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Estimating the Magnitude and Frequency of Floods in
Small Urban Streams in South Carolina, 2001

By Toby D. Feaster and Wladmir B. Guimaraes

Abstract

The magnitude and frequency of floods at 20 streamflow-
gaging stations on small, unregulated urban streams in or near
South Carolina were estimated by fitting the measured water-
year peak flows to a log-Pearson Type-III distribution. The
period of record (through September 30, 2001) for the measured
water-year peak flows ranged from 11 to 25 years with a mean
and median length of 16 years. The drainage areas of the
streamflow-gaging stations ranged from 0.18 to 41 square
miles.

Based on the flood-frequency estimates from the 20
streamflow-gaging stations (13 in South Carolina; 4 in North
Carolina; and 3 in Georgia), generalized least-squares regres-
sion was used to develop regional regression equations. These
equations can be used to estimate the 2-, 5-, 10-, 25-, 50-, 100-,
200-, and 500-year recurrence-interval flows for small urban
streams in the Piedmont, upper Coastal Plain, and lower Coastal
Plain physiographic provinces of South Carolina. The most
significant explanatory variables from this analysis were main-
channel length, percent impervious area, and basin develop-
ment factor. Mean standard errors of prediction for the regres-
sion equations ranged from -25 to 33 percent for the 10-year
recurrence-interval flows and from -35 to 54 percent for the
100-year recurrence-interval flows.

The U.S. Geological Survey has developed a Geographic
Information System application called StreamStats that makes
the process of computing streamflow statistics at ungaged sites
faster and more consistent than manual methods. This applica-
tion was developed in the Massachusetts District and ongoing
work is being done in other districts to develop a similar appli-
cation using streamflow statistics relative to those respective
States. Considering the future possibility of implementing
StreamStats in South Carolina, an alternative set of regional
regression equations was developed using only main channel
length and impervious area. This was done because no digital
coverages are currently available for basin development factor
and, therefore, it could not be included in the StreamStats appli-
cation. The average mean standard error of prediction for the
alternative equations was 2 to 5 percent larger than the standard
errors for the equations that contained basin development fac-
tor.

For the urban streamflow-gaging stations in South Caro-
lina, measured water-year peak flows were compared with
those from an earlier urban flood-frequency investigation. The
peak flows from the earlier investigation were computed using
a rainfall-runoff model. At many of the sites, graphical compar-
isons indicated that the variance of the measured data was much
less than the variance of the simulated data. Several statistical
tests were applied to compare the variances and the means of
the measured and simulated data for each site. The results
indicated that the variances were significantly different for 11
of the 13 South Carolina streamflow-gaging stations. For one
streamflow-gaging station, the test for normality, which is one
of the assumptions of the data when comparing variances, indi-
cated that neither the measured data nor the simulated data were
distributed normally; therefore, the test for differences in the
variances was not used for that streamflow-gaging station.
Another statistical test was used to test for statistically signifi-
cant differences in the means of the measured and simulated
data. The results indicated that for 5 of the 13 urban streamflow-
gaging stations in South Carolina there was a statistically signif-
icant difference in the means of the two data sets.

For comparison purposes and to test the hypothesis that
there may have been climatic differences between the period in
which the measured peak-flow data were measured and the
period for which historic rainfall data were used to compute the
simulated peak flows, 16 rural streamflow-gaging stations with
long-term records were reviewed using similar techniques as
those used for the measured and simulated data at the urban
streamflow-gaging stations. For the rural sites, the period from
1985 to 2001 was compared with the data measured from the
beginning of record to 1984. Plots of the two periods at each
rural site indicated no significant difference in the data. The
statistical test for comparison of variances was applied to the 16
rural streamflow-gaging stations, and the results showed that
there was no statistically significant difference in the variances
at 14 of the 16 streamflow-gaging stations. The statistical
comparisons of the means for the two periods at the rural
streamflow-gaging stations showed that there was no statisti-
cally significant difference at 12 of the 16 streamflow-gaging
stations. Based on these comparisons, the differences between
the measured and simulated urban water-year peak flows can-
not be completely explained by climatic differences between
the periods of record.
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Introduction

Knowledge of flood characteristics of streams is needed
for the design of roadway drainage structures, the establishment
of flood-insurance rates, and for other uses by urban planners
and engineers. Because urbanization can produce significant
changes in the flood-frequency characteristics of streams, rural
basin flood-frequency relations are not applicable to urban
streams.

Urban flood-frequency equations were developed by
Bohman (1992) for small urban streams in South Carolina using
simulated peak-flow data from rainfall-runoff models. Recog-
nizing the importance of measured data for comparison and ver-
ification of these equations, the U.S. Geological Survey
(USGS), in cooperation with the South Carolina Department of
Transportation (SCDOT), continued to collect data at many of
the urban streamflow-gaging stations that were established dur-
ing Bohman’s investigation. Comparisons of the measured and
simulated peak-flow data indicated that there was enough of a
significant difference in the two data sets to warrant updating
the urban flood-frequency estimates using only the measured
data. This investigation documents these data comparisons and
updates the urban flood-frequency equations for South Carolina
using measured data collected through the 2001 water yearl.

