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I.  Project Objectives and Overview 
 
A. Objectives 
 
The Pinnacle Consulting Group (Pinnacle), a 
Division of North Wind, Inc., was tasked by 
the Saluda-Reedy Watershed (SRW) Con-
sortium (SRWC) to conduct selected data-
mining activities on the Consortium’s water 
quality data-warehouse.  Ongoing objectives 
of this data review include evaluation of his-
torical water quality, sediment quality, and 
stream flows to better understand temporal 
and spatial trends in the watershed.  Better 
understanding of long-term trends in water 
quality and flows, and of differences in vari-
ous portions of the watershed, provide valu-
able insights with regard to water resource 
management needs.  
 
This report presents the results of an initial 
review of key indicator data assessed to    
determine the status and trends with respect 
to water quality in the SRW.  The key       
parameters reviewed in this report are met-
rics related to oxygen levels, and critical 
primary nutrients, nitrogen and phosphorus.  
This report focuses on the spatial and tempo-
ral trends of these constituent measures.  Fu-
ture work will focus on other water quality  
parameters and their spatial and temporal 
trends in the SRW. 
 
B. Data-Management Issues 
 
Our SRW Consortium, led by Pinnacle, has 
compiled a data-warehouse of environmental 
data with nearly two million data records.  
General categories of data include water 
quality, water quantity, sediment quality, 
stream flow, precipitation, macroinverte-
brate, fish community, fish tissue, and other 
research and environmental monitoring  
information. 
 

The bulk of this secondary data was com-
piled in 2003, with additional data added in 
2004 and 2005.  All data have been compiled 
into a Microsoft Access data-warehouse 
that currently contains over 1.9 million 
records, assembled from more than 80 
sources.  Historic data sources span 70+ 
years for stream flow data and 45 years for 
the United States Environmental Protection 
Agency’s (USEPA) Storage and Retrieval 
(STORET) data.  This STORET data comes 
primarily from samples collected and ana-
lyzed by the South Carolina Department of 
Health and Environmental Control 
(SCDHEC) through its ambient water quality 
monitoring program.  Approximately half the 
data is related to water quality and biological 
information, and the other half, to flows and 
precipitation. 
 
Key challenges in this data-mining review of 
very long-term trends have included incon-
sistent sampling locations and frequencies, 
changes in monitored parameters and detec-
tion levels, and shifts in the approach of the 
ambient water quality monitoring program.  
Technical issues that have emerged from the 
statistical review of the data include major 
swings in sample sizes and data variance, the 
proper handling of “extreme” values, effec-
tive utilization of detectable values below  
quantifiable concentrations, and interpretive 
thresholds for screening significance of data 
trends. 
 
Another concern is comparability of older 
“Legacy” STORET data (often referred to in 
this report as “historical” data) with “Recent” 
STORET data (post-1988).  Because of these 
data quality issues, even the best available 
data has required extensive processing and 
transformations to make it readily useable. 
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C. Water Quality               
Parameters 

 
Water quality data initially extracted and re-
viewed for presentation in this report are: 
 
• Biological Oxygen Demand (BOD), 
• Dissolved Oxygen (DO), 
• Ammonia Nitrogen (NH3), 
• Total Kjeldahl Nitrogen (TKN),  
• Nitrate-Nitrite Nitrogen (NO3-NO2), and 
• Total Phosphorus (TP). 
 
Biochemical Oxygen Demand (BOD) is a 
very commonly measured attribute of water 
quality.  BOD reflects the amount of organic 
matter or organic loading to a water body, 
manifested as material that requires oxygen to 
be broken down by biological and chemical 
processes.  BOD is thus inversely proportion-
ate to another very familiar measure of water 
quality, Dissolved Oxygen (DO).  As BOD 
levels increase, DO levels generally are propor-
tionately decreased.  High levels of BOD 
reflect high loadings of organic matter and   
potentially other associated contaminants. 
 
Common sources of BOD include natural 
organic matter and detritus from leaves, woody 
debris, and the like, as well as high-strength 
organic materials such as municipal or indus-
trial wastes discharged from wastewater treat-
ment plants (WWTPs).  These materials tend to 
require large amounts of oxygen for degrada-
tion, both chemically and by microorganisms.  
As oxygen is consumed in the breakdown of 
these substances, less DO is available for fish 
and other aquatic organisms.  Hence, a high 
concentration of BOD reflects the potential for 
high stresses on biological organisms in an 
otherwise healthy stream environment.  As a 
measure of water quality, BOD is a long-
recognized measurement technique for which 
we have substantial BOD data for the SRW 
going back to the mid-1950s. 

Nitrogen is a primary nutrient in both terres-
trial and aquatic organisms, a natural part of 
plant detritus, and also comes from atmos-
pheric sources with precipitation.  However, 
nitrogen in the waters of the SRW comes 
from numerous sources, some natural, some 
man-made.  Point sources of nitrogen associ-
ated with wastewater treatment facilities are 
significant.  Likewise, non-point sources 
from lawn fertilization, agriculture, animal 
wastes, and storm water runoff are quite sig-
nificant  (Klaine and Smink).  Nitrogen is 
monitored in its various forms: 
 
• Ammonia (NH3), 
• Organic nitrogen, measured as reduced 

forms of nitrogen (including NH3) using 
the Kjeldahl analytical method, i.e. Total 
Kjeldahl Nitrogen (TKN), and  

• The oxygenated forms of nitrogen,      
nitrate (NO3) and nitrite (NO2). 

• Total Nitrogen (TN) is the sum of both 
reduced and oxygenated forms of nitro-
gen (calculated only from observations 
on same date at same location): 

TN = TKN  +  [NO3+NO2]   
 
Total Phosphorus (TP) includes all forms of 
phosphorus significant to aquatic ecosys-
tems.  Phosphorus is also a major nutrient in 
terrestrial and aquatic environments.  Like 
nitrogen, phosphorus occurs naturally and in 
man-made forms.  Decaying natural vegeta-
tion and animal wastes from wildlife are 
natural sources, as are some mineral forms 
containing low levels of phosphorus.  How-
ever, point sources of man-made phosphorus 
are very significant from human and indus-
trial waste streams.  Non-point sources are 
also very significant from fertilization, agri-
culture, and domestic and agricultural animal 
wastes. 
 
