011).
As public funding is available for watershed groups in California the
identification of water-bodies that are considered impaired is growing so quickly that the
development of TMDL’s for these water bodies is far behind schedule. Water bodies that
were anticipated to have a TMDL by 2009 are now expected to have a TMDL by 2020
(Table 1).

5

TABLE 1. IMPAIRED WATER BODIES IN THE YUBA
RIVER WATERSHED
Anticipated
Water Body
303(d) list
TMDL
Lower Yuba River
Mercury
2021
Wildwood Lake
Mercury
2021
Deer Creek
pH
2019
Englebright Lake
Mercury
2016
New Bullards Bar
Mercury
2021
Reservoir
North Yuba River
Mercury
2021
Kanaka Creek
Arsenic
2020
Middle Fork Yuba River
Mercury
2021
South Fork Yuba River
Mercury
2021
Water
2021
temperature
Humbug Creek
Copper
2020
Mercury
2021
Sediment
Zinc

2012
2020

Data collected by citizen monitors has been used to list sites as impaired
(CaCoast, 2013). The compilation of data for long term trend analysis of these sites is
often done by watershed groups that are non-profits using data collected by citizen
monitors (WQCP, 1998, Conrad and Hilchey, 2010). It is important that watershed
groups using citizen monitoring data have the tools they need to analyze the data and the
capacity to evaluate the state of the watersheds they steward.
Citizen Monitoring
Watershed groups fill a niche; whether they form as an advocacy group or to protect
an endangered species, the strength of a watershed group is their ability to collect large
data sets over a wide geographical area for a long period of time. To that end, watershed
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assessments, habitat restoration, post-restoration monitoring and the eradication of
invasive species are the main purview of watershed groups (Conrad and Hilchey, 2010).
By training and deploying volunteers, watershed groups establish the baseline for their
watershed while using funds to monitor as many parameters as possible. While
increasing the number of sites monitored may limit the number of parameters measured,
an accurate assessment of the watershed can be attained (Conrad and Hilchey, 2010).
Armed with these assessments, citizen groups and Non-Profit organizations turn from
monitor to advocate.
The California Coastkeeper’s Alliance represents twelve citizen monitoring
groups from Oregon to San Diego, and advocates for the continued and relisting of
impaired 303(d) sites based in part on the data collected by citizen monitors. (CaCoast,
2013) Monitoring groups are uniquely qualified to locate problems within their
watershed as they are familiar with both local history, and water quality issues. For
example, mercury is a unique problem in the Sierra Nevada Mountains, as this toxic,
water soluble, heavy metal, is a remnant of legacy gold mining (Alpers et.al, 2005). A
long term resident to these mountains might know to look for heavy metals downstream
of old mine sites, such as Malakoff Diggins in Humbug Creek, a 303(d) impaired site for
mercury and copper (EPA 2010).
Having collected data for decades, the task of analysis can be daunting. Some
data analysis methods require complex computer programs and expert knowledge,
perhaps even the ability to write computer code (Ward, 1996). Any data analysis method
requires at least a basic understanding of statistics (Ward, 1996). In order to identify
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potential sources of pollution, data must be analyzed, but without prior experience in data
analysis, or a specific question to ask, many monitoring groups are left as record keepers
(Ward, 1996).
Water Quality
Water Quality is quantified by measured parameters. The standards for these
measured parameters; water temperature, pH, dissolved oxygen and conductivity, are
evaluated in terms of what the water is used for; the beneficial use of surface water
(McDaniel et. al. 1987, CRWQCB 1998). For example, municipal drinking water has
more stringent requirements than irrigation water. For some locations, the beneficial uses
are anthropocentric, and include irrigation for agriculture. In other locations, beneficial
uses are focused on wildlife, and include cold water habitats, and spawning conditions
(CRWQCB, 1998).
Standards for measured parameters are based on the beneficial uses of a water
body as defined in regional planning documents, such as the Central Valley Basin Plan.
Most water bodies have multiple beneficial uses and the most stringent standard to
protect the beneficial uses is considered the regulatory threshold, or standard. For
example, there is no water temperature standard for irrigation, but the standard for a cold
water habitat is 20o C. This means that, since the South Yuba River is also a cold water
habitat, the temperature should not be higher than 20o C, even though the water may be
used for irrigation (CRWQCB, 1998).
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TABLE 2. BASIN PLAN WATER QUALITY STANDARDS
Parameter
Temperature
pH
Dissolved oxygen
Conductivity

Beneficial Use
Cold Water Habitat
Cold Water Habitat
Aquatic Life
Aquatic Life

Standard
Below 20oC
Between 6.5 - 8.5
Above 7.0 mg O2/L
90th Percentile

Parameters
Water quality parameters are interrelated. Interactions at the atmosphere-water,
water-rock, and water-soil surfaces mean that both the measured and unmeasured
parameters of water quality are connected. Citizen monitoring groups characterize the
watershed by monitoring a handful of parameters such as water temperature, pH,
dissolved oxygen and conductivity.
Water Temperature. Water temperature is in a constant state of flux, and can vary
widely even within a small area. The temperature in the morning is much lower than the
temperature in the afternoon; the temperature in a deep, swift moving stream is typically
lower than that of a shallow, stagnant pool. While scientists generally measure water
temperature hourly with a data logger; citizen monitors often travel to monitoring sites
once a month, and record the temperature at the same time that they measure other
parameters (SYRCL 2011).
The water quality standard for water temperature for cold water habitat is less
than 20o C. The beneficial use ‘cold water habitat’ is designated for the optimum growth
and migration of young salmonids. Coho salmon are the dominant salmonids species in
the Sierra Nevada Mountains. When the water is less than 20o C, the growth of Coho
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salmon is optimized, predation is minimized, and swimming is most effective (WSDE,
2002).
pH. A measure of the alkalinity or acidity of water, pH quantifies the buffering
capacity of surface water. Rivers are buffered systems, with changes in pH neutralized
by the solubility of minerals, returning the river to equilibrium (6.5-8.5). A pH outside of
the standard (above 8.5 or below 6.5) may be an indication that an outside influence has
affected the river. Changes in pH above 8.5 and below 6.5 can impact biological systems
causing fish kills, and affecting other water quality parameters. Increased water
temperature increases the solubility of minerals, which can in turn affect the pH.
Changes in pH are associated with the speciation of toxic metals, bioavailability of
phosphates and nitrogen, and ultimately, dissolved oxygen levels. (Hem, 1992)
Dissolved Oxygen. Dissolved oxygen is a measure of the oxygen available to
aquatic organisms. When oxygen levels drop below a critical level (7.0 mg/L), many
aquatic organisms cannot oxygenate their blood. Chronic reduced dissolved oxygen
lowered fish’s ability to fertilize and lay eggs, for those eggs to come to adulthood, and
even increased the number of deformed fry (WSDE, 2002). While dissolved oxygen
does not directly affect other parameters, water temperature, pH and conductivity affect
dissolved oxygen in a variety of ways. (Bung, 1971)
Cold water has a higher concentration of dissolved oxygen, and warmer water has
a lower concentration (Hem 1992). When the water temperature increases, the solubility
of gasses decreases, therefore the water can carry less dissolved oxygen. As water
temperature decreases, the solubility of gasses increases and the carrying capacity for
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dissolved oxygen increases. As pH varies, nitrogen is freed in a biologically available
form (NO22-), which in turn increases the conductivity, and increases algal blooms (Hem
1992). As the nitrogen is consumed, the algae die, and decomposition consumes
dissolved oxygen (Hem 1992).
Conductivity. Conductivity is a measure of free ions, and is often used as a
surrogate for dissolved metals in surface water. Caution should be used when employing
conductivity measurements as conductivity represents all dissolved ions in the solution,
regardless of the origin, and is dependent of a variety of factors. The alkalinity of the
source rock, the turbidity of the surface water, the presence of metals and fertilizers, as
well as the surrounding geology, can all affect conductivity (Hem 1992). In addition,
average conductivity measurements that are normal to a small tributary would be
excessively high in a large, slow moving river. By determining baseline conditions it is
possible to assess whether changes are due to anthropogenic pollution; however, without
knowing the cause of changes in conductivity it is possible that an aberrant measurement
could be due to a storm event (Hem 1992).

