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1.

EXECUTIVE SUMMARY

The purpose of this study was to document forest cover change across the Saluda-Reedy
Watershed (SRW), identify water quality and streamflow data fields from previous SaludaReedy Watershed Consortium (SRWC) analyses that are influenced by changes in forest cover,
and review data from all analyses to identify trends and relationships between forest cover, water
quality, and streamflow over time across the entire watershed and within subwatersheds.
Forest cover change was documented through analysis of land cover change mapping data for
years 1985 and 2000 developed by the Strom Thurmond Institute at Clemson University. Trends
in water quality were derived from analyses previously completed in the SRWC report Water
Quality Data-Mining, Data Analysis, and Trends Assessment, July 2005. Streamflow trends were
analyzed by utilizing United States Geographical Survey streamflow data from several gauging
stations across the Saluda-Reedy Watershed that represent the varying types of land cover.
The documentation and analysis presented herein provides evidence that deforestation and
corresponding urbanization within the Saluda-Reedy Watershed has altered water quality and
streamflow patterns. The long-term water quality data analysis shows a clear correlation of better
water quality in watersheds with higher percentages of forest cover. Biological oxygen demand,
total nitrogen and total phosphorus levels all tend to decrease in watersheds with higher
percentages of forest cover compared to more urbanized watersheds. Dissolved oxygen levels
tend to increase where more forest cover is present. Additionally, watersheds with more forest
cover showed lower peak flow values per area compared with urban and even agricultural
watersheds. As areas of the Saluda-Reedy Watershed continue to experience growth, these
effects will continue to be magnified unless appropriate mitigation methods are employed.
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2.

PROJECT BACKGROUND, OBJECTIVES AND METHODS

Early land use across much of the Southeast Piedmont was largely agricultural. While Native
Americans used land for growing crops, it wasn’t until European settlement that widespread land
clearing occurred. By the mid 1800s, much of the southeastern forests had been replaced by row
crops, mainly cotton and corn. Conservative farming practices were unknown and massive
amounts of topsoil were lost to floodplains, streams and rivers. Because land was so cheap, land
was quickly used up, eroded, and abandoned. The Soil Conservation Service was formed in the
1930s to help address the issue of soil loss and decreasing soil productivity. By this time,
industrialization had led many people away from rural small-scale farming and into cities and
towns for better paying jobs in factories and businesses. As a result, many previously cultivated
areas began to revert back to forest.
Towards the middle to late 20th century, land clearing was again on the rise, but this time it was
for development as cities and towns began to grow. Today rapid urbanization is occurring across
many areas of the Southeast. The Upstate of South Carolina is one of the fastest growing areas of
the state. The Saluda-Reedy Watershed (SRW) contains the rapidly growing areas of Greenville,
Easley, Mauldin and Simpsonville. Growth in these areas has lead to significant land cover
transition from a natural, forested condition to a hardened, impervious urban state.
Forest cover has a positive effect on water quality. Forest cover and other vegetation associated
with an intact forested system intercepts and filters rainfall, stabilizes soil, moderates
streamflow, and prevents a ‘flushing’ effect of pollutants such as sediment, nutrients, and metals
that are easily delivered from an impervious landscape. Unfortunately, minimal controls and
incentives exist in the SRW to maintain or replace forest cover during development. The loss of
forest canopy affects the quality of life in many ways. The “heat island” effect has been shown
for many metropolitan areas (e.g. Atlanta), in which widespread loss of tree canopy and
replacement with pavement and asphalt has affected weather patterns causing higher
summertime temperatures and more violent storms. Trees also help to filter the air, a highly
desirable function, particularly for urban areas that often have degraded air quality. Trees also
have aesthetic value, and have been shown in many areas to raise property values. For the
purposes of this study, the scope of our evaluation was limited to the effect tree canopy loss and
land use transition has had on stream water quality and streamflow patterns.
North Wind, Inc. (NWI) was tasked by the Saluda-Reedy Watershed Consortium (SRWC) to
analyze forest cover changes in the SRW and compare with existing water quality information
and streamflow trends. As part of this analysis, NWI was tasked to delineate forest cover on a
subwatershed scale, identify pertinent water quality data from previous SRWC studies, to
analyze streamflow patterns, and to identify trends and relationships between forest cover
change, water quality and streamflow. Another SRWC report, Factors Contributing to Flooding
in the Upper Reedy River Watershed (January 2007), contains historic land use information and
streamflow analyses that are referenced herein. That report showed that, in the absence of a
climatic trend, development patterns in the highly urbanized area of Greenville corresponded to a
trend of increasing peak stream flows and decreasing baseflow over time, thus contributing
significantly to increased flooding problems and lower dry weather streamflows.
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2.1

