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PREFACE

This report revises and supersedes U.S. equations generally were within about 2 percent of the
Geological Survey Water-Resources Investigations values from the previously published equations,
Report 99-4114. The revised flood-discharge values except for results for drainage areas less than
are listed in table 2 (Q2, Q5, Q10, Q25, Q50, Q100, 10 square miles, which ranged from about 3 to
Q200, and Q500). The revised flood discharges, for alf percent less than the previously published values.
recurrence intervals, vary by as much as 17 percent Application of the revised regression equations to the
from the earlier published values, with 80 percent of Sand Hills hydrologic area shows results in discharges
all values within 7 percent of the earlier published that are up to 3 percent less than those computed using
data. Differences in the values for the 100-, 200-, andthe equations published in the earlier report. The
500-year discharges are greater than in the values foaverage error of prediction for the revised equations
the 2-, 5-, 10-, 25-, and 50-year discharges, 80 percemas nearly the same as for the earlier published Blue
of which are within 3 percent of the earlier published Ridge-Piedmont equations, lower for the Coastal Plain
values. equations, and higher for the Sand Hills equations.

The revised-year discharges were used to As in the previous report, the root mean square
update the regional regression equations and the  error (RMSE) for the region-of-influence method was
region-of-influence data base, as indicated in revisedonly marginally better than the RMSE reported for the
text tables 5, 6, and 7 and in appendix table 1. The regional regression equations, resulting in neither
maximum difference in computed results for the method being clearly superior. The revised computer
regional regression equations was noted for the program for computing the estimates of flood-
Coastal Plain equations, where application of the  frequency discharges, using either the regional
revised equations to small drainage areas, less than regression equations or the region-of-influence
10 square miles, resulted in discharges that are aboutnethod, and the associated site-specific errors of
3 to 9 percent greater than those values obtained usimgediction are available at the North Carolina
equations from the previous report. Computed flood District Web site http://nc.water.usgs.gov/reports/
discharges using the revised Blue Ridge-Piedmont wri014207.
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Estimating the Magnitude and Frequency of Floods in
Rural Basins of North Carolina—Revised

By Benjamin F. Pope, Gary D. Tasker, and Jeanne C. Robbins

ABSTRACT

A statewide study was conducted to develop
two methods for estimating the magnitude and
frequency of floodsin rural ungaged basinsin
North Carolina. Flood-frequency estimates for
gaged sites in North Carolina were computed by
fitting the annual peak flows for each site to alog-
Pearson Type |11 distribution. As part of the
computation of flood-frequency estimates for
gaged sites, new values for generalized skew
coefficients were developed. Basin characteristics
for these gaged sites were computed by using a
geographic information system and automated
computer algorithms. Flood-frequency estimates
and basin characteristics for 317 gaged sites were
combined to form the data base that was used for
thisanalysis.

Regional regression analysis, using
generalized | east-squares regression, was used to
develop a set of predictive equations that can be
used to estimate the 2-, 5-, 10-, 25-, 50-, 100-,
200-, and 500-year recurrence interval discharges
for rural ungaged basinsin the Blue Ridge-
Piedmont, Coastal Plain, and Sand Hills
hydrologic areas. The predictive equations are all
functions of drainage area. Average errors of
prediction for these regression equations range
from 36 to 65 percent.

A region-of-influence method also was
developed that interactively estimates recurrence
interval dischargesfor rural ungaged basinsin the
Blue Ridge-Piedmont and Coastal Plain
hydrologic areas of North Carolina. Regression
techniques are used to develop a unique relation

between flood discharge and basin characteristics
for a subset of gaged sites with similar basin
characteristics. This, then, can be used to estimate
flood discharges at ungaged sites. Because the
computations required for this method are
somewhat complex, a computer application was
developed that performs the computations and
compares the predictive errors for this method.
The computer application also includes the option
of using the regression equations to compute
estimated flood dischargesand errorsof prediction
specific to each ungaged site.

Root mean square errors, computed for each
recurrence interval and hydrologic area, are
generaly only dightly lower for the region-of-
influence method than for the regression equations
and do not provide sufficient basis for
recommending one method over the other. In
addition, the region-of-influence method is a new
method that isstill beingimproved. Asaresult, the
regional regression equations are considered to be
the primary method for computing flood-
frequency estimates at ungaged sites.

INTRODUCTION

Reliable estimates of the magnitude and
frequency of floods are needed by State and local
designers and managers. The design of highway and
railroad stream crossings, delineation of flood plains
and flood-prone areas, management of water-control
structures, and management of water supplies are all
activities that require estimates of the frequency
distribution of flood events. Such estimates can be
computed directly by using statistical methods at gaged
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sites that have at least 10 years of annual peak record,;
the longer the record of annual peak flows, the more
reliable the estimate. It is not feasible, however, to
collect 10 years of annual peak record for every
location where an estimate of the flood-frequency
distribution is needed, nor is it reasonable to wait
10yearsfor an estimate once asite has been identified.

Estimates that are derived solely from gage
records do not provide sufficient spatial coverage to
satisfy the need for reliable estimates of the magnitude
and frequency of floods. Traditionally, to meet this
need, annual peak records at gaged sites have been
regionalized, or extended in space. By this process,
flood-frequency estimates at gaged sites are related to
measurable basin characteristics so that reliable flood-
frequency estimates can be made at ungaged sites. In
response to the need to improve the accuracy of
estimates of flood discharges for ungaged rural basins,
the U.S. Geological Survey (USGS), in cooperation
with the North Carolina Department of Transportation,
initiated an investigation in 1996 to further define the
relation between flood discharges of selected
recurrence intervals and selected basin characteristics
for rural North Carolina basins.

In the past, regionalization was achieved by
meansof regional regression analysis. Datafrom gaged
sites were used to define a set of relations between
selected recurrence interval discharges and drainage
area. Once defined, these relations were then used to
estimate discharges at selected recurrence intervalsfor
ungaged sites. Often the area of study was subdivided
into regions of similar hydrology in order to improve
the predictive ability of the equations. Gunter and
others (1987) used this approach to devel op regional
relationsfor estimating the magnitude and frequency of
floods in rural North Carolinabasins.

Recently, however, a different approach to
regionalization has been developed. This new
approach, known as the region-of-influence method,
interactively estimates recurrence interval discharges
for ungaged sites based on data from gaged sites with
similar basin characteristics. For each ungaged site
selected, a subset of gaged sites having similar basin
characteristics is selected from the entire data base of
rural gaged sites. Regression techniques are used to
develop a unique relation between flood discharge and
basin characteristics for this subset of gaged sites. This
relation isthen used to estimate flood discharges at the
ungaged site. Although computationally intensive, the
region-of-influence method is easily automated and

performed by a computer application that is discussed
later in this report. Because only gaged sites with
similar basin characteristics are used to estimate flows
at ungaged sites, there is less chance of extrapolation
beyond the limits of the explanatory data. Tests of this
approach in Texas (Tasker and Slade, 1994) and in
Arkansas (Hodge and Tasker, 1995) yielded estimates
with lower prediction errors than those produced by
using traditional regional regression techniques.

Gunter and others (1987) contains annual
peak-flow data collected from gages throughout
North Carolinathrough the 1984 water yearl, whereas
this report contains peak-flow data collected through
the 1996 water year. Thus, gaged sites that have
continued in operation since 1984 have as much as
12 additional years of peak-flow data available for
computation of flood-frequency estimates. The
12 intervening years (1985-96) include several years
of pronounced drought (1985-88) as well as years in
which maximum peaks of record were recorded
(1992-93, 1996) for North Carolina streams. In
addition, 64 gaged sites that were not used in Gunter
and others (1987) are now available for analysis.

Purpose and Scope

This report describes the development,
application, and evaluation of two methods for
estimating the magnitude and frequency of floods at
ungaged, unregulated, rural basins in North
Carolina—(1) the regional regression method and
(2) the region-of-influence method. A comparison of
these two methods, based on their predictive ability and
ease of application, also is presented. In order to
compare the two methods on an equal basis, each
method was applied to the same available data. The
regional regression and region-of-influence methods of
estimation were applied to the current data base of 317
sites with at least 10 years of unregulated peak-flow
record and evaluated.

Approach

A set of eight basin characteristics was computed
and compiled for each of 366 gaged rural sites in North
Carolina that have peak-flow record. Sites that have

LWater year is the period October 1 through September 30
and isidentified by the year in which it ends.
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flows affected by regulation or channelization were
identified, and where possible, records for such sites
were divided into periods of unregulated and regul ated
flows. Weighted regional average skew values were
used to compute flood-frequency estimates for 317
siteswith at least 10 years of unregulated peak-flow
record. Flood-frequency estimates and the computed
basin characteristicsfor these 317 siteswere combined
to form the data base used in the regional analyses.

Generalized | east-sguares regression analysis
was used to devel op predictive equations relating the
2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year
recurrence interval flood dischargesto selected basin
characteristics for rura basins throughout North
Carolina. In addition, a region-of-influence method
was devel oped that interactively estimates the
recurrence interval flood discharges for ungaged rural
basinsin the Blue Ridge-Piedmont and Coastal Plain
hydrologic areas.

Computation and compilation of basin
characteristics and of the selected recurrence interval
discharges are described in the following sections. All
aspects of each analysis, including theinitial
exploratory multipleregression analysisusing ordinary
|east-squares regression, final regional regression
using generalized least-squares regression, and the
region-of-influence analysis, are described. Finally, a
comparison of the results of each method is presented.

Data Compilation

Thefirst step in the regionalization of flood-
frequency estimates is the compilation of alist of all
gaged sites with annual peak-flow record. Such sites
are either continuous-record sites or crest-stage sites.
At continuous-record sites, thewater-surface elevation,
or stage, of the stream is recorded at fixed intervals,
typically ranging from 5 to 60 minutes. At crest-stage
sites, only the crest, or highest, stages that occur
between site visits, usually 6 to 8 weeks, are recorded.
Regardless of the type of gage, measurements of
discharge are determined throughout the range of
recorded stages, and arelation between stage and
discharge is developed for the gaged site. Using this
stage-discharge relation, or rating, discharges for all
recorded stages are determined. The highest peak
discharge that occurs during a given year is the annual
peak for the year, and the list of annual peaksisthe
annual peak-flow record. The three hydrologic areas
identified and described by Gunter and others (1987),

consisting of (1) the combined Blue Ridge and
Piedmont physiographic provinces, (2) the Coastal
Plain Province, and (3) asubdivision of the Coastal
Plain Province known asthe Sand Hills, also were used
in this study (fig. 1).

Aninitial list of 366 rural siteswith annual peak-
flow record was compiled (fig. 1; table 1, p. 19-30).
Records for these sites were then examined to
determine the extent of available basin characteristic
data and to identify sites with flows affected by
channelization or regulation. The only consistently
available basin characteristics for most sites were
drainage area and location. A complete evaluation of
all possible relations between flood discharges and
other characteristics of rural basins requires a more
complete set of basin characteristics. The computation
and compilation of the required basin characteristics
for all of the 366 initial sites are described in the
following section.

Examination of the flow records for the 366 sites
revealed 19 sites with record containing only regulated/
channelized flows, 27 sites with record that could be
divided into periods of unregulated/unchannelized and
regulated/channelized flows, and 320 sites with records
unaffected by any known regulation/channelization. Of
the 347 sites with at least some period of unregulated
flow record, 317 sites had the requisite 10 or more
years of record for computation of flood-frequency
estimates (table 1). Flood-frequency estimates for these
sites were computed and combined with the basin
characteristics to form the data base that was used for
the regional analyses (table 2, p. 31-42). This data base
contained 222 sites in the Blue Ridge-Piedmont hydro-
logic area, 80 sites in the Coastal Plain hydrologic area,
and 15 sites in the Sand Hills hydrologic area (table 2).
Of the 46 sites with regulated flow records, flood-
frequency estimates were computed for 42 sites with
periods of regulated flow longer than 10 years but were
not included in either regional analysis.
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office staff in collecting, processing, and storing the
peak-flow data necessary for the completion of this
report.

BASIN CHARACTERISTICS

The annual peak-flow data that were used in this
study were collected at gagesin rural basins from al
areas of the State, representing the wide range of
physical and climatic conditions that occur in North
Carolina. Eight parameters that characterize the size,
shape, relief, and climate of rural basinsin North
Carolinawere computed and compiled for each site
used in the study. Physical basin characteristicsinclude
drainage area (DA), channel length (L), channel slope
(CSLOPE), basin dope (BSLOPE), and basin shape
(SHAPE) (table 3). Theprimary climatic characteristics
relevant to flood frequency in each basin are the
intensity, duration, and amount of storm rainfall, aswell
as other meteorologic inputs that control evaporation
and transpiration. Lichty and Liscum (1978) suggested
the use of aregional climate factor, CF;, wheret = 2-,
25-, and 100-year recurrence intervals, that integrates
long-term rainfall and pan evaporation information and
represents the effect of these climatic influences on
flood frequency. In this study, arefined version of CF,,
as developed and described by Lichty and Karlinger
(1990), was used to characterize climatic effects of
flood frequency. Climate factors, CF, for each sitewere
computed by using a computer algorithm that used the
maps of climate factor isolines presented in Lichty and
Karlinger (1990) and thelatitude and longitude of asite
to interpolate values for the three climate factors, CF,
CF25, and CFlOO'

The hydrologic areafor each site was determined
by examining drainage boundary maps. The appropriate
integer value for each site was then assigned to the
region variable (REG) (table 3).

Other than drainage area, the physical basin
characteristics selected for use in this study were not
readily available for most of the basins in the study. In
previous studies, drainage area was the primary
explanatory variable; thus, there was no prior need to
measure or compute the other characteristics. Asa
result, the other physical basin characteristics had to be
computed and compiled. Because of thelarge number of
sitesinvolved and the need for consistent, unbiased
methodology in making measurements and
computations, a geographic information system (GIS)

Table 3. Basin characteristics that were used in the North
Carolina flood-frequency regionalization study

[miz, sguare mile; mi, mile; ft/mi, foot per mile; ----, a dimensionless
characteristic]
Basin Unit
of Definition

characteristic
measure

Physical characteristics

DA mi2 Drainage area, measured area
contained within basin
divides.

Channel length, measured from
gage site upstream along
main channel to basin divide.

Channel dlope, computed
between points at 10- and 85-
percent of the length,
measured from the gage site.

Basin slope, mean value of
slope measured aong severa
flow paths from basin divide
to channel.

Shape, computed by dividing
drainage area by the square
of channel length (DA/L?).

CSLOPE ft/mi

BSLOPE ft/mi

SHAPE

Climatic characteristics

CF, 2-year recurrence interval
climate factor
CFy5 25-year recurrence interval
climate factor
CFi00 100-year recurrence interval
climate factor
Regional identifiers
BRP 1, if siteisin Blue Ridge-
Piedmont; O, if not.
CP 1, if siteisin Coastal Plain;
0, if not.
SH 1, if siteisin Sand Hills;
0, if not.
REG -—-- 1, if siteisin Blue Ridge-
Piedmont;

2, if siteisin Coastal Plain;
3, if siteisin Sand Hills.

was used to compute the required physical basin
characteristics.

In order to use GISto develop basin
characteristics, adigital elevation model (DEM) was
created by combining individual data sets. These data
setsincluded the U.S. Environmental Protection
Agency River File 3 (McKay and others, 1994), USGS
digital line graph contour lines (U.S. Geological
Survey, 1989), and the National Oceanic and
Atmospheric Administration shoreline data set
(National Oceanic and Atmospheric Administration,
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1999). Known drainage basin boundarieswere overlain
onto the DEM, and a combination of computer and
visual interpolation techniques were used to define
boundaries between the 366 gage sites and the known
drainage boundaries.

Once the DEM was constructed and basin
boundaries were delineated for all sites, a set of
computer algorithms was devel oped to automatically
compute drainage area, L, CSLOPE, BSLOPE, and
SHAPE. Although GIS-computed drainage area was
computed, the values used for DA were the drainage
areas compiled from site records that were hand-
computed and checked when the siteswere established.
The percent difference between Gl S-computed
drainage areaand DA was automatically computed and
used to verify the delineation of basin boundaries and
the automated computations. Sites with greater than
10-percent difference between the computed drainage
area and DA were flagged and re-examined. Errorsin
boundary delineation were corrected by comparing
USGS 7.5-minute topographic maps with the original
hand-delineated basin boundary and by using manual
techniques to match the GIS basin boundary to the
original. After adjusting basin boundaries, basin
characteristics were recomputed and rechecked until
satisfactory results were obtained. Several siteswith
drainage areas |ess than about 1 square mile (mi?) did
not meet the criteria of less that 10-percent difference
between computed drainage area and DA because the
resolution of the GI S data and computational methods
were about one-tenth of asguare mile. These siteswere
examined manually to determine if the automated
delineation of basin boundarieswas consistent with the
hand-drawn boundaries; if not, the boundaries were
adjusted accordingly and basin characteristics were
recomputed.

ESTIMATION OF FLOOD MAGNITUDE AND
FREQUENCY AT GAGED SITES

Flood-frequency estimates for a given stream
site aretypically presented as a set of exceedance
probabilities or, aternatively, recurrence intervals
along with the associated discharges. Exceedance
probability is defined as the probability of exceeding a
specified discharge in a 1-year period and is expressed
asdecimal fractionslessthan 1.0 or as percentages|ess
than 100. A discharge with an exceedance probability
of 0.10 has a 10-percent chance of being exceeded in

any given year. Recurrence interval is defined as the
number of years, on average, during which the
specified dischargeis expected to be exceeded onetime
and is expressed as number of years. A discharge with
a 10-year recurrence interval is onethat, on average,
will be exceeded once every 10 years. Recurrence
interval and exceedance probability are the
mathematical inverses of one another; thus, adischarge
with an exceedance probability of 0.10 hasarecurrence
interval of 1/0.10 or 10 years. Conversely, a discharge
with arecurrenceinterval of 10 years hasan
exceedance probability of one-tenth or 0.10. It is
important to remember that recurrence intervals,
regardless of length, always refer to the average
number of occurrences over along period of time; for
example, a 10-year flood discharge is one that might
occur about 10 timesin a 100-year period, rather than
exactly once every 10 years.