Hierarchical Cluster Analysis

Originally developed for taxonomic analysis, hierarchical cluster analysis has
been applied to large data sets as diverse as psychological experimentation, ecological
mapping, and water quality (Smith 2002, Papazova and Simeonova 2012, McDaniel et.
al. 1987, Cao et. al. 1999, McQuitty 1960, Johnson 1966, Bridges 1966, Sokal and
Michener 1958). Hierarchical cluster analysis has become the convention in ecological
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statistics with varying success (Papazova and Simeonova 2012, McDaniel et. al. 1987).
The practice of averaging and normalizing data dilutes seasonality, and reduces the effect
of prolonged variations from established standards (CVBP, 1998). Clustering data based
on the average, rather than on the standard treats all variations the same, regardless of the
cause of those variations be they seasonal or anthropogenic. A seasonal variation of -5 to
15 oC is treated as a much greater variation than 15 to 22oC; even though the second
scenario represents a much more significant impact on fish species (WSDE, 2002).
Prior to the development of HCA, taxonomic tables linking levels of evolutionary
traits leading from families down to species, were accomplished with elementary linkage
analysis (Sokal and Michener 1958). In 1960, McQuitty expanded elementary linkage
analysis, and developed hierarchical linkage analysis, and provided the foundation of
HCE (McQuitty, 1960). Johnson (1967) was one of the first to apply cluster analysis to
fields outside of taxonomic biology by modifying hierarchical linkage analysis and
applying hierarchical cluster analysis to large psychological data sets (Bridges, 1966).
Johnson’s application of cluster analysis as described by Bridges is what is meant today
by hierarchical cluster analysis.
In his seminal paper on hierarchical cluster analysis Bridges (1966) explains that,
as applied to water monitoring, sites are clustered based on the relationship between
parameters within a cluster, as compared to the relationship between parameters within
other clusters. Cluster identification is accomplished by producing a ratio of differences
between the parameters within the cluster; a site is placed in the cluster with the greatest
inter-cluster ratio and smallest intra-cluster ratio. Sites are grouped into clusters, and
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clusters are added to each other until only a single cluster remains. The results of this
analysis are represented in a two dimensional hierarchical tree diagram, called a
dendogram (Bridges, 1966).
The initial clustering is predicated on sites having a single variable for each
parameter, whether or not the variables are independent (Bridges, 1966). Further, the
parameters must be normalized to have an average of zero and a variance of one
(Bridges, 1966). This was accomplished by the application of Equation 1:

(1)
where µi is the average of the variable i and σi is the standard deviation of the variable i.
In an early environmental application of cluster analysis, McDaniel and others
applied hierarchical analysis to four years of water quality data from the states of Kansas
and Georgia (1987) in an effort to correlate water quality with known ecological data.
The water quality data from monitoring sites within each sub-watershed was averaged,
and then each watershed was compared within each state. The method was developed in
Kansas, and then applied to similar data in Georgia. The results of the analysis were used
to identify watersheds that had similar water quality characteristics.
This study exemplified the usefulness of hierarchical cluster analysis; by
clustering sites according to the water quality parameters in the analysis, this method
indicated sites with similar water quality. Further illustrating this usefulness was that the
parameters measured in Kansas (water temperature, turbidity, conductivity, pH dissolved
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oxygen and alkalinity) were different from those measured in Georgia (phosphorus, water
temperature, conductivity, dissolved oxygen and turbidity), and yet the method
comparison held. However, the averaging and normalizing of data collected at specific
sites eliminated the statistical power of having collected four years-worth of data,
reducing the effect of exceedences from the standard (Cao et. al. 1997).
In the analysis of long term water quality data from multiple monitoring sites with
several water quality parameters, averaging dilutes seasonality, and ignores exceedence
from the standard. The dilution of seasonality impacts the results of the analysis by
treating normal seasonal variations the same as exceedences. Averaging the variables
without reference to the standard prevents identification of problems within the
watershed.
Cao, Williams and Williams (1997) were the first to suggest that standardization
should be used in the hierarchical analysis of water quality data. Standardization is the
comparison of data to a water quality standard rather than the mean. They hypothesized
that since water quality standards are based on physiological constraints of biological
organisms, variation within the standard was not important, and could be ignored, while
variation outside of the acceptable range of biological parameters was critical. In their
1997 paper, Cao, and others applied hierarchical cluster analysis to three years of data
from the Duffin Creek-Rouge River Basin in southeastern Ontario, Canada. A method
was developed (standardization method) in which variables were modeled against a
standard prior to analysis. The standardization method was validated against the
traditional normalization method. The standardization method accounted for the
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biologically important water quality standards, and so reflected the water quality
conditions that impact the aquatic ecology (Cao et. al., 1999).
Equation 2 represents the standardization model developed by Cao, and others,
and applied prior to hierarchical cluster analysis:

(2)

where yi was the transformed value, xi was the raw value of variable i, Standi was the
water quality standard of variable i, and ci was a constant depending on the natural range
of the variable.
By comparing variables to a standard rather than a mean, standardization
described the watershed in a more biologically meaning way than normalization.
However, since variables were still normalized across the watershed, seasonality was lost
in the standardization method (Cao et. al., 1999).
It is important to note that HCE analysis of multiple parameters cannot be
accomplished without the use of complicated software (R Development Core Team,
2008), and an ability to read the meaningfulness of the resulting dendogram (Cao et. al.,
1999, McDaniel et al, 1987). Watershed groups are often non-profit organizations,
without the capability to employ statisticians.
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Quantitative Percent Exceedence
The goal of this study was to develop a method for the analysis of large water
quality data sets that was comparable to statistical methods currently being employed,
while being available without the use of complex computer programs. The method
developed, Quantitative Percent Exceedence (QPE), was based on the number of times a
monitored water quality parameter (water temperature, pH or dissolved oxygen)
exceeded the established standard, producing an exceedence. Sites were classified
according to percent exceedence values, and those classifications were compared to the
clusters obtained from the Hierarchical Cluster Analysis.

CHAPTER II
METHODS
Study Site
A citizen monitoring group with a large data set was required to develop and
evaluate the Quantitative Percent Exceedence (QPE) method. The citizen group chosen
needed to have a data set of sufficient quality and quantity. A minimum of ten years
data collected monthly from at least 20 individual sites. In addition, it was necessary for
the monitoring group to have consistently measured the core parameters of water
temperature, pH dissolved oxygen and conductivity. It was also necessary that the data
collected had been exposed to rigorous quality control.
The South Yuba River Citizen League (SYRCL) was chosen as a case study for
the development of Quantitative Percent Exceedence method. Available through the
California State Water Resources Control Board, SYRCL provided a large data set
consisting of physical parameters collected at over 40 sites in the Yuba River watershed
for more than ten years. In addition, SYRCL educates and trains their river monitors
through their Field Procedures Manual (SYRCL 2012), and assures the quality of the data
through a state approved Quality Assurance Project Plan (SYRCL 2011). Both of these
practices insured that the data provided was collected following a scientifically rigorous
method.
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The Yuba River Watershed is located in the State of California on the NorthWestern slope of the Sierra Nevada Mountains. The watershed ranges in elevation from
15m to 344m, encompasses 3,468 km2, and discharges water at an average 69 m3/s
(USGS 2009).
There were 46 water quality monitoring sites spread over 4 sub-watersheds
(Lower Yuba, Middle Yuba, South Yuba, and North Yuba Rivers), as defined by the
USGS Hydrologic Unit Code. Monthly water quality data (water temperature, pH,
dissolved oxygen, and conductivity) were collected by volunteer river monitors. Each
parameter of water quality was monitored according to SYRCL’s QAPP (SYRCL, 2011)
and Water Quality Monitoring Field Procedures Manual (SYRCL, 2012). The study
period considered in this analysis is from 2001 – 2012. Some sites were monitored for the
entire study period, others were monitored for a short period before being discontinued
and still others were started late in the study and continued to the present. Only sites that
had been visited a minimum of 30 times over the course of this investigation were used in
this analysis. Sites with less than 30 measurements for any one parameter were excluded
from this analysis.
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Figure 1. Yuba River Watershed

19

Quantitative Percent Exceedence
The purpose of this analysis was to develop a method for the analysis of water
quality data in terms of exceedence from a biologically meaningful standard for the
parameters of water temperature, pH, dissolved oxygen, and conductivity, in an effort to
categorize water monitoring sites. The method was based on the number of times a water
quality measurement exceeded the standard. A value, defined as percent exceedence,
was calculated for each parameter according to Equation 4:

(3)

where Eij was the total number of exceedences of parameter i at site j, and Nij was the
total number of measurements of parameter i at site j. As an exceedence was counted as
a variation from the standard, no variation from the standard was calculated as 0%
exceedence in that parameter. Standard deviations were determined for water
temperature (10%), pH (10%), dissolved oxygen (10%) and conductivity (8%).
Sites were placed into one of two categories, sentinel, and remediation. Sites that
were not classified into either of these groups were considered spanning (Table 3).

TABLE 3. SITE CLASSIFICATION CRITERIA
Site Type
Sentinel
Spanning
Remediation

Ranking Criteria A
< 10% Exceedence
>10%, <30% Exceedence
> 30% Exceedence

Ranking Criteria B
< 10% Exceedence
>10%, <20% Exceedence
> 20% Exceedence
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Sentinel sites were those appropriate for long term analysis, and were defined as
sites with percent exceedences less than one standard deviation of variance from the
standard for all of the water quality parameters. Remediation sites were those in need of
remediation or restoration, and defined in two separate analyses as sites with percent
exceedences greater than three standard deviations of variance from the standard in any
one area of water quality and greater than two standard deviations from the standard.
Spanning sites were those sites that ‘spanned’ the difference between sentinel sites and
remediation sites. Also defined in two ways, spanning sites had percent exceedences
greater than one standard deviation (sentinel sites), but less than three standard deviations
from the standard, or two deviations from the standard (remediation sites).
Regionally specific water quality standards (Table 1) from the Central Valley
Water Quality Basin Plan (CVBP, 1998) were used to define the standards in this
analysis. The Basin Plan standards were biologically significant and appropriate water
quality standards for this evaluation (CVBP, 1998). An exceedence was defined as any
water quality measurement that fell outside of the standard as defined by the Basin Plan.
Due to the variable nature of conductivity, the method for the determination of a
site specific conductivity standard was to find the 90th percentile for the conductivity data
at that site, and set the site specific standard to the range defined by the 90th percentile.
Conductivity values outside the 90th percentile were counted as exceedences and treated
in the same manner as exceedences in water temperature, pH and dissolved oxygen.
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Percent Exceedence
Percent exceedence were calculated by quantitative evaluation, yielding a single,
site specific, standard based variable that was not contingent on the data point average.
As percent exceedence variables were in the form of percentages, (and therefore between
zero and one), the percent exceedence variables did not require normalization prior to
analysis via hierarchical cluster analysis. Sites were categorized according to QPE
scores, and analyzed according to hierarchical cluster analysis for validation.
Hierarchical Cluster Analysis
Water quality variables were evaluated by hierarchical cluster analysis according
to normalization and standardization. The analysis was conducted first on normalized
and standardized variables of water temperature, pH and dissolved oxygen without
conductivity, and then expanded to include conductivity data.
Normalization
Normalization required site specific water quality data to be averaged, producing
a single variable for water temperature, pH dissolved oxygen, and conductivity at each
site. Averaged variables were normalized within each parameter to have a zero mean and
unit variance (Equation 1), prior to analysis. An initial dendogram were prepared with
the standard parameters of water temperature, pH and dissolved oxygen. The analysis
was then expanded to include conductivity, and a second dendogram was prepared.
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Standardization
Standardization required the modeling (Equation 2 (ci = 1)) and averaging of site
specific water quality data to produce a single, site specific, standard based, variable for
each water quality parameter. These variables were normalized within each parameter to
have a zero mean and unit variance (Equation 1) prior to analysis via hierarchical cluster
analysis. Dendograms were prepared in the same approach as for the normalization
method.
Method Evaluation
The purpose of the statistical analyses was to determine if the distribution of sites
into each category (Sentinel, Remediation, or Spanning) was similar between the HCE
and QPE method (null hypothesis). To this end both the Pearson’s Chi-Squared and the
Fisher Exact Tests were performed.
Contingency Table
A contingency table was required for each set of comparisons. A contingency
table displays the frequency distribution of variables under analysis in a matrix format.
In the instance of this analysis, a separate contingency table was prepared for each
comparison, displaying the frequency of sites in each category between two different
analyses (Table 4).
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TABLE 4. SAMPLE CONTIGENCY TABLE