Elevated water concentrations of phosphorus 
are often implicated as a major contributing 
cause in nuisance algae blooms such as the 
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one that occurred in the Reedy River Arm of 
Lake Greenwood in 1999 (McKellar and Bu-
lak).  Because aquatic ecosystems in this re-
gion, such as Lake Greenwood, are espe-
cially sensitive to phosphorus concentrations, 
this constituent is especially critical to moni-
tor as an indicator of water quality. 
 
From a lay-perspective, the most important 
core indicators of water quality, or con-
versely, of the impairment of water quality 
due to pollution, are: 
 
• Measures of oxygen availability and   

demand, i.e. BOD and DO  
• Nitrogen, i.e. TN  
• Phosphorus, i.e. TP  
 
These constituents are excellent indicators of 
the general health of surface waters, and of 
spatial and temporal trends in water quality.  
Numerous other water quality constituents 
are also of interest to the SRWC and will 
continue to be analyzed going forward. 
 
D. Overview of Watershed 

Study Area 
 
The study area is divided into logical hierar-
chical watershed sub-areas for closer exami-
nation.  The most fundamental break is at the 
major sub-basin level.  In the case of the 
SRW, those logical breaks are the Rabon 
Creek, Reedy River, and Saluda River Sub-
Basins , as shown in Figure 1.  Many of the 
results presented in this report are presented 
in the context of these sub-basin areas. 
 
The next logical subdivision is according to 
hydrologic units, as defined by the United 
States Geological Survey (USGS) for water-
shed delineation, of HUC-11 subwatershed 
units (using an 11-digit nomenclature).  As 
shown in Figure 2, thirteen HUC-11 units are 
identified in the SRW.  The Saluda, Reedy, 

 

 
Figure 1.  Major Sub-Basins of the SRW 
 

 
Figure 2.  USGS HUC-11 Hydrologic Units of  
the SRW 
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and Rabon sub-basins include nine, three, 
and one HUC-11 units, respectively. 
 
Seven of these HUC-11 units were selected as 
representative units for detailed analysis of 
spatial trends in the SRW.  The seven selected 
HUC-11 units capture the range of watershed 
characteristics affecting water quality, to      
include urban, industrial, and rural mixes of 
land cover and land use.  These HUC-11s are 
also generally more rigorously monitored and, 
therefore, have more year-round data. 
 
E. Analytical Data Review 

and Statistical Processes 
 
1. Statistical Tools 
 
Based on character, quality, and technical 
utility of various information sources,       
records were screened and processed to iden-
tify records that met data quality objectives, 
then imported into JMP (SAS Institute 
Inc., Cary, NC) statistical analysis package.  
Data were analyzed using established statisti-
cal methodology for temporal, spatial, para-
metric, and cross-parametric trends. 
 
2. Context for Statistical      

Comparisons 
 
Statistical analysis was designed to answer 
these simple questions: 
 
• Have concentrations changed over time? 
• If so, do these changes exhibit a pattern, 

and where have these changes occurred?  
 
To examine the first question, each parameter 
was analyzed from two perspectives: 
 
• An historical look based on all data 

available in the STORET system, gener-
ally going back to ca 1955, with refer- 

ence to The Clean Water Act of 1972. 
• A closer look at the last 15 years of  data 

(a generally-accepted review period for 
trend analysis) available in the STORET 
system, from 1988 to 2002 (some 2003 
and 2004 data has since become avail-
able, but was not included in this work 
due to timing). 

 
To examine the second question with respect 
to spatial patterns of change, each of the two 
major datasets was analyzed from three per-
spectives: 
 
• A broad overview of the entire SRW; 
• A look at the three major sub-basins of the 

SRW;  and 
• A close look at the seven major HUC-11 

subwatersheds of the SRW. 
 
For each parameter, analyses of both the “his-
torical” and “recent” datasets followed the 
same statistical sequence: 
 
a) To provide a simple visual graphic of pos-

sible changes over time, actual mean con-
centrations watershed-wide (calculated for 
each year) were plotted against year. 

 
b) To determine if concentration was related 

to time (measured in years), a simple  
linear regression or bivariate analysis 
tested a basic relationship between these 
two continuous variables:  Does concen-
tration watershed-wide vary across the 
specified time frame as expressed 
through a simple linear relationship?  
Results indicate overall magnitude, direc-
tion, and statistical significance of any 
change. 

 
c) To determine if concentration was influ-

enced by sub-basin or HUC-11 character-
istics in the SRW itself,  regardl0ess of 
time, a one-way analysis of variance 
looked at how concentration differed 



Saluda-Reedy Watershed Consortium Water Quality Data-Mining, Data Analysis, and Trends Assessment 
FINAL REPORT 

 

PINNACLE CONSULTING GROUP, 27 July 2005, Page 5 
 

across discrete hydrologic sub-groups:  
Within the  specified time frame, do 
significant differences in concentra-
tions exist among the three sub-basins?  
the seven primary HUC-11 subwater-
sheds?  Results indicate overall magni-
tude, direction, and statistical signifi-
cance of any differences within each 
group. 

 
d) To determine if the relationship between 

concentration and time was influenced 
these sub-basin or HUC-11 characteris-
tics within the SRW, a multiple linear   
regression simultaneously looked at how 
concentration changes over time differed 
across these hydrologic sub-groups:  
Within the specified time frame, do 
significant differences in concentra-
tions over time exist among the three 
sub-basins?  the seven primary HUC-
11 subwatersheds?  Results provide the 
strongest basis and most useful informa-
tion for understanding spatial and tempo-
ral distinctions in water quality in the 
SRW. 

 
3. Explanation of Statistical 

Graphical Output 
 
In JMP, the “Fit Y by X” platform was 
used for statistical analysis.  A one-way 
analysis of variance (ANOVA) table was 
used to determine if at least one sample mean 
was statistically significant from the others.  
Pairs of means were compared for pairwise 
significant differences using Tukey-Kramer 
HSD (Honestly Significant Difference) test, 
and graphically illustrated with comparison 

circles.  A 5% level of significance was used 
throughout. 
 
The reader is directed to the Appendix for an 
interpretative guide to understanding graphi-
cal presentation of the statistical analyses. 
 