Food-frequency estimates for gaged sites are
computed by fitting the series of annual peak flowsto
some known statistical distribution. For the purposes of
this study, estimates of flood-flow frequency are
computed by fitting the logarithms (base 10) of the
annual peak flowsto alog-Pearson Type Il
distribution, following the guidelines and using the
computational methods described in Bulletin 17B of
the Hydrology Subcommittee of the I nteragency
Advisory Committee on Water Data (1982). The
equation for fitting the log-Pearson Type 11
distribution to an observed series of annual peak flows
isasfollows:

LogQ, = X+KS, 1)

where
Q isthet-year recurrence interval dischargein

_  cubic feet per second,

X isthe mean of thelog-transformed annual peak
flows,

K isafactor dependent on recurrence interval
and the skew coefficient of the log-
transformed annual peak flows, and

Sisthe standard deviation of the log-
transformed annual peak flows.

Values for K for awide range of recurrence intervals
and skew coefficients are published in Appendix 3 of
Bulletin 17B (Hydrology Subcommittee of the Inter-
agency Advisory Committee on Water Data, 1982).

Estimation of Flood Magnitude and Frequency at Gaged Sites 7



Fitting the log-Pearson Type Il distribution to
the general case of along, well-distributed series of
annual peak flowsisfairly straightforward. Often,
however, aseries of peak flows may includelow or high
outliers, which are extremely low or high peak flows
that depart significantly from the trend in the data. The
gage record also may frequently include information
about maximum peak flowsthat occurred outside of the
period of regularly collected, or systematic, record.
Such peak flows, known as historic peaks, are often the
maximum peak flows known to have occurred during
an extended period of time, longer than the period of
collected record. The interpretation of outliers and
historic peak information in the fitting process can
greatly affect the final flood-frequency estimate.
Bulletin 17B (Hydrology Subcommittee of the
Interagency Advisory Committee on Water Data, 1982)
provides guidelines for detecting and interpreting these
data points and provides computational methods for
making appropriate corrections to the distribution to
account for their presence. In some cases, high or low
outliers are excluded from the record, so that the
number of systematic peaks may not be equal to the
number of yearsin the period of record.

Statistical measures, such as mean, standard
deviation, or skew coefficient, can be described in
terms of the sample or computed measure and the
population or true measure. In terms of annual peak
flows, the period of collected record can be thought of
as asample, or small portion, of the entire record, or
population. Statistical measures computed from the
samplerecord are estimates of what the measurewould
beif the entire population were known and used to
compute the given measure. The accuracy of these
estimates depends on the nature of the specific measure
and the given sample of the population.

Skew coefficient measures the symmetry of the
distribution of a set of peak flows about the median of
thedistribution. A peak-flow distribution with the mean
equal to the median is said to have zero skew. A
positively skewed distribution has a mean that exceeds
the median typically as aresult of one or more
extremely high peak flows. A negatively skewed
distribution has a mean that is less than the median
typically because of one or more extremely low peak
flows.

The computed skew coefficient for the peak-flow
record of a given station is very sensitive to extreme
events; therefore, the sample skew coefficient for short

records may not provide an accurate estimate of the
population skew. Thisis problematic because the
K-factor in equation 1 for agiven recurrence interval is
dependent only on skew coefficient; therefore, an
inaccurate skew coefficient will result in aflood-
frequency estimate that is not representative of thetrue,
or population, value.

A more accurate estimate of skew coefficient at a
site can be obtained by using aweighted average of the
sample skew coefficient estimate with ageneralized, or
regional, skew coefficient. A generalized skew
coefficient is obtained by combining skew estimates
from nearby, similar sites. A nationwide generalized
skew study was conducted for the study documented in
Bulletin 17B (Hydrology Subcommittee of the
Interagency Advisory Committee on Water Data,
1982). Skew coefficients for long-term gage sites from
all over the Nation were computed and used to produce
amap of isolines of generalized skew. Gunter and
others (1987) used this nationwide generalized skew in
their flood-frequency computations. In addition, the
USGS in North Carolina has computed other
unpublished flood-frequency estimates by using the
nationwide generalized skew.

During preliminary computations of flood-
frequency estimates for inclusion in the regression
analyses, a number of inconsistencies were noted
between the computed values of sample skew
coefficientsat long-term gaging sitesin North Carolina
and the values obtained from the national generalized
skew study. Inconsistencies at long-term sites are of
concern because if generalized skew coefficients for a
region are accurate estimates of the population skew,
then the computed values of sample skew at long-term
sites should approach the generalized values. Instead, it
was noted that while sample skew coefficients at long-
term North Carolina sites were somewhat consistent
among themselves, they did not agree with the
generalized values obtained from the nationwide
generalized skew study. Thisanecdotal evidence, when
considered along with the age and lack of resolution of
the national study, was deemed sufficient cause to
develop new generalized skew estimates for rural
gaging sitesin North Carolina.

Bulletin 17B (Hydrology Subcommittee of the
Interagency Advisory Committee on Water Data, 1982)
describes three methods for performing generalized
skew studies using skew coefficients computed from
long-term gaging stations—(1) plot computed skew
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coefficients on a map and construct skew isolines,

(2) use regression techniques to develop a skew
prediction equation that would relate station skew
coefficients to some set of basin characteristics, or

(3) use the arithmetic mean of computed skew
coefficients from long-term sites in the area. For the
purposes of this report, a modification of the second
method initially was decided to be the most likely
method to produce satisfactory results. However, rather
than using ordinary | east-squares regression, aweighted
least-squares regression technique was used to
determine the relation between the sample skew
coefficient and selected basin characteristics. Sample

statistically significant explanatory variable in the
regression analysis was an indicator variable for the
Sand Hills hydrologic area, the regression equation
predicts one value for all sites in the Sand Hills area and
another value for all sites in the remaining hydrologic
areas. These predictions are essentially a weighted
average of the sites in each of the two areas and,
therefore, can be considered a modified version of the
third method as well. The two weighted regional
average skew values, along with the standard error of
prediction and the mean square error of prediction
associated with each estimate (table 4), were
determined by the methods described in Tasker and

skew estimates were weighted according to their Stedinger (1986).

respective record length; sites with long records were

assigned greater weight than those with short records.

The use of thisregression technique in thisstudy made  Table4. Generalized skew coefficient and associated mean

it possible for data from all 347 sites with unregulated square error for rural North Carolina gaging sites

flows to be used in devel oping the estimate.

. . ) . . Generalized Standard Mean
Multiple regression analysis, using ordinary Hydrologic area skgvy error square
|east-squares regression, was used to determine the best coefficient Cr
set of basin characteristics to use as explanatory, or Blue Ridge-Piedmont 0.195 0.194 0.038
independent, variables in the weighted | east-squares and Coastal Plain
predictive model. Initial analyses were somewhat Sand Hills 0,95 0.950 0,062

disappointing; no combination of basin characteristics
accounted for a significant amount of the variancein
computed_skevv. Lacking any significant stgt ewide As described previously, a weighted skew
relationship between sample skew and basin L . :
characteristics, three location variables—BRP, CP, an%pefﬂment IS u_se_d in order to.lmprove the accuracy of
SH, one for each of the three hydrologic areas, Blue the skew coefficient used to fit peak-flow records to a
Ridge-Piedmont, Coastal Plain, and Sand Hills—wer&g-Pearson Type Il distribution. The weighted skew
added to the analysis. For a given site, the location ~coefficient for a given site is computed as the weighted
variable representing the region of the site was set atayerage of the generalized skew coefficient and the
and the other two location variables were setat 0 site’s computed skew coefficient, with weights assigned
(table 3). When these variables were added to the  according to the mean square error of each component
multiple regression analysis, results were only skew value. Flood-frequency estimates for all sites with
marginally better. None of the exploratory multiple  ynregulated flow records were computed by using the
regression models yielded significant relations betweggjghted skew method. Flood-frequency estimates for
sample skew and the basin characteristics. sites with regulated flow record were computed by
Given the lack of satisfactory results in this - fiing the recorded regulated peak flows to the log-

attempt to develop predictive equations relating skew rlgearson Type Il distribution. Computed sample skew
a set of basin characteristics, it was decided to apply a

" . . . oefficients for the regulated flow record were used
modified version of the second method in Bulletin 17 .
(Hydrology Subcommittee of the Interagency Advisoriecause reg“'ated pgak-flow record§ typ|ca||y.a.1re not
Committee on Water Data, 1982). A regional regressior,r.—;presentatlve of regional or generalized conditions.
prediction equation was developed using weighted ~ Although flood-frequency estimates for regulated sites
least-squares regression (Tasker and Stedinger, 198@)€ presented in this report, more detailed, site-specific
Weights were assigned, according to record length, t@nalyses of flood frequency at many regulated sites are
the computed skews for each site. Because the only available from the U.S. Army Corps of Engineers.
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ESTIMATION OF FLOOD MAGNITUDE AND
FREQUENCY AT UNGAGED SITES

Two regional analyses were used to develop
methods for estimating flood discharges for ungaged
rura basinsin North Carolina. Thefirst analysis, a
traditional regional regression, required the use of
generalized least-squares regression to define a set of
predictive equations that rel ate peak dischargesfor the
2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year
recurrenceintervalsto selected basin characteristicsfor
unregulated rural basinsin each of three hydrologic
areas of North Carolina (fig. 1). The second analysis,
the region-of-influence method, required the
development of a computer application to derive, for
any given ungaged rural site in the Blue Ridge-
Piedmont or Coastal Plain hydrologic areas, unique
predictive relations between the 2-, 5-, 10-, 25-, 50-,
100-, 200-, and 500-year recurrenceinterval discharges
and selected basin characteristics. Just asin the
traditional regional regression, generalized | east-
squares regression is used to develop these predictive
relations; however, in the region-of-influence analysis,
regression techniques are applied to only a selected
subset of gaged sites, rather than the entire data base of
gaged sites.

Regional Regression Analysis

Ordinary least-squares regression with flood
discharge as the dependent variable was used in
exploratory analyses to determine the best regression
modelsfor al combinations of the eight basin
characteristics that were used as explanatory variables.
An additional goal of the exploratory analysis was to
determine if the subdivision of the State into three
hydrologic areas is supported by current data.

Initially, the regionalization scheme used by
Gunter and others (1987), which divided the State into
the Blue Ridge-Piedmont, Coastal Plain, and Sand
Hills hydrologic areas, was assumed to still be valid.
Multiple regression analysis, using Mallow's Cp

models included drainage area and the 25-year climate
factor for the Blue Ridge-Piedmont and Sand Hills
hydrologic areas; while the best two-variable models
for Coastal Plain sites consisted of drainage area and
channel length.

The validity of the regionalization scheme was
examined by performing additional ordinary least-
squares regression analyses by using the two-variable
models determined previously and comparing the
coefficients and intercepts for each region’s model to
those for the rest of the State. In each case, the
coefficients and intercepts for each region’s model
differed from those of the model using the remaining
sites in the State. Additionally, a further test was
conducted by introducing the location variable (table 3)
for each region into the regression model. Each of these
variables was set either at 1, if the site was in a
particular region, or 0, if not. A five-variable ordinary
least-squares regression model, including all available
sites and using (1) drainage area, (2) climate factor,
(3) location variable, (4) the product of the location
variable with drainage area, and (5) the product of
the location variable with climate factor as explanatory
variables, was constructed for each recurrence interval
discharge in each of the three hydrologic area. For
a given region’s model, a significant coefficient for
the location variable indicates a difference in the
intercept between sites in that region and sites in the
rest of the State; a significant coefficient for either of
the terms that are products of a location variable and
another variable indicates a difference in the
coefficients of the basin characteristic in that term
between sites in that region and the rest of the State. In
this particular test, a 95-percent confidence level was
defined as significant. All three regional models had
significant coefficients for at least one of the location
variables or location variable product terms. Given the
results of these regression tests, the regionalization
scheme used by Gunter and others (1987) was
accepted.

Ordinary least-squares regression is an
appropriate and efficient regression model for use
when flow estimates that are used as response variables

(Stedinger and Tasker, 1985), adjusted coefficient of are independent of each other (no correlation exists

determination, and hydrologic judgment as criteria,

resulted in one-variable and two-variable models

relating flood discharge to basin characteristics for

between pairs of sites) and when the reliability and
variability of flow estimates that are used as response
variables are approximately equal. The flow estimates

each of the three hydrologic areas. The most significarthat were used in this regression were generated from

one-variable models for all three regions included

peak-flow records at gaging stations in all parts of

drainage area only. The most significant two-variable North Carolina with periods of record ranging from
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10 to 101 years. Records from gaging stations on the
same stream within the same basin or even in adjacent
basins may be highly correlated because the peak flows
resulted from the same rainfall events, similar
antecedent conditions, and similar basin characteristics.
However, records from other sites, in basins remote
from each other, have varying degrees of correlation. In
general, correlation between pairs of sites can be
described as afunction of distance between sites.
Additionally, the reliability of flow estimates that were
used as response variablesin thisregression is, in
general, afunction of record length and, as such, cannot
be considered equal for all sitesin the regression.
Variability of the flow estimates, characterized by the
standard deviation of the peak-flow record that was
used to computethe flow estimate, dependsin large part
on characteristics of the basin and also cannot be
considered equal for all sitesused in the regression. For
these reasons, ordinary |east-squares regression was
used only asan exploratory techniquein thisanalysisto
identify the best potential regression models and to
evaluate the proposed regionalization scheme. Thefinal
regression equations were developed by using
generalized least-squares regression techniques.

Generalized |least-squares regression, as
described by Stedinger and Tasker (1985), isa
regression technique that takes into account the
correlation between, as well as differencesin the
variability and reliability of, the flow estimates used as
dependent, or response, variables. These factors are
accounted for in generalized | east-squares regression by
assigning different weights to each observation of the
response variable used in the regression, based on its
contribution to the total variance of the sample-flow
statistic used as the response variable. In contrast,
ordinary least-squares regression assumes equal
reliability and variability in flow estimates at all sites
and no cross-correlation between flow records at all
sites, so that each flow estimate has equal variance and
is assigned equal weight in the regression.

The use of generalized | east-squares regression
techniques to model the relations between peak
discharges and basin characteristics of North Carolina
rural basins requires estimates of the cross-correlation
coefficients and standard deviation of the peak-flow
records that were used to compute peak discharges for
the selected recurrence intervals. For each of the three
hydrologic areas, a scatter-plot of sample correlation
coefficients versus distance between sites was
constructed for site pairs with long periods (at least

30 years) of concurrent record. A graphical ‘best-fit’
line to these points was used to define the relation
between cross-correlation coefficient and distance
between sites. This relation was then used to populate
a cross-correlation matrix for the sites contained in
each area. Variability of each peak-flow estimate is
measured by the standard deviation of the peak-flow
record used to compute that estimate. For each
hydrologic area, a generalized least-squares regression
of the sample standard deviations against drainage area
was used to obtain estimates of the standard deviations
of the peak-flow records at each site. These regression
estimates of the standard deviations were used to assign
weights to flow estimates because they are independent
of the sample standard deviation estimates used to
compute the flow estimate. Finally, length of record at
each peak-flow site was used as a direct measure of the
relative reliability of the flow estimates computed from
those records.

Generalized least-squares regression was used to
evaluate the 1- and 2-variable models suggested by
preliminary ordinary least-squares regression for each
of the three hydrologic areas in North Carolina. The
final regression models in all of the regions relate peak
discharge to drainage area for each recurrence interval
(table 5). The 2-variable model for each region was
tested by using generalized least-squares regression,
and in each case, the addition of a second variable did
not substantially improve the predictive ability of the
model.

Table 5.
[DA, drainage area, in square miles. Result will be in cubic feet per second]

North Carolina rural flood-frequency equations

Rural Hydrologic area

flood
recur- Blue Rid
rence P'.“’ s ! 9‘:' Coastal Plain Sand Hills
interval otimel
(years)
2 135 DA 0702 64.7 DA 0673 33.5DA 0712
5 242 DA 0677 129 DA 06% 55.5 DA 0701
10 334 DA 0662 188 DA 0615 72.9 DA 0697
25 476 DA 0645 281 DA 059 098.1 DA 0693
50 602 DA 0635 367 DA 057 120 DA 069
100 745 DA 0625 468 DA 0566 143 DA 0688
200 908 DA 0616 586 DA 0554 170 DA 0686
500 1,160 DA 0605 773 DA 05% 210 DA 068
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Uncertainty in aflow estimate that was predicted The standard error of the mod&E(,,qg)) can
for an ungaged site by using the regression equations be converted from log (base 10) units to percent error
can bemeasured by the standard error of prediction, S,, by using the transformation formula,
which is computed as the square root of the mean
square error of prediction, MSEp. The MSEp isthe 1
sum of two components—the mean square error
resulting from the modey?, and the sampling mean
square erroSE;, which results from estimating o o
model parameters from samples of the population. Th&imilarly, the average standard error of prediction can
mean square model errq?‘, is a characteristic of the be transformed from log (base 10) units to percent error
model and is a constant for all sites. The mean squarby substitutings,?for y? in equation 4. Computation of
sample erroMSEs;, for a given site, however, depends S, for a given ungaged site involves fairly complex
on the values of the explanatory variables (DA) used tanatrix algebra. Computational procedures and the
develop the flow estimate at that site. The standard required matrices are provided in the Appendix.
error of prediction for a site, is computed as: The standard errors of the model, which measure
how well the regression model fits the data used to
construct it, ranged from about 34 percent to just over
5 57 percent. This error term is comparable to errors
S.i = (Y +MSEgp) (2)  often cited and referred to as ‘model error’ or ‘standard
error of estimate’ in earlier studies in which ordinary
and, therefore, varies from site to site. If the values ofleast-squares regression was used to develop predictive
the explanatory variables for the gage sites used in thequations. The average standard errors of prediction,
regression are assumed to be a representative samplegich provide a better overall measure of a model’s
all sites in the region, then the average accuracy of prgredictive ability, ranged from about 36 percent to
diction for the regression model can be determined bynhout 65 percent (table 6). Another measure of
computing the average standard error of prediction: predictive ability is equivalent years of record

(Hardison, 1971). Equivalent years of record are the

3026(y° 2
%SE(mogery = 100( 16220 _1)" (4)

1

1 number of years of peak-flow record needed to provide
E , 1 : Eé an estimate by using log-Pearson Type Il techniques
S =0 z MSE¢ ;0 - (3)  thatwould be equal in accuracy to an estimate made by
H i=1 H using regional methods (table 6).