Sentinel (HCE)
Remediation (HCE)
Spanning (HCE)
TOTAL

Sentinel
(QPE)
a
d
g
a+d+g

Remediation
(QPE)
b
e
h
b+e+h

Spanning
(QPE)
c
f
i
c+f+i

TOTAL
a+b+c
d+e+f
g+h+i
N=ΣTOTAL

Pearson’s Chi-Squared Test of Independence. An expected value (E) was
calculated by matrix algebra for each observed value (O) by means of equation 4:

(4)

The X^2 values were calculated from the observed (O) and expected (E) values,
according to equation 5:

(5)
A confidence interval of 95% (α = 9.488) was chosen to preserve the null hypotheses:
that two compared analyses classified sites in a statistically similar way.
Fisher Exact Test. The Fisher Exact test was also employed to verify the
comparison between analyses. The reasons for the use of a second verification were
twofold: first, the significance value of the Pearson’s test is only an approximate, whereas
the Fisher test is exact. Second, the sample size in this evaluation was between the ideals
size for each test, and so a redundancy mitigated any questions as to the authenticity of
either test.
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The Fisher Exact test was accomplished in much the same way as the Pearson’s
test; the probability of a site being categorized as sentinel, remediation or spanning was
calculated from the same contingency tables. Those probabilities were re-calculated in
successive permutations, with those permutations compared, until a maximum (pa) and
minimum (pb) value were obtained.

CHAPTER III
RESULTS
Quantitative Percent Exceedence
A site specific percent exceedence value was calculated for each water quality
parameter (Equation 3). These values were employed to categorize the sites as sentinel,
or remediation, with the remaining sites characterized as spanning (Figure 2). Sentinel
Sites were defined as those with percent exceedence values between 0% - 10% for the
parameters of water temperature, pH, dissolved oxygen, and conductivity. Separate
analysis defined remediation sites as those with percent exceedence values greater than
30%, and greater than 20%. Based on the definitions for remediation sites, two separate
analyses defined spanning sites as those with percent exceedence values greater than 10%
but, less than 30%, and less than 20% (Table 3).

25

26

Figure 2. Site Categorization by QPE
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Sentinel Sites
Of the 46 sites analyzed, 19 were categorized as sentinel by QPE (Table 5).
These sites represented the locations with the fewest exceedences from the standard in
each measured water quality parameter.

TABLE 5. SENTINEL SITES BY THE QPE METHOD
Site Name
Milton Reservoir
Below Colgate
Below Downieville
Lavezzola Creek
Spring Creek
Union Flat
Simpson Ln Br
Parks Bar
Jackson Meadows
Humbug Creek
Oregon Creek
Lower Kentucky
Creek
Lower Rock Creek
Below Fiddle Creek
Shady Creek
Canyon Creek N.
Yuba
Lower Rush Creek
Kanaka Creek
Canyon Creek SY

Temp
0%
0%
0%
0%
0%
0%
0%
0%
0%
1%
2%

pH
0%
0%
0%
0%
2%
2%
3%
7%
7%
8%
0%

DO
0%
0%
1%
1%
4%
1%
2%
1%
2%
0%
0%

Cond.
0%
7%
0%
1%
1%
2%
2%
2%
0%
2%
1%

2%

7%

0%

4%

4%
5%
5%

0%
2%
9%

2%
0%
1%

2%
0%
1%

5%

5%

0%

4%

6%
6%
6%

0%
3%
8%

6%
1%
4%

6%
5%
6%
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Remediation Sites. Confining the definition of remediation site to those with
greater than 30% exceedence in water temperature, pH dissolved oxygen or conductivity
limited the number of remediation sites to four (Table 6). These four sites represented
those with the most exceedences in the watershed, and therefore more obstacles to
remediation may exist. In addition, Kentucky Creek and Van Norden Dam exhibit
exceedences in multiple parameters. Remediation sites were categorized with a lower
(20% percent exceedence) threshold (Table 7).

TABLE 6. REMEDIATION SITES - 30% QPE
Site Name
Bridgeport
Kentucky Creek
Van Norden Dam
Upper Rock Creek

Temp
33%
12%
8%
0%

pH
5%
25%
15%
31%

DO
3%
55%
31%
4%

Cond.
0%
7%
8%
0%

Expanding the criteria for remediation sties to above 20% increased the number of
sites from 4 to 11, adding remediation sites by the second analysis may not represent
locations for appropriate for remediation attempts as many of these sites (Plavada,
Purdon Crossing, Dry Creek) also exhibit the unknown cumulative effects exceedences in
multiple parameters. Altering the criteria did not significantly alter the overall
categorization of the sites (X2 = 7.97, p < 0.001)
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TABLE 7. REMEDIATION SITES - 20%QPE
Site Name
49 Bridge
Above Oregon Creek
Bridgeport
Dry Creek
Hampshire Rocks
Jones Bar
Kentucky Creek
Plavada
Purdon Xing
Upper Rock Creek
Van Norden Dam

Temp
26%
22%
33%
27%
7%
25%
12%
3%
27%
0%
8%

pH
8%
2%
5%
0%
24%
4%
25%
25%
7%
31%
15%

DO
0%
2%
3%
15%
13%
1%
55%
17%
4%
4%
31%

Cond
0%
1%
0%
10%
3%
1%
7%
2%
1%
0%
8%

Spanning Sites. Sites falling between sentinel and remediation were defined as
spanning (Table 8). Excluding the 7 sites that were either classified as spanning or
remediation depending on the definition of remediation (20% QPE vs. 30% QPE), there
were 15 spanning sites out of the 46 sites evaluated.