4. Handling of Extreme         

Records 
 
Data analysis of any type requires a check for 
extreme values, or outliers, in the dataset.  
Outliers distort several calculations that are 
critical to the statistical inference process, 
thus possibly resulting in flawed interpreta-
tions and conclusions.  These water quality 
data sets, often with many thousands of    
observations for each parameter over decades 
of collections, contained a number of        
extreme values, always on the high end.  
Consultation with a few key state-level     
experts, and review of the USEPA STORET 
specifications, convinced us that all data   
entries have passed local and/or state scru-
tiny, are assumed to be correct, and can be 
used “as is” (personal communications with 
David Chestnut, SCDHEC Bureau of Water).  
To make decisions on any of these extreme 
values would have put us on a slippery slope, 
as we had no basis for determining legiti-
macy or not.   
 
Therefore, with hundreds and thousands of 
data points to help minimize such effects, all 
observations were used.  Invariably, the more 
extreme data values do create some distor-
tion, but the large data sets help dampen that 
variance. 
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II.  Analysis Results and Trends Assessment 
 
(Note:  Portions of these results were pre-
sented to the NALMS (North American Lake 
Management Society) Southeastern Region  
Conference in April 2005, entitled “Long-Term 
Water Quality Trends in the Saluda-Reedy Wa-
tershed: Early Insights from Data-Mining.”) 
 
For benefit of perspective, almost 100 sepa-
rate statistical analyses went into the prepara-
tion of the following results and discussion.  
Because we were using secondary data, i.e. 
data that had been previously collected by pri-
mary researchers for a purpose other than the 
one at hand, we did not have the luxury of ex-
perimental design, with methodology prede-
termined.  So data were examined from many 
perspectives, with the goal of pragmatic and 
straightforward statistical analyses that pro-
duced actionable results. 
 
In every single analysis we executed, the ef-
fects of the dependent variable “concentration” 
is statistically significantly affected by the   
independent variable, be it time or watershed 
feature, at a probability level of p<0.0001 or 
less.  Interestingly, adjusted-R2 values for these 
same analyses of variance are relatively low, 
ranging from 0.001 to 0.24, indicating that the 
simple models we used only explain 0.1 to 24 
percent of the variability in the data.  Yet, with 
thousands of observations, the impacts of time 
and watershed features are so overwhelmingly 
powerful that their effects are obvious, despite 
extreme records. 
 
A. Long-Term Water  

Quality, 1955-2002 
 
Looking across the entire SRW at major trends 
in water quality reveals several highly useful 
insights.  Note that this initial discussion      
addresses the entirety of the period of record, 
and is referred to as the “Long-Term” or his-

torical overview.  These long-term trends are 
very useful in understanding the overall history 
of this watershed, and appreciating the real and 
dramatic impacts of Clean Water Act (CWA) 
of 1972, and related shifts in regulatory pro-
grams affecting water quality.  However, some 
of the oldest data may not have the same integ-
rity as newer data, for many reasons.  In addi-
tion, the last 15 years of information is typi-
cally used for trend assessments.  So, the most 
recent years of available data, 1988-2002, are 
broken out as a subset for subsequent discus-
sion in this report (see part B in this section, 
beginning Page 12). 
 
1. Watershed-Wide Assessments 
 
a) Oxygen:  Historical Trends in BOD and 

DO 
 
Figure 3 presents BOD conditions across the 
watershed (nearly 12,000 samples) from the 
beginning of systematic water quality monitor-
ing in 1956, through 2002.  The highly ele-
vated condition of waters across the watershed 
with respect to BOD loading prior to ca 1970 is 
evident.  With the advent of the 1972 CWA, 
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Figure 3.  Long-Term BOD Trends Across the 
Entire SRW (n=11,965 records) 
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municipalities and industries were required to 
clean up their discharges, and clearly the resul-
tant changes in practices have had the desired 
effect in improving water quality. 
 
Figure 4 shows the general trends in DO across 
the watershed for the same period (nearly 
25,000 measurements).  DO essentially mirrors 
the BOD trends, with generally low and erratic 
levels of DO prior to the late 1960s.  For pur-
poses of reference, many fish cannot survive 
and reproduce if DO levels are below ~ 5.0 
mg/L.  After 1972, concentrations of DO stabi-
lized on a watershed basis, to an overall con-
centration of ~ 8 mg/L. 
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Figure 4.  Long-Term DO Trends Across the 
Entire SRW (n=24,755) 
 
b) Nitrogen:  Historical Trends in TN, NH3, 

and NO3-NO2 
 
Data for nitrogen, available since 1972, reveals 
a similar trend (Figure 5).  Note that TN is not 
calculated prior to this date because TN is a 
summation of several other nitrogen analytes, 
and analyses of all the various components of 
TN were not routinely conducted prior to the 
late 1960s.  Still, this graphic depicts a trend of 
progressively more stable and improving TN 
values over the last 20 years.  
 
To reinforce the TN trend, Figures 6 and 7   
illustrate long-term trends for ammonia, a  
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Figure 5.  Long-Term TN Trends Across the En-
tire SRW (n=5,015) 
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Figure 6.  Long-Term NH3 Trends Across the 
Entire SRW (n=5,374) 
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Figure 7.  Long-Term NO3-NO2 Trends Across 
the Entire SRW (n=9,568) 
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major component of nitrogen-loading to 
aquatic systems, and for nitrate-nitrite nitrogen, 
the oxygenated forms of nitrogen, respectively.  
Both graphics demonstrate steady improve-
ment since the late 1970s. 
 
c) Phosphorus:  Historical Trends in TP 
 
TP in the watershed, as presented in Figure 8, 
exhibits a similar pattern of erratic, high levels 
in the 1970s, followed by steady improvements 
beginning in the late 1980s. 
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Figure 8.  Long-Term TP Trends Across the 
Entire SRW (n=6,482) 
 
d) Summary of Long-Term Water Quality 

Watershed-Wide, 1955-2002 
 
Subsequent data analysis, as described in the 
protocol on pages 4-5, addressed this question:  
Does concentration watershed-wide vary 
across the specified time frame as expressed 
through a simple linear relationship?       
Results substantiated what is clearly apparent 
in the plots:  that every one of these relation-
ships is statistically significant.  With excep-
tion of DO, the slope of all predicted lines is 
negative, meaning the relationships are nega-
tive, that is, as year increases, the predicted 
concentrations decrease.  The relationship for 
DO is just the opposite, with a positively-
sloped prediction line, i.e. as year increases, 
predicted DO concentrations also increase. 

The general improvement in water quality for 
each of these major parameters over this 50-
year period is very encouraging, particularly 
important because this broad, overall trend 
results from examining the many thousands of 
measurements on a watershed-wide basis. 
 