Study Area

Located in the Upper South Carolina Piedmont, the SRW is defined as the area of land draining
to Lake Greenwood and contains approximately 1,167 square miles or 746,857 acres (Figure 1).
Topographic elevations range from 3,560 feet in the upper watershed at Sassafras Mountain to
440 feet at the Lake Greenwood dam. The SRW includes the drainages of the Saluda and Reedy
Rivers and Rabon Creek and includes parts of seven counties (Greenville, Laurens, Newberry,
Greenwood, Abbeville, Anderson and Pickens). It also includes eighteen cities with population
ranging from approximately 4,000 to 56,000 persons. In 2005, approximately 338,000 persons
lived within the SRW. The population density in this area is about 290 persons per square mile,
over two times the statewide average. The watershed population is projected to grow by over
33% by 2030.

2.2

Land Cover Data

The Strom Thurmond Institute (STI) at Clemson University has developed three types of land
cover data for the SRW for years 1985, 1990, 1995 and 2000 (Figure 2):
 Three-class land cover is the most basic, and classifies land cover as developed, undeveloped
or open water.
 Six-class land cover breaks the undeveloped classification into four total classifications.
 Twelve-class land cover breaks developed cover into four categories and undeveloped cover
into seven categories.
Land cover featuring a larger number of layers provides more detail with less accuracy, whereas
land cover with a smaller number of layers provides more accuracy with less detail. To analyze
forest cover trends as they relate to water quality and streamflow patterns, NWI chose to utilize
the first and last years of land cover (1985 and 2000) using the ‘forest’ category in the six-class
format to provide for the widest range of most accurate and available data.

2.3

Watershed and Streamflow Data

The United States Geologic Survey delineates watersheds using a nationwide system based on
surface hydrologic features. This system divides the country into regions, subregions, accounting
units, and cataloguing units. A hierarchical hydrologic unit code (HUC) is then used to identify
different hydrologic areas. The SRW is divided into 13 subwatersheds delineated according to
the 11-digit HUC system (Figure 3).
These watersheds were used to evaluate land cover changes across the watershed. Seven USGS
streamflow gauging stations were used to evaluate streamflow patterns across the watershed.
Station locations and their watershed areas are depicted in Figure 4.

2.4

Water Quality Data

Water quality data was obtained from an earlier SRWC study, Water Quality Data-Mining, Data
Analysis, and Trends Assessment, (July 2005). For the earlier study, historic long-term water

Assessment of Trends in Forest Cover Change in the Saluda-Reedy
Watershed and Impacts on Water Quality and Streamflow
August 07, 2007
Page 4

quality trends were evaluated across the SRW for the periods 1955-2002 and 1988-2002. Data
analyses were conducted for biological oxygen demand, dissolved oxygen, total phosphorous,
total nitrogen, ammonia, and nitrate+nitrite. Spatial trends were analyzed for the SRW as a
whole, for three major subwatersheds (Reedy, Saluda, and Rabon), and for seven of the thirteen
USGS 11-digit HUC watersheds that represented an appropriate cross-section of land cover and
use types in the SRW. Analyses showed water quality trends generally improving across the
SRW with some declining trends in heavily developed and urbanizing watersheds.

3.

RESULTS

The following sections give results of the forest cover, streamflow and water quality analyses.