30

Spanning sites that had higher percent exceedence values for only one parameter
(Edwards or Scotchman), or those that exhibited lower percent exceedences in more than
one parameter (Headwaters or Upper Castle Creek) may be better choices for remediation
efforts.

TABLE 8. SPANNING SITES BY QPE - 20%
Site Name
Below Daguerre
Upper Castle Creek
Poorman Creek
Hallwood Blvd
Lang’s Xing
Headwaters
Scotchman Creek
Upper Rush Creek
Indian Springs
Plumbago Xing
Foote's Xing
Below Humbug
Above Humbug
Edwards
Above Poorman Creek

Temp
0%
0%
0%
0%
0%
0%
0%
2%
4%
8%
18%
18%
18%
19%
19%

pH
0%
7%
10%
10%
10%
14%
18%
0%
13%
0%
3%
9%
3%
0%
7%

DO
0%
12%
1%
0%
3%
3%
5%
12%
4%
0%
2%
3%
7%
4%
7%

Cond
10%
9%
1%
1%
6%
9%
1%
2%
3%
14%
2%
1%
0%
0%
4%
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Hierarchical Cluster Analysis
Percent exceedences were based on the same water quality data that contributed to
the hierarchical cluster analysis; both analyses were conducted on the same data set.
Therefore, sites with similar percent exceedence values tended to cluster together. For
that reason the classifications of sentinel, remediation, and spanning sites were used
throughout this investigation to refer to water monitoring sites. When applied to
dendograms, the classifications of sentinel, remediation and spanning sites will refer to
neither specific percent exceedence values nor standard deviations.
HCA dendograms were prepared from the simultaneous evaluation of water
temperature; pH dissolved oxygen, and conductivity, rather than a sequential analysis of
parameters as in QPE. The classification of sentinel vs. remediation required only a
single parameter; however a site may have a percent exceedence lower than two standard
deviations in more than one parameter producing a site with qualitatively ‘worse’ water
quality than another.
Where the relationships between parameters at a site were similar to the
relationships between parameters at another site, even if the values themselves were
different, those sites may be clustered together. For example, Kentucky Creek fell on the
far left side of the continuum, and Canyon Creek S.Y. was on the far right. This did not
indicate that Canyon Creek was the best site, with the highest water quality; just that the
water quality parameters that fed the program were the most similar to those of Lower
Rock Creek.
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Normalization Method
A dendogram of normalized variables (Figure 3) was prepared and compared.

Figure 3. HCA of Normalized Data

Sentinel Sites. Of the 46 sites analyzed by the normalized HCE method, 11
clustered together in a way that was comparable to sentinel sites as defined by the
QPE method (Table 9).

TABLE 9. SENTINEL SITES BY NORMALIZED HCA
Site Name
Below Colgate
Below Downieville
Lavezzola Ck
Spring Ck
Union Flat
Parks Bar
Canyon Creek N. Yuba
Kanaka Creek
Purdon Xing
Hallwood Blvd

Temp
0%
0%
0%
0%
0%
0%
5%
6%
27%
0%

pH
0%
0%
0%
2%
2%
7%
5%
3%
7%
10%

DO
0%
1%
1%
4%
1%
1%
0%
1%
4%
0%

Cond
7%
0%
1%
1%
2%
2%
4%
5%
1%
1%
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Remediation Sites. Hierarchical Cluster Analysis of normalized data clustered 13
sites (Table 10) in a way that was comparable to remediation sites as defined by QPE.
Not all of these sites were identified as remediation sites by QPE.

TABLE 10. REMEDIATION BY NORMALIZED HCA
Site Name
Hampshire Rocks
Kentucky Creek
Plavada
Upper Rock Creek
Van Norden Dam
Humbug Creek
Jackson Meadows
Milton Reservoir
Headwaters
Indian Springs
Langs Xing
Scotchman Creek
Upper Castle Creek

Temp
7%
12%
3%
0%
8%
1%
0%
0%
0%
4%
0%
0%
0%

pH
24%
25%
25%
31%
15%
8%
7%
0%
14%
13%
10%
18%
7%

DO
13%
55%
17%
4%
31%
0%
2%
0%
3%
4%
3%
5%
12%

Cond.
3%
7%
2%
0%
8%
2%
0%
0%
9%
3%
6%
1%
9%

Spanning Sites. The remaining 22 sites clustered together (Table 11), and were
classified as spanning.

34

TABLE 11. SPANNING BY NORMALIZED HCA
Site Name

Temp

pH

DO

Cond.

Above Humbug
Above Poorman Creek
Below Humbug
Below Daguerre
Edwards
Foote's Xing
Keleher
Plumbago Xing
Upper Rush Creek
Below Fiddle Creek
Canyon Creek SY
Lower Kentucky Creek
Lower Rock Creek
Lower Rush Creek
Oregon Creek
Shady Creek
Simpson Ln Br
49 Bridge
Above Oregon Creek
Bridgeport
Dry Creek
Jones Bar

18%
19%
18%
0%
19%
18%
11%
8%
2%
5%
6%
2%
4%
6%
2%
5%
0%
26%
22%
33%
27%
25%

3%
7%
9%
0%
0%
3%
10%
0%
0%
2%
8%
7%
0%
0%
0%
9%
3%
8%
2%
5%
0%
4%

7%
7%
3%
0%
4%
2%
6%
0%
12%
0%
4%
0%
2%
6%
0%
1%
2%
0%
2%
3%
15%
1%

0%
4%
1%
10%
0%
2%
4%
14%
2%
0%
6%
4%
2%
6%
1%
1%
2%
0%
1%
0%
10%
1%

Effect of Conductivity. Conductivity was used as a substitute for metals testing.
In an effort to determine if conductivity accurately identified sites with known metals
contamination, a separate dendograph (Figure 4) was prepared without conductivity, and
compared to categorizations based on QPE.
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Figure 4. HCA of Normalized Data without Conductivity

Standardization Method
A dendogram of normalized data (Figure 5) was prepared and compared.