There are several ways to continue improving the under-
standing of urban flood-frequency in South Carolina and to
increase the confidence in future statistical analyses of water-
year peak flows. Hereafter in this report, “peak flow” refers to
the maximum peak for the water year. One way is to expand the
database used for estimating the magnitude and frequency of
floods on small urban streams by continuing to collect stream-
flow data at existing urban streamflow-gaging stations, which
will increase the length of record used in the analysis. Addition-
ally, as funding is available and where appropriate, other
streamflow-gaging stations used in the previous urban flood-
frequency investigation could be considered for reactivation. It
also may be worthwhile to review the geographical coverage of
the urban streamflow network and consider the benefits of acti-
vating additional new urban streamflow-gaging stations, which
will not only improve the geographical coverage of the State,
but also increase the number of streamflow-gaging stations in
the database. An extended monitoring network and database is
likely to provide more accurate flood-frequency equations for
use in design and planning.

Purpose and Scope

This report describes the comparison of peak flows mea-
sured through water year 2001 with peak flows computed by
using a rainfall-runoff model during the previous urban flood-
frequency investigation (Bohman, 1992). The flood-frequency

estimates for 20 streamflow stations were updated using mea-
sured peak-flow data. Methods are presented for predicting the
magnitude and frequency of floods in South Carolina at
ungaged urban basins in the Piedmont, upper Coastal Plain, and
lower Coastal Plain physiographic provinces. Statistics describ-
ing the uncertainty in the prediction equations are presented and
the limitations of the equations also are discussed.

Previous Investigations

Speer and Gamble (1964) documented the earliest investi-
gation of flood frequency of streams in South Carolina. They
presented methods for estimating the magnitude of floods for
selected recurrence intervals for rural streams in the South
Atlantic slope basin, which extends from the James River in
Virginia to the Savannah River along the South Carolina-
Georgia State boundary. Whetstone (1982) used multiple
regression analyses to define the relation between flows and
basin characteristics at recurrence intervals of 2, 5, 10, 25, 50,
and 100 years for unregulated rural streams with drainage areas
greater than 1.0 square mile (mi2). Sauer and others (1983) used
data from 269 gaged basins in 56 cities in 31 states to develop
flood-frequency relations for urban watersheds in the United
States. Frequencies of peak flows were regionalized by Guima-
raes and Bohman (1991) using generalized least-squares regres-
sion methods to define the relation of magnitude and frequency
of flows to various basin characteristics on ungaged rural
streams that were not affected significantly by regulation.

Bohman (1992) described methods for determining peak-
flow frequency relations, flood hydrographs, average basin lag
times, and runoff volumes associated with a given peak flow for
ungaged urban basins by using data from 34 streamflow-gaging
stations in 15 cities in South Carolina, North Carolina, and
Georgia. A rainfall-runoff model was calibrated for 23 urban
drainage basins in South Carolina. The model was then used to
synthesize from 50 to 70 annual peaks, depending on the length
of the long-term rainfall data from nearby National Weather
Service stations. The logarithms of these peaks were fitted to a
Pearson Type-III distribution to determine the frequency of
peak discharges having recurrence intervals of 2, 5, 10, 25, 50,
100, and 500 years at each streamflow-gaging station. The final
step in analyzing these data was to develop regression equations
that could be used to predict the magnitude and frequency of
floods at ungaged urban sites in South Carolina. Detailed
descriptions of the rainfall-runoff model calibration, the long-
term simulation, and the regression analyses are provided in
Bohman’s (1992) report.

Feaster and Tasker (2002) used generalized least-squares
regression to develop a set of predictive equations that can be
used to estimate flows at the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and
500-year recurrence intervals for rural ungaged basins in the

1A water year is the 12-month period from October 1 to September 30 and is designated by the calendar year in which it ends. Thus, the 12-month period

ending September 30, 2001, is the 2001 water year.



Blue Ridge, Piedmont, and Coastal Plain physiographic prov-
inces of South Carolina. In addition, a region-of-influence
(ROI) method also was developed to interactively estimate the
recurrence-interval flows for rural ungaged basins. The predic-
tive abilities of the regional regression equations were com-
pared with the ROI methods for each physiographic province in
South Carolina. The ROI method performed systematically bet-
ter only in the Blue Ridge, which limits its usefulness only to
that province.

Peak-Flow Data

The peak flows collected at USGS streamflow-gaging sta-
tions are the empirical basis for estimating specific recurrence-
interval flows for this investigation. As recommended in Bulle-
tin 17B (Hydrology Subcommittee of the Interagency Advisory
Committee on Water Data, 1982), only streamflow-gaging
stations with at least 10 years of measured peak flows were used
to develop flood-frequency estimates. Of the 34 streamflow-
gaging stations used in the Bohman (1992) investigation,
streamflow-gaging stations with sufficient lengths of record
to be included in this investigation included 16 of the 23
South Carolina streamflow-gaging stations, 3 of the 7 Georgia
streamflow-gaging stations, and all 4 North Carolina

Table 1.

Peak-Flow Data 3

streamflow-gaging stations (table 1; fig. 1). After reviewing
the peak-flow data, data from 3 of the 16 South Carolina
streamflow-gaging stations were excluded from the analysis
for reasons explained later.