Table 6. Average predictive errors, in percent, and equivalent years of record associated with North Carolina rural
flood-frequency equations

Rural Hydrologic area
flood Blue Ridge-Piedmont Coastal Plain Sand Hills
re_cltlrren::e Average error Suialent Average error AL Average error Sniialen
Interva f predicti years f predicti years f predicti years
(years) of prediction of record of prediction of record of prediction of record
2 41.2 2.0 37.9 2.9 384 21
5 41.2 3.0 35.9 49 42.6 2.7
10 42.0 4.1 36.3 6.7 45.6 34
25 43.6 54 38.0 8.8 49.8 4.2
50 459 6.4 39.8 10.1 53.1 4.6
100 47.0 7.2 42.0 11.1 56.6 5.0
200 489 7.9 44.2 11.9 60.2 54
500 51.6 8.7 47.3 12.7 65.1 5.7
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Region-of-Influence Analysis characteristics and estimates of the selected recurrence
interval discharge at the ungaged site computed.

The numberp, and identity of the basin
characteristics that are used to compijtand the
number of gaged sites, N, that compose the region of
influence are specific to a given set of flood-discharge
estimates and basin characteristics. In order to adapt
the region-of-influence method to that data set, these
parameters must be determined. In addition to these
parameters, the set of basin characteristics also must be
chosen for use as explanatory variables in the
generalized least-squares regression models developed
for each region. There is a subtle but important
distinction between the two sets of basin
characteristics—the first is used to define a region of
influence; the second serves as variables in the unique

The region-of-influence method (Tasker and
Slade, 1994) estimates flood discharges at ungaged
basins by deriving, for a given ungaged rural site,
regression relations between the flood discharges and
basin characteristics of a unique subset of gaged sites.
This unique subset of gaged sites for a given ungaged
site, first suggested by Acreman and Wiltshire (1987),
was described by Burn (1990a, b) as the region of
influence for an ungaged site, hence the name of the
method. The unique subset of gaged sitesis defined as
the N ‘nearest’ gages to the ungaged site, where
distance between sitesndj is defined by the
Euclidean distance metric:

0P E:EL predictive equations that are developed for that region
4 = ik = Xik 1] 5 of influence. These two sets of characteristics need not
ij = DZ Usd(x, )00 ®) be identical but are in some cases. In other cases, such
Le=1 u as in North Carolina, the set of characteristics used as

variables is a subset of the set of characteristics used to
define the region of influence.

Selection of the number of gaged sites, N, and
the number and identity of the basin characteristics that
will define the region of influence for North Carolina
was done by trial and error, using a computed root
mean square error (RMSE) as the criterion. RMSE was
computed by removing one site at a time from the data
base and using the remaining sites to compute an
estimate of the flow characteristic. Once completed for
every site, the RMSE was computed as the square root
of the arithmetic mean of the differences between the
estimated and computed values at each site. The results
of the exploratory multiple regression analyses
performed as part of the traditional regional regression

1 analysis were used to provide some insight in selecting
D = [(x,— X1)2 + (Y, — yl)z] ? : (6) initial sets of basin characteristics. The strong evidence
for using separate hydrologic areas in the traditional

where the only difference is the use of sample standargaression analysis led to the decision to restrict a site’s

deviation to standardize the different basin characterigegion of influence to its hydrologic area. As a result,

tics and the slight notational difference of using an 15 sites in the Sand Hills region (fig. 1) were not

additional subscripk rather than changing variable ~ €nough to support a valid region-of-influence analysis.

symbols K, y). For any ungaged site identified as a Sand Hills site, the
The distancedl;’s, between a given ungaged same set of 15 sites would compose the region of

site and all the gaged sites are computed and rankedinfluence, and the unique predictive equation

the N gaging stations with the smalldstompose the developed would be the same equation developed by

where
djj is the distance between siteand] in terms of
basin characteristics,
p is the number of basin characteristics used to
calculatedij,
X is thekth basin characteristic,
sd(X,) is the sample standard deviation Xgr and
Xik is the value oK, at theith site.

This distance metric is directly analogous to the more
familiar equation for distanc®, between two points,
(X1, 1) and &, yo) in a 2-dimensional rectangular
coordinate system:

region of influence for that gaging station. Once using traditional regional regression techniques, as
determined, generalized least-squares regression ~ described in previous sections of this report.
techniques are used to develop the unique predictive Combinations of defining variables that were
relations between flood discharge and basin tested include DA and GE; DA and REG; DA, Chs;,
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and REG; and DA, CF5, L, and REG. Each set of
defining variableswastested by using values of 25, 30,
and 35 for N. For al variable combinations, N = 30
provided the best results; and the combination of
variables that minimized RMSE for all recurrence
intervals was DA, CF,s5, and REG. For these initial
tests, DA and CF,5 were used as explanatory variables
in the unique regression relations. Subsequent testing,
after the defining variables and N were determined,
indicated that CF,5 was not significant as an
explanatory variable. Asaresult, only DA isused asan
explanatory variable in the final version of the region-
of-influence method.

After determining the best combination of
variables to define the region of influence and the
optimal value for N, the computer application for the
region of influence was completed. Equation 5 is used
to determine the region of influence for an ungaged
site, given the required input variables. Unique
predictive equations for the ungaged site are then
developed, using ageneralized | east-squaresregression
of the sites within the region of influence, and the
predicted flood-discharge estimates are computed. In
addition, because generalized | east-squares regression
was used to develop the predictive equations, S, ;, the
site-specific standard error of prediction is computed
for each estimated recurrence interval discharge.

Comparison of Results

Application of the regional regression equations
requires one less variable than application of the

region-of-influence method. However, the additional
variable, latitude and longitude of the ungaged site, is
simple to determine, so that the variable requirements
of the methods are nearly equal. The regional
regression equations are easily evaluated manually, the
region-of-influence method, however, is
computationally intensive but is made simpler by the
use of acomputer application that performs the
complex computations.

The average RM SE was computed for each area
and recurrence interval (table 7), providing a measure
of the predictive ability of the model or method.
Average RM SE was computed as the square root of the
arithmetic mean of the differences between the flood-
frequency estimate determined using the |og-Pearson
Type Il and the flood-frequency estimate computed
using either the regression equations or the region-of-
influence method. RM SE for the region-of-influence
method is slightly less than for the traditional
regression equationsin al cases. A site-specific
comparison of predictive error also ispossible by using
S,i- As discussed previously, the region-of-influence
method reports the site-specific standard error of
prediction, §,;. The S, isnot typically computed when
evaluating the traditional regression equations
manually because of the complexity of the
computations involved. Automation of the equations
eliminates this concern, and the S ; is reported along
with the flood-discharge estimate for any given site,
allowing for comparison of predictive results on a site-
by-site basis.

Table 7. Root mean square error, in percent, for the regional regression and region-of-influence methods,

presented by hydrologic area and recurrence interval
[n.a., not applicable]

Hydrologic area

Recurrence Blue Ridge-Piedmo{lt Coastal Plain _ Sand Hills -
interval Regional Reg;on Regional Reg'lon Regional Reg'lon
regression influence regression influence regression influence

2 439 429 39.3 344 40.9 na

5 454 43.3 38.6 34.6 46.1 na

10 474 447 40.5 37.1 50.3 na
25 50.7 47.3 444 417 55.9 na
50 53.4 49.5 479 45.6 60.3 na
100 56.2 519 51.6 49.7 64.7 na
200 59.2 54.4 55.7 53.9 69.3 na
500 63.1 57.9 61.1 59.6 75.4 na
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In general, little difference wasfound in the ease
of application or in average predictive abilities between
the regional regression equations and the region-of -
influence method. The region-of-influence method isa
new technique and is still being improved. As aresult,
the region-of-influence method is considered a
secondary or alternative method of determining flood-
frequency estimates for ungaged rural sitesin North
Carolina.

Use of Computer Software

As part of the study described by this report, a
computer software package was developed that
computes (1) estimates of flood-frequency discharges
using the region-of-influence method at ungaged rural
sitesin the Blue Ridge-Piedmont or Coastal Plain
hydrologic areas of North Caroling, (2) estimates of
flood-frequency discharges using the regional
regression equations for ungaged rural sitesin each of
the three hydrologic areas of North Carolina, and
(3) the associated site-specific errorsof prediction, S,
for each method. The complexity of the computations
required for the region-of-influence method requires
the use of the software for practical application of the
method. The regional regression equations can be
evaluated manually, but the software allows for easy
evaluation of the complex computation of the S, ; for
the regional regression method.

The computer software package includes an
executable program file and four supporting datafiles.
All fivefilesare required for execution of the computer
software. The software package and instructions for
down loading, installation, and execution of the
program currently are available at the North Carolina
District home page on the World Wide Web at URL
<http://nc.water.usgs.gov/reports/wri014207>.

APPLICATION OF METHODS

The methods presented in this report can be used
to estimate the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-
year recurrence interval flood discharges at gaged and
ungaged, unregulated, rural sitesin North Carolina.
Use of either the regional regression equations or the
region-of-influence method requires estimates of the
input variables. To apply these methods, first locate the
ungaged site on amap and identify in which hydrologic
areathe siteislocated. An estimate of the latitude and
longitude of the site is required for the region-of-
influence method. Next, delineate the drainage

boundaries of the ungaged site and measure the
drainage area contained within those boundaries. The
corresponding regression equations (table 5) can then
be applied to determine an estimate of the flood
discharges for the recurrence interval of interest.
Alternatively, the region-of-influence computer
application can beinitiated; it will query the user for an
output filename, anidentifier for thesite of interest, the
hydrologic areafor the site, the drainage area of the
site, and the latitude and longitude of the site. With this
information, the computer application computes the
climate factor, defines aregion of influence, and
produces the desired flood-discharge estimates, along
withthestandard error of prediction, S, ;, specifictothe
ungaged site.

The computer application contains the
regression equations and can be used to apply either
method. Use of the computer application to evaluate
the regression equation provides an automated
computation of S, ; for the regression equations as well
as for the region-of-influence method. If evaluated
manually, S, ; can be computed only by using the rather
complex computational procedures described
previously and outlined in detail in the Appendix.
Although average standard errors of prediction
(table 6) give an idea of the relative accuracy of the
methods; Sp,i is the more precise measure of the
accuracy of aspecific prediction.

Food-frequency estimates at gaged sites and
ungaged sites on the same stream as agaged site can be
improved by combining the estimate determined by
regional methods with the estimate determined by
fitting the log-Pearson Type 11 distribution to the peak-
flow record at the gaged site. At agaged site, the best
estimate of flood frequency can be determined by

Q)N+ Q(r)EY
= , 7
Qi(w) N+ EY (7)
where
Q¢(w) isthe weighted discharge for recurrence
interval t;

Qi(9) isthe discharge for recurrence interval t
determined using peak-flow record from
the gaged site;

Q(r) isthe discharge for recurrence interval t
determined using regiona methods;

N isthe number of systematic peaksin the gaged
sites record; and
EY isthe equivalent years of record from table 6.
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Flood estimates at an ungaged site that is on the
same stream as agaged site can be determined by using
a combination of the regional estimate and the log-
Pearson Type Il estimate from the nearby gaged site.
In order to make the appropriate adjustment, first
compute the ratio,

Y0
Qi(r)

©)

for the gaged site by using Q;(w) and Qy(r) as defined
in the preceding paragraph. Next, a correction factor,
R, is computed as follows:

R = R_ADAgR—lz, ©
0.5DA,
where ADA is the absolute value of the difference
between the drainage areas of the gaged and ungaged
sites, and DA, is the drainage area of the gaged site. If
ADA/DAg islessthan 0.5, then the corrected discharge
for the ungaged site, Q;(corr), can be computed by
multiplying the correction factor, R, by the regional
estimate for the ungaged site, Q((r). If ADA/DA is
greater than 0.5, use the results of the regional methods
without correction.

At times, flood-frequency estimates may be
desired for an ungaged site that is between two gaged
sites on the same stream. In this case, select the gaged
site for which ADA/DAg islessthan 0.5, compute R,
and apply as described above. If ADA/DAg is lessthan
0.5 for both gaged sites, compute R’ for each. If both
correction factorsare greater than 1.0, usethelarger R;;
if both correction factors are less than 1.0, use the
smaller R. If one correction factor is greater than 1.0
and the other smaller than 1.0, an average of the two
correction factors should be used.

If the drainage basin for an ungaged site lies
within more than one hydrologic area, the computed
discharge should be adjusted according to the
proportion of the total drainage areathat lies within
each hydrologic area. The adjusted discharge can be
determined by the equation:

, DA,
Q,(adjusted)= Q,(HA1)x
DAtotal

DA
+ Qt(HA2)xDAt ;, (10)

where Q(adjusted) is the adjusted discharge for the
t-year recurrence interval; Q(HA1) and Q(HA2) are
the discharges computed as if the entire drainage area
were within the hydrologic areas, HA1 and HA2; DA
and DA, are portions of the total drainage areafoundin
the respective hydrologic drainage areas; and DA iS
the total drainage area.

SUMMARY

Accurate and reliabl e estimates of the magnitude
and frequency of floods are critical for such activities
as bridge design, flood-plain delineation and manage-
ment, water-supply management, and management of
water-control structures, among others. Recognizing
the need for accurate estimates of flood frequency at
ungaged rural basins, the U.S. Geological Survey, in
cooperation with the North Carolina Department of
Transportation, conducted a study to further define the
relation between flood discharges of selected
recurrenceintervals and selected physical and climatic
characteristics of rural North Carolinabasins. This
study includes the devel opment of two methods for
regionalizing, or extending in space, flood-frequency
estimates at gaged sites. In the first method, traditional
regional regression analysis, a generalized least-
squares regression analysisis used to develop a set of
predictive equations for each of three hydrologic areas
in North Carolina—the Blue Ridge-Piedmont, the
Coastal Plain, and the Sand Hills. In the second
method, the region-of-influence method, flood-
frequency estimates for ungaged sites are predicted
interactively, based on data from a subset of gaged sites
with basin characteristics similar to those of the
ungaged site. This report documents the development
of both methods, using a data base of flood-discharge
estimates and basin characteristics for 317 rural North
Carolina gaged sites.

An initial set of 366 gaged sites was determined
to have some annual peak-flow record; basin
characteristics data were computed and compiled for
all of these sites by using a GIS. While the development
of the basin characteristics was ongoing, flow records
were examined to determine which sites had flows that
were affected by regulation or channelization. Of the
366 original sites, 19 sites had only regulated record
and 27 sites had periods of unregulated flow record
prior to regulation. After basin characteristics were
developed and flow records were examined,
preliminary computations of flood-frequency estimates
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were begun. Results of these preliminary computations
indicated the need for a generalized skew study for
North Carolina basins to replace outdated generalized
skews that were based on a nationwide study. After the
generalized skew study, flood-frequency estimates for
all siteswith 10 or more years of record were
computed. Flood-frequency estimates were computed
for 317 rural, unregulated sites and for 42 rural,
regulated sites. The sites with regulated record were
excluded from further analysis.

Basin characteristics data and flood-frequency
estimates for the 317 rural, unregulated sites were
merged to form the data base that was used to develop
the regional regression equations and the region-of -
influence method. Of the 317 total sites, 222 were
located in the Blue Ridge-Piedmont hydrologic area,
80 were located in the Coastal Plain hydrologic area,
and 15 were located in the Sand Hills hydrologic area.
Preliminary multiple regression analyses, using
ordinary least-sguares regression, were conducted to
confirm the validity of the regionalization scheme and
to identify the best combination of explanatory
variables for inclusion in the generalized least-squares
analysis.

Generalized |east-squares analysis was used to
develop a set of equations for each region that relates
the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year
recurrence interval flood dischargesto drainage area.
Model error and error of prediction for the equations
ranged from about 40 percent for the lower recurrence
interval equations to more than 50 percent, with two
equations for the Sand Hills indicating more than
60 percent.

The region-of-influence method was adapted to
the available flood-frequency and basin characteristics
datafor North Carolina. The drainage area, hydrologic
area, and latitude and longitude of an ungaged site in
either the Blue Ridge-Piedmont or Coastal Plain
hydrologic areas of North Carolina are required to
predict the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-
year recurrenceinterval flood dischargesfor aspecified
ungaged site. The Sand Hills hydrologic area did not
have a sufficient number of sitesto apply the region-of-
influence method. Because of the complexity of the
computations involved in the region-of-influence
method, a computer application is required for the
practical use of the method.

A brief comparison of the regional regression
and region-of-influence methods, based on ease of

application and RM SE of prediction, resulted in neither
method being clearly superior. Both require hydrologic
areaand drainage area as input variabl es; the region-of-
influence method additionally requires latitude and
longitude, but these coordinates are fairly simple to
determine. The RMSE were, in general, lower for the
region-of-influence method, but only dlightly. The
region-of-influence method is newly developed and
till being refined. As aresult, the regional regression
eguations are considered to be the primary method of
estimating magnitude and frequency of floodsfor rural
ungaged sitesin North Carolina. The region-of-
influence method can be considered an alternative
method.

A computer application is available that
automates the complex computations required by the
region-of-influence method. Thiscomputer application
includes the option to compute flood-frequency
estimates using the predictive equations developed by
the traditional regional regression analysis. The
computer application also computes site-specific error
of prediction for each method.

REFERENCES

Acreman, M.C., and Wiltshire, S.E., 1987, |dentification of
regions for regional flood frequency analysis[abs.],
EQOS, v. 68, no. 44.

Burn, D.H., 1990a, An appraisal of the “region of influence”

approach to flood frequency analysis: Hydrological
Sciences Journal, v. 35, no. 24, p. 149-165.
1990b, Evaluation of regional flood frequency
analysis with a region of influence approach: Water
Resources Research, v. 26, no. 10, p. 2257-2265.
Gunter, H.C., Mason, R.R., and Stamey, T.C., 1987,

Magnitude and frequency of floods in rural and urban

basins of North Carolina: U.S. Geological Survey

Water-Resources Investigations Report 87-4096, 52 p.