Figure 5. HCA of Standardized Data
Sentinel Sites. There was a cluster of 7 sites that had originally been
classified as sentinel by QPE the standardized HCA method (Table 12).
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TABLE 12. SENTINEL BY STANDARDIZED HCA
Site Name
Below Downieville
Below Daguerre
Below Colgate
Hallwood Blvd
Lavezzola Creek
Parks Bar
Union Flat

Temp
0%
0%
0%
0%
0%
0%
0%

pH
0%
0%
0%
10%
0%
7%
2%

DO
1%
0%
0%
0%
1%
1%
1%

Cond
0%
10%
7%
1%
1%
2%
2%

Remediation Sites. There was a cluster of twelve sites in the dendogram of
standardized data that represented remediation sites as defined by the QPE method (Table
13). While most of these sites were classified as remediation by QPE, not all of them
were.
TABLE 13. REMEDIATION BY STANDARDIZED HCA
Site Name

Temp

pH

DO

Cond

Dry Creek
Hampshire Rocks
Kentucky Creek
Plavada
Upper Rock Creek
Van Norden Dam
Jackson Meadows
Headwaters
Indian Springs
Langs Xing
Scotchman Creek

27%
7%
12%
3%
0%
8%
0%
0%
4%
0%
0%

0%
24%
25%
25%
31%
15%
7%
14%
13%
10%
18%

15%
13%
55%
17%
4%
31%
2%
3%
4%
3%
5%

10%
3%
7%
2%
0%
8%
0%
9%
3%
6%
1%

Upper Castle Creek

0%

7%

12%

9%
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Spanning. The remaining 26 sites clustered together (Table 14), and were labeled
spanning.

TABLE 14. SPANNING SITES BY STANDARDIZED HCA
Site Name
49 Bridge
Above Oregon Creek
Bridgeport
Jones Bar
Purdon Xing
Below Fiddle Creek
Canyon Creek N. Yuba
Canyon Creek S. Yuba
Humbug Creek
Kanaka Creek
Lower Kentucky Creek
Lower Rock Creek
Lower Rush Creek
Milton Reservoir
Oregon Creek
Shady Creek
Simpson Ln Br
Spring Creek
Above Humbug
Above Poorman Creek
Below Humbug
Edwards
Foote's Xing
Keleher
Plumbago Xing
Poorman Creek
Upper Rush Creek

Temp
26%
22%
33%
25%
27%
5%
5%
6%
1%
6%
2%
4%
6%
0%
2%
5%
0%
0%
18%
19%
18%
19%
18%
11%
8%
0%
2%

pH
8%
2%
5%
4%
7%
2%
5%
8%
8%
3%
7%
0%
0%
0%
0%
9%
3%
2%
3%
7%
9%
0%
3%
10%
0%
10%
0%

DO
0%
2%
3%
1%
4%
0%
0%
4%
0%
1%
0%
2%
6%
0%
0%
1%
2%
4%
7%
7%
3%
4%
2%
6%
0%
1%
12%

Cond
0%
1%
0%
1%
1%
0%
4%
6%
2%
5%
4%
2%
6%
0%
1%
1%
2%
1%
0%
4%
1%
0%
2%
4%
14%
1%
2%

These sites represented those that were neither remediation, nor sentinel; however
caution should be exercised in discounting them out of hand.
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Effect of Conductivity. A separate dendograph was prepared to determine the
effect of conductivity on the classification of sites following the standardization of data
(Figure 6).

Figure 6. HCA of Standardized Data without Conductivity

Method Comparison
The development of a method without validation does not add to scientific
understanding. To expand the scientific understanding of water quality classifications
based QPE were compared to clusters obtained from HCA. Those comparisons were
evaluated by both Pearson’s Chi Squared analysis, as well as Fischer’s Exact Tests (Table
15).
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TABLE 15.METHOD VALIDATION
Method Compared
20% vs. 30% QPE
20% QPE vs. Normal. HCE
30% QPE vs. Normal. HCE
Normal. HCA - Cond.
20% QPE vs. Stand. HCE
30% QPE vs. Stand. HCE
Stand. HCA - Cond.

X2
7.97
1.14
1.25
7.63
1.51
1.56
4.68

p
2.88E-15
1.60E-06
6.51E-03
6.93E-17
1.37E-02
3.57E-04
2.94E-10

Upon comparison to the classifications based on the QPE method, sentinel sites
were compared to the green group (vertical stripes), remediation sites to the red group
(horizontal stripes) and the spanning sites to the blue group (diagonal stripes).
Normalization Method
The purpose for the application of HCA to normalization data was to validate the
QPE method. A dendogram of normalized variables (Figure 7) was prepared and
compared to the classifications obtained from QPE with a positive correlation with a 95%
confidence (X2 = 1.14, p <0.001). Analysis of normalized data clustered Purdon
Crossing, a site with high percent exceedence values, with sentinel sites. In addition,
Jackson Meadows, and Milton Reservoir, two sites with relatively low percent
exceedence values, clustered with remediation sites.
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Figure 7. Interpretation of HCA of Normalized Data

Sentinel Sites. Of the 11 sites that clustered in a way that was comparable to
sentinel sites, 9 had been classified as sentinel by QPE. Hallwood Blvd was classified as
spanning by QPE, while Purdon Crossing was characterized as a remediation site by the
20% QPE criteria. Purdon Crossing was categorized as remediation by QPE and as
sentinel by HCA of normalized data. With the exception of Purdon Crossing, all of the
sites listed as sentinel by HCA of normalized data were also listed as sentinel sites by
QPE (Table 16). This exemplified concerns raised by the normalization of the data
without including the standard as Purdon Crossing was a site with known water
temperature issues (27% exceedence water temperature).
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TABLE 16. QPE CATEGORIZATIONS OF SENTINEL
SITES BY NORMALIZED HCA
Site Name
Purdon Xing
Below Downieville
Below Colgate
Canyon Creek N.Yuba
Kanaka Creek
Lavezzola Creek
Parks Bar
Spring Creek
Union Flat
Hallwood Blvd
Poorman Creek

QPE
Remediation
Sentinel
Sentinel
Sentinel
Sentinel
Sentinel
Sentinel
Sentinel
Sentinel
Spanning
Spanning

Remediation Sites. The HCA of normalized data identified more remediation
sites than QPE, including sites that had been classified both as spanning and sentinel by
QPE. Of the 13 sites in this cluster, 3 of the 4 original QPE 30% criteria remediation
sites, (Bridgeport was not included), as well as 3 sentinel sites and 5 spanning sites by
QPE (Table 17).
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TABLE 17. QPE CATEGORIZATIONS OF
REMEDIATION SITES BY NORMALIZED HCA
Site Name