Another important consideration is that,  
although conditions are very substantially  
improved, some indicators, such as TP, still 
have room for improvement.  For example, a 
huge mass of phosphorus (P) was discharged 
routinely up until the 1980s.  This macronutri-
ent has a strong affinity for sediments and, as 
sediments have been deposited in SRW reser-
voirs, large masses of phosphorus have been 
deposited, as well.  These observations have 
helped the SRWC team of scientists focus now 
on the  ongoing questions and concerns revolv-
ing around the potential bioavailability of 
phosphorus-enriched sediment as a source of 
nutrients for possible algae blooms (McKellar 
and Bulak).  These nutrient-enriched sedi-
ments, along with shallow conditions in the 
Reedy Arm of Lake Greenwood, may have 
contributed to the dramatic algae bloom that 
plagued this portion of Lake Greenwood dur-
ing the summer of 1999.  Ongoing research by 
the SRWC will provide additional insights on 
that scenario. 
 
The following sections drill deeper into the da-
tabase to evidence conditions on a more local-
ized basis, and determine if concentration 
changes over time may reflect spatial trends 
within portions of the watershed. 
 
2. Assessments by Major     

Sub-Basins 
 
a) Oxygen:  Historical Trends in BOD and 

DO 
 
BOD data for Saluda and Reedy Rivers, and 
Rabon Creek sub-basins are presented in 
Figure 9.  (Note:  The reader is referred to 
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the Appendix for an interpretive guide to 
these statistical graphical tools.)  Data      
reflected in this figure, and others like it, rep-
resent all the BOD data for the period of   
record, so time is not a factor.  Mean concen-
trations of BOD in the Reedy are signifi-
cantly higher (p<0.05) than in the other two 
sub-basins.  Subsequent multiple regression 
indicates that these differences among the 
sub-basins remain significant over time.  
Such results reflect the very high waste load-
ing to the Reedy during these 50 years. 
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Figure 9.  Comparison of Long-Term BOD 
Levels Across Major SRW Sub-Basins 
(n=11,965)  
 
Figure 10 presents the same analysis for DO in 
the three sub-basins.  Here, all three data popu-
lations are different from each other, with the 
Reedy having the lowest mean (~ 6.3 mg/l) and 
the Saluda, the highest mean DO level (~ 8.3 
mg/l).  Subsequent multiple simple linear re-
gression indicates these differences among the 
three sub-basins remain significant over time. 
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Figure 10.  Comparison of Long-Term DO Lev-
els Across Major SRW Sub-Basins (n=24,755) 
 

Another useful perspective on this data is pro-
vided by trend lines calculated by decade for 
each sub-basin.  Figures 11 and 12 illustrate 
the general improvement in both BOD and DO 
over the past 50 years, and generally reflects 
that history of wastewater discharges. 
 
One example reflected in these trends is the 
discharges to Rabon Creek from a notorious 
wastewater treatment plant in service until the 
1960s, when the discharge was redirected to 
the Reedy basin.  Dramatic water quality     
improvements in BOD and DO concentrations 
are obvious in Rabon Creek.  Improvements in 
DO have been sustained in the Reedy, but    
appear to be declining slightly in the Saluda 
and the Rabon basins, possibly due to increases 
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Figure 11.  Comparison of Long-Term BOD Lev-
els Across Major SRW Sub-Basins 
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in waste loading and non-point source loadings 
increasing with suburban development. 
 
b) Nitrogen:  Historical Trends in TN 
 
Sub-basin comparisons in total nitrogen con-
centrations are presented in Figure 13.  This 
inter-basin analysis confirms the TN concen-
trations in the Reedy to be dramatically and 
statistically different from the Rabon and     
Saluda waters.  The mean concentration of TN 
for the Reedy across all samples is 2.0 mg/l, 
compared to 0.7 and 0.5 mg/l for the Saluda 
and Rabon waters, respectively.  These condi-
tions, likewise, demonstrate the historically 
high loading of wastewaters to the Reedy. 
 

m
g/

L 
To

ta
l N

0

0.5

1

1.5

2

2.5

Rabon Reedy Saluda

Basin

All Pairs
Tukey-Kramer
 0.05

Figure 13.  Comparison of Long-Term TN 
Levels Across Major SRW Sub-Basins 
(n=5,015) 
 
Looking at TN across sub-basins, the waters in 
each have enjoyed steady improvement in    
water quality.  Figure 14 shows those trends by 
decade, comparing means calculated for the 
1970s, 1980s, and 1990s. 
 
c) Phosphorus:  Historical Trends in TP 
 
Trends in phosphorus over the period of record 
are presented in Figure 15.  As with the other 
key parameters, the mean concentrations of TP 
in the Reedy (0.39 mg/l) are significantly 
higher than those for the Saluda (0.18 mg/l) 
and Rabon samples (0.10 mg/l). 
 
Figure 16 presents the trends in TP by decade 
across the sub-basins.  Each basin shows 
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Figure 14.  Comparison of Long-Term TN 
Trends Across Major SRW Sub-Basins 
 

m
g/

L 
To

ta
l P

0

0.1

0.2

0.3

0.4

0.5

Rabon Reedy Saluda

Basin

All Pairs
Tukey-Kramer
 0.05  

Figure 15.  Comparison of Long-Term TP Lev-
els Across Major SRW Sub-Basins (n=6,482) 
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Figure 16.  Comparison of Long-Term TP 
Trends Across Major SRW Sub-Basins 
 
significant improvement in TP concentrations 
since the 1960s. 
 
The remarkable improvements in phosphorus 
concentrations in the Reedy reflect the meas-
ures undertaken to improve wastewater 
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treatment technologies at the major treatment 
works (Western Carolina Sewer Authority’s 
Mauldin Road and Lower Reedy WWTPs).  
One caution in interpreting the dramatic, 
roughly 10-fold improvement in phosphorus 
concentrations in the Reedy, is to raise the 
question of the fate of the huge mass of TP 
discharged in prior decades.  In looking at TP 
data on this scale, it becomes readily appar-
ent that the historic loading to the Reedy may 
be manifested in significantly enriched sedi-
ments accumulating in the reservoirs of the 
watershed. 
 