At continuous-record streamflow-gaging stations, the
water-surface elevation, or stage, of the stream is recorded at
fixed intervals typically ranging from 5 to 60 minutes. At crest-
stage, partial-record streamflow-gaging stations, only the crest
(highest) stages that occur between site visits, usually 6 to 8
weeks, are recorded. An attempt is made to measure streamflow
throughout the range of recorded stages. If this is possible, a
relation between stage and streamflow is developed for the
gaged site. Using this stage-streamflow relation, or rating,
streamflows for recorded stages are estimated. Because stream
channels are dynamic, periodic streamflow measurements are
made to verify that the hydraulic conditions at the site remain
stable. If the measurements indicate that conditions have
changed, additional data are collected and used to make adjust-
ments to the stage-streamflow relation. At some crest-stage
sites, indirect flow-computation methods are used to develop a
theoretical rating. This method has been used extensively to
compute streamflows for small drainage areas, which are typi-
cal of urban streams (Bodhaine, 1968).

Initial reviews of the peak-flow data for the South Carolina
streamflow-gaging stations included comparing the peak flows

Streamflow-gaging stations in South Carolina, North Carolina, and Georgia with 10 or more years of record used

in the flood-frequency analysis for small urban streams in South Carolina.

[miz, square miles]

Station Location Drainage -
. Period of
number Station name area o
(fig. 1) Latitude  Longitude Description (mi?)
South Carolina
02110740 Midway Swash at Myrtle 33°39'44"  78°55'25"  Horry County, at culvert on 0.80 1987-2001
Beach, S.C. U.S. Highway 17
02131130 Gully Branch at Florence, S.C. ~ 34°53'00"  79°46'12"  Florence County, at culvert on 1.92 1985-2001
Cherokee Road
02135518 Turkey Creek at Sumter, S.C. 33°55'13"  80°19'43" Sumter County, at culvert on 2.20 1987-2001
East Liberty Street
02145940 Little Dutchman Creek tribu- 34°5834"  81°01'02"  York County, at culvert on 3.50 1986-97
tary at Rock Hill, S.C. Celanese Road
02159785 Fairforest Creek tributary at 34°57'10"  81°57'57"  Spartanburg County, at culvert .52 1987-2001
Spartanburg, S.C. on Secondary Road 485
02162093 Smith Branch at Columbia, 34°01'38"  81°02'31" Richland County, at culvert on 5.49 1977-2001
S.C. North Main Street
02164011 Brushy Creek (Reedy River 34°49725"  82°24'26"  Greenville County, at culvert 3.02 1985-2001

tributary) at Greenville, S.C.

on Grove Road
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Table 1. Streamflow-gaging stations in South Carolina, North Carolina, and Georgia with 10 or more years of record used

in the flood-frequency analysis for small urban streams in South Carolina.—Continued

[miz, square miles]

Station Location Drainage .
. Period of
number Station name area record
(fig. 1) Latitude  Longitude Description (mi?)
South Carolina (Continued)
02166975 Sample Branch at Greenwood, 34°12'56"  82°09'20"  Greenwood County, at culvert 1.16 1986-2001
S.C. on U.S. Highway 178 bypass
02167020 Crane Creek tributary at 34°03'02"  81°02'05"  Richland County, at culvert on 28 1986-2001
Columbia, S.C. Carola Street
02168845 Saluda River tributary at 34°0226"  81°0829"  Richland County, at culvert on 45 1986-96
Columbia, S.C. Bush River Road
02169568 Pen Branch at Columbia, S.C. 34°00'46"  80°58'56"  Richland County, at culvert on 2.26 1986-2001
Brentwood Street
02173491 Hess Branch at Orangeburg, 33°30'12"  80°52'41"  Orangeburg County, at culvert 45 1987-2001
S.C. on Middleton Road
02176380 Coosawhatchie River tributary 32°59'53"  81°19'01"  Allendale County, at culvert 2.06 1986-2001
at Allendale, S.C. on Secondary Road 129
North Carolina
02146300 Irwin Creek near Charlotte, 35°11'52"  80°54'16"  Mecklenburg County, on left 30.5 1963-77
N.C. bank at city of Charlotte
sewage-disposal plant
02146500 Little Sugar Creek near 35°09'13"  80°51'18"  Mecklenburg County, on right 41.0 1962-77
Charlotte, N.C. bank upstream from bridge
on Tyvola Road at city of
Charlotte sewage-disposal
plant
02146600 McAlpine Creek at Sardis Road ~ 35°08'16"  80°45'03"  Mecklenburg County, near left 38.3 1962-77
near Charlotte, N.C. bank on downstream end of
bridge pier at Sardis Road
(Secondary Road 3356)
02146700 McMullen Creek at Sharon 35°0827"  80°49'12"  Mecklenburg County, on left 6.98 1963-77
View Road near Charlotte, bank downstream of culvert
N.C. wingwall at Sharon View
Road (Secondary Road
3673)
Georgia
02196760 Rocky Creek tributary at 33°27'07"  82°02'57"  Richmond County, at culvert 1.56 1979-96
Augusta, Ga. on U.S. Highways 78 and
278
02203543 Wilshire Canal near Savannah,  31°59'27"  81°08'15"  Chatham County, at culvert on 95 1979-96
Ga. Tibet Avenue
02203544 Wilshire Canal tributary near 31°5825"  81°0820"  Chatham County, at culvert on 18 1979-96

Savannah, Ga.