3.1

SRW Forest Cover Analysis

SRW forest cover data from STI were assessed for years 1985 and 2000 (Figures 5 and 6). It was
difficult to detect a clear change in forest cover conditions across the SRW except for the areas
of high growth around Greenville and Easley. Therefore, a change detection analysis was run in
a Geographic Information System (GIS) to classify appropriate pixels as either showing a gain or
loss in forest cover between 1985 and 2000 (Figure 7). Results are given in Table 1 and indicate
a change in forest cover from 75% in 1985 to 67% in 2000. However, it should be noted that
while some areas lost forest, other areas gained. According to the detection analysis,
approximately 132,200 acres were converted from forest cover to other land cover types, while
74,900 acres were converted from other land cover types to forested. This equates to a net loss of
approximately 57,100 acres (8 percent) of forest cover from the watershed over this time period,
or 10 percent of the watershed’s forested area from 1985.
Table 1. Forest Land Cover Change in the SRW, 1985-2000
Assessment
Period
1985
2000

3.2

Forested
Acres/Percent
of Watershed
557,871
(75%)
500,771 ac
(67%)

Forested
Acres Lost

Forested
Acres Gained

132,000

74,900

Forest Cover Analysis by 11-Digit HUC

To gain more detailed insight into forest cover change on a subwatershed scale, forest cover was
analyzed for 11-digit HUC watersheds for 1985 and 2000. Forest cover and forest cover change
between varied widely across the SRW (Table 2). Forest cover in 1985 varied from a low of 53
percent in the Big Creek watershed to a high of 94 percent in the Oolenoy River watershed. In
2000, it varied from a low of 35 percent in the Upper Reedy River watershed to a high of 83
percent in the South Saluda River watershed. Forest cover change ranged from a low of 0.3
percent in the Lower Reedy River to a high of 40 percent in the Upper Reedy River watershed.
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Table 2. SRW Forest Cover Statistics by 11-digit HUC Watersheds
1985
11-digit HUC

2000

1985 – 2000
Forest
%
Acres
Loss
Change

Total
Watershed
Acres

Forest
Acres

%

Forest
Acres

%

48,338

43,276

89%

37,246

77%

6,030

14%

77,668

72,272

93%

64,864

83%

7,408

10%

31,465

29,376

94%

25,072

80%

4,305

15%

91,064

65,476

72%

56,161

62%

9,315

14%

21,095

15,409

72%

12,016

56%

3,393

22%

23,602

14,129

60%

11,708

50%

2,421

17%

12,531

6,675

53%

6,298

50%

377

6%

169,692

129,598

76%

124,473

73%

5,125

4%

21,744

14,022

64%

13,734

63%

288

2%

73,748

43,436

59%

26,131

35%

17,305

40%

22,837

12,445

54%

12,032

53%

413

3%

70,013

54,075

77%

53,927

77%

148

0.3%

81,459

57,817

71%

57,108

70%

709

1%

745,256

558,007

75%

500,771

67%

57,236

10%

North Saluda River
03050109010

South Saluda River
03050109020

Oolenoy River
03050109030

Urban Saluda River
03050109040

Georges Creek
03050109050

Big Brushy Creek
03050109060

Big Creek
03050109070

Lower Saluda River
03050109080

Broad Mouth Creek
03050109090

Upper Reedy River
03050109100

Huff Creek
03050109110

Lower Reedy River
03050109120

Rabon Creek
03050109130

Total Acres/
Average Percent

Note: HUC11s in yellow were analyzed for water quality parameters. See Section 3.6 - Water Quality Effects.

3.3

Micro-scale Forest Cover Analysis

A separate, more detailed land cover change analysis was conducted to 1) verify the accuracy of
forest cover data from the STI and 2) to determine actual land use change in specific areas that
might be indicators of land cover change throughout the watershed. This analysis focused on six
discrete 0.25 square mile areas within the SRW that appeared to have experienced some of the
most extreme forest cover change, including both increases and decreases. Three areas were
selected that had undergone significant forest cover gain and another three were selected that had
undergone forest cover loss. Using the STI data, land cover change was determined for these
specific areas. Cover change statistics were computed for each of the six areas (Table 3.) Figure
7 shows an overview of locations for the six areas, where as Figures 8 and 9 shows a more
detailed view of the areas experiencing significant forest cover gain and loss, respectively. The
maximum forest cover gained was 51%, or 164 acres for the 'South Greenville County' area, and
the maximum area loss was 32%, or 104 acres for 'North Saluda' area.
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Historic aerial imagery of these six areas was then assessed that corresponded to the 1985 and
2000 land cover data to verify a positive or negative forest cover change. The imagery analysis
did verify cover change patterns determined from the STI data. Furthermore, land use change
was assessed. Most loss of forested area was attributed to residential subdivision development.
Forest gains were attributed primarily to rejuvenation of pine plantation areas.
Table 3. Forest Cover Change 0.25 Square Mile Analysis
Area

Acres Acres
Gained Lost

North Saluda

2

106

Greenville City

7

98

Traveler's Rest

8

96

South Greenville County

168

4

North Laurens County

105

5

Pelzer

63

20

Net Gain
or Loss
ac(%)
-104
(32%)
-91
(28%)
-87
(27%)
164
(51%)
100
(31%)
43
(13%

Note: One-half square mile equals to 320 acres.