3. Assessments by Selected 

HUC-11 Subwatershed Units 
 
The next appropriate level of scrutiny of the 
key parameters indicative of water quality is at 
the HUC-11 level.  Because there are 13 HUC-
11 units in the entirety of the SRW watershed, 
we simplified this analysis to assess seven 
HUC-11 subwatershed units that represent the 
range of land-use/land-cover conditions and 
water quality conditions in the overall water-
shed.  The watersheds are: 
 
• North Saluda (above confluence, rural) 
• South Saluda (above confluence, rural) 
• Urban Saluda (middle reaches, urban) 
• South Saluda (lower rural reaches) 
• Upper Reedy (highly urbanized) 
• Lower Reedy (lower rural reaches) 
• Rabon (generally rural) 
 
a) Oxygen:  Historical Trends in BOD and 

DO 
 
The trends in BOD for seven HUC-11 basins 
are presented in Figure 17.  The reader is cau-
tioned to recognize that the data reflected in 
this figure cover data collected for the entire 
period of record.  Breaking the data down to 
the HUC-11 level further differentiates the his-
toric condition of the Upper Reedy relative to 

all other HUC-11 units.  The Upper Reedy unit 
has a mean of 13.6 mg/l BOD, which is statis-
tically significantly from all other units.  The 
Urban Saluda reach has a mean of 4.2 mg/l, 
and all other units are less than 2.7 mg/l. 
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Figure 17.  Comparison of Long-Term BOD 
Levels Across Selected SRW HUC-11 Sub-
watersheds (n=10,327) 
 
The related data for DO show a similar pattern 
for HUC-11 units.  Figure 18 presents the DO 
summary for the seven selected HUC-11s. 
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Figure 18.  Comparison of Long-Term DO 
Levels Across Selected SRW HUC-11 Sub-
watersheds (n=22,920) 
 
Once again, the Urban Reedy is distinctively 
different from the other HUC-11 units.  The 
mean value for DO for the Upper Reedy was 
5.9 mg/l, compared to 7.1 for the Rabon and 
Lower Reedy units.  The depressed levels of 
DO in the Upper Reedy is in marked contrast 
to the North Saluda (mean=9.1 mg/l) and the 
South Saluda (mean=8.4 mg/l), which still 
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have remarkably favorable DO conditions, 
reflecting their dominantly forested and ur-
ban watershed conditions. 
 
b) Nitrogen:  Historical Trends in TN 
 
Figure 19 presents the statistical comparison 
for TN in the seven HUC-11 sub-basin units.  
Both Upper Reedy and Lower Reedy units are 
significantly different from the other units, 
with mean concentrations of 2.1 and 1.8 mg/l, 
respectively.  The Urban Saluda had a mean 
TN value of 1.0 mg/l.  Again, the North Saluda 
and the South Saluda demonstrate comparably 
pristine conditions, with low TN values of only 
0.30 and 0.21 mg/l, respectively. 
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Figure 19.  Comparison of Long-Term TN 
Levels Across Selected SRW HUC-11 Sub-
watersheds (n=4,684) 
 
c) Phosphorus:  Historical Trends in TP 
 
Levels of phosphorus over the period of record 
for the seven HUC-11 units are presented in 
Figure 20.  Both Upper and Lower Reedy units 
have much higher means for TP (0.40 mg/l for 
each) than all other HUC-11 units.  The Urban 
Saluda has an intermediate mean value of 0.28 
mg/l, significantly greater than the other four 
HUC-11 units, which range from 0.07 to 0.10 
mg/l.  These findings are generally as expected, 
given the known history of TP discharges and 
loadings to the SRW waters. 
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Figure 20.  Comparison of Long-Term TP Levels 
Across Selected SRW HUC-11 Subwatersheds 
(n=5,686) 
 
B. Recent Water Quality, 

1988-2002 
 
Over the past two decades, since 1988, signifi-
cant improvements in the SCDHEC ambient 
water quality monitoring program, advances in 
analytical protocols and sensitivities, enhanced 
regulatory functions, improved performance in 
waste treatment by industry and municipalities, 
and the stewardship of resources have all been 
advanced.  As a result, the STORET data     
reflects a substantially improved measure of 
water quality trends.  This more recent water 
quality data is markedly distinctive from the 
older data.  Based on a review of data trends, 
and in consideration of feedback from 
SCDHEC water quality specialists (Chestnut), 
we made a break in the data population at 
1988.  Data from this period forward provides 
the highest quality information of greatest 
value to our decision-making with regard to 
management of the watershed’s water re-
sources.  The following analysis of trends re-
flects this more recent data. 
 
1. Watershed-Wide Assessments 
 
a) Oxygen:  Recent Trends in BOD 
 
Figure 21 presents the trends in BOD for the 
1988-2002 period.  BOD concentrations for 
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this period reflect a strong downward trend.  
This is interpreted to reflect reductions in over-
all waste-loading to the collective waters of the 
entire SRW.  Figure 22 reflects the same data 
modeled via a simple linear regression, which 
shows that the drop in BOD levels across the  
entire SRW over these 15 years is, indeed, 
highly significant (p<0.001). 
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Figure 21.  Recent BOD Levels Across the 
Entire SRW, 1988-2002 (n=4,638) 
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Figure 22.  Simple Linear Regression of BOD 
Across the Entire SRW, 1988-2002 
 
b) Nitrogen:  Recent Trends in TN 
 
Figure 23 presents the trends in Total Nitro-
gen for the 1988-2002 period. TN levels for 
this period reflect an initially strong down-
ward trend for the 1988 to 1991 period, and a 
steady declining trend from 1993 to 2002.  

This is interpreted to reflect reductions in 
overall waste loading to SRW waters.  Figure 
24 shows the same trend modeled via simple 
linear regression. 
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Figure 23.  Recent TN Levels Across the En-
tire SRW, 1988-2002 (n=3,146) 
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Figure 24.  Simple Linear Regression of TN 
Across the Entire SRW, 1988-2002 
 
c) Phosphorus:  Recent Trends in TP 
 
Figure 25 presents the trends in Total Phospho-
rus for the 1988-2002 period. TP concentra-
tions for this period reflect a strong initial 
downward trend for the 1988-1991 period, and 
a steady declining trend during 1993-2002. 
 