Windsor Road
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listed in the respective station peak-flow file with those

in the station’s water-year analysis file. Part of this review
included a visual inspection of the peak-flow data plotted by
water year. Along with the visual inspection, a Kendall tau
statistic was used to assess the homogeneity of the record at
each streamflow-gaging station.

According to Rantz and others (1982), a rating should not
be extended more than two times the maximum measured flow
unless no other options are available. Therefore, at streamflow-
gaging stations with established ratings, the flow-measurement
files were reviewed to determine if the ratings had been exces-
sively extended. The peak flows were plotted against water year
along with the maximum measured flow and the flow equal to
two times the maximum measured flow. This plot was used to
review peaks that may have been estimated from an excessive
stage-flow rating extension, but not updated if and when the rat-
ing was later defined by greater flow measurements.

From these initial reviews, three of the South Carolina
streamflow-gaging stations were excluded from the analysis:
station 02160325 (Brushy Creek near Greenville, S.C.), station
02169505 (Rocky Branch at Columbia, S.C.), and station
02173495 (Sunnyside Canal at Orangeburg, S.C.). At station
02160325 (Brushy Creek near Greenville), 8 of the 15 peak
flows exceeded the station rating by more than two times the
maximum measured flow. At station 02169505 (Rocky Branch
at Columbia), the stage-flow relation is incomplete at high
stages because physical conditions prevent the flow from being
computed. At station 02173495 (Sunnyside Canal at Orange-
burg), a trend was detected in the measured data. An exposed
pipeline located downstream from this gage often catches
debris, which may produce backwater at the gage. As a result of
the data trend and problems noted during gage inspections, this
station was excluded from the analysis.

Table 2.
synthesis of long-term flood-hydrograph data.

Graphical Comparisons of Measured and Simulated
Peak Flows

For each of the 13 South Carolina streamflow-gaging sta-
tions (fig. 1; table 1), a comparison was made between the mea-
sured peak-flow data and the simulated peak-flow data gener-
ated by using a rainfall-runoff model (Bohman, 1992). A
graphical comparison was made for each streamflow-gaging
station by plotting the two sets of data together by water year
(fig. 2). At most of the 13 streamflow-gaging stations, the plots
show a considerable difference in the variance of the measured
and simulated peaks. Note in figure 2 for streamflow-gaging
stations 02159785, 02166975, 02173491, and 02176380 that
two sets of simulated data are given. Bohman (1992) noted that
the rainfall-runoff model showed little sensitivity of volumes
and peaks to the evaporation data sets used to synthesize long-
term hydrographs but was sensitive to the long-term rainfall
record chosen for a basin. Usually, data from the closest long-
term rainfall and evaporation stations were used to synthesize
the long-term hydrographs. Bohman (1992) noted that “Even in
cases where both long-term rainfall stations seemed to be
located in physiographically and meteorologically similar set-
tings, substantially different results were obtained when each
rainfall-data set was applied to the calibrated basin models.”
Therefore, for study basins located between rainfall stations
where such disparity in results occurred, the flood-frequency
estimates were interpolated by weighting the results inversely
proportional to the distance between the site and the two rainfall
stations.

In the previous investigation by Bohman (1992), five
National Weather Service rainfall stations were used in the syn-
thesis of long-term flood-hydrograph data, with periods of
record ranging from 49 to 89 years (table 2).

National Weather Service rainfall stations used in Bohman's (1992)

Station number Location 2L COATCET Period of record
of record
320800081120050 Savannah, Ga. 89 1898-1987
332200081580050 Augusta, Ga. 72 1902-73
340000081030001 Columbia, S.C. 53 1901-53
345000082240001 Greenville-Spartanburg, S.C. 49 1918-71
351400080560001 Charlotte, N.C. 68 1901-69
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Station 02110740: Midway Swash at Myrtle Beach , S.C.
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Figure 2. Comparison of measured and simulated peak flows at 13 urban streamflow-gaging stations in South Carolina.
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Station 02145940: Tributary to Little Dutchman Creek at Rock Hill , S.C.
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Station 02159785: Tributary to Fairforest Creek at Spartanburg, S.C.
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Station 02162093: Smith Branch at North Main St. at Columbia, S.C.
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Figure 2. (Continued) Comparison of measured and simulated peak flows at 13 urban streamflow-gaging stations in South Carolina.
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Station 02164011: Brushy Creek at Grove Road at Greenville, S.C.
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Figure 2. (Continued)

Comparison of measured and simulated peak flows at 13 urban streamflow-gaging stations in South Carolina.
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Station 02168845: Tributary to Saluda River at Columbia, S.C.
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Station 02173491: Hess Branch at Middleton Road at Orangeburg, S.C.
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Figure 2. (Continued) Comparison of measured and simulated peak flows at 13 urban streamflow-gaging stations in South Carolina.
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Station 02176380: Tributary to Coosawhatchie River at Allendale, S.C.