3.4

Streamflow Effects

The loss of forest cover has several effects on streamflow. Intact forest cover allows for rainfall
to soak into the ground, recharge groundwater systems, and to be more slowly released to surface
water drainages. Developed or developing areas and even agricultural land will release water into
surface water drainages at a much higher rate due to increased surface runoff. With increasing
development, there is also less recharge to groundwater systems and more frequent and higher
flooding as stream baseflows decrease and peak flows increase.
The SRWC report, Factors Contributing to Flooding in the Upper Reedy River Watershed
(January 2007), gives results of an assessment of land use changes and trends in precipitation,
peak flow, and baseflows at the Mauldin Road gauge below Greenville. The Greenville
metropolitan area is one of the most rapidly urbanizing areas of the watershed, and the land use
analysis, similar to that contained herein, demonstrated this change. Statistical analyses showed
no significant trend in precipitation patterns from 1942 to 2005, but did show a significant
increasing trend in peak flow and a corresponding decreasing trend in baseflow over the same
period of time. In the absence of a climatic trend, streamflow changes are therefore most likely
attributable to land use changes in the watershed.
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For the purposes of this report, the effects of loss of forest cover on streamflow were analyzed
for the broader SRW. The objective of the assessment was to compare flood frequencies between
different gauged watersheds that represent different land cover types. Higher relative peak flows
are expected to correspond with drainages with less pervious area (i.e. urbanized watersheds)
versus watersheds that are largely forested. Seven USGS gauging stations were used to evaluate
peak flow and flood frequency (Table 4). At least ten years of data are required to perform a
flood frequency analysis for the determination of recurrence intervals. The period of record for
the study gauges ranged from 10 to 67 years. Four of the seven stations had longer streamflow
records (29-67 years), and three of the stations had shorter periods of record (10-12 years).
It should be noted that flood frequency analyses typically assume no change in land cover/land
use over time, eventhough this is not the case for many urbanizing watersheds. However, while
some increase in peak flow will have occurred due to forest cover change for the Mauldin gauge,
the most urbanized watershed, it is not expected to significantly confound the analysis. The other
mostly urban watershed, Reedy River above Fork Shoals, has also likely experienced forest
cover loss, but has a much shorter (more recent) period of streamflow record. Therefore, the
results of this analysis should not be considered absolutely precise but are more suitable for
relative comparisons between watersheds, the implications of which can be used for general
planning purposes.
Watershed drainage areas ranged from 19 to 580 square miles (12,160 to 371,200 acres). Land
cover was visually assessed for each gauge’s drainage area using the 2000 STI land cover data
(Figure 4). Land cover types are listed for each gauge site in their order of dominance. Only one
station, the Reedy River at Mauldin Road, had a single primary land cover type (urban). All
others were a mix of forested, urban, and agricultural land uses.
Flood frequency analyses are used to estimate the probability of the occurrence of a given
hydrologic event. Using USGS annual peak flow data, the 2, 5, 10, 25, 50 and 100-year
recurrence interval peak flows were determined for the seven SRW gauges. The recurrence
interval (sometimes called the return period) is based on the probability that the given event will
be equaled or exceeded in any given year. For example, a 2-year frequency flood has a one in 2
chance (0.5 probability, or 50% chance) of occurring in any given year, and the 100-year flood
has a 1 in 100 chance (0.01 probability, or 1% chance) of occurring in any year.
The USGS computer model, PeakFW, was used to generate return interval peak discharges.
Peak flows were then “normalized” by dividing the resultant recurrence interval discharge values
by the corresponding drainage area. Figure 10 is a graph of the results. All gauges followed the
same general trend, with the exception of South Rabon Creek (the yellow ag/forest line). Rather
than land use, the shape of the drainage area is the most likely primary driver causing larger peak
flows, particularly for the larger, less frequent events. The watershed for Rabon Creek is very
long and narrow (Figure 4, gauge 02165200) in comparison to drainages of the other SRW
stream gauges. This results in a shorter overland flow distance, causing precipitation to be
delivered to streams quickly and leading to a rapid streamflow response and higher relative peak
flows per area in comparison to the other watersheds. Land use may also influence this different
trend somewhat, given that a large proportion of the watershed is in pastureland or is cultivated.
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While runoff from these areas would not be as rapid as it would be from a heavily urbanized
area, it would still be more than from a primarily forested area. Note: Land cover percentages less than
5 percent are not listed in Figure 4.