Hardison, C.H., 1971, Prediction error of regression
estimates of streamflow characteristics at ungaged
sites: U.S. Geological Survey Professional Paper
750-C, p. C228-C236.

Hodge, S.A., and Tasker, G.D., 1995, Magnitude and
frequency of floods in Arkansas: U.S. Geological
Survey Water-Resources Investigations Report
95-4224, 52 p.

Hydrology Subcommittee of the Interagency Advisory
Committee on Water Data, 1982, Guidelines for

determining flood frequency: U.S. Geological Survey
Bulletin 17B, Office of Water Data Collection, Reston,
Va., 183 p.

References 17



Lichty, RW., and Karlinger, M.R., 1990, Climate factor for Stedinger, J.R., and Tasker, G.D., 1985, Regional hydrologic

small-basin flood frequency: American Water analysis 1—Ordinary, weighted, and generalized least

Resources Association, Water Resources Bulletin, square compared: American Geophysical Union,

V. 26, no. 4, p. 577-586. Water-Resources Research, v. 21, no. 9, p. 1421-1432.
Lichty, R.W., and Liscum, F., 1978, A rainfall-runoff Tasker, G.D., and Slade, R.M., 1994, An interactive regional

modeling procedure for improving estimates of T-year regression approach to estimating flood quantifes,
annual floods for small drainage basins: U.S. Fontane, D.G., and Tuvel, H.N., eds., Proceedings of

Geological Survey Water-Resources Investigations the Twenty-First Ar_mual Conference, Water policy and
management, solving the problems, May 23-26, 1994
78-7, 44 p. . i .
Denver, Colo., Denver Society of American Society of
McKay, L., Hanson, S., Horn, R., Dulaney, R., Cahoon, A., Civil Engineers, p. 782-785.

Olsen, M., and Dewald, T., 1994, The U.S. EPA Reachr,q1er 6D, and Stedinger, J.R., 1986, Regional skew with
File Version 3.0 Alpha Release (RF3-Alpha) Technical — \eighted LS regression: Journal of Water Resources

Reference: U.S. Environmental Protection Agency, Planning and Management, v. 112, no. 2, p. 225-237.
Washington, D.C. 1989, An operational GLS model for hydrologic
National Oceanic and Atmospheric Administration, 1999, regression: Journal of Hydrology, v. 111, p. 361-375.
NOAAs medium resolution digital vector shoreline,  U.S. Geological Survey, 1989, Digital line graphs from
accessed March 17, 1999, at URL http:// 1:100,000-scale maps, National Mapping Program
seaserver.nos.noaa.gov/projects/shoreline.html. Technical Instructions Data Users Guide 2, 88 p.

18 Estimating the Magnitude and Frequency of Floods in Rural Basins of North Carolina—Revised



sa|qe]

61

Table 1. Map identification numbers and descriptions of gaged rural sites in North Carolina with annual peak-flow record

[nc, flood-frequency estimates were not computed because the site has less than 10 years of peak-flow record; *, duplicate map identification and station number for sites having separate period of regulated
or channelized flows; r, site excluded from regional analysis because flows were affected by regulation or channelization]

Map .
. e . Period Number of
Ide:::g::mn :lt::boenr Station name Latitude Longitude of systematic
{fig. 1) analysis peaks

1 02053110 Wildcat Swamp near Jackson 36°25'48" 77°22'24" 1953-1971 19

2 02053170 Cutawhiskie Creek near Woodland 36°17'54" 77°11'58" 1953-1971 19

3 02053200 Potecasi Creek near Union 36°22'14" 77°01'36" 1929-1996 39

4nc 02053400  Ahoskie Creek near Rich Square 36°14'52" 77°14'12" 1965-1973 9

5nc 02053450 Ahoskie Creek at Mintons Store 36°16'46" 77°09'28" 1965-1973 9

6 02053500 Ahoskie Creek at Ahoskie 36°16'48" 77°00'00" 1940-1963 13

6+" 02053500*  Ahoskie Creek at Ahoskie (channelized period) 36°16'48" 77°00'00" 1964-1996 33

7 02053510 Ahoskie Creek tributary at Poortown 36°16'29" 77°00'38" 1964-1973 10

8 02053550 Chinkapin Creek near Colerain 36°11'52" 76°47'14" 1953-1971 19

9 02068500 Dan River near Francisco 36°30'53" 80°18'11" 1916-1938 13

9x" 02068500*  Dan River near Francisco (regulated period) 36°30'53" 80°18'11" 1939-1996 54
10 02068610 Hog Rock Creek near Moores Springs 36°23'53" 80°19'46" 1955-1971 15
11 02068660 Little Snow Creek near Lawsonville 36°27'54" 80°10'28" 1954-1971 18
12 02069030 Belews Creek near Kernersville 36°12'20" 80°04'25" 1954-1971 17
13 02070500 Mayo River near Price 36°32'05" 79°59'30" 1930-1996 45
14 02070810 Jacobs Creek near Wentworth 36°20'54" 79°53'14" 1954-1973 18
15 02071000 Dan River near Wentworth 36°24'45" 79°49'35" 1908-1996 57
16 02071410 Matrimony Creek near Leaksville 36°31'39" 79°50'08" 1958-1973 15
17"¢ 02071500  Dan River at Leaksville 36°29'00" 79°46'00"  1930-1949 9
18 02074000 Smith River at Eden 36°31'31" 79°45'57" 1940-1949 10
18+ 02074000*  Smith River at Eden (regulated period) 36°31'31" 79°45'57" 1950-1996 47
19 02075160 Moon Creek near Yanceyville 36°28'13" 79°23'00" 1954-1989 21
20 02075230 South Country Line Creek near Hightowers 36°19'29" 79°18'20" 1954-1976 23
21 02077200 Hyco Creek near Leasburg 36°23'57" 79°11'50" 1965-1996 30
22 02077210 Kilgore Creek tributary near Leasburg 36°22'38" 79°09'57" 1954-1971 13
23 02077240 Double Creek near Roseville 36°21'44" 79°05'48" 1965-1982 16
24 02077250 South Hyco Creek near Roseville 36°23'09" 79°06'26" 1967-1980 14
25°M° 02077300  Hyco River at McGehees Mill 36°31'02"  79°01'42"  1965-1973 9
26" 02077303 Hyco River below Afterbay Dam near McGehees Mill 36°31'24" 78°59'48" 1974-1996 23
27 02077310 Storys Creek near Roxboro 36°23'48" 79°01'14" 1954-1971 18
28" 02077670 Mayo Creek near Bethel Hill 36°32'26" 78°52'21" 1978-1996 19
29 02080500 Roanoke River at Roanoke Rapids 36°27'37" 77°38'04" 1878-1949 38
29+ 02080500*  Roanoke River at Roanoke Rapids (regulated period) 36°27'37" 77°38'04" 1956-1996 41
30 02081000 Roanoke River near Scotland Neck 36°12'34" 77°23'03" 1940-1949 10
31 02081060 Smithwick Creek tributary near Williamston 35°43'51" 77°04'42" 1953-1971 19
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Table 1.

Map identification numbers and descriptions of gaged rural sites in North Carolina with annual peak-flow record—Continued

[nc, flood-frequency estimates were not computed because the site has less than 10 years of peak-flow record; *, duplicate map identification and station number for sites having separate period of regulated

or channelized flows; r, site excluded from regional analysis because flows were affected by regulation or channelization]

Map

identification Station . . . Period Number ?f
number number Station name Latitude Longitude of systematic
X analysis peaks
{fig. 1)

32 02081110 White Oak Swamp near Windsor 36°04'46" 76°58'36" 1953-1971 14
33 0208111310 Cashie River at Secondary Road 1257 near Windsor 36°02'51" 76°59'07" 1988-1996 9
34 02081500 Tar River near Tar River 36°11'41" 78°35'00" 1940-1996 57
35 02081710 Long Creek at Kittrell 36°13'30" 78°27'15" 1954-1976 20
36 02081747 Tar River at U.S. 401 at Louisburg 36°05'34" 78°17'48" 1964-1996 33
37 02081800 Cedar Creek near Louisburg 36°03'14" 78°20'24" 1935-1975 22
38 02081935 Tar River at Spring Hope 35°55'42" 78°08'53" 1967-1971 5
39 02082000 Tar River near Nashville 35°50'57" 77°55'51" 1919-1970 42
40 02082500 Sapony Creek near Nashville 35°53'10" 77°54'40" 1951-1970 20
41 02082506 Tar River below Tar River Reservoir near Rocky Mount 35°53'58" 77°51'57" 1973-1996 24
42 02082540 Wildcat Branch near Mapleville 36°03'29" 78°08'39" 1953-1976 11
43 02082585 Tar River at NC97 at Rocky Mount 35°57'15" 77°47'15" 1977-1996 20
44 02082610 Tar River near Rocky Mount 35°58'38" 77°45'35" 1964-1973 10
45 02082630 Harts Mill Run near Tarboro 35°55'40" 77°37'10" 1953-1971 18
46"° 02082731 Devils Cradle Creek near Alert at Secondary Road 1412 36°12'03" 78°14'19" 1993-1996 4
47 02082770 Swift Creek at Hilliardston 36°06'42" 77°55'16" 1924-1996 33
48 02082835 Fishing Creek near Warrenton 36°23'00" 78°10'54" 1954-1976 22
49 02082950 Little Fishing Creek near White Oak 36°11'08" 77°52'34" 1960-1996 37
50 02082955 Fishing Creek near Glenview 36°08'44" 77°50'31" 1967-1971 5
51 02083000 Fishing Creek near Enfield 36°09'03" 77°41'35" 1915-1996 82
52 02083090 Beaverdam Swamp near Heathsville 36°16'49" 77°41'48" 1953-1971 19
53 02083410 Deep Creek near Scotland Neck 36°09'26" 77°2824" 1953-1973 21
54 02083500 Tar River at Tarboro 35°53'38" 77°32'00" 1897-1996 95
55 02083800 Conetoe Creek near Bethel 35°46'33" 77°27'45" 1957-1996 40
56" 02083833 Conetoe Creek (tributary 3) near Penny Hill 35°46'00" 77°29'26" 1993-1996 4
57 02084160 Chicod Creek at Secondary Road 1760 near Simpson 35°33'47" 77°13'43" 1976-1981 6
57+ 02084160* Chicod Creek at Secondary Road 1760 near Simpson (channelized period) 35°33'47" 77°13'43" 1982-1996 11
58 02084164 Juniper Branch at Secondary Road 1766 near Simpson 35°33'55" 77°14'43" 1976-1978 3
58Nt 02084164* Juniper Branch at Secondary Road 1766 near Simpson (channelized period) 35°33'55" 77°14'43" 1979-1986 8
59 02084240 Collie Swamp near Everetts 35°49'34" 77°12'03" 1953-1976 24
60 02084500 Herring Run near Washington 35°34'03" 77°01'09" 1946-1980 30
61 02084520 Upper Goose Creek near Yeatsville 35°31'25" 76°53'23" 1953-1973 21
62 02084540 Durham Creek at Edward 35°19'25" 76°52'26" 1966-1992 27
63 02084570 Acre Swamp near Pinetown 35°35'02" 76°50'23" 1953-1969 17
64" 02084909 Sevenmile Creek near Efland 36°03'56" 79°08'39" 1988-1996 9
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Table 1.

Map identification numbers and descriptions of gaged rural sites in North Carolina with annual peak-flow record—Continued

[nc, flood-frequency estimates were not computed because the site has less than 10 years of peak-flow record; *, duplicate map identification and station number for sites having separate period of regulated
or channelized flows; r, site excluded from regional analysis because flows were affected by regulation or channelization]

Map .
identification Station . . . Period Number ?f
number npumber Station name Latitude Longitude of systematic
{fig. 1) analysis peaks

65 02085000 Eno River at Hillsborough 36°04'18" 79°05'49" 1928-1996 54
66 02085020 Stony Creek tributary near Hillsboro 36°03'01" 79°02'14" 1953-1971 19
67 02085070 Eno River near Durham 36°04'20" 78°54'30" 1964-1996 33
68 02085190 North Fork Little River tributary near Rougemont 36°11'41" 79°00'52" 1954-1976 23
69 0208521324 Little River at Secondary Road 1461 near Orange Factory 36°08'30" 78°55'10" 1962-1996 35
70 02085500 Flat River at Bahama 36°10'57" 78°52'44" 1926-1996 71
71 02086000 Dial Creek near Bahama 36°10'36" 78°51'24" 1926-1991 47
72" 02086500 Flat River at Dam near Bahama 36°08'55" 78°49'43" 1928-1993 48
73 02086624 Knap Of Reeds Creek near Butner 36°07'40" 78°48'55" 1983-1995 13
74 02086849 Ellerbe Creek near Gorman 36°03'33" 78°49'58" 1983-1994 8
75 02087000 Neuse River near Northside 36°02'54" 78°44'59" 1928-1980 53
76 0208700780 Little Lick Creek above Secondary Road 1814 near Oak Grove 35°59'11" 78°47'58" 1983-1995 13
77 02087030 Lick Creek near Durham 35°58'50" 78°44'19" 1954-1971 18
78 02087140 Lower Barton Creek tributary near Raleigh 35°54'44" 78°40'55" 1954-1971 18
79 02087183 Neuse River near Falls 35°56'25" 78°34'56" 1945-1980 21
79+ 02087183* Neuse River near Falls (regulated period) 35°56'25" 78°34'56" 1981-1996 16
80 02087240 Stirrup Iron Creek tributary near Nelson 35°53'06" 78°49'37" 1952-1973 20
81 02087500 Neuse River near Clayton 35°38'50" 78°24'22" 1919-1980 53
81+ 02087500* Neuse River near Clayton (regulated period) 35°38'50" 78°24'22" 1981-1996 16
82 02087570 Neuse River at Smithfield 35°30'46" 78°21'00" 1908-1980 48
82+ 02087570* Neuse River at Smithfield (regulated period) 35°30'46" 78°21'00" 1981-1990 10
83 02087580 Swift Creek near Apex 35°43'00" 78°45'00" 1954-1971 18
g4c 0208758850  Swift Creek near McCullars Crossroads 35°41'33" 78°41'34" 1992-1996 5
85 02087910 Middle Creek near Holly Springs 35°39'28" 78°48'06" 1954-1971 18
86 02088000 Middle Creek near Clayton 35°34'10" 78°35'30" 1940-1996 56
87 02088140 Stone Creek near Newton Grove 35°20'24" 78°21'54" 1953-1971 19
88 02088210 Hannah Creek near Benson 35°23'36" 78°31'48" 1953-1971 19
89 02088420 Long Branch near Selma 35°38'11" 78°15'06" 1953-1971 19
90 02088470 Little River near Kenly 35°35'20" 78°11'18" 1965-1989 25
91 02088500 Little River near Princeton 35°30'40" 78°09'38" 1919-1996 66
92 02089000 Neuse River near Goldshoro 35°20'14" 77°59'51" 1930-1980 51
g2+ 02089000* Neuse River near Goldsboro (regulated period) 35°20'14" 77°59'51" 1984-1996 13
93 0208925200 Bear Creek at Mays Store 35°16'28" 77°47'40" 1988-1996 9
94 02089500 Neuse River at Kinston 35°15'29" 77°35'09" 1919-1980 53
94+ 02089500* Neuse River at Kinston (regulated period) 35°15'29" 77°35'09" 1981-1996 16
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Table 1. Map identification numbers and descriptions of gaged rural sites in North Carolina with annual peak-flow record—Continued

[nc, flood-frequency estimates were not computed because the site has less than 10 years of peak-flow record; *, duplicate map identification and station number for sites having separate period of regulated

or channelized flows; r, site excluded from regional analysis because flows were affected by regulation or channelization]

. M?p . . Period Number of
identification Station . . . .
Station name Latitude Longitude of systematic
number number .
{fig. 1) analysis

95 02090380 Contentnea Creek near Lucama 35°41'29" 78°06'38" 1965-1976

95+ 02090380* Contentnea Creek near Lucama (regulated period) 35°41'29" 78°06'38" 1977-1996 20

96 02090560 Lee Swamp tributary near Lucama 35°38'21" 78°01'37" 1953-1971 19

97 02090625 Turner Swamp near Eureka 35°34'14" 77°52'47" 1969-1987 19

98 02090780 Whiteoak Swamp tributary near Wilson 35°42'24" 77°47'11" 1953-1971 19

99 02090960 Nahunta Swamp near Pikeville 35°30'40" 77°58'56" 1953-1973 19
100 0209096970  Moccasin Run near Patetown 35°28'46" 77°54'37" 1989-1996 8
101 02091000 Nahunta Swamp near Shine 35°29'20" 77°48'22" 1955-1996 42
102 02091430 Shepherd Run near Snow Hill 35°26'06" 77°38'42" 1953-1971 19
103 02091500 Contentnea Creek at Hookerton 35°25'44" 77°34'59" 1928-1996 68
104 02091700 Little Contentnea Creek near Farmville 35°32'40" 77°30'41" 1957-1987 31
105 02091810 Halfmoon Creek near Fort Barnwell 35°17'58" 77°21'14" 1953-1975 12
106 02091970 Creeping Swamp near Vanceboro 35°23'30" 77°13'46" 1972-1985 14
107 02092000 Swift Creek near Vanceboro 35°20'42" 77°11'45" 1909-1989 39
108 02092020 Palmetto Swamp near Vanceboro 35°20'18" 77°10'16" 1953-1976 24
109 02092120 Bachelor Creek near New Bern 35°10'24" 77°06'14" 1953-1971 19
110 02092290 Rattlesnake Branch near Comfort 35°00'31" 77°35'50" 1953-1971 19
111 02092500 Trent River near Trenton 35°03'54" 77°27'24" 1928-1996 45
112 02092520 Vine Swamp near Kinston 35°09'29" 77°33'16" 1953-1971 19
113 02092620 Upper Broad Creek tributary near Grantsboro 35°08'06" 76°56'31" 1953-1973 21
114 02092720 White Oak River at Belgrade 34°53'30" 77°14'02" 1953-1973 21
115 02092780 Bell Swamp near Hubert 34°42'04" 77°14'01" 1953-1970 18
116 02093000 New River near Gum Branch 34°50'56" 77°31'11" 1908-1996 33
117 02093040 Southwest Creek tributary near Jacksonville 34°47'18" 77°33'08" 1954-1973 19
118 02093070 Southwest Creek near Jacksonville 34°43'56" 77°32'02" 1953-1973 20
119 02093290 Haw River near Summerfield 36°14'32" 79°52'20" 1954-1971 18
120 02093500 Haw River near Benaja 36°15'06" 79°33'55" 1916-1971 43
121" 02093549 Haw River at Altamahaw 36°10'43" 79°30'09" 1968-1973 6
122 02093800 Reedy Fork near Oak Ridge 36°10'22" 79°57'12" 1956-1996 41
123 02094000 Horsepen Creek at Battle Ground 36°08'34" 79°51'40" 1926-1959 30
124 02095000 South Buffalo Creek near Greensboro 36°03'36" 79°43'33" 1929-1958 29
125 02095500 North Buffalo Creek near Greensboro 36°07'13" 79°42'30" 1929-1990 62
126 02096500 Haw River at Haw River 36°05'13" 79°22'02" 1929-1996 68
127 02096660 Rock Creek near Whitsett 36°04'49" 78°47'45" 1954-1971 17
128 02096700 Big Alamance Creek near Elon College 36°02'21" 79°31'29" 1945-1980 23
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Table 1.