2,000
1,800 F
1,600
1,400 F
1,200 F
1,000 F
800 | O
600 F
400 | O

A Measured

Water-year peak flow,
in cubic feet per second

[0 Simulated (Stations used: evaporation, Blacksville; rainfall, Augusta)

Simulated (Stations used: evaporation, Charleston; rainfall, Savannah)

O

)

[ A O
200 3 EJT & DD, A {
- 2 A, T | "'1[] & o i 9 Ll |
o L 0 Gy o R P RN e TRan 0

1890 1900 1910 1920 1930 1940 1950 1960 1970
Water Year

D AN N

1980 1990 2000 2010

Figure 2. (Continued)
Carolina.

To determine if the variance differences between the mea-
sured peak-flow data and the simulated peak-flow data could be
related to climatic differences in the collection periods of mea-
sured data and at the long-term raingages, a review was made of
16 rural streamflow-gaging stations that were included in the
South Carolina rural flood-frequency analysis (Feaster and
Tasker, 2002). These streamflow-gaging stations all have sys-
tematic record lengths through water year 2001 ranging from 42
to 74 years (table 3; fig. 3).

The peak-flow data for the rural streamflow-gaging sta-
tions were plotted for two periods—from the beginning of the
record to 1984 and from 1985 to 2001 (fig. 4). The 1985-2001

Comparison of measured and simulated peak flows at 13 urban streamflow-gaging stations in South

period was chosen because 1985 was the earliest beginning year
for 12 of the 13 South Carolina urban streamflow-gaging sta-
tions. Station 02162093 (Smith Branch at Columbia, S.C.) is the
only continuous-record streamflow-gaging station of the 13
South Carolina urban streamflow-gaging stations with the
period of record beginning in 1977. The plots of the peak flows
at the rural streamflow-gaging stations do not show significant
differences between the two periods, which suggests that the
differences in the variances of the simulated and measured data
at the 13 South Carolina urban streamflow-gaging stations are
not related to climatic differences.
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Table 3. Rural streamflow-gaging stations that were used to compare climatic conditions with similar periods at the
13 South Carolina urban streamflow-gaging stations, by physiographic province.

Station - Number of -
number Station name ?sralnage a_ilrea years of i)
(fig. 3) quare miles) record record
Piedmont
02147500 Rocky Creek at Great Falls, S.C. 194 45 1952-2001
02154500 North Pacolet River at Fingerville, S.C. 116 71 1931-2001
02160000 Fairforest Creek near Union, S.C. 183 60 1940-2001
02162500 Saluda River near Greenville, S.C. 295 57 1942-2001
02163500 Saluda River near Ware Shoals, S.C. 581 63 1939-2001
02165000 Reedy River near Ware Shoals, S.C. 236 61 1940-2001
02192500 Little River near Mt. Carmel, S.C. 217 59 1940-2001
02196000 Stevens Creek near Modoc, S.C. 545 58 1940-2001
Upper Coastal Plain
02130900 Black Creek near McBee, S.C. 108 42 1960-2001
02132500 Little Pee Dee River near Dillon, S.C. 524 61 1940-2001
02173000 South Fork Edisto River near Denmark, S.C. 720 69 1932-2001
02173500 North Fork Edisto River at Orangeburg, S.C. 683 63 1939-2001
02174000 Edisto River near Branchville, S.C. 1,720 56 1946-2001
Lower Coastal Plain
02110500 Waccamaw River near Longs, S.C. 1,110 51 1951-2001
02136000 Black River at Kingstree, S.C. 1,250 74 1928-2001

02176500 Coosawhatchie River near Hampton, S.C. 203 51 1952-2001
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Station 02110500, Waccamaw River near Longs, S.C.

30,000 m—mm@m™—mm™m—m4—m—m—m—-/——1"—""?+°° ¥+ - Y H——/— T —TJTr T T T T T T T T T T
[11951-1984 A

T I 4
;’g 25,000 [ A 1985-2001 ]
529 [ ]
=g [ ]
& = 20,000 F h
o 9 I 4
oo [ ]
- [ O ]
s 9 15000 F A b
o2 L A J
> I p
L8 [ O . A ]
22 10,000 F O 0o A ]
s 3 y oo A ]
2 : | = DDDD m] DD £ A B :
= 5000 | O o o O 5 O O 4 Ap ]

[ O 0 U-g A A A A ]

[ ot O 0O A A
0 AP TP TP TP P TP S TP TP S TP TP TSP S S
1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
Water Year

Station 02130900, Black Creek near McBee, S.C.
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Station 02132500, Little Pee Dee River near Dillon, S.C.
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Figure 4. Comparison of two peak-flow periods (beginning of record to 1984 and 1985-2001) at 16 rural streamflow-gaging stations
in South Carolina.