Table 4. Results of Flood Frequency Analysis for USGS Streamflow Gauges
Station
Number

Station Name

Years of
Record

% Land
Cover

Drainage
Area (mi2)

02164000

Reedy River
near
Greenville
(at Mauldin
Rd)

54

Devel 65.8
Forest 28.3

49

02165000

Reedy River
near Ware
Shoals

65

Forest 69.9
Devel 19.6
Ag
7.6

236

02165200

South Rabon
Creek near
Gray Court

29

Forest 64.2
Devel 18.9
Ag
14.2

30

02163500

Saluda River
near Ware
Shoals

67

Forest 53.2
Devel 36.0
Ag
8.0

580

02163001

Saluda River
near
Williamston

10

Forest 71.1
Devel 19.8
Ag
6.5

414

021630967

Grove Creek
near
Piedmont

11

Forest 52.5
Devel 39.5
Ag
5.5

19

02164110

Reedy River
above Fork
Shoals

12

Devel 53.2
Forest 36.0
Ag
8.0

104

Recurrence
Interval
Q2
Q5
Q10
Q25
Q50
Q100
Q2
Q5
Q10
Q25
Q50
Q100
Q2
Q5
Q10
Q25
Q50
Q100
Q2
Q5
Q10
Q25
Q50
Q100
Q2
Q5
Q10
Q25
Q50
Q100
Q2
Q5
Q10
Q25
Q50
Q100
Q2
Q5
Q10
Q25
Q50
Q100

Discharge
(cfs)
2,295
3,268
3,951
4,855
5,558
6,285
4,131
6,379
7,965
10,050
11,660
13,310
731
1,416
2,030
3,015
3,918
4,979
8,894
13,290
16,120
19,550
22,000
24,350
6,690
10,370
12,960
16,380
19,000
21,680
687
929
1,082
1,268
1,401
1,530
4,646
5,912
6,735
7,768
8,534
9,299

Discharge
per mi2
47
67
81
100
114
129
18
27
34
43
49
56
25
48
69
102
133
169
15
23
28
34
38
42
16
25
31
40
46
52
36
49
57
67
74
81
45
57
65
75
82
89
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Notwithstanding the trend for the Rabon gauge, all other results showed that land use does
appear to have an impact on streamflow patterns in the SRW. As expected, the gauge draining
the most urbanized area (Reedy River at Mauldin) had the highest recurrence interval flows. The
second highest set of flows is given for the second highest urbanized watershed, Reedy River
above Fork Shoals (urban/forest), which also includes the drainage area of the Mauldin gauge.
And not surprisingly, the third highest set of flows corresponded with the third highest urbanized
watershed (Grove Creek near Piedmont), which was classified as forest/urban, with a nearly
equal mix of each land cover type. The remaining watersheds all had lower flows and were
predominantly forested (Figures 4 and 10). Together, the results of the previous climatic and
streamflow analyses combined with these flood frequency analyses clearly show an impact on
streamflow patterns from development and urbanization.

3.5

Water Quality Effects

The effects of loss of forest cover on water quality were analyzed by two separate methods. The
first approach looked at the 11-digit HUCs in Table 5 and compared relative percent forest cover
to water quality analyses run during previous project efforts. See Figure 3, Table 5 and Sections
3.5.1.1 through 3.5.1.4. The second approach specifically analyzed and compared water quality
in the Upper Reedy River and the Lower Reedy River watersheds to discrete percent forest cover
utilizing a multivariate analysis. See Figure 3, Table 5 and Section 3.5.2.
Table 5. Watersheds Used for Water Quality Analysis

11-Digit HUC

HUC
Number

North Saluda River
South Saluda River
Urban Saluda River
Lower Saluda River
Upper Reedy River
Lower Reedy River
Rabon Creek