Map identification numbers and descriptions of gaged rural sites in North Carolina with annual peak-flow record—Continued

[nc, flood-frequency estimates were not computed because the site has less than 10 years of peak-flow record; *, duplicate map identification and station number for sites having separate period of regulated

or channelized flows; r, site excluded from regional analysis because flows were affected by regulation or channelization]

Map .

identification Station . . . Period Number ?f

number npumber Station name Latitude Longitude of systematic
{fig. 1) analysis peaks

129 02096740 Gun Branch near Alamance 36°02'58" 79°28'35" 1954-1973 19
130 02096846 Cane Creek near Orange Grove 35°59'13" 79°12'23" 1989-1996 8
131 02096850 Cane Creek near Teer 35°56'34" 79°14'46" 1960-1973 14
132 02096960 Haw River near Bynum 35°45'48" 79°08'02" 1908-1996 69
133 02097010 Robeson Creek near Pittsboro 35°43'29" 79°12'33" 1954-1976 23
134 02097314 New Hope Creek near Blands 35°53'05" 78°57'58" 1983-1996 14
135 0209741955 Northeast Creek at Secondary Road 1100 near Genlee 35°52'20" 78°54'49" 1983-1996 12
136 02097910 White Oak Creek near Wilsonville 35°44'47" 79°00'44" 1954-1971 18
137 02098000 New Hope River near Pittsboro 35°44'12" 79°01'36" 1908-1973 24
134 02098198 Haw River below B. Everett Jordan Dam near Moncure 35°39'11" 79°04'03" 1980-1992 13
139 02098200 Haw River near Haywood 35°39'01" 79°03'59" 1966-1972 7
140 02098500 West Fork Deep River near High Point 36°00'15" 79°58'42" 1924-1966 42
141 02099000 East Fork Deep River near High Point 36°02'15" 79°56'46" 1929-1994 66
142 02099500 Deep River near Randleman 35°54'06" 79°51'05" 1929-1996 66
143 02100000 Muddy Creek near Archdale 35°52'35" 79°52'43" 1935-1941 7
144 02100500 Deep River at Ramseur 35°43'34" 79°39'20" 1901-1996 73
145 02101000 Bear Creek at Robbins 35°26'03" 79°35'39" 1940-1971 32
146 02101030 Falls Creek near Bennett 35°33'20" 79°29'56" 1954-1973 20
147 02101480 Sugar Creek near Tramway 35°25'28" 79°14'50" 1954-1973 20
148 0210166029 Rocky River near Crutchfield Crossroads 35°48'25" 79°31'41" 1988-1996 9
149 02101800 Tick Creek near Mount Vernon Springs 35°39'37" 79°24'08" 1959-1996 26
150 02101890 Bear Creek near Goldston 35°37'33" 79°17'54" 1952-1971 19
151 02102000 Deep River at Moncure 35°37'38" 79°06'58" 1931-1996 66
152%° 02102192 Buckhorn Creek near Corinth 35°33'34" 78°58'25" 1973-1980 8
152+ 02102192* Buckhorn Creek near Corinth (regulated period) 35°33'34" 78°58'25" 1981-1996 16
153 02102500 Cape Fear River at Lillington 35°24'22" 78°48'48" 1924-1980 57
153+ 02102500* Cape Fear River at Lillington (regulated period) 35°24'22" 78°48'48" 1981-1996 16
154 02102908 Flat Creek near Inverness 35°10'54" 79°10'40" 1969-1996 28
155 02102910 Dunhams Creek tributary near Carthage 35°18'41" 79°22'53" 1954-1971 18
156 02102930 Crane Creek near Vass 35°17'53" 79°16'19" 1954-1971 18
157 02103000 Little River at Manchester 35°11'38" 78°59'14" 1939-1950 11
158 02103390 South Prong Anderson Creek near Lillington 35°15'31" 78°55'27" 1953-1971 19
159 02103500 Little River at Linden 35°15'46" 78°46'35" 1928-1971 44
160 02104000 Cape Fear River at Fayetteville 35°02'49" 78°51'36" 1889-1976 71
161 02104080 Reese Creek near Fayetteville 35°04'49" 78°47'45" 1953-1971 17
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Table 1.

Map identification numbers and descriptions of gaged rural sites in North Carolina with annual peak-flow record—Continued

[nc, flood-frequency estimates were not computed because the site has less than 10 years of peak-flow record; *, duplicate map identification and station number for sites having separate period of regulated

or channelized flows; r, site excluded from regional analysis because flows were affected by regulation or channelization]

Map

identification Station Period Number of
Station name Latitude Longitude of systematic
number number .
{fig. 1) analysis peaks

162 02104500 Rockfish Creek near Hope Mills 34°57'57" 78°55'04" 1939-1954 16
163 02105500 Cape Fear River at William O. Huske Lock near Tarheel 34°50'05" 78°49'27" 1938-1980 36
163+ 02105500* Cape Fear River at William O. Huske Lock near Tarheel (regulated period) 34°50'05" 78°49'27" 1981-1996 15
164 02105570 Browns Creek near Elizabethtown 34°36'32" 78°36'57" 1953-1973 18
165 02105630 Turnbull Creek near Elizabethtown 34°41'32" 78°35'02" 1949-1971 19
166 02105769 Cape Fear River at Lock 1 near Kelly 34°24'15" 78°17'38" 1970-1980 11
166+ 02105769* Cape Fear River at Lock 1 near Kelly (regulated period) 34°24'15" 78°17'38" 1981-1996 16
167 02105900 Hood Creek near Leland 34°16'43" 78°07'34" 1953-1996 24
168 02106000 Little Coharie Creek near Roseboro 34°57'13" 78°29'17" 1924-1991 41
169 02106240 Turkey Creek near Turkey 35°00'11" 78°11'06" 1953-1973 18
170 02106410 Stewarts Creek tributary near Warsaw 34°57'25" 78°04'42" 1955-1971 16
171 02106500 Black River near Tomahawk 34°45'17" 78°17'21" 1928-1996 45
172 02106910 Big Swamp near Roseboro 34°58'38" 78°34'07" 1953-1973 20
173 02107000 South River near Parkersburg 34°48'45" 78°27'26" 1952-1986 35
174 02107500 Colly Creek near Kelly 34°27'48" 78°15'26" 1908-1971 21
175 02107590 Northeast Cape Fear River tributary near Mount Olive 35°11'06" 77°57'34" 1954-1971 18
176 02107600 Northeast Cape Fear River near Seven Springs 35°10'20" 77°55'56" 1959-1975 17
177 02107620 Mathews Creek near Pink Hill 35°05'49" 77°49'10" 1953-1976 16
178 02107980 Limestone Creek near Beulaville 34°45'48" 77°48'15" 1953-1971 19
179 02108000 Northeast Cape Fear River near Chinquapin 34°49'40" 77°50'00" 1941-1996 56
180 02108500 Rockfish Creek near Wallace 34°44'32" 78°02'22" 1955-1981 27
181 02108548 Little Rockfish Creek at Wallace 34°44'02" 77°58'03" 1977-1992 16
182 02108610 Pike Creek near Burgaw 34°30'00" 77°53'58" 1953-1971 18
183 02108630 Turkey Creek near Castle Hayne 34°23'47" 77°54'48" 1953-1971 19
184 02108960 Buckhead Branch near Bolton 34°20'52" 78°26'19" 1953-1971 19
185 02109500 Waccamaw River at Freeland 34°05'43" 78°32'55" 1940-1996 57
186 02109640 Wet Ash Swamp near Ash 34°02'17" 78°30'14" 1953-1971 18
187 02110020 Mill Branch near Tabor City 34°10'59" 78°48'08" 1953-1971 18
188 02111000 Yadkin River at Patterson 35°59'29" 81°33'30" 1940-1996 56
189 02111180 Elk Creek at Elkville 36°04'16" 81°24'13" 1940-1996 31
190 02111340 South Prong Lewis Fork Creek near North Wilkesboro 36°11'23" 81°24'40" 1955-1971 16
191 02111500 Reddies River at North Wilkesboro 36°10'29" 81°10'09" 1940-1995 55
192 02112000 Yadkin River at Wilkesboro 36°09'09" 81°08'45" 1904-1961 48
192+ 02112000* Yadkin River at Wilkeshoro (regulated period) 36°09'09" 81°08'45" 1962-1996 35
193 02112120 Roaring River near Roaring River 36°14'59" 81°02'39" 1916-1996 32
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Table 1. Map identification numbers and descriptions of gaged rural sites in North Carolina with annual peak-flow record—Continued

[nc, flood-frequency estimates were not computed because the site has less than 10 years of peak-flow record; *, duplicate map identification and station number for sites having separate period of regulated

or channelized flows; r, site excluded from regional analysis because flows were affected by regulation or channelization]

identiN:?(z)ation Station Period Number of
Station name Latitude Longitude of systematic
number number .
{fig. 1) analysis peaks

194 02112247 Elkin River at Elkin 36°15'12" 80°51'45" 1971-1980 10
195 02112250 Yadkin River at Elkin 36°14'30" 80°50'49" 1965-1995 31
196 02112360 Mitchell River near State Road 36°18'42" 80°48'26" 1940-1996 32
197 02112410 Fisher River near Bottom 36°26'35" 80°46'12" 1954-1971 16
198 02112500 Fisher River near Dobson 36°23'05" 80°40'20" 1922-1933 12
199 02113000 Fisher River near Copeland 36°21'26" 80°41'10" 1922-1996 74
200 02113500 Yadkin River at Siloam 35°16'55" 80°33'46" 1977-1987 11
201 02113850 Ararat River at Ararat 36°24'16" 80°33'43" 1947-1996 32
202 02114010 Ararat River at Dam near Pilot Mountain 36°22'00" 80°33'00" 1938-1968 16
203 02114450 Little Yadkin River at Dalton 36°17'56" 80°25'53" 1961-1996 36
204 02115360 Yadkin River at Enon 36°07'55" 80°26'39" 1965-1996 32
205 02115500 Forbush Creek near Yadkinville 36°08'13" 80°33'09" 1941-1971 31
206 02115520 Logan Creek near Smithtown 36°12'50" 80°33'32" 1954-1971 18
207 02115540 South Deep Creek near Yadkinville 36°08'00" 80°46'00" 1954-1966 13
208° 02115730 Mill Creek near Stanleyville 36°10'49" 80°16'19" 1965-1972 6
209" 02115740 Mill Creek near Oldtown 36°09'06" 80°19'03" 1965-1972 6
210 02115810 Little Creek near Clemmons 36°02'19" 80°20'46" 1965-1972 6
211 02115830 Smith Creek near Kernersville 36°06'19" 80°06'19" 1954-1971 18
212 02115856 Salem Creek near Atwood 36°02'10" 80°18'35" 1972-1982 11
213 02115860 Muddy Creek near Muddy Creek 36°00'01" 80°20'25" 1965-1991 19
214 02115900 South Fork Muddy Creek near Clemmons 36°00'22" 80°18'07" 1965-1991 19
215 02116500 Yadkin River at Yadkin College 35°51'23" 80°23'14" 1916-1961 33
215+ 02116500* Yadkin River at Yadkin College (regulated period) 35°51'23" 80°23'14" 1962-1996 35
216 02117030 Humpy Creek near Fork 35°51'17" 80°26'24" 1969-1983 15
217 02117410 McClelland Creek near Statesville 35°57'04" 80°56'46" 1954-1976 22
218 02117500 Rocky Creek at Turnersburg 35°54'23" 80°48'34" 1941-1971 31
219 02118000 South Yadkin River near Mocksville 35°50'41" 80°39'34" 1930-1996 58
220 02118500 Hunting Creek near Harmony 36°00'00" 80°44'44" 1952-1996 45
221 02119000 South Yadkin River at Cooleemee 35°48'10" 80°33'22" 1916-1965 37
227 02119400 Third Creek near Stony Point 35°52'04" 81°04'00" 1957-1969 13
223 02120500 Third Creek at Cleveland 35°45'00" 80°41'00" 1916-1954 14
223+ 02120500* Third Creek at Cleveland (regulated period) 35°45'00" 80°41'00" 1955-1971 17
224 02120780 Second Creek near Barber 35°43'05" 80°35'45" 1980-1996 17
225 02120820 Deal Branch near Salisbury 35°44'43" 80°30'25" 1954-1971 15
226 02121000 Yadkin River near Salisbury 35°43'30" 80°23'50" 1896-1927 30
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Table 1. Map identification numbers and descriptions of gaged rural sites in North Carolina with annual peak-flow record—Continued

[nc, flood-frequency estimates were not computed because the site has less than 10 years of peak-flow record; *, duplicate map identification and station number for sites having separate period of regulated

or channelized flows; r, site excluded from regional analysis because flows were affected by regulation or channelization]

Map

identification Station Period Number of
Station name Latitude Longitude of systematic
number number .
{fig. 1) analysis peaks

227 02121180 North Potts Creek at Linwood 35°45'28" 80°19'24" 1980-1990 11
228 02121500 Abbotts Creek at Lexington 35°48'23" 80°14'05" 1941-1995 23
229 02121940 Flat Swamp Creek near Lexington 35°43'59" 80°06'37" 1954-1971 18
230 02122500 Yadkin River at High Rock 35°35'46" 80°13'59" 1916-1927 8
230+ 02122500* Yadkin River at High Rock (regulated period) 35°35'46" 80°13'59" 1942-1961 19
231 02122560 Cabin Creek near Jackson Hill 35°34'57" 80°09'12" 1954-1971 17
232 02122720 Beaverdam Creek tributary near Denton 35°31'657" 80°05'04" 1954-1971 18
233 02123500 Uwharrie River near Eldorado 35°25'47" 80°01'05" 1928-1971 32
234 02123567 Dutchmans Creek near Uwharrie 35°22'05" 80°01'49" 1982-1995 12
235 02124060 North Prong Clarke Creek near Huntersville 35°25'13" 80°47'54" 1954-1973 20
236 02124130 Mallard Creek near Charlotte 35°19'05" 80°44'16" 1954-1971 18
237 02125000 Big Bear Creek near Richfield 35°20'02" 80°20'09" 1955-1996 42
238 02125410 Chinkapin Creek near Monroe 35°02'48" 80°29'33" 1953-1971 18
239 02126000 Rocky River near Norwood 35°08'54" 80°10'33" 1908-1996 67
240 02127000 Brown Creek near Polkton 35°02'10" 80°08'42" 1908-1971 36
241 02127390 Palmetto Branch at Ansonville 35°06'03" 80°07'11" 1953-1971 17
242 02128000 Little River near Star 35°23'11" 79°49'56" 1955-1996 41
243 02128260 Cheek Creek near Pekin 35°12'37" 79°50'49" 1954-1971 18
244 02129000 Pee Dee River near Rockingham 34°56'46" 79°52'11" 1928-1996 69
245 02129440 South Fork Jones Creek near Morven 34°53'51" 80°00'24" 1954-1971 18
246 02129530 Little Creek tributary near Pee Dee 34°55'07" 79°54'38" 1955-1971 11
247 02132230 Bridge Creek tributary at Johns 34°42'12" 79°26'34" 1953-1973 18
248"° 0213228795 Jordan Creek near Silver Hill 34°58'12" 79°31'35" 1985-1993 9
249 02132320 Big Shoe Heel Creek near Laurinburg 34°45'01" 79°23'12" 1987-1996 10
250 02133500 Drowning Creek near Hoffman 35°03'38" 79°29'39" 1940-1996 57
251 02133590 Beaverdam Creek near Aberdeen 35°00'42" 79°26'50" 1953-1971 18
252 02133624 Lumber River near Maxton 34°46'22" 79°19'55" 1987-1996 10
253 02133960 Raft Swamp near Red Springs 34°52'16" 79°10'12" 1953-1971 15
254 02134380 Tenmile Swamp near Lumberton 34°43'34" 78°59'31" 1953-1973 18
255 02134500 Lumber River at Boardman 34°26'32" 78°57'38" 1901-1996 67
256 02137000 Mill Creek at Old Fort 35°37'59" 82°11'14" 1940-1975 15
257 02137727 Catawba River near Pleasant Gardens 35°41'09" 82°03'40" 1981-1996 16
258 02138000 Catawba River near Marion 35°42'26" 82°02'00" 1916-1981 40
259 02138500 Linville River near Nebo 35°47'41" 81°53'25" 1916-1996 74
260 02138680 White Branch near Marion 35°38'46" 81°55'18" 1955-1971 14
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Table 1. Map identification numbers and descriptions of gaged rural sites in North Carolina with annual peak-flow record—Continued

[nc, flood-frequency estimates were not computed because the site has less than 10 years of peak-flow record; *, duplicate map identification and station number for sites having separate period of regulated

or channelized flows; r, site excluded from regional analysis because flows were affected by regulation or channelization]