This is interpreted to reflect reductions in 
overall waste loading to the waters of the 
SRW, primarily as a function of improved 
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treatment technologies implemented at 
WWTPs.  Figure 26 reflects the same trend 
modeled via a simple linear regression, with 
the cautious reminder that such a simple 
model demonstrates a strong linear 
relationship and does not reflect the true   
asymptotic nature of this data. 
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Figure 25.  Recent TP Levels Across the En-
tire SRW, 1988-2002 (n=3,600) 
 

0

0.05

0.1

0.15

0.2

0.25

m
g/

L 
To

ta
l P

1990 1995 2000
Year

 
Figure 26. Simple Linear Regression of TP Lev-
els Across the Entire SRW, 1988-2002 
 
2. Assessments by Major     

Sub-Basins 
 
a) Oxygen:  Recent Trends in BOD 
 
It is also important to examine the recent data 
for trends with respect to the major SRW sub-
basins.  Figure 27 presents the statistical analy-

sis of data for the Rabon, Reedy and Saluda 
basins for this period.  Clearly, the Reedy, with 
1.7 mg/l, has a much higher and statistically 
significantly different mean from the other sub-
basins, each with a mean of 1.2 mg/l. 
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Figure 27.  Comparison of Recent BOD Levels 
Across Major SRW Sub-Basins, 1988-2002 
(n=4,638) 
 
b) Nitrogen:  Recent Trends in TN 
 
Review of overall TN concentrations for the 
“Recent” period confirms the Reedy sub-basin 
of the SRW reflects significantly higher ni-
trogen concentrations than the Saluda and 
Rabon sub-basins (Figure 28).  The mean for 
the Reedy data group is 1.4 mg/l, more than 
twice the 0.6 and 0.5 mg/l means for the   
Saluda and Rabon data groups, respectively. 
 

m
g/

L 
To

ta
l N

0

0.5

1

1.5

Rabon Reedy Saluda

Basin

All Pairs
Tukey-Kramer
 0.05  

Figure 28. Comparison of Recent TN Levels 
Across Major SRW Sub-Basins, 1988-2002 
(n=3,146) 
 
c) Phosphorus:  Recent Trends in TP 
 
As illustrated in Figure 29, review of TP 
concentrations for the “Recent” period  
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confirms that all three sub-basins are signifi-
cantly different from each other, with the 
Reedy sub-basin of the SRW having the 
highest phosphorus concentrations over these 
15 years, with a mean of 0.15 mg/l.  The 
mean for the Saluda data group is signifi-
cantly less with 0.11 mg/l, as is the mean for 
the Rabon data group, with 0.04 mg/l. 
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Figure 29.  Comparison of Recent TP Levels 
Across Major SRW Sub-Basins, 1988-2002 
(n=3,600) 
 
3. Assessments by Selected 

HUC-11 Subwatershed Units 
 
a) Oxygen:  Recent Trends in BOD 
 
Dissecting this data further to the representa-
tive HUC-11s illustrates recent distinctions in 
waste loading to these subwatersheds (Figure 
30).  Interestingly, for this more recent period, 
the highest mean BOD concentrations are  
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Figure 30.  Comparison of Recent BOD Levels 
Across Selected SRW HUC-11 Subwater-
sheds, 1988-2002 (n=3,979) 

manifested in the Lower Reedy and Lower  
Saluda HUC-11s, with mean concentrations of 
2.1 and 1.8 mg/l, respectively.  The Urban 
Reedy has the next highest HUC-11 at 1.6 
mg/l.  All other HUC-11s are below 1.2 mg/l. 
The North Saluda and South Saluda HUC-11s 
have means of 0.7 and 0.6 mg/l, respectively.  
The tests of statistical significance show that 
the Lower Reedy is higher than all other HUC-
11s except the Lower Saluda, and that the 
North Saluda and South Saluda are the least of 
all HUC-11s.  As explained below, this finding 
masks additional trends that are evident from 
subsequent data analysis of specific subwater-
sheds, and shifts in impacts attributable to 
storm water and other non-point sources. 
 
These assessments underscore the importance 
of evaluating both the “Long-Term” data as 
well as the “Recent” data.  The long-term data 
is distorted to some extent by the older data 
which includes significantly elevated concen-
trations of BOD during the 1950s-1970s.  By 
comparison, BOD trend analysis for all HUC-
11’s were higher for the entire “long-term”  
period.  Means for the Lower Reedy and 
Lower Saluda HUC-11’s were 1.7 and 2.4 mg/l 
respectively, higher than the values presented 
here for the “Recent” period.  By contrast, the 
value for the Urban Reedy was 13.6 mg/l for 
the “Long-Term” period, compared to 1.6 for 
the “Recent” period.  Obviously, waste load-
ings and concomitant BOD concentrations for 
all HUC-11s are improved, but those that were 
most severely impacted during the 1950s-
1970s are most dramatically improved.  This 
comports with known reductions in waste load 
discharges to the Urban Reedy, Urban Saluda, 
and Rabon subwatersheds.  Hence, both peri-
ods of analysis are quite useful, as are the 
comparisons of these periods. 
 
Examining the temporal trend analysis within 
each of the seven representative HUC-11s 
also underscores this distinction.  Figure 31 
presents a multiple simple linear regression 
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of BOD Concentration against Year for the 
seven HUC-11s in the Recent period.  The 
remarkable trends exposed through this 
analysis is the increasing trend in BOD levels 
in the Lower Reedy over this period com-
pared to decreases in all other HUC-11s.  
This upward trend is assumed to reflect con-
tinuing increases in both point source dis-
charges to the Lower Reedy, as well as     
impacts attributable to non-point source load-
ing associated with continuing urbanization 
over the period.  These trends should be 
monitored closely in the future to examine 
potential degradation in water quality and 
aquatic habitat.  
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Figure 31.  Multiple Simple Linear Regression 
of Recent BOD Levels Across Selected SRW 
HUC-11 Subwatersheds, 1988-2002 (n=3,979)  
 
b) Nitrogen:  Recent Trends in TN 
 
The closer look at TN data for the Recent 
period by HUC-11 sub-watershed reveals 
additional important insights.  Figure 32 pre-
sents the statistical summary graphics for the 
seven representative HUC-11s.  For this   
period the Urban Reedy and the Lower 
Reedy HUC-11s had means of 1.45 and 1.36 
mg/l, respectively, values which are statisti-
cally significantly higher than the means for 
the other five HUC-11s.  The Urban Saluda 
was next highest, with a mean value of 1.03, 
also significantly different from the lower 
four HUC-11s.  The North and South Saluda 

HUC-11s had values of 0.24 and 0.20 mg/l, 
respectively, significantly the lowest of all 
examined subwatersheds. 
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Figure 32.  Comparison of Recent TN Levels 
Across Selected SRW HUC-11 Subwater-
sheds, 1988-2002 (n=2,880) 
 
These rankings are identical to those for the 
“Long-Term” period (Figure 19).  However, 
comparison of mean TN concentrations    
reflected in the most highly impacted sub-
watersheds, the Urban and the Lower Reedy, 
for the “Long-Term” versus the “Recent” 
periods, indicates a roughly 50 percent      
improvement in mean concentration, drop-
ping from 50-year means of 2.14 and 1.76 
mg/l, respectively, to recent 15-year means 
of 1.45 and 1.36 mg/l.  Changes in the other 
HUC-11s for TN are small. 
 