03050109010
03050109020
03050109040
03050109080
03050109100
03050109120
03050109130

Percent
Forest
Cover
1985
89
93
72
76
59
77
71

Percent
Forest
Cover
2000
77
83
62
73
35
77
70

First
Analysis

Second
Analysis

Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
Yes
Yes
No

3.5.1 Relative Percent Forest Cover Analysis
The watersheds examined during this analysis were also examined in the SRWC Report Water
Quality Data-Mining, Data Analysis, and Trends Assessment, July, 2005. These particular
watersheds were selected as representative of varying land cover types across the SRW with
1985 and 2000 forest cover ranging from a low of 59 and 35 percent for the Upper Reedy River
to a high of 93 and 83 percent for the South Saluda River. Additionally, sufficient water quality
data were available from these areas to allow appropriate data analysis. Of the seven 11-digit
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HUC watersheds analyzed for water quality parameters, four (North Saluda, South Saluda,
Upper Reedy, and Rabon Creek) were tributary watersheds that included the entire watershed
above the sampling stations, and three (Urban Saluda, Lower Saluda, and Lower Reedy) were
main stem drainage areas of the Saluda and Reedy Rivers whose analysis that did not include
data from tributary 11-digit HUC watersheds.
Nearly 50 years of USEPA STORET data was obtained for the assessment. The STORET dataset
is comprised of two separate databases: STORET Legacy and Modernized STORET. Water
quality data was stored in the STORET Legacy database up to 1987. Water quality data collected
post-1988 was stored in the Modernized STORET database and is subjected to more stringent
standards and quality control processes. For long-term historical analysis of water quality the two
STORET databases were joined. For recent analysis of water quality the Modernized STORET
database was solely used.
Water quality data stations were scattered across each 11-digit HUC watershed. Because of the
sheer volume of data and limited scope of study, water quality data were summarized by
averaging values across the watershed and over time. Water quality parameters analyzed
included biological oxygen demand (BOD), dissolved oxygen (DO), total nitrogen (TN) and total
phosphorous (TP).
3.5.1.1

Interpreting Water Quality Graphs

Figures 11-14 were produced using the SAS JMPTM statistical program. The vertical dots and
associated (thicker) vertical lines represent data points for each of the different watersheds. The
blue color represents data for those watersheds in the Saluda River drainage; the green represents
the Reedy River drainage, and the red represents the Rabon Creek drainage. The single gray
horizontal line across the graph is the grand overall mean of all the data and thus represents the
mean of the entire SRW. The green diamond shapes and short horizontal lines overlaid on each
of the vertical line-dot sets illustrate the mean and 95% confidence interval for each of the
watersheds. The short line in the middle of each diamond is the mean for that particular data set.
A shorter squatty diamond translates to less variability and a larger diamond translates to more
variability within the data set. The circles to the right are simply a projection of the relative
variability (smaller circles = less variability, larger circles = more variability for the 95%
confidence interval) and relative location of the diamonds along the y-axis. Circles nested within
one another indicate that the data sets are not significantly different from one another, whereas
non-concentric circles indicate that the data sets are significantly different. Appendix A gives a
more detailed explanation of how to interpret water quality graphical results.
3.5.1.2

BOD and DO

Biochemical oxygen demand (BOD) is a measure of the amount of oxygen consumed by
microorganisms during the decomposition of organic matter. BOD is the most commonly used
parameter for determining the oxygen demand on the receiving water body of a municipal or
industrial discharge. BOD can also be used to evaluate the efficiency of wastewater treatment
processes, and is an indirect measure of biodegradable organic compounds in water. High levels
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of BOD indicate high loadings of organic matter and potentially other associated contaminants.
As oxygen is consumed during the breakdown process of these contaminants, less oxygen is
available for fish and other aquatic organisms. Natural sources of BOD include leaf fall and
course woody debris from vegetation near the water's edge, aquatic plants, and drainage from
organically rich areas like wetlands. Human sources of organic matter include wastewater
treatment facilities, pulp and paper mills, meat and food processing plants, agricultural waste
treatment ponds, failing septic systems, and runoff from urban areas.
Dissolved oxygen (DO) is inversely proportional to BOD. Lower DO levels mean less oxygen is
available for fish and other aquatic organisms. Levels of DO less than 5.0 mg/L are generally
detrimental to fish as they have difficulty surviving and reproducing.
Figures 11 and 12 give results of BOD and DO analyses for each of the seven 11-digit HUC
watersheds using historic data available from the STORET databases. The Urban Reedy River
showed a significantly different and higher long-term BOD trend from other watersheds with
little variability, with a mean of 13.6 mg/L (Figure 11). The other 6 watersheds had long-term
BOD levels that were more variable and not significantly different from one another. The Urban
Saluda River watershed had a mean BOD level of 4.2 mg/L. All other watersheds had means less
than 2.7 mg/L.
In 2000, the Upper Reedy River tree cover was only 35 percent, the lowest among all other 11digit HUC watersheds in the SRW, which corresponded to the highest long-term BOD average.
The next lowest tree cover percentage (62%) was observed in the Urban Saluda River watershed,
which also had the second highest long-term BOD average. Therefore, lower BOD levels
correlate with the most urbanized areas of the watershed, which also have the lowest amount of
tree cover.
DO shows a similar pattern to BOD (Figure 12). The Urban Reedy River had the lowest longterm DO mean (5.9 mg/L) and was significantly different from all other watersheds. The North
Saluda had the highest DO mean level (9.1 mg/L). All other means fell between the two and
none were less than 1.0 mg/L greater than the mean for the Upper Reedy River. The TukeyKramer circles, however, indicate that unlike BOD, DO was different between most watersheds.
DO is a more highly variable parameter that fluctuates diurnally. This could account for some of
the variability between watersheds. Nevertheless, the higher levels of DO in the North Saluda
and other more rural watersheds correlate with areas of higher forest cover.
3.5.1.3

TN and TP

Total nitrogen (TN) and total phosphorus (TP) include all forms of nitrogen and phosphorous,
respectively. These nutrients can originate from both natural and man-made sources. Man-made
sources include point sources such as wastewater treatment plants and non-point sources include
fertilizer and manure from agricultural areas and stormwater runoff from urban areas. Nitrogen
can also originate from atmospheric deposition, and phosphorus from mineral deposits. Previous
studies indicated that both TN and TP showed improving trends across the SRW for the entire
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period of data. This is likely attributable to improvements in wastewater treatment processes
following enactment of the Clean Water Act.
TN for both the Upper (urban) and Lower Reedy River watersheds was significantly different
and higher from the other watersheds (Figure 13), with means of 2.1 and 1.8 mg/L, respectively.
The Upper Reedy watershed has the lowest proportion of forest cover (35%, Table 2). Although
the Lower Reedy has a high proportion of forest cover (77%), its headwaters contain the
urbanized area of Greenville. The third highest TN levels were observed in the Urban Saluda
watershed (mean of 1.0 mg/L), which had the second lowest percent forest cover (62%) in 2000.
All other watersheds had lower TN mean values that showed some similarity, with the lowest
being the North and South Saluda watersheds (means of 0.30 and 0.21 mg/L, respectively),
which also had the highest forest cover (77% and 83%, respectively). TP showed similar results
to TN with the lowest levels in the more forested watersheds and the highest levels in the more
urbanized watersheds (Figure 14).
3.5.1.4

Water Quality Trends and Relationships

Overall, the data mining and analysis performed for this study showed varying levels of water
quality trends across different land cover types. Historic water quality data indicate a clear
correlation of better water quality in watersheds with higher percentages of forest cover. BOD,
TN and TP levels all tend to decrease in watersheds with higher percentages of forest cover
compared to more urbanized watersheds. Similarly, DO levels tend to increase where more forest
cover is present. Urban watersheds such as the Upper (urban) Reedy River showed the poorest
water quality where as more rural watersheds such as the South Saluda River watershed
exhibited the best water quality.
Even with lower water quality levels in more urban areas, previous studies have indicated a
general improvement in water quality trends across the SRW since the 1970’s, which is likely
due to improvements in point source treatment (see SRWC report Water Quality Data-Mining,
Data Analysis, and Trends Assessment, July 2005). However, previous studies have also
indicated that nonpoint source pollutant loads escalate with increasing development patterns (see
SRWC report Prediction and Modeling of Sediment Sources, Loading Rates and Deposition in
the Saluda-Reedy Watershed, April 2007). Therefore, water quality improvements from
decreased point source pollutant loadings may no longer be apparent, due to the increase of
nonpoint source pollutant loadings caused by the development of forested and undeveloped
areas.
3.5.2 Discrete Percent Forest Cover Multivariate Analysis
To gain more in-depth understanding on the effects of loss of forest cover within the SaludaReedy Watershed a multivariate analysis was performed for the Upper Reedy River watershed
(HUC 03050109100) and the Lower Reedy River watershed (HUC 03050109120). These two
watersheds were chosen as representatives of two extremes of forest cover. The Upper Reedy
River watershed has seen the most significant loss of forest cover and the Lower Reedy River
watershed has seen basically constant forest cover from 1985 to 2000. See Table 5.
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This analysis showed that additional information is needed, particularly on impacts from point
source discharges, to effectively analyze the impacts on water quality from loss of forest cover
given the current level of detail and data available. It is plausible to conclude based on
commonly available published data that loss of forest cover negatively impacts water quality.
Loss of forest cover will drive levels of nitrogen, phosphorous and BOD up and DO down.

4.

CONCLUSIONS

Forest cover has a significant and direct impact on both water quality and streamflow across the
SRW. Higher percentages of forest cover in numerous subwatersheds showed corresponding
positive trends for BOD, DO, TN and TP. Additionally, watersheds with more forest cover
showed lower peak flow values per area compared with urban and even agricultural watersheds.
As areas both within and outside of the SRW continue to grow, develop and urbanize, forest
cover will continue to be lost as land is cleared and impervious surfaces are expanded. If forest
canopy is maintained or restored where possible, this can help to mitigate adverse impacts to
stream water quality and quantity in urban and urbanizing areas. With additional maintenance
and restoration of tree cover and utilization of proper stormwater management practices, these
declines can be even further controlled.

Contact Information
Questions regarding this report can be directed to Steve Springs @ North Wind Inc.,
ssprings@northwind-inc.com.
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Figure 1. Saluda-Reedy Watershed
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Figure 2. Land Cover Class Hierarchy Developed by the Strom Thurmond Institute
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Figure 3. 11-Digit HUC Watershed Delineations in the SRW
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Figure 4. USGS Gauges, Drainage Areas and 2000 Land Cover
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Figure 5. 1985 Forest Land Cover
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Figure 6. 2000 Forest Land Cover
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Figure 7. Watershed and Micro-scale Forest Cover Change Analysis: 1985-2000
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Figure 8. Detailed Micro-scale Forest Cover Gain Analysis: 1985-2000
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Figure 9. Detailed Micro-scale Forest Cover Loss Analysis: 1985-2000
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Peak Flows by Land Cover Types
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Figure 10. Results of Flood Frequency Analysis

Note: For South Rabon Creek, the shape of the drainage area rather than land use is the most likely
primary driver causing larger per area peak flows. The watershed for Rabon Creek is very long and
narrow in comparison to the other drainages. This translates to a shorter overland flow distance
causing precipitation to be delivered to streams quickly, thus causing a rapid streamflow response and
higher relative peak flows per area in comparison to the other watersheds.
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Figure 11. Comparison of Long-Term BOD Trends Across Selected SRW HUC-11
Subwatersheds
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Figure 12. Comparison of Long-Term DO Trends Across Selected SRW HUC-11
Subwatersheds
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Figure 13. Comparison of Long-Term TN Trends Across Selected SRW HUC-11
Subwatersheds
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Figure 14. Comparison of Long-Term TP Trends Across Selected SRW HUC-11
Subwatersheds
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UNDERSTANDING JMPTM GRAPHICAL RESULTS
JMPTM, 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
statistical analyses and output. As explained in JMPÆË’s Statistics and Graphics Guide,
graphical presentations produced in the analytical process help us to understand the results
through visual representations. 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
difference), an exact alpha-level (á = 0.05) test if sample sizes are the same and conservative (á <
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, JMPÆË’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
diamond’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).
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.:
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• 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.
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

40
30

log mg/L BOD

20

Note that
Reedy is
definitely
different from
the other
two, which
are not
different from
each other.

10
7
5
3
2

1
0.7
0.5

Rabon

Reedy

Saluda
Basin

All Pairs
Tukey-Kramer
0.05

Width represents <---->
<-------------------------Saluda------------------------->
# of samples
<----------------Reedy---------------->
(Saluda has a lot, while
Individual observations (n=11,965 samples!!)

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.