. M?p . . Period Number of
identification Station . . . X
Station name Latitude Longitude of systematic
number number .
{fig. 1) analysis peaks
261 02140980 Carroll Creek near Collettsville 35°53'21" 81°44'18" 1955-1971 17
262 02140991 Johns River at Arneys Store 35°50'01" 81°42'43" 1986-1996 11
263 02141130 Zacks Fork Creek near Lenoir 35°55'32" 81°31'13" 1967-1976 10
264 02141890 Duck Creek near Taylorsville 35°53'34" 81°18'09" 1954-1971 18
265 02142000 Lower Little River near All Healing Springs 35°56'44" 81°14'13" 1954-1995 42
266 02142480 Hagan Creek near Catawba 35°40'20" 81°08'12" 1954-1971 15
267 02142500 Catawba River at Catawba 35°43'00" 81°03'59" 1936-1962 30
268 0214253830 Norwood Creek near Troutman 35°40'48" 80°56'44" 1984-1996 13
269 02142900 Long Creek near Paw Creek 35°19'42" 80°54'35" 1966-1996 31
270 02143000 Henry Fork near Henry River 35°41'03" 81°24'10" 1916-1996 59
271 02143040 Jacob Fork at Ramsey 35°35'26" 81°34'02" 1962-1996 35
272 02143310 Lithia Inn Branch near Lincolnton 35°27'47" 81°13'27" 1954-1971 14
273 02143500 Indian Creek near Laboratory 35°25'20" 81°15'52" 1916-1996 45
274 02144000 Long Creek near Bessemer City 35°18'23" 81°14'05" 1954-1996 43
275 02145000 South Fork Catawba River at Lowell 35°17'10" 81°06'00" 1940-1996 42
276 02146890 East Fork Twelve Mile Creek near Waxhaw 34°57'46" 80°42'40" 1954-1972 18
277 02146900 Twelve Mile Creek near Waxhaw 34°57'08" 80°45'21" 1949-1996 36
278 02148500 Broad River near Chimney Rock 35°25'29" 82°10'54" 1928-1958 31
279 02149000 Cove Creek near Lake Lure 35°25'24" 82°06'42" 1916-1996 45
280 02150420 Camp Creek near Rutherfordton 35°27'47" 81°54'29" 1955-1971 17
281 02151000 Second Broad River at Cliffside 35°14'08" 81°45'57" 1926-1996 71
282 02151500 Broad River near Boiling Springs 35°12'39" 81°41'52" 1926-1996 70
283 02152100 First Broad River near Casar 35°29'35" 81°40'56" 1960-1996 36
284 02152420 Big Knob Creek near Fallston 35°29'34" 81°32'25" 1953-1971 18
285 02152500 First Broad River near Lawndale 35°22'50" 81°32'40" 1916-1980 41
286 02152610 Sugar Branch near Boiling Springs 35°15'00" 81°37'15" 1954-1987 34
287 03160610 Old Field Creek near West Jefferson 36°21'29" 81°31'46" 1955-1971 17
288 03161000 South Fork New River near Jefferson 36°23'35" 81°24'26" 1916-1996 69
289 03162110 Buffalo Creek at Warrensville 36°27'22" 81°30'51" 1940-1971 17
290 03162500 North Fork New River at Crumpler 36°31'04" 81°23'18" 1878-1966 39
291 03162880 Vile Creek near Sparta 36°30'39" 81°06'16" 1955-1971 17
292 03439000 French Broad River at Rosman 35°08'32" 82°49'28" 1908-1996 62
293 03439500 French Broad at Calvert 35°08'55" 82°47'57" 1916-1955 31
294 03440000 Catheys Creek near Brevard 35°12'40" 82°47'00" 1945-1996 21
295 03441000 Davidson River near Brevard 35°16'23" 82°42'21" 1876-1996 73
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[nc, flood-frequency estimates were not computed because the site has less than 10 years of peak-flow record; *, duplicate map identification and station number for sites having separate period of regulated
or channelized flows; r, site excluded from regional analysis because flows were affected by regulation or channelization]

Map identification numbers and descriptions of gaged rural sites in North Carolina with annual peak-flow record—Continued
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identification Station . . . Period Number ?f
number number Station name Latitude Longitude olf _ systerrll(atlc
- analysis peaks
{fig. 1)

296 03441440 Little River above High Falls near Cedar Mountain 35°11'32" 82°36'49" 1963-1990 28
297 03441500 Little River near Penrose 35°1323" 82°38'07" 1916-1973 13
298 03442000 Crab Creek near Penrose 35°14'02" 82°36'39" 1916-1965 13
299 03443000 French Broad River at Blantyre 35°17'56" 82°37'26" 1875-1996 76
300 03444000 Boylston Creek near Horseshoe 35°22'10" 82°33'50" 1943-1973 13
301 03444500 South Fork Mills River at The Pink Beds 35°21'59" 82°44'20" 1927-1973 31
302 03446000 Mills River near Mills River 35°23'55" 82°35'42" 1876-1996 64
303 03446410 Laurel Branch near Edneyville 35°22'15" 82°24'10" 1955-1970 12
304 03446500 Clear Creek near Hendersonville 35°21'14" 82°26'40" 1910-1965 10
305 03447000 Mud Creek at Naples 35°22'52" 82°29'54" 1916-1955 17
306 03447500 Cane Creek at Fletcher 35°26'08" 82°29'23" 1916-1973 18
307 03448000 French Broad River at Bent Creek 35°30'07" 82°35'33" 1916-1986 52
308 03448500 Hominy Creek at Candler 35°32'28" 82°40'35" 1940-1978 35
309 0344894205 North Fork Swannanoa River near Walkertown 35°41'07" 82°19'58" 1990-1996 7
310 03449000 North Fork Swannanoa River near Black Mountain 35°39'11" 82°21'04" 1926-1952 27
310*""°  03449000*  North Fork Swannanoa River near Black Mountain (regulated period) 35°39'11" 82°21'04" 1953-1957 5
311 03450000 Beetree Creek near Swannanoa 35°39'11" 82°24'20" 1927-1996 61
312 03451000 Swannanoa River at Biltmore 35°34'06" 82°32'42" 1791-1979 51
312+ 03451000* Swannanoa River at Biltmore (regulated period) 35°34'06" 82°32'42" 1980-1996 17
313 03451500 French Broad River at Asheville 35°36'33" 82°34'43" 1896-1996 101
314 03452000 Sandymush Creek near Alexander 35°43'49" 82°40'11" 1940-1955 13
315 03453000 Ivy Creek near Marshall 35°46'10" 82°37'16" 18761996 42
316 03453500 French Broad River at Marshall 35°47'10" 82°39'39" 1916-1996 54
317 03453880 Brush Creek at Walnut 35°50'40" 82°44'30" 1954-1971 17
318 03454000 Big Laurel Creek near Stackhouse 35°55'12" 82°45'42" 1935-1978 39
319 03454500 French Broad River at Hot Springs 35°53'23" 82°49'16" 1796-1978 15
320 03455500 West Fork Pigeon River above Lake Logan near Hazelwood 35°23'46" 82°56'17" 1955-1996 42
3210"¢ 0345577330 West Fork Pigeon River near Retreat 35°25'36" 82°55'12" 1989-1996 8
327 03456100 West Fork Pigeon River at Bethel 35°27'48" 82°54'00" 1955-1996 41
323 03456500 East Fork Pigeon River near Canton 35°27'42" 82°52'13" 1955-1996 42
324 03456991 Pigeon River near Canton 35°31'19" 82°50'53" 1810-1996 71
325 03457500 Allen Creek near Hazelwood 35°25'49" 83°00'30" 1950-1973 24
326° 03458500 Pigeon River nr Crabtree 35°34'37" 82°57'07" 1922-1930 9
327 03459000 Jonathan Creek near Cove Creek 35°3721" 83°00'25" 1931-1973 43
328 03459500 Pigeon River near Hepco 35°38'05" 82°59'21" 1876-1996 69
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Table 1. Map identification numbers and descriptions of gaged rural sites in North Carolina with annual peak-flow record—Continued

[nc, flood-frequency estimates were not computed because the site has less than 10 years of peak-flow record; *, duplicate map identification and station number for sites having separate period of regulated

or channelized flows; r, site excluded from regional analysis because flows were affected by regulation or channelization]

. M?p . . Period Number of
identification Station . . . X
number npumber Station name Latitude Longitude of _ systematic
{fig. 1) analysis peaks

329 03460000 Cataloochee Creek near Cataloochee 35°40'02" 83°04'22" 1935-1996 52
330 03461910 North Toe River at Newland 36°05'01" 81°55'45" 1955-1973 19
331 03462000 North Toe River at Altapass 35°53'59" 82°01'50" 1935-1978 24
332 03463300 South Toe River near Celo 35°49'53" 82°11'04" 1958-1996 39
333 03463500 South Toe River at Newdale 35°54'22" 82°11'19" 1916-1978 18
334 03463910 Phipps Creek near Burnsville 35°54'40" 82°22'10" 1957-1973 14
335 03464000 Cane River near Sioux 36°00'52" 82°19'40" 1893-1978 38
336 03464500 Nolichucky River at Poplar 36°04'29" 82°20'41" 1926-1978 30
337 03478910 Cove Creek at Sherwood 36°15'50" 81°47'03" 1940-1972 18
338 03479000 Watauga River near Sugar Grove 36°14'18" 81°49'22" 1916-1996 57
339 03480540 Peavine Branch near Banner Elk 36°10'20" 81°54'42" 1953-1972 11
340 03481000 Elk River near Elk Park 36°11'01" 81°57'45" 1935-1978 21
341 03500000 Little Tennessee River near Prentiss 35°08'59" 83°22'47" 1899-1996 52
342 03500240 Cartoogechaye Creek near Franklin 35°09'31" 83°23'40" 1949-1996 35
343 03500500 Cullasaja River at Highlands 35°04'14" 83°13'57" 1928-1971 44
344 03501000 Cullasaja River at Cullasaja 35°09'59" 83°19'25" 1908-1976 52
345 03501760 Coon Creek near Franklin 35°14'04" 83°20'28" 1957-1973 17
346 03502000 Little Tennessee River at lotla 35°13'59" 82°23'32" 1899-1949 17
347 03503000 Little Tennessee River at Needmore 35°20'11" 83°31'37" 1899-1996 51
348 03504000 Nantahala River near Rainbow Springs 35°07'37" 83°37'09" 1940-1996 57
349 03505500 Nantahala River at Nantahala 35°17'55" 83°39'21" 1943-1982 39
350 03506500 Nantahala River at Almond 35°22'32" 83°33'59" 1923-1941 17
351 03507000 Little Tennessee River at Judson 35°24'30" 83°33'26" 1897-1944 48
35201€ 03508000 Tuckasegee River at Tuckasegee 35°16'55" 83°07'37" 1840-1940 6
352+ 03508000* Tuckasegee River at Tuckasegee (regulated period) 35°16'55" 83°07'37" 1941-1976 37
353 03509000 Scott Creek above Sylva 35°23'02" 83°12'51" 1929-1995 48
354 03510500 Tuckasegee River At Dillsboro 35°22'00" 83°15'37" 1928-1940 13
354+ 03510500* Tuckasegee River at Dillsboro (regulated period) 35°22'00" 83°15'37" 1941-1982 43
355 03511000 Oconaluftee River at Cherokee 35°29'04" 83°18'656" 1867-1949 28
356 03512000 Oconaluftee River at Birdtown 35°27'41" 83°21'13" 1946-1996 48
357 03513000 Tuckasegee River at Bryson City 35°25'40" 83°26'51" 1898-1940 43
357+ 03513000* Tuckasegee River at Bryson City (regulated period) 35°25'40" 83°26'51" 1941-1995 55
358 03513410 Jenkins Branch tributary at Bryson City 35°24'50" 83°27'20" 1957-1971 13
359 03513500 Noland Creek near Bryson City 35°29'05" 83°30'15" 1936-1971 36
360 03514000 Hazel Creek at Proctor 35°28'38" 83°42'58" 1943-1952 10
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Table 1. Map identification numbers and descriptions of gaged rural sites in North Carolina with annual peak-flow record—Continued

[nc, flood-frequency estimates were not computed because the site has less than 10 years of peak-flow record; *, duplicate map identification and station number for sites having separate period of regulated
or channelized flows; r, site excluded from regional analysis because flows were affected by regulation or channelization]

Map

identification Station Period Number of
Station name Latitude Longitude of systematic
number number .
{fig. 1) analysis peaks
361™ 03515000 Little Tennessee River at Fontana Dam 35°26'45" 83°48'20" 1939-1944 6
361+ 03515000* Little Tennessee River at Fontana Dam (regulated period) 35°26'45" 83°48'20" 1945-1954 10
362 03516000 Snowbird Creek near Robbinsville 35°18'40" 83°51'35" 1943-1952 10
363 03546000 Shooting Creek near Hayesville 35°01'29" 83°42'27" 1923-1955 13
364 03547000 Hiwassee River below Chatuge Dam near Hayesville 35°01'45" 83°47'45" 1943-1974 32
365 03548500 Hiwassee River above Murphy 35°04'49" 84°00'10" 1897-1941 44
365+ 03548500* Hiwassee River above Murphy (regulated period) 35°04'49" 84°00'10" 1942-1996 55
366 03550000 Valley River at Tomotla 35°08'20" 83°58'50" 1898-1996 86
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Table 2. Recurrence interval discharges and basin characteristics for gaged rural sites in North Carolina

[Q, recurrenceinterval flood discharge for yearsindicated; DA, drainage area; L, channel length; CSL OPE, channel slope; BSLOPE, basin slope; SHAPE, basin shape; CF, climate factor for recurrence interval
yearsindicated; REG, region: 1, if siteisin Blue Ridge-Piedmont; 2, if siteisin Coastal Plain; 3, if siteisin Sand Hills; nc, flood-frequency estimates were not computed because the site has less than 10 years
of peak-flow record; *, duplicate map identification number for sites having separate periods of regulated or channelized flows; r, site excluded from regional analysis because flows were affected by regulation
or channelization; n.a., data not available]

Map
|de: :I:E:trm" Q, 05 Qqq Q5 Qs Q190 Q200 Qsq0 (l?lli\z) ("I; i) c(ftl;:l;E B(ftll-l?l:;E :;DH:/rzli CF,  CFy CFy REG
{fig. 1)

1 51.7 99.7 142 210 271 343 426 557 0.7 117 8.61 433 053 224 289 308 2
2 334 643 914 1340 1720 2160 2660 3440 11.8 5.84 293 18325 33 225 290 309 2
3 1950 2950 3690 4720 5550 6430 7370 8720 225 30.86 3.18 1619 .23 226 290 310 2
4nc na na na na n.a na na na 37 2.65 238 410 58 225 290 309 2
5nc na n.a na n.a n.a n.a n.a n.a. 24.0 8.03 218 979 34 226 290 309 2
6 818 1380 1830 2500 3070 3700 4390 5440 63.3 18.55 2.34 823 .18 226 290 310 2
6+ 963 1340 1630 2070 2440 2860 3330 4040 63.3 18.55 2.34 8.23 A8 226 290 310 2
7 209 253 280 313 337 361 384 415 2.6 3.07 712 2.28 25 226 290 310 2
8 220 426 612 912 1190 1520 1900 2510 8.9 4.96 6.71 153 35 231 294 314 1
9 4600 7600 10000 13600 16700 20100 24000 29800 129 46.52 5121 21190 06 207 277 295 1
o+’ 4210 7370 9940 13700 17000 20600 24600 30500 129 4652 5121 21190 .06 207 277 29 1
10 128 186 227 284 329 377 427 499 3 196 39339 225.04 33 208 278 29 1
11 617 945 1190 1540 1820 2120 2450 2920 54 521 5324 154.08 20 208 277 29 1
12 879 1510 2030 2810 3500 4280 5160 6510 14.9 6.25 18.65 87.83 37 211 280 297 1
13 7020 11800 15700 21600 26700 32600 39100 49200 242 36.02 21.01 145.96 20 210 279 297 1
14 878 1550 2130 3020 3810 4730 5770 7390 16.2 7.98 40.33 137.37 26 211 280 297 1
15 18300 25500 30400 36600 41300 46100 51000 57600 1053 97.48 2362 148.17 A1 210 280 297 1
16 960 1640 2200 3030 3730 4520 5410 6730 12.0 917 3050 13834 14 210 279 297 1
17"¢ na n.a n.a na na n.a n.a na 1150 116.76 20.23 154.63 .09 210 279 297 1
18 15000 24300 31600 42200 51100 61000 71900 88000 538 77.81 10.76  194.65 09 210 279 297 1
18+' 10300 15300 19000 24100 28200 32500 37000 43500 538 77.81 1076 19465 .09 210 279 297 1
19 821 1640 2390 3590 4700 6010 7540 9960 29.9 8.97 2081 117.88 41 211 280 298 1
20 907 1380 1740 2240 2660 3120 3610 4340 71 4.32 40.20 103.92 35 212 280 298 1
21 1870 3710 5370 8010 10400 13200 16500 21600 459 14.66 1359 118.79 22 212 280 298 1
22 44.2 77.6 106 149 188 232 282 359 2 39 19.18 66.32 66 212 280 298 1
23 724 1270 1720 2410 3010 3700 4480 5670 75 4.39 53.25 94.67 39 212 280 298 1
24 1960 3680 5190 7570 9720 12200 15100 19600 56.5 14.40 13.70 104.89 27 212 280 298 1
25" Nt na na na na n.a na na na 191 30.26 666 10897 .22 211 280 298 1
26" 4450 8400 10900 13700 15600 17100 18500 20100 202 32.72 6.28 108.48 9 214 282 301 1
27 173 260 322 408 475 547 622 727 2.0 2.60 38.00 100.05 28 216 283 301 1
28" 385 1010 1700 3030 4430 6280 8690 13000 535 16.06 1321 108.45 21 214 282 301 1
29 77200 105000 125000 151000 172000 194000 217000 249000 8386 280.12 403 159.83 A1 222 287 306 1
20+" 22800 29400 35100 43900 51600 60500 70800 87000 8386 280.12 403 15983 11 222 287 306 1
30 51400 78200 99000 129000 154000 181000 212000 257000 8671 31175 383 155.40 09 225 28 30 2
31 70.7 148 220 340 452 585 744 1000 9 117 18.78 10.29 38 229 292 312 2