Peak-Flow Data 15

Station 02136000, Black River at Kingstree, S.C.
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Station 02147500, Rocky Creek at Great Falls, S.C.
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Station 02154500, North Pacolet River at Fingerville, S.C.
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Figure 4. (Continued) Comparison of two peak-flow periods (beginning of record to 1984 and 1985-2001) at 16 rural streamflow-
gaging stations in South Carolina.
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Station 02160000, Fairforest Creek near Union, S.C.
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Station 02162500, Saluda River near Greenville, S.C.
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Figure 4. (Continued) Comparison of two peak-flow periods (beginning of record to 1984 and 1985-2001) at 16 rural streamflow-
gaging stations in South Carolina.
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Figure 4. (Continued) Comparison of two peak-flow periods (beginning of record to 1984 and 1985-2001) at 16 rural streamflow-
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Station 02165000, Reedy River near Ware Shoals, S.C.

gaging stations in South Carolina.
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Station 02174000, Edisto River near Branchville, S.C.

° C ]
.2 3 i
g g 25000 ¢ U [11928-1984 1
..: o 3 A 1985-2001 ]
@ = 20,000 F E
o 9 r ]
oo X ]
§ 2 15000 | O A .
% . ]
O X = O ]
842 10,000 F - - E]D - . A E
£ [ ]
L O ]
S Z [ 1 Od A ]
= 5000 [ g o P M o o aMA A .
’ L 1 A A A A -
F - o? OO O A AN ]
0 PPN PSPPI PSP PPN PSP PPN PSPPI PSPPI PPN PP RPN ]
1925 1935 1945 1955 1965 1975 1985 1995 2005
Water Year
Station 02176500, Coosawhatchie River near Hampton, S.C.
10,000 —/+—1+—1+—1r—"—"—"r—-"r—r—-+r—++rr—-r—r—"r—+—+r—7-+r—+—""r—"r—r—""—"TT T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.3 [ A ]
2o L [01951-1984 :
S o 8000 | o -
R L A1985-2001 -
ﬁ - B -
o 9 2 g
D-g- 6,000 | -
T o [ A ]
oL [ o i
L2 4000 | oo ]
53 [ 0 A ]
° i O A ]
= £ 2000 } O o O O o O o0 DD 0 - AA A i
3 O O O O O A E
i - oo Op - O O Oa AnB A B ]
L O O AAA J
0 e RN S T 1 RN S T 1 I T S W N 1 RN S T 1 PR S W T 1 RN S T 1 PR S T N 1 RN S T 1 U SR T N 1 RN S T 1 U SR WY WY WY SR W S 1 P S N 1 e
1945 1955 1965 1975 1985 1995 2005
Water Year
Station 02192500, Little River near Mt. Carmel, S.C.
25000 —r—/—+—7—7—+—""r—-r"T1T"—"rT T T T T T T T 7T T T T T T T T T T T T T T T T T
-2 20,000 f = 019401984 3
; s I A1985-2001 ]
oy [ ]
@ = 15000 | A -
o O [ ]
oo L 4
[ g 1
c @ L i
©& 10,000 f . - O oY o .
L0 [ 0 A ]
[ O A ]
% 'g L O O O DD o O O A A A J
© 5000 [ oo O O Uo- o A A ]
= c [ - au Ogto 0 4 O AAA A ]
— L D E
i oo m O o o A ARD :
0 PR WY WY WY YR WY WY WY SN NN UNNY SN SN SN SN WU SN SHNY SN SN SN SN SN SN SN SN SN SN SN SN WU SN SN SN S SN SN SN U NN U SN S S SN SU S S U SN S U/ \ W U SN SN S SN U SN SN U SN U S S S " 1
1935 1945 1955 1965 1975 1985 1995 2005
Water Year

Figure 4. (Continued) Comparison of two peak-flow periods (beginning of record to 1984 and 1985-2001) at 16 rural streamflow-
gaging stations in South Carolina.
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Figure 4. (Continued)
streamflow-gaging stations in South Carolina.

Statistical Comparisons of Measured and Simulated
Peak Flows

Along with the graphical comparisons of the simulated
and measured peak flows at the 13 South Carolina urban
streamflow-gaging stations, several statistical tests also were
used to compare the data. The statistical analyses and computa-
tions were made using procedures defined by the SAS Institute,
Inc. (1990). The statistical analyses were performed for a
p-value of 0.05. The p-value, also known as the level of signif-
icance, is the probability of obtaining the computed test statis-
tic, or one even less likely, when the null hypothesis is true. The
null hypothesis is what is assumed to be true about the data until
indicated otherwise. It usually states the “null” situation—no
difference between groups (Helsel and Hirsch, 1995). In the
case of equal variances, the null hypothesis is that the variances
between the measured and simulated data are equal. Thus for
p-values of less than 0.05, the null hypothesis is rejected, and it
is reported that there is a statistically significant difference in
the variances at the 0.05 level. In other words, there is less than
a 5-percent chance that the variances are equal.

Kendall Tau Trend Analysis

One of the assumptions used in the flood-frequency analy-
sis is that the watershed of a streamflow-gaging station does not
change significantly through the data-collection period; as such,
the peak-flow characteristics at each streamflow-gaging station
are homogeneous or do not significantly change over time. The
Kendall tau statistical test was chosen to assess the homogene-
ity of the record at each streamflow-gaging station. The Kendall
tau trend analysis was used to determine if a trend exists in the

1965

Water Year

Comparison of two peak-flow periods (beginning of record to 1984 and 1985-2001) at 16 rural

data by measuring the correlation of the peak flow and years
(time). The Kendall tau test is based on a ranking system and
measures the strength of the monotonic relation between two
variables. In a monotonic relation, successive values in a
sequence either consistently increase or decrease but do not
oscillate in relative value. Being rank based, the Kendall tau sta-
tistical test is resistant to the effect of a small number of unusual
values (Helsel and Hirsch, 1995).