Figure 33 presents the multiple simple linear 
regression for the seven HUC-11 data 
groups.  The distinction in the relative mag-
nitudes and the downward trends of the data-
sets are readily evident.  The other remark-
able distinction evident here is the modeled 
increase in TN over the 15-year period in the 
Urban Saluda.  This trend is assumed to re-
flect increases in point source and non-point 
source impacts in this sub-water-shed.  These 
findings should be closely monitored in the 
future to discern any significant degradation 
in water quality and aquatic habitat. 
 
 



Saluda-Reedy Watershed Consortium Water Quality Data-Mining, Data Analysis, and Trends Assessment 
FINAL REPORT 

 

PINNACLE CONSULTING GROUP, 27 July 2005, Page 17 
 

0.0

0.5

1.0

1.5

m
g/

L 
To

ta
l N

1990 1995 2000

Year

Urban Saluda

Urban Reedy

Lower Reedy

 
Figure 33.  Multiple Simple Linear Regression 
of Recent TN Trends Across Selected SRW 
HUC-11 Subwatersheds, 1988-2002 (n=2,880) 
 
c) Phosphorus:  Recent Trends in TP 
 
The closer examination of TP data for the 15-
year period across HUC-11 sub-watersheds 
reveals additional important insights.  Figure 
34 presents the statistical summary graphics 
for the seven representative HUC-11s.  For this 
period the Urban Saluda HUC-11 has the high-
est TP concentrations, with a mean of 0.21 
mg/l.  The Urban Reedy and the Lower Reedy 
HUC-11s have means of 0.16 and 0.14 mg/l, 
respectively.  These three HUC-11s are not dif-
ferent from each other, but are significantly 
different from the other four HUC-11s, which 
have means of  0.03 to 0.07mg/l. 
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Figure 34.  Comparison of Recent TP Levels 
in Selected SRW HUC-11 Subwatersheds, 
1988-2002 (n=3,083) 

As with TN concentrations, TP concentra-
tions for the “Recent” data set are lower for 
all seven HUC-11s as compared to the 
“Long-Term” data set.  Several HUC-11s 
have overall improvements of as much as 60 
percent comparing these periods, but the Ur-
ban Saluda has improved the least, with only 
about a 30 percent reduction.  This suggests 
that although waste treatment technologies 
and discharge loadings have been reduced 
substantially, those reductions are being off-
set by impacts attributable to development.  
 
Figure 35 presents the multiple simple linear 
regressions for TP across the HUC-11 data 
groups.  The distinction in the relative mag-
nitudes of the datasets are readily evident 
here with the Urban Saluda, Urban Reedy 
and Lower Reedy HUC-11’s having distinc-
tively different data trends.  Obviously, the 
higher mean for Urban Saluda seen in Figure 
34 is a function of its higher levels in the late 
1980s.  The graphic representation in Figure 
35 also illustrates a benefit of looking at data 
from different perspectives and the limita-
tions of using a simple linear regression to 
analyze what are actually curvilinear, asymp-
totic data functions. 
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Figure 35. Multiple Simple Linear Regression 
of Recent TP Levels in Selected SRW HUC-11 
Subwatersheds, 1988-2002 (n=3,083)
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III.  SUMMARY AND NEXT STEPS 
 
A. Synthesis and Effect 
 
The work undertaken thus far through the data-
mining task has been enormously useful in  
developing a better understanding of water 
quality trends in the watershed.  The methods 
established are now well-defined, many of the 
critical nuances of the data are now under-
stood, and threshold detection concentrations 
can be transformed into quantifiable data.  The 
number of issues and opportunities for inquiry 
with regard to study of water quality trends is 
virtually endless.  The work performed to date 
represents the proverbial “tip of the iceberg” of 
data assessment possibilities. 
 
This study has provided a wide range of in-
sights, as summarized below. 
 
1. Long-term recovery from historical pollut-

ant loading:  Most of the areas within the 
SRW demonstrate marked improvement 
for most water quality parameters over the 
last 30 years. These improvements are 
manifested in each of the major parameters 
analyzed thus far. 

 
2. Impact of the Clean Water Act (CWA) of 

1972:  Many of the improvements in water 
quality can be traced back to the effective 
implementation of the CWA of 1972. 

 
3. Continued & chronic impact to urban / in-

dustrial stream reaches:  The urban portions 
of the watershed are, without question, the 
most severely impacted historically, and 
they continue to suffer the influences of  
urban stormwater runoff.  Although these 
stream reaches have recovered substan-
tially, their recovery appears to be offset by 
nonpoint impacts associated with ongoing 
development and increased magnitudes of 
existing and/or new point discharges. 

4. Recent impacts to reaches downstream of 
development:  Areas that continue to be 
subject to changes in land use quickly 
demonstrate degradation of water quality.  
The analysis of waste loading and nutri-
ent loading indicated increasing stresses 
on the areas that have experienced the 
most significant changes in land use over 
the past 15 years. 

 
5. Upward trends in BOD & TN loading – 

suburban reaches:  Some urbanizing areas 
demonstrate clear increasing trends in 
concentrations of oxygen-demanding 
substances and total nitrogen.  Increased 
point and nonpoint sources are potential 
contributing factors in these trends. 

 
6. Distinctions in “long-term” vs. “recent” 

impacts:  The older data is distinctive 
from the newer data, reflecting shifts in 
land use and environmental practices, as 
well as changes and improvements in 
monitoring methodology and technology.  
Analysis of both datasets are warranted 
as each illustrates changes in various fac-
tors affecting water quality. 