€

pUIj0IRY) YO JO Suiseg [edny ul spooj{ jo Aouanbaiy pue apmubepy ay) bunewnsy

pasinay

Table 2. Recurrence interval discharges and basin characteristics for gaged rural sites in North Carolina—Continued

[Q, recurrence interval flood discharge for yearsindicated; DA, drainage area; L, channel length; CSLOPE, channel slope; BSLOPE, basin slope; SHAPE, basin shape; CF, climate factor for recurrenceinterval
yearsindicated; REG, region: 1, if siteisin Blue Ridge-Piedmont; 2, if siteisin Coastal Plain; 3, if siteisin Sand Hills; nc, flood-frequency estimates were not computed because the site hasless than 10 years
of peak-flow record; *, duplicate map identification number for sites having separate periods of regulated or channelized flows; r, site excluded from regional analysis because flows were affected by regulation
or channelization; n.a., data not available]

Map
identification DA L CSLOPE BSLOPE SHAPE

number Q, Qs Qo Qx5 Qs Q10 Q0 Q599 (mi?) (mi) {ft/mi) (f/mi)  (DA/L2) CF, CFs CFp REG

{fig. 1)
32 637 1010 1290 1700 2030 2400 2810 3400 17.1 6.76 583 942 042 227 291 310 2
33nc na n.a n.a n.a n.a n.a n.a na 108 24.98 245 975 19 236 298 316 2
34 5040 8190 10600 14000 16800 19800 23100 27800 167 3012 1133 7762 .18 217 284 302 1
35 348 685 997 1510 1990 2570 3270 4390 33 541 3592 10499 22 218 284 302 1
36 5920 9130 11500 14900 17600 20500 23600 28100 427 5226 745 9314 16 219 28 303 1
37 1190 1990 2610 3500 4240 5050 5940 7230 47.8 1433 1477 9374 23 219 28 303 1
38"t na n.a n.a n.a n.a n.a n.a na 660 76.62 414 9051 11 221 287 305 1
39 6690 9690 11900 15000 17400 20000 22800 26900 701 87.60 417 889% 09 225 290 309 1
40 913 1630 2220 3120 3900 4790 5790 7300 64.8 19.85 483 4434 17 225 290 309 1
41" 7530 10000 11200 12400 13100 13700 14100 14600 777 95.12 381 8458 .09 225 290 309 2
42 562 115 170 261 347 450 572 769 3 53 9869 3908 .76 220 286 304 2
43" 8570 11300 12400 13400 13900 14300 14500 14800 925 102.35 342 8030 .09 225 290 309 2
44 7700 10100 11700 13800 15300 16900 18500 20700 930 104.89 371 7930 .09 225 290 309 2
45 266 399 498 635 746 865 993 1180 8.6 549 1082 3710 29 226 290 309 2
46" na na na na n.a n.a n.a na 13.4 7.79 24.43 81.63 22 218 285 303 2
47 1820 3000 3930 5280 6430 7690 9090 11200 166 40.80 581 8737 10 224 289 308 2
48 1150 2170 3080 4540 5860 7420 9250 12100 45.0 1136 1165 877 .36 217 284 302 2
49 2410 3980 5250 7160 8810 10700 12800 15900 177 30.93 685 7660 .19 224 289 308 2
50M¢ na na n.a. n.a n.a n.a n.a na 440 53.86 365 8213 .16 224 289 308 2
51 4500 7460 9720 13000 15700 18700 22000 26900 526 57.85 397 7703 .16 224 289 308 2
52 210 422 619 946 1250 1630 2070 2790 9.4 522 1508 3616 .37 223 28 307 2
53 386 808 1210 1890 2540 3330 4290 5850 11.7 595 460 1038 .36 225 289 309 2
54 13900 20300 24900 31200 36300 41700 47500 55700 2183 148.95 263 6604 .10 226 290 309 2
55 819 1250 1570 2000 2350 2710 3100 3650 78.1 1659 214 88 .26 227 291 310 2
561¢ na na na na. n.a. na na na 11.0 9.76 224 345 13 226 291 310 2
571¢ na n.a n.a n.a n.a n.a n.a n.a 45.0 10.82 364 1234 38 232 294 312 2
57" 1460 2260 2690 3110 3370 3570 3740 3920 45.0 10.82 364 1234 38 232 294 312 2
5g"C na n.a n.a n.a n.a n.a n.a n.a 75 490 966 1323 34 232 294 312 2
5g+"nc na n.a n.a n.a n.a n.a n.a n.a 75 490 966 1323 34 232 294 312 2
59 671 1160 1570 2190 2720 3320 4000 5020 29.0 9.75 343 1682 33 228 291 311 2
60 244 397 517 687 828 982 1150 1390 9.6 476 821 818 43 232 295 314 2
61 103 192 269 388 494 615 754 968 15 237 555 321 29 232 295 314 2
62 443 750 1000 1380 1710 2090 2510 3150 26.0 915 207 1680 28 237 298 317 2
63 623 1150 1610 2330 2980 3720 4580 5920 322 7.85 390 516 53 232 295 314 2
64"¢ na na na na na n.a na na 14.1 611 2695 7986 .38 215 282 299 1



sa|qe]

€€

Table 2. Recurrence interval discharges and basin characteristics for gaged rural sites in North Carolina—Continued

[Q, recurrenceinterval flood discharge for yearsindicated; DA, drainage area; L, channel length; CSLOPE, channel slope; BSLOPE, basin slope; SHAPE, basin shape; CF, climate factor for recurrence interval
yearsindicated; REG, region: 1, if siteisin Blue Ridge-Piedmont; 2, if siteisin Coastal Plain; 3, if siteisin Sand Hills; nc, flood-frequency estimates were not computed because the site has less than 10 years
of peak-flow record; *, duplicate map identification number for sites having separate periods of regulated or channelized flows; r, site excluded from regional analysis because flows were affected by regulation
or channelization; n.a., data not available]

Map
Ide: :,:E:trmn 0, 05 010 Q5 05y Q100 Q00 Q5o (,?Ili‘z) ("I; i) c(ftl;,?‘;E B(ftll',?‘;E ?DHICE"’F; CF, CFps CF REG
{fig. 1)
65 2770 4340 5550 7270 8680 10200 11900 14300 66.0 15.62 11.78 8154 027 217 284 301 1
66 87.2 165 232 339 434 545 673 872 8 111 12653 13553 72 217 284 301 1
67 4840 8500 11400 15800 19400 23400 27800 34400 141 33.53 11.00 92.00 A3 217 284 301 1
68 156 273 371 519 649 796 962 1220 1.0 1.34 39.06 63.54 52 217 284 301 1
69 3470 6180 8410 11700 14600 17800 21400 26700 78.2 18.92 15.26 76.96 22 217 284 301 1
70 6820 10800 13800 18000 21400 25100 29100 34800 149 24.50 12.08 79.98 25 217 284 301 1
71 337 606 835 1190 1510 1870 2280 2930 4.8 513 3173 112.77 A8 217 284 301 1
72 6650 10200 12400 15000 16800 18400 19900 21700 168 29.13 11.83 82.17 20 217 284 301 1
73 2210 3980 5470 7750 9770 12100 14700 18700 43.0 14.25 17.05 85.63 21 217 284 302 1
74"¢ na n.a n.a n.a n.a n.a n.a n.a 219 1215 1429 8486 .15 217 284 301 1
75 8500 13200 16900 22100 26500 31200 36400 44000 535 4755 9.18 83.44 24 218 284 302 1
76 868 1330 1670 2140 2520 2920 3350 3960 10.1 5.01 16.67 91.21 40 218 284 302 1
77 696 827 908 1000 1070 1140 1210 1300 13.8 7.04 1549 100.58 28 218 284 302 1
78 109 195 267 377 472 581 704 891 N 1.06 98.62 100.04 60 218 28 302 1
79 6960 9670 11600 14300 16400 18600 21000 24400 771 64.87 7.08 87.30 A8 219 28 303 1
79+" 4820 5900 6620 7540 8230 8930 9640 10600 771 64.87 7.08 87.30 A8 219 28 303 1
80 49.4 85.2 115 159 197 240 289 363 3 73 7575 11131 48 218 284 302 1
81 9710 13200 15700 18900 21400 23900 26600 30300 1150 94.85 4.90 87.62 A3 225 288 305 1
81" 7090 10000 12300 15600 18300 21300 24600 29600 1150 94.85 4.90 87.62 A3 225 288 305 1
82 8810 11400 13300 15600 17500 19300 21300 24000 1206 108.53 4.37 86.24 A0 226 288 305 1
gox' 7630 10300 11700 13000 13700 14300 14700 15200 1206 108.53 4.37 86.24 0 226 288 305 1
83 1390 2100 2630 3370 3970 4610 5300 6280 19.5 7.18 21.38 89.93 37 223 287 303 1
84"t na n.a n.a n.a n.a n.a n.a n.a 35.8 1155 1354 8920 27 224 287 304 1
85 535 980 1360 1960 2490 3100 3800 4890 8.2 6.53 23.77 82.99 9 223 287 303 1
86 1410 2620 3670 5310 6790 8510 10500 13600 83.5 22.16 9.08 81.46 A7 225 2883 304 1
87 575 1120 1610 2430 3180 4090 5160 6890 27.9 9.77 11.67 46.15 29 226 288 305 2
88 139 296 449 711 965 1280 1660 2300 2.6 3.45 34.25 80.30 23 226 288 304 2
89 487 1030 1530 2370 3160 4100 5230 7040 7.6 5.36 21.29 45.76 27 225 289 306 2
90 1630 2620 3390 4500 5420 6430 7530 9150 191 39.18 5.87 56.06 A2 225 289 306 2
91 2320 3500 4350 5500 6410 7360 8350 9740 232 49.28 532 50.49 09 226 28 306 2
92 12700 18300 22500 28200 32700 37600 42800 50200 2399 169.34 2.78 68.54 08 231 293 309 2
g+’ 10200 15700 19700 25100 29500 34000 38900 45700 2399 169.34 2.78 68.54 .08 231 293 30 2
g3nt na n.a n.a na na n.a n.a na 57.7 15.33 461 19.67 25 232 293 310 2
94 13500 19800 24400 30800 35900 41300 47200 55500 2692 203.19 2.10 63.32 07 233 294 311 2
o4+" 10800 15700 18900 22800 25500 28200 30900 34200 2692 203.19 2.10 63.32 07 233 294 311 2
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Table 2. Recurrence interval discharges and basin characteristics for gaged rural sites in North Carolina—Continued

[Q, recurrence interval flood discharge for yearsindicated; DA, drainage area; L, channel length; CSLOPE, channel slope; BSLOPE, basin slope; SHAPE, basin shape; CF, climate factor for recurrenceinterval
yearsindicated; REG, region: 1, if siteisin Blue Ridge-Piedmont; 2, if siteisin Coastal Plain; 3, if siteisin Sand Hills; nc, flood-frequency estimates were not computed because the site hasless than 10 years
of peak-flow record; *, duplicate map identification number for sites having separate periods of regulated or channelized flows; r, site excluded from regional analysis because flows were affected by regulation
or channelization; n.a., data not available]

Map
Ide: :,:z::l o Q, 05 Qyg 05 05 Qy0 ) Q59 (:,JliAz) (nl; i) c(il},:;E B(ill',?,;E (SDH‘CE'L% CF, CFg CFyg REG
{fig. 1)
95 1760 2860 3740 5010 6080 7260 8570 10500 161 28.02 6.14 5552 020 225 290 309 2
o5+" 2160 3250 3900 4620 5090 5520 5900 6350 161 28.02 6.14 55.52 20 225 290 309 2
96 171 293 392 538 662 799 952 1180 2.8 3.74 11.87 30.38 21 228 291 309 2
97 121 252 376 584 782 1020 1310 1780 2.1 212 15.71 20.07 43 229 292 310 2
98 126 258 381 584 774 1000 1270 1710 2.6 251 17.67 8.17 44 229 292 310 2
99 386 656 879 1220 1510 1840 2210 2790 18.6 10.51 748 38.55 A6 230 292 309 2
100 na na na na na na na na 1.9 315 1358 1080 .23 230 292 310 2
101 1090 1740 2250 3000 3620 4310 5060 6190 80.4 22.82 4,03 28.29 A5 233 295 313 2
102 70 125 191 301 407 535 688 937 1.5 211 43.56 39.01 34 232 293 310 2
103 4000 6410 8220 10800 12800 15000 17400 20800 733 71.80 284 35.09 A4 232 293 311 2
104 1420 2150 2690 3450 4060 4730 5440 6480 93.3 18.49 3.08 17.46 28 232 293 311 2
105 340 711 1060 1650 2200 2870 3670 4970 4.9 371 7.90 21.89 35 233 294 311 2
106 501 1000 1460 2210 2900 3730 4710 6290 27.0 8.46 517 11.26 41 233 294 312 2
107 1930 3090 3990 5250 6290 7420 8640 10400 182 27.24 211 957 25 233 294 312 2
108 517 1140 1760 2830 3870 5140 6710 9300 24.0 6.29 348 16.11 57 233 294 312 2
109 869 1590 2220 3220 4120 5170 6390 8310 33.6 8.56 2.56 6.86 51 234 29 312 2
110 217 390 539 772 982 1220 1500 1940 25 3.23 547 11.12 44 234 294 311 2
111 1760 2910 3830 5180 6340 7640 9080 11300 168 32.46 2.04 17.33 A6 234 294 311 2
112 230 435 613 892 1140 1430 1770 2290 6.3 3.77 11.66 7.75 46 233 294 311 2
113 141 367 620 1110 1630 2330 3240 4890 33 3.60 593 2.05 28 239 299 317 2
114 606 1300 1990 3190 4360 5810 7610 10600 53.3 15.10 2.22 5.60 26 236 296 313 2
115 122 263 403 645 883 1180 1540 2150 4.9 2.55 10.28 1594 71 240 299 315 2
116 1570 2760 3750 5260 6590 8090 9800 12400 94 15.74 407 24.27 33 235 29 311 2
117 109 214 308 455 588 743 921 1200 1.0 121 31.68 22.23 38 235 29 311 2
118 769 1570 2320 3580 4760 6190 7910 10700 26.9 10.28 6.16 2231 25 240 297 311 2
119 469 758 982 1300 1560 1850 2160 2620 26.3 12.57 10.60 85.79 A7 211 280 297 1
120 1670 3020 4180 6020 7670 9590 11800 15300 168 32.93 6.66 89.48 16 212 280 298 1
121"¢ na n.a n.a n.a na n.a n.a na 188 4264 517 9027 .10 212 281 298 1
122 899 1630 2240 3150 3940 4820 5800 7280 20.6 917 19.56 88.69 25 211 280 297 1
123 662 1130 1520 2120 2640 3240 3930 4980 15.9 748 21.30 81.00 29 212 280 298 1
124 1660 2900 3950 5580 7030 8700 10600 13600 33.6 13.47 12.21 74.59 A9 212 280 298 1
125 2110 3600 4830 6690 8320 10200 12200 15400 37.1 12.83 12.47 73.20 23 212 280 298 1
126 11500 18200 23300 30600 36500 42900 49800 59800 606 52.96 6.84 85.86 22 214 281 298 1
127 1260 2330 3250 4680 5950 7410 9090 11700 14.6 6.27 21.48 86.92 37 217 284 302 1
128 3740 5340 6460 7920 9050 10200 11400 13100 116 20.29 12.27 88.54 28 213 281 298 1
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Table 2. Recurrence interval discharges and basin characteristics for gaged rural sites in North Carolina—Continued

[Q, recurrenceinterval flood discharge for yearsindicated; DA, drainage area; L, channel length; CSLOPE, channel slope; BSLOPE, basin slope; SHAPE, basin shape; CF, climate factor for recurrence interval
yearsindicated; REG, region: 1, if siteisin Blue Ridge-Piedmont; 2, if siteisin Coastal Plain; 3, if siteisin Sand Hills; nc, flood-frequency estimates were not computed because the site has less than 10 years
of peak-flow record; *, duplicate map identification number for sites having separate periods of regulated or channelized flows; r, site excluded from regional analysis because flows were affected by regulation
or channelization; n.a., data not available]

Map
Ide: :,:E:trmn 0, 05 010 Q5 05y Q100 Q00 Q5o (,?Ili‘z) ("I; i) c(ftl;,?‘;E B(ftll',?‘;E ?DHICE"’F; CF, CFps CF REG

{fig. 1)