Measures of monotonic correlation (T) are characterized
by being dimensionless and scaled between positive one and
negative one. When the two variables are not correlated, T
equals zero. When one variable increases with the increase of
the other variable, T is a positive number, and when the two
variables vary in opposite directions, T is negative. When one
variable is a measure of time or location, correlation becomes a
test for temporal or spatial trend. The significance of the corre-
lation is evaluated by forming a null hypothesis that the coeffi-
cient is zero against the alternative that it is nonzero, then com-
puting the probability of rejecting the null hypothesis (Helsel
and Hirsch, 1995). The probability of rejecting the null hypoth-
esis was computed to a 0.05 level of significance.

Results of the trend analysis of the relation between peak
flows and time are shown in table 4. Both the measured and
simulated data were analyzed. A trend in the simulated data
would indicate a significant change in rainfall patterns over
time. A trend in the measured data, in the absence of a climatic
trend, would indicate a change in urbanization over time. For
the 0.05 level of significance, there were no statistically signif-
icant trends in either the measured or the simulated data
(table 4), although two streamflow-gaging stations were con-
sidered borderline cases with p-values at the 0.05 level (simu-
lated data at station 02135518 and measured data at station
02176380).
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Table 4. Summary of statistical trends in water-year peak flows
for 13 urban streamflow-gaging stations in South Carolina.

Station number Period of Kendall-tau

(fig. 1) record value p-valup

Simulated data
02110740 1898-1986 0.05 0.53
02131130 1901-53 -.16 .09
02135518 1901-53 -.19 .05
02145940 1902-69 -.05 57
02159785 1918-71 .01 .90
02162093 1902-53 -.18 .06
02164011 1918-71 .03 74
02166975 1902-74 .01 .92
02167020 1901-53 -17 .07
02168845 1901-53 -.14 13
02169568 1901-53 -.18 .06
02173491 1902-74 .01 92
02176380 1903-73 .02 .86
Measured data

02110740 1987-2001 0.35 0.07
02131130 1985-2001 -.14 43
02135518 1986-2001 -.10 .59
02145940 1986-97 -.02 .94
02159785 1987-2001 13 Sl
02162093 1977-2001 .01 .94
02164011 1985-2001 .30 .09
02166975 1986-2001 13 .50
02167020 1986-2001 .06 75
02168845 1986-96 -34 11
02169568 1986-2001 13 .50
02173491 1986-2001 13 .50
02176380 1986-2001 =37 .05

F-test for Equality of Variances

The F-test was chosen to test the equality of variances for
the simulated and measured peak-flow data at the 0.05 level of
significance. A random variable that consists of the ratio of two
sample variances has an F distribution if the two samples are
independent and from normal populations with equal population
variances (Iman and Conover, 1983). Therefore, before testing
for equal variances, a univariate procedure was used to deter-
mine if all distributions were normal according to the Shapiro-
Wilks statistic (SAS Institute, Inc., 1990). All peak-flow data
were transformed to logarithmic units before conducting the
statistical analysis and computations. For 8 of the 13 urban
streamflow-gaging stations, the Shapiro-Wilks statistic showed
that the logarithms of the measured and simulated peak flows
were normally distributed (table 5). For seven of the eight
streamflow-gaging stations with normal distributions, the F-test
indicated that there was a statistically significant difference in
the variances of the measured and simulated data. For station
02169568, the F-test indicated that there was no statistically sig-
nificant difference in the variances at the 0.05 level of signifi-
cance. At three of the streamflow-gaging stations where the
Shapiro-Wilks statistical test indicated that the peaks were not
normally distributed at the 0.05 level of significance, the p-
values were not much lower than 0.05 (0.04, 0.02, and 0.01).
Although the F-test is not technically correct for data sets that
are not normally distributed, the F-test was still used as an indi-
cator for the three streamflow-gaging stations and showed that a
statistically significant difference in the variances of the mea-
sured and simulated data occurred at all three streamflow-
gaging stations. For station 02167020, the Shapiro-Wilks statis-
tical test indicated that neither the measured nor the simulated
data were normally distributed; therefore, the F-test was not
used to compare the variances. It is clear from the plot of the
measured and simulated peak-flow data, however, that there is a
significant difference in the variances (fig. 2).

For comparison purposes, similar statistics were computed
for the two periods at the 16 rural streamflow-gaging stations
listed in table 3 and shown in figures 3 and 4. The Shapiro-
Wilks statistic indicated that the logarithms of the peak-flow
data at 14 of the 16 streamflow-gaging stations were distributed
normally for the two periods (table 6). The Shapiro-Wilks statis-
tic indicated that the peak-flow data at station 02192500 for the
1985-2001 period were not distributed normally. A series of
peak flows at a streamflow-gaging station may include low or
high outliers, which are data points that depart significantly
from the range of the remaining data. Based on the flood-
frequency analysis at station 02192500, the 1988 peak flow was
a low outlier. Therefore, the Shapiro-Wilks test was conducted
with the 1988 peak flow excluded, and the test statistic indicated



Table 5. Results of comparison testing of measured and
simulated peak-flow data at 13 urban streamflow-gaging stations

in South Carolina based on the Shapiro-Wilks test for normality and

the F-test for equal variances.