QPE 20%

Hampshire Rocks

Remediation

Kentucky Creek

Remediation

Plavada

Remediation

Upper Rock Creek

Remediation

Van Norden Dam

Remediation

Humbug Creek

Sentinel

Jackson Meadows

Sentinel

Milton Reservoir

Sentinel

Headwaters

Spanning

Indian Springs

Spanning

Langs Xing

Spanning

Scotchman Creek

Spanning

Upper Castle Creek

Spanning

The inclusion of sites below the criteria for identification as a remediation site by
QPE was the first indication that HCA may have been a more sensitive than QPE. That
led to a change in the classification of remediation sites from three standard deviations
(30% exceedence) to above two standard deviations (20% exceedence). For example,
sites identified as spanning by QPE, but classified as remediation sites by normalization
may have included sites in need of continued monitoring.
Spanning Sites. Of the remaining 22 sites, 9 had previously been classified as
spanning sites, while 8 had been sentinel and 5 had been remediation either utilizing the
30% (Bridgeport) or 20% QPE criteria.
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TABLE 18. QPE CATEGORIZATIONS OF
SPANNING SITES BY NORMALIZED HCA
Site Name

QPE

Above Humbug

Spanning

Above Poorman Creek

Spanning

Below Humbug

Spanning

Below Daguerre

Spanning

Edwards

Spanning

Foote's Xing

Spanning

Keleher

Spanning

Plumbago Xing

Spanning

Upper Rush Creek

Spanning

Below Fiddle Creek

Sentinel

Canyon Creek SY

Sentinel

Lower Kentucky Creek

Sentinel

Lower Rock Creek

Sentinel

Lower Rush Creek

Sentinel

Oregon Creek

Sentinel

Shady Creek

Sentinel

Simpson Ln Br

Sentinel

49 Bridge

Remediation

Above Oregon Creek

Remediation

Bridgeport

Remediation (30%)

Dry Creek

Remediation

Jones Bar

Remediation

Effect of Conductivity. A separate dendogram (Figure 8) was prepared without
conductivity, compared to the classifications obtained from the HCA of normalized data
with conductivity; there was a positive correlation (X2 = 7.63, p <0.001) with 95%
confidence.
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Figure 8. Interpretation of HCA of Normalized Data without Conductivity

Excluding conductivity data from the HCA analysis did not effected the
classification of remediation sites, however, 4 spanning sites (Table 19) were reclassified
as sentinel sites.

TABLE 19. EFFECT OF CONDUCTIVITY ON
NORMALIZED HCA CLASSIFICATION
Site Name
Below Daguerre
Foote's Xing
Oregon Ck

Temp
0%
18%
2%

pH
0%
3%
0%

DO
0%
2%
0%

Cond.
10%
2%
1%

Standardization Method
The purpose of comparing HCA of standardized data to QPE was to determine if
differences between HCA and QPE were due to the influence of the biologically
significant standard. To that end a dendogram of the standardized data was compared
(Figure 9) to the classifications obtained from the QPE. There was a positive correlation

45

(X2 = 1.51, p = 1.37 x 10-2) between the categorizations based on the HCA and those
obtained from QPE.

Figure 9. Interpretation of Standardized Data

Sentinel Sites. All 7 sites that were characterized as sentinel by HCA, (Table 12)
were also classified as sentinel by QPE. However, those sites that fell at the green end of
the blue band of Figure 9 represented sites with percent exceedences below 10% but
above 5% exceedence (with the exceptions of Lower Rock Creek and Simpson Lane
Bridge, both of which exhibited exceedences in more than one parameter). While these
sites were still categorized as spanning by HCA, it may have been more appropriate to
identify them as nearly sentinel.
Remediation Sites. As with the HCA of normalized data, the cluster of
remediation sites in the HCA of standardized data (Table 20) included 3 of the original 4
QPE 30% criteria remediation sites, again eliminating Bridgeport. However, Jackson
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Meadows, a site classified as sentinel by QPE, as well 5 sites classified as spanning by
the QPE method were clustered with remediation sites by HCA.
TABLE 20. QPE CATEGORIZATIONS OF
REMEDIATION SITES BY STANDARDIZED HCA
Site Name
Dry Creek
Hampshire Rocks
Kentucky Creek
Plavada
Upper Rock Creek
Van Norden Dam
Jackson Meadows
Headwaters
Indian Springs
Langs Xing
Scotchman Creek
Upper Castle Creek

QPE
Remediation
Remediation
Remediation
Remediation
Remediation
Remediation
Sentinel
Spanning
Spanning
Spanning
Spanning
Spanning

Spanning Sites. Of the remaining 26 sites (Table 21), 9 had previously been
classified as spanning sites, while 13 had been sentinel and 5 had been remediation either
utilizing the 30% (Bridgeport) or 20% QPE criteria.
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TABLE 21. QPE CATEGORIZATIONS OF SPANNING
SITES BY STANDARDIZED HCA
Site Name
49 Bridge
Above Oregon Creek
Bridgeport
Jones Bar
Purdon Xing
Below Fiddle Creek
Canyon Creek N. Yuba
Canyon Creek S. Yuba
Humbug Creek
Kanaka Creek
Lower Kentucky Creek
Lower Rock Creek
Lower Rush Creek
Milton Reservoir
Oregon Creek
Shady Creek
Simpson Ln Br
Spring Creek
Above Humbug
Above Poorman Creek
Below Humbug
Edwards
Foote's Xing
Keleher
Plumbago Xing
Poorman Creek
Upper Rush Creek

QPE
Remediation
Remediation
Remediation
Remediation
Remediation
Sentinel
Sentinel
Sentinel
Sentinel
Sentinel
Sentinel
Sentinel
Sentinel
Sentinel
Sentinel
Sentinel
Sentinel
Sentinel
Spanning
Spanning
Spanning
Spanning
Spanning
Spanning
Spanning
Spanning
Spanning

Effect of Conductivity. A separate dendogram (Figure 10) was prepared without
conductivity, compared to the classifications obtained from the HCA of normalized data
with conductivity; there was a positive correlation (X2 = 4.68, p <0.001) with 95%
confidence.
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Figure 10. Interpretation of Standardized Data without Conductivity

Jackson Meadows, a site classified as remediation by HCA of standardized data,
was reclassified as sentinel when conductivity was excluded from the analysis.
Additionally, 5 spanning sites (Table 22) were reclassified as sentinel.