 
7. Utility of statistical assessment of large 

historic datasets:  The data-mining proc-
esses established thus far demonstrate the 
power and utility of using data-mining, 
data processing, and statistical analysis 
techniques on large water quality datasets 
in a watershed-wide study of this scope. 

 
8. Potential utility for management and pol-

icy decisions:  The analyses performed 
thus far provide significant insights to 
support public policy and environmental 
regulations within the watershed. 

 
9. Opportunities for ongoing inquiry & trends 

analysis:  Progressive inquiry into the data 
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reveals additional opportunities for deeper 
investigation.  Additional data-mining     
activities that warrant priority analysis     
include partitioning the data into “wet”, 
“normal”, and “dry” periods which may 
then be analyzed to examine the effects of 
climate and streamflow influences.  Addi-
tional parameters of special interest with 
regard to water quality and aquatic health 
deserve additional data-mining attention.  
Specifically, mercury, copper and other  
parameters associated with water quality 
impairment deserve additional review. 

 
10. Need to correlate trends with land cover 

and/or land use changes:  The data sug-
gest strong links between water quality 
trends and land use.  It is critical that the 
SRWC follow up and better define these 
relationships. 

 
B. Future Analysis 
 
1. Stream Flow - Monthly and Yearly 

Statistics 
 
In the course of data assessment numerous 
questions relevant to SRW water resources 
management were identified.  One funda-
mental issue that we have identified, and 
needs to be addressed, is the temporal 

character of stream hydrology, and long-term 
trends in stream flows.  Priorities for analysis 
of this data include review of stream flows 
for monthly mean, minimum and peak flows, 
and annual mean and peak flows. 
 
An important related task that we have iden-
tified as a priority future task is identification 
of statistically defined “wet”, “normal” and 
“dry” years.  This framework would then be 
used to partition water quality data from the 
data-warehouse to examine relationships   
between climate/hydrology and water qual-
ity, and whether or not the trends in water 
quality are significantly different under these 
scenarios. 
 
2. Identification of Temporal and 

Spatial Patterns of Chemical  
Pollutant Trends 

 
Future analysis and inquiries will examine 
additional chemical parameters, and include 
pollutant loading patterns, analysis of sedi-
ment and other quality trends, and integration 
of land cover factors, precipitation data, and 
event-specific analysis into the data-mining 
process.  Also, ongoing analysis will exam-
ine water quality trends according to climato-
logically-defined “wet, normal, and dry”   
periods. 
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V.  APPENDIX:   UNDERSTANDING JMP 
GRAPHICAL RESULTS 

 
JMP, a product of SAS Institute, Inc., promotes itself as “The Statistical Discovery Software.”  It 
provides convenient and powerful tools to help facilitate interpretation and understanding of statis-
tical analyses and output.  As explained in JMP’s Statistics and Graphics Guide, graphical pres-
entations produced in the analytical process help us to understand the results through visual repre-
sentations.  From the chapter entitled One-Way ANOVA, here are some simple explanations and 
guidelines for interpreting many of the plots presented in this report: 
 
1. Each point plotted on the Y-axis for concentration is actually the mean calculated for each unit 

of time, i.e. year or decade, plotted on the X-axis. 
 
2. In these simple plots of mean concentration by year, means are connected to facilitate trend 

assessment.  This connection of points, however, does NOT imply any statistical model for 
continuity from one year to the next. 

 
3. The Y-axis in most plots is a typical linear scale.  The range for BOD, however, is too wide to 

capture as such, so its Y-axis is a log scale. 
 
4. The standard ANOVA can also perform multiple comparison tests and visually represent these 

comparisons.  The test used here is Tukey or Tukey-Kramer HSD (honestly significant differ-
ence), an exact alpha-level (α = 0.05) test if sample sizes are the same and conservative          
(α < 0.05 for each pair, to protect the overall 0.05) if sample sizes are different. 

 
Another test commonly used for multiple pairwise comparison tests is Student’s t-test, but it 
was not used here because it is not quite as rigorous or conservative as Tukey’s, especially 
when so many variables are involved, meaning one runs the risk of concluding differences 
when, in fact, they do not actually exist.  In this study, however, so many of the differences are 
so overwhelmingly significant, with p<0.001 in many of the analyses, that t-tests would likely 
produce similar results. 

 
5. Since only the y variable is continuous, JMP’s one-way ANOVAs produce plots with 

means diamonds and comparison circles instead of continuous lines or scatterplots. 
• Each plot of means diamonds shows:  

o the overall grand mean across the middle;  and 
o data points above each group along the X-axis. 

• Each means diamond illustrates: 
o its group mean across its center;  
o the 95% confidence interval (C.I.) associated with this mean, as shown by the dia-

mond’s height;  and 
o the sample size of each x variable, because the width of each diamond along the  

x-axis is proportional (narrower diamonds are usually taller because fewer data 
points yield a less precise estimate of the group mean).  
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You can compare each pair of group means visually by examining how the accompanying 
comparison circles intersect. The outside angle of intersection tells you whether group means 
are significantly different at the 95% C.I.: 
• Circles for means that are significantly different either do not intersect or intersect 

slightly so that the outside angle of intersection is less than 90 degrees. 
• If the circles intersect by an angle of more than 90 degrees, or if they are nested, the 

means are not significantly different. 
• The 95% C.I. determines circle size;  smaller circles represent less data variability and 

more precise estimates of means, whereas larger circles indicate more variability. 
 

Figure 9 (from Page 9) provides a good example of means diamonds and comparison circles: 
 

Height of each diamond and size of each circle signifies 95% CI, and is a function of  
variability in the data set.  The flatness of Reedy’s diamond and its corresponding tiny circle indicate that, 

 throughout the 50-yr period, BOD mean level is significantly more than the other two sub-basins, 
 with relatively little variability.  

                          Group Means                                                                                  Grand Overall Mean 
 

  

Width represents     <---->                                                  <-------------------------Saluda-------------------------> 
# of samples                   <----------------Reedy---------------->          
(Saluda has a lot, while                                                            Individual observations (n=11,965 samples!!) 
Rabon has relatively few)                                     
 
6. Since both x and y variables are continuous, multiple linear regressions produce plots with   

simultaneous predicted lines of fit for the sub-groups.  Slope of each indicates direction and 
rate of change in concentration over time.  Multiple comparisons are made using an output    
table of predicted means and Tukey-Kramer HSD designations of significant differences. 
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