129 221 566 945 1660 2410 3390 4650 6880 5.0 4.16 2272 6539 022 213 281 298 1
130"¢ na n.a n.a na na n.a n.a na 75 4.66 25.70 94.32 35 218 283 299 1
131 1820 2860 3650 4760 5670 6650 7710 9240 33.7 9.75 1851 93.90 35 218 283 299 1
132 25000 36600 45000 56300 65300 74800 84800 99000 1275 82.36 6.20 85.28 19 221 28 301 1
133 175 313 428 602 755 927 1120 1420 11 1.93 40.95 95.44 41 219 283 300 1
134 2370 4060 5380 7250 8790 10400 12200 14800 75.9 21.38 18.18 93.48 A7 221 28 301 1
135 1300 2260 3060 4270 5330 6540 7900 9990 211 8.79 11.61 78.16 27 221 28 302 1
136 828 1250 1550 1980 2330 2690 3090 3650 23.6 11.69 16.49 90.08 A9 222 28 302 1
137 3880 5610 6850 8500 9800 11200 12600 14600 285 34.81 11.44 91.08 23 222 28 302 1
138 14800 17000 17600 18000 18200 18200 18300 18300 1689 91.01 6.68 87.29 20 222 28 302 1
139"¢ na na na na n.a na na na 1689 91.01 668 8729 20 .00 .22 8 1
140 1590 2590 3390 4570 5580 6690 7930 9790 321 9.71 15.85 66.01 34 216 282 299 1
141 1660 2770 3630 4860 5890 7000 8210 9960 14.8 6.54 18.72 79.92 34 212 280 298 1
142 4760 7290 9170 11800 13900 16200 18600 22100 125 23.34 10.90 83.89 23 217 282 299 1
143"C na n.a n.a na na n.a n.a na 16.7 9.61 19.55 79.42 A8 217 282 299 1
144 12100 17400 21200 26400 30600 35100 39700 46400 349 4545 8.79 94.27 A7 218 283 300 1
145 6400 11700 16400 23900 30700 38700 48000 62700 137 18.60 17.28 90.65 40 220 284 301 1
146 521 860 1130 1520 1850 2220 2620 3230 3.0 2.38 36.12 70.12 48 219 284 300 1
147 143 266 371 533 675 838 1020 1310 9 1.60 68.37 91.52 32 224 287 303 1
148"° na n.a n.a n.a n.a n.a n.a n.a 74 609 2299 6992 21 218 283 300 1
149 1090 2050 2870 4160 5300 6620 8140 10500 155 8.06 24.42 85.61 24 219 283 300 1
150 2920 4480 5650 7310 8660 10100 11700 14000 432 16.66 9.64 61.78 15 219 283 300 1
151 21800 29600 35200 42500 48300 54300 60600 69500 1434 115.73 5.50 91.10 A1 223 286 302 1
152NC na n.a n.a na na n.a n.a na 76.3 15.61 9.64 103.60 31 223 287 303 1
152" 746 1470 2170 3380 4570 6070 7930 11100 76.3 15.61 9.64 103.60 31 223 287 303 1
153 42100 57300 68000 82300 93500 105000 118000 135000 3464 119.72 6.22 93.60 24 225 287 304 1
153+" 28700 36300 41100 46700 50800 54700 58600 63600 3464 119.72 6.22 93.60 24 225 287 304 1
154 146 229 293 385 462 546 638 772 7.6 5.87 4255 86.78 22 225 287 303 3
155 90.9 168 236 347 449 571 715 945 2.2 2.10 63.92 88.21 48 221 284 301 3
156 863 1490 2000 2770 3420 4160 4980 6220 324 11.10 17.11 86.34 27 224 287 303 3
157 2760 3700 4340 5190 5850 6530 7250 8230 348 40.74 7.27 84.77 21 225 287 303 3
158 120 199 262 356 436 527 628 781 7.6 437 17.00 71.76 39 225 287 304 3
159 3570 5540 7100 9370 11300 13400 15800 19300 459 5753 533 80.68 14 226 288 304 3
160 46000 63400 75700 92000 105000 118000 132000 151000 4395 156.35 515 89.44 A8 226 283 304 2
161 175 319 442 634 806 1000 1230 1590 7.9 481 7.27 2311 43 226 283 304 2
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Table 2. Recurrence interval discharges and basin characteristics for gaged rural sites in North Carolina—Continued

[Q, recurrence interval flood discharge for yearsindicated; DA, drainage area; L, channel length; CSLOPE, channel slope; BSLOPE, basin slope; SHAPE, basin shape; CF, climate factor for recurrenceinterval
yearsindicated; REG, region: 1, if siteisin Blue Ridge-Piedmont; 2, if siteisin Coastal Plain; 3, if siteisin Sand Hills; nc, flood-frequency estimates were not computed because the site hasless than 10 years
of peak-flow record; *, duplicate map identification number for sites having separate periods of regulated or channelized flows; r, site excluded from regional analysis because flows were affected by regulation
or channelization; n.a., data not available]

Map
Ide: :,:;::m" 0, 05 Qyg 05 05 Qy0 ) Q59 (:,JliAz) (nl; i) c(il},:;E B(ill',?,;E (SDH‘CE'L% CF, CFg CFyg REG

(fig. 1)

162 2090 3600 4870 6790 8480 10400 12600 15900 292 39.33 514 66.05 018 229 289 305 3
163 36500 45500 51200 58300 63500 68600 73800 80600 4852 176.67 467 86.19 A6 230 290 305 2
163" 28500 33500 36200 39100 41000 42700 44200 46100 4852 176.67 467 86.19 A6 230 290 305 2
164 147 385 654 1170 1730 2480 3460 5230 14.1 7.56 12.15 24.86 30 231 290 305 2
165 490 1000 1490 2310 3100 4060 5210 7120 60.1 19.22 319 11.61 A6 232 290 305 2
166 32500 47400 58200 72900 84600 96900 110000 128000 5255 229.76 355 81.22 J0 238 29 309 2
166*" 25100 33900 39800 47400 53100 58800 64700 72600 5255 229.76 355 81.22 J0 238 295 309 2
167 657 1200 1660 2360 2970 3660 4440 5630 216 751 8.09 12.90 38 239 29 309 2
168 861 1480 1990 2760 3420 4170 5010 6290 92.8 24.69 425 22.86 A6 229 289 304 2
169 395 764 1090 1600 2050 2580 3190 4130 15.7 578 6.99 19.12 45 233 292 307 2
170 56.9 96.8 129 178 219 265 317 395 5 .86 883 41.15 58 233 292 307 2
171 4140 6860 9050 12300 15000 18100 21500 26700 676 52.96 215 3148 24 233 291 305 2
172 555 1110 1640 2510 3330 4330 5540 7510 323 11.64 719 23.35 25 228 28 304 2
173 1970 2990 3740 4790 5630 6530 7500 8880 379 65.20 272 2551 09 232 290 305 2
174 488 732 912 1160 1360 1580 1810 2140 103 29.39 179 6.03 J2 238 29 309 2
175 31.2 68.7 105 166 224 295 379 517 .6 141 314 10.32 33 232 293 3.0 2
176 940 1590 2110 2880 3530 4260 5060 6270 475 10.83 5.65 18.88 41 232 293 309 2
177 139 310 482 788 1090 1470 1950 2760 8.6 484 19.02 36.42 36 233 293 310 2
178 1070 2100 3040 4570 5980 7660 9640 12800 49.7 15.46 484 24.90 22 238 295 309 2
179 4810 7600 9780 12900 15600 18400 21600 26300 599 47.76 247 26.63 27 234 293 309 2
180 1510 2600 3490 4820 5980 7270 8720 10900 69.3 13.50 564 26.50 37 237 294 308 2
181 280 345 386 436 472 508 543 589 7.8 535 479 12.77 29 238 294 308 2
182 129 331 550 953 1370 1900 2570 3720 11 127 371 8l 70 239 29 310 2
183 326 731 1140 1870 2600 3520 4670 6630 10.2 440 6.96 7.38 49 240 296 310 2
184 411 700 936 1290 1590 1920 2300 2870 15.3 435 5.03 6.70 g5 232 291 306 2
185 3870 6090 7780 10100 12100 14200 16400 19600 680 38.60 87 767 A7 233 292 307 2
186 416 796 1130 1660 2140 2700 3350 4370 16.0 5.02 4.36 172 66 235 293 308 2
187 150 323 439 772 1040 1370 1770 2420 38 357 9.32 17.28 30 232 291 306 1
188 1380 2730 4000 6120 8150 10600 13600 18500 28.8 15.93 8991 32381 A2 215 278 294 1
189 4070 8150 11900 18100 23900 30800 39000 52300 48.1 20.64 4876 314.89 A2 214 278 295 1
190 456 768 1020 1400 1730 2100 2520 3150 11.0 666 386.26 325.50 26 211 277 29 1
191 3640 6000 7830 10500 12700 15000 17600 21400 89.2 20.61 3265 26544 20 213 279 29% 1
192 12700 20900 27600 37800 46700 56800 68300 85800 504 43.21 2129 24378 22 213 279 29% 1
192" 7340 9530 11000 12700 14100 15400 16700 18500 504 4821 21.29 24378 22 213 279 29% 1
193 6280 12000 17000 24700 31500 39300 48200 61800 128 20.23 3391 25490 31 209 277 29 1



sa|qe]

LE

Table 2. Recurrence interval discharges and basin characteristics for gaged rural sites in North Carolina—Continued

[Q, recurrenceinterval flood discharge for yearsindicated; DA, drainage area; L, channel length; CSLOPE, channel slope; BSLOPE, basin slope; SHAPE, basin shape; CF, climate factor for recurrence interval
yearsindicated; REG, region: 1, if siteisin Blue Ridge-Piedmont; 2, if siteisin Coastal Plain; 3, if siteisin Sand Hills; nc, flood-frequency estimates were not computed because the site has less than 10 years
of peak-flow record; *, duplicate map identification number for sites having separate periods of regulated or channelized flows; r, site excluded from regional analysis because flows were affected by regulation
or channelization; n.a., data not available]

Map
Ide: :,:E:trmn 0, 05 010 Q5 05y Q100 Q00 Q5o (,?Ili‘z) ("I; i) c(ftl;,?‘;E B(ftll',?‘;E ?DHICE"’F; CF, CFps CF REG

{fig. 1)

194 3250 4640 5630 6960 8010 9110 10300 11900 355 14.74 3224 16832 016 208 277 29 1
195" 16200 21900 25000 28300 30400 32200 33800 35700 869 70.50 1210 218.10 A7 208 277 295 1
196 3270 5300 6850 9020 10800 12700 14700 17600 78.8 22.18 3152 28193 A6 208 277 295 1
197 1800 2650 3260 4090 4750 5440 6180 7220 447 15.33 2718 257.85 21 208 277 29 1
198 4710 6530 7810 9490 10800 12100 13500 15500 109 27.61 1456 202.20 A5 208 277 295 1
199 5450 9070 12000 16500 20300 24700 29600 37000 128 30.68 1323 198.38 A3 208 277 295 1
200" 28000 35300 39200 43300 45800 48100 50100 52500 1226 93.13 698 20867 .14 220 282 299 1
201 6730 11200 14800 20000 24300 29100 34300 42000 231 28.32 1916 173.69 29 208 277 29 1
202 7760 13200 17500 23700 28800 34300 40400 49200 287 3147 1757 165.49 29 208 277 29 1
203 3240 5400 7100 9550 11600 13800 16300 19900 428 1355 2217 14531 25 209 278 295 1
204" 39200 53100 59000 63800 66100 67700 68800 69800 1694 110.42 525 193.78 d4 210 278 29% 1
205 1150 1700 2100 2650 3090 3560 4050 4760 22.1 11.48 2149 105.01 A7 209 278 29% 1
206 217 357 467 625 756 898 1050 1280 9 113 85.26 88.49 64 209 278 29 1
207 1570 2900 4040 5830 7430 9270 11400 14700 195 8.29 3811 134.61 26 214 280 297 1
208"C na n.a n.a na na n.a n.a na 10.2 6.32 28.92 66.74 28 210 279 297 1
209"° na na na na na na na na 27.8 1014 1934 6936 .27 210 279 297 1
210" na na na na na na na na 6.8 667 3149 6000 .16 212 280 298 1
211 208 398 570 850 1110 1420 1780 2360 2.2 1.69 47.86 66.44 73 212 280 298 1
212 2660 3280 3680 4160 4510 4860 5200 5650 65.6 16.39 13.47 8679 .24 212 280 298 1
213 4210 7040 9300 12600 15400 18500 21900 27000 186 25.82 10.45 9093 27 213 280 298 1
214 1250 1950 2470 3210 3820 4460 5160 6170 429 14.12 15.63 92.00 21 212 280 298 1
215 30200 43600 53500 67200 78300 90100 103000 121000 2280 149.50 438 169.42 0 215 280 298 1
215+" 32700 46400 54600 64100 70700 76700 82400 89400 2280 149.50 438 169.42 A0 215 280 298 1
216 93.2 180 258 382 494 625 778 1020 1.0 1.60 56.18 100.24 40 215 280 298 1
217 227 316 378 458 520 583 648 737 1.6 2.80 78.01 132.30 A9 215 280 297 1
218 2660 4240 5450 7140 8520 10000 11600 13900 101 34.64 1890 138.79 08 215 280 297 1
219 4060 6610 8570 11300 13600 16100 18700 22500 306 48.80 1136 120.89 A3 215 280 298 1
220 5080 7620 9450 11900 13900 16000 18100 21200 155 30.06 1321 14805 .17 215 280 297 1
221 6940 10200 12500 15900 18500 21400 24500 29000 569 56.83 1023 12533 A7 216 280 298 1
220" 63.2 68.3 70.9 73.6 75.3 76.9 78.2 79.9 4.8 456 29.75 52.42 23 215 280 297 1
223 1430 2080 2550 3200 3710 4260 4830 5650 87.4 33.20 11.75 9145 08 216 280 298 1
223" 1490 1830 2050 2310 2490 2680 2860 3100 87.4 33.20 11.75 9145 08 216 280 298 1
224 2750 4040 4980 6300 7360 8490 9710 11500 118 16.59 12.07 96.08 43 216 281 298 1
225 560 1040 1440 2070 2620 3260 3980 5090 39 317 2808 9943 36 216 281 298 1
226 53300 79500 98500 124000 145000 166000 189000 221000 3450 170.84 390 17074 12 216 281 298 1
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Table 2. Recurrence interval discharges and basin characteristics for gaged rural sites in North Carolina—Continued

[Q, recurrenceinterval flood discharge for yearsindicated; DA, drainage area; L, channel length; CSL OPE, channel slope; BSLOPE, basin slope; SHAPE, basin shape; CF, climate factor for recurrence interval
yearsindicated; REG, region: 1, if siteisin Blue Ridge-Piedmont; 2, if siteisin Coastal Plain; 3, if siteisin Sand Hills; nc, flood-frequency estimates were not computed because the site hasless than 10 years
of peak-flow record; *, duplicate map identification number for sites having separate periods of regulated or channelized flows; r, site excluded from regional analysis because flows were affected by regulation

or channelization; n.a., data not available]

Map
|de: ::,:E::I o Q, 05 Q59 Q5 Qs9 Q100 Q200 Q500 (l?liAz) ("I; i) c(ftl;l?ll:)E B(?III-I?ISE (SDH‘CE% CF, CFs CFyq REG

{fig. 1)

227 566 934 1230 1650 2010 2400 2840 3480 9.6 5.98 17.12 9%.67 027 215 281 298 1
228 4640 6540 7870 9640 11000 12400 13900 16000 174 29.85 9.77 9743 20 217 282 299 1
229 449 685 862 1110 1310 1530 1760 2100 6.6 6.14 16.73 89.50 A7 217 282 300 1
230M¢ na n.a na na n.a n.a na na 4000 186.48 343 16097 1 218 283 300 1
230+" 41300 51800 58000 65200 70200 74900 79400 85000 4000 186.48 343 160.97 Jd1 218 283 300 1
231 852 955 1020 1090 1130 1180 1220 1280 13.7 6.59 21.96 86.01 31 219 283 300 1
232 397 715 990 1420 1800 2250 2760 3570 2.9 2.80 4536 113.22 37 219 283 300 1
233 7730 10500 12500 15100 17000 19100 21200 24200 342 5153 6.63 131.78 A3 219 283 300 1
234 425 719 959 1320 1630 1970 2360 2940 34 441 7233 17368 A8 220 283 300 1
235 571 1080 1520 2230 2880 3630 4510 5890 3.6 355 35.95 95.22 28 218 281 298 1
236 1670 2420 2960 3700 4290 4920 5580 6520 20.7 7.02 29.69 93.64 42 218 281 299 1
237 4630 7020 8770 11100 13000 15000 17100 20000 55.6 14.09 21.06 90.60 28 220 283 300 1
238 1400 2320 3040 4090 4970 5930 6990 8540 8.5 5.26 2759 55.44 28 222 283 300 1
239 33200 47300 56800 69100 78400 87900 97500 111000 1372 81.80 5.70 84.63 21 223 28 301 1
240 2190 4120 5850 8630 11200 14200 17800 23600 110 26.68 7.72 83.54 16 224 28 301 1
241 176 284 367 486 584 690 806 975 9 1.06 89.92 65.70 73 224 28 301 1
242 4490 6350 7650 9360 10700 12000 13500 15400 106 29.55 12.14 108.15 A2 220 284 300 1
243 1030 1750 2350 3270 4070 4970 6000 7570 15.4 9.24 4753 14249 A8 220 284 301 1
244" 73500 106000 132000 170000 202000 237000 276000 335000 6863 255.33 459 13456 1 225 286 302 1
245 845 1220 1480 1850 2140 2440 2760 3210 16.7 591 3341 75.65 47 224 286 302 1
246 16.8 28.7 38.6 534 66.2 80.7 97.1 122 1 103 114.65 86.40 4 225 28 302 1
247 107 195 272 393 502 630 778 1010 6.2 5.46 11.97 23.56 19 226 287 303 3
248"C na na n.a n.a n.a n.a n.a n.a 1 37 11976 5822 145 225 286 303 3
249 363 528 646 806 932 1060 1200 1400 83.3 20.22 7.30 40.58 20 229 289 304 3
250 1350 2430 3400 4990 6460 8230 10300 13800 183 26.23 10.26 76.68 27 223 28 302 3
251 77 116 144 184 215 248 284 334 4.7 4.32 33.83 66.99 24 225 28 303 3
252 1450 2200 2760 3530 4160 4830 5560 6600 365 64.79 411 63.07 .09 229 289 304 3
253 467 648 774 942 1070 1210 1350 1550 39.8 14.30 7.65 24.83 21 228 283 304 3
254 232 345 428 541 633 729 832 979 16.1 6.85 3.83 7.32 36 230 289 305 3
255 4890 7610 9660 12500 14900 17400 20100 24000 1228 130.44 2.09 27.34 07 231 290 305 3
256 1120 1810 2370 3200 3920 4710 5610 6950 20.7 895 26853 407.99 26 219 278 294 1
257 6270 9440 11800 14900 17500 20200 23000 27100 127 20.20 67.00 299.40 31 218 278 294 1
258 7050 12500 17200 24600 31300 39200 48300 62700 172 23.12 5206 299.74 32 218 278 294 1
259 4580 8750 12500 18600 24200 30900 38700 51300 66.7 34.93 86.54 285.37 05 217 278 294 1
260 57.3 93.4 122 163 197 234 275 336 0.5 1.07 526.60 243.48 .48 2.18 2.78 2.95 1
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Table 2. Recurrence interval discharges and basin characteristics for gaged rural sites in North Carolina—