TABLE 22. EFFECT OF CONDUCTIVITY ON
STANDARDIZED HCA CLASSIFICATION
Site Name
Canyon Ck NY
Humbug Ck
Milton Reservoir
Poorman Ck
Spring Ck

Temp
5%
1%
0%
0%
0%

pH
5%
8%
0%
10%
2%

DO
0%
0%
0%
1%
4%

Cond.
4%
2%
0%
1%
1%

Below Colgate, a site classified as sentinel with conductivity data, was
reclassified as spanning with the exclusion of conductivity data.

CHAPTER IV
DISCUSSION
Citizen Monitoring
Making data analysis accessible returns power to the citizen monitor; an effective
method of analysis that is available without complex software provides watershed groups
with the ability to analyze their own data. No longer simply record keepers, watershed
groups are free to return to their roots as advocates for policy change. A novel method
for the analysis of large data sets QPE was developed to analyze water quality data
collected often over decades in an effort to assist watershed groups.
Water Quality
The results of QPE were used to categorize sites according to the level of water
quality parameters, in effect defining the health of the watershed at that monitoring site.
Quantitative Percent Exceedence provided valuable information about the water
quality parameters that were included in the analysis. However, parameters not included
in the analysis were not reflected in the results. For example, Kanaka Creek and Humbug
Creek are both 303(d) listed as impaired for mercury and copper (Table 1). Since heavy
metals were not tested in this analysis, Kanaka Creek and Humbug Creek were identified
as sentinel sites by QPE. Had heavy metal testing been included, these sites would likely
been categorized as remediation sites. The inclusion of conductivity data did not
reclassify those sites; likely because the conductivity standard is based on a wide range of
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variability of conductivity (90th percentile, and storm events were not sampled. Samples
taken during non-storm conditions do not reflect the conductivity changes due to high
metal concentrations.
Parameters
Both hierarchical cluster analysis and QPE assumed that the data were
independent; however, as previously discussed, water quality parameters are not
independent. Water temperature drives pH, dissolved oxygen and conductivity.
Dissolved oxygen is affected by pH and conductivity. Each part affects all other parts.
However, since both types of analysis assumed independence, this was a consistent
source of error.
Water Temperature. From the point of view of a fish, point measurements are
less important than the length of time a water body is above a critical level (WSDE,
2002), which is why scientists use data loggers; data loggers measure water temperature
at intervals throughout the day, and determine how long the water temperature exceeded
the critical value. In addition, the temperatures can be coordinated across the watershed;
point measurements taken at different times cannot be compared. There is no relevance
to water temperature taken at 10 am when compared to water temperature recorded at
3pm.
pH. Decreases in pH can be caused by acid mine drainage (Hem, 1992). Deer
Creek is 303(d) listed for low pH (Table 1). A QPE analysis of Deer Creek pH data, and
subsequent comparison to QPE of pH data from sites known to be impacted by mines as
well as those that are not, may reveal if the low pH in Deer Creek is due to mine runoff.

Dissolved Oxygen. Citizen monitors determine dissolved oxygen by in-field
titration (SYRCL, 2012). This may or may not increase the associated error.
Conductivity. Removing the conductivity variables from HCA of normalized or
standardized data did not affect the correlation between the results of the QPE analysis
and the dendogram obtained (X2 = 7.63, p <0.001; X2 = 4.68, p <0.001). The addition of
conductivity variables did not affect the significance of the correlation (95%) between the
results of QPE and the dendograms obtained from both the standardized and the percent
exceedence data.
Sites that were classified as remediation with conductivity that were categorized
as sentinel, (Below Fiddle Creek, Lower Rock Creek, and Lower Rush Creek), or
spanning without conductivity (Plavada, Upper Castle Creek, Scotchman Creek), tended
to be small tributaries rather than at larger river sites. This was likely due to the larger
impact that flow and turbidity changes could have on smaller water bodies; larger river
sites would absorb changes without being affected.
A note of caution needs to be made here: conductivity is often used by watershed
groups as a substitute for more expensive measurements, such as heavy metals.
However, since there are a many causes for the variability of conductivity, it is important
to identify the cause of changes to conductivity. Ignoring this important indicator is
much like ignoring a check engine light. It may mean there was a storm event high in the
watershed, increasing the total dissolved solids, equivalent to a loose gas cap, or it may
mean an increase in toxic metals, the equivalent to the engine about to seize.

Quantitative Percent Exceedence
Sentinel Sites
The classification method of QPE was based on identifying all sites as sentinel,
and reclassifying them according to the number of times a parameter measurement fell
outside of the standard. Therefore, this method had an inborn type one error in the area
of sentinel sites. Sites were more likely to be wrongly counted as sentinel when there
were no exceedences. However, the number of exceedences could have been dependent
on the monthly collection of data.
Remediation Sites
While HCA was a more sensitive approach, QPE identified sites in the greatest
need. However those sites may not represent the best locations for actual remediation
efforts for citizen monitoring groups; turning these sites over to public agencies or the
advocates in their groups may be a better use of time and funds. While continued
analysis at those locations to identify the cause may be important to citizen monitoring
groups, remediation efforts would yield the most meaningful results at sites identified as
spanning sites. Spanning sites represented locations that a small grant or active
volunteers may have been able to restore, before the site was lost to the level of some
remediation sites. Reducing the criteria for remediation sites from three standard
deviations to two (30% - 20%) provided a selection of more easily restored sites.
Spanning Sites
The sites between sentinel and remediation should be evaluated on a site by site
basis; while it may be appropriate to cull many of them from the respective programs,

those with higher QPE values may be appropriate as restoration sites, and those with
lower QPE values may benefit from continued monitoring.
Method Comparison
The categorizations based on QPE were positively correlated clusters obtained
from HCA by both Pearson’s Chi-Squared analyses, and Fischer’s Exact Test. The level
of significance (95%) was not affected when HCA was applied following either
normalized or standardized data.
Summary
Both forms of analysis were dependent on the type and quality of the data
obtained; which was in turn dependent on citizen monitors. Citizen monitors, by
definition, are not formally trained scientists. A review of the water quality data and the
QAPP revealed instances when quality control was not maintained; water temperature
data that was collected once a month in the early morning or late afternoon, temperature
dependent pH measurements that were obtained in the office rather than in the field,
conductivity data that were rarely collected during storm events. That being said, the
consistency of the data, taken over a decade, speaks to the quality of the overall science.
Since the EPA recommends which variables to measure across the United States
and qualitative evaluation counts exceedences from regional standards, quantitative
evaluation could be used to compare more than just sites within watersheds. Percent
exceedence variables and the QPE method can be used to compare the relative health of
watersheds across states, or even within the United States.
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