[Values in parentheses are p-values at the 0.05 level of significance; <, less

than]
Are the Are the Is there a
Station logarithms of logarithms of statistically
number the measured  the simulated significant
(fig. 1) data normally  data normally difference in
distributed? distributed? variances?
Piedmont
02145940 yes (0.46) yes (0.15) yes (0.005)
02159785 yes (0.54) yes, yes yes, no
(0.18, 0.09) (0.04, 0.08)
02164011 yes (0.27) yes (0.50) yes (0.001)
02166975 yes (0.73) yes, yes 4yes, yes
(0.34, 0.28) (0.001,
0.001)
02168845 no (0.04) yes (0.69) byes (0.0002)
Upper Coastal Plain
02162093 yes (0.64) yes (0.12) yes (0.001)
02167020 no (0.002) no (0.03) did not com-
pute
02169568 yes (0.31) yes (0.71) no (1.00)
02173491 no (0.02) dyes, yes 2 byes, no
(0.25, 0.30) (0.04, 0.01))
Lower Coastal Plain
02110740 yes (0.80) yes (0.31) yes (0.02)
02131130 no (0.01) yes (0.18) byes (<0.0001)
02135518 yes (0.32) yes (0.92) yes (0.003)
02176380 yes (0.35) 0, N0 abyes, yes
(0.003,0.01) (0.02, 0.002)

#Two sets of peak flows were synthesized using rainfall data from two

different long-term rainfall gages.

Because the Shapiro-Wilks test indicated that one of the data sets was not
normally distributed, the F-test is not technically valid but was still used as an

indicator.
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that the logarithms of the peak data were distributed normally.
In addition, the Shapiro-Wilks statistic indicated that the loga-
rithms of the peak-flow data at station 02173000 from the
beginning of the record to water year 1984 were not distributed
normally. Based on the flood-frequency analysis at station
02173000, there were two large peaks that exceeded the high-
outlier threshold. When the Shapiro-Wilks test was conducted
excluding those two peaks, the logarithms of the data from the
beginning of the record to 1984 were distributed normally.
Therefore, the F-test also was conducted on stations 02192500
and 02173000. The F-test indicated that there was no statisti-
cally significant difference in the variances for the 1985-2001
period or for the beginning of record to 1984 period for 14 of the
16 rural streamflow-gaging stations. For the 1985-2001 period
at station 02130900, the log-Pearson Type-III analysis indicated
that the 1991 peak was a high outlier. Consequently, the F-test
was run excluding the 1991 peak, and the results indicated that
there was no statistically significant difference in the period
from 1985 to 2001 and the beginning of record to 1984. The
F-test indicated that there was a statistically significant differ-
ence in the variances in the peak-flow data for the two periods
at station 02160000. However, the plot of the data in figure 4
indicates that the variances do not appear to be drastically dif-
ferent.

Overall, the F-test indicated that there is a statistically
significant difference in the variances at 11 of the 13 urban
streamflow-gaging stations. The F-test indicated no significant
difference at one of the urban streamflow-gaging stations. The
remaining streamflow-gaging station was not analyzed because
the Shapiro-Wilks statistic indicated that the data were not dis-
tributed normally. However, for the rural streamflow-gaging
stations, the F-test indicated that there were no statistically sig-
nificant differences in the variances at 14 of the 16 streamflow-
gaging stations. At station 02130900, a statistically significant
difference in the variances of the two periods was present;
however, when analyzed without the 1991 peak, which was a
high-outlier in the log-Pearson analysis, there was no significant
difference in the variances. Consequently, this comparison
suggests that differences in the variances between the measured
and simulated peak-flow data at the urban streamflow-gaging
stations cannot be solely attributed to changes in climatic
conditions.
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Table 6. Results of comparison testing of peak-flow data from 16 rural streamflow-gaging stations in South
Carolina for two periods (beginning of record to 1984 and 1985—2001) based on the Shapiro-Wilks test for
normality and the F-test for equal variances.

[miz, square miles; Values in parentheses are p-values at the 0.05 level of significance]

Are the
Are the logarithms of
Station Drainage . logarithms of the data from Is there a
Period of . e
number area measured data the data from the beginning of statistically
(fig. 3) (mi?) 1985 to 2001 record to 1984 significant
normally normally difference in
distributed? distributed? variances?
Piedmont
02147500 194 1952-2001 yes (0.69) yes (0.07) no (0.20)
02154500 116 1931-2001 yes (0.28) yes (0.92) no (0.19)
02160000 183 1940-2001 yes (0.26) yes (0.28) yes (0.002)
02162500 295 1942-2001 yes (0.12) yes (1.00) no (0.11)
02163500 581 1939-2001 yes (0.25) yes (0.09) no (0.31)
02165000 236 1940-2001 yes (0.51) yes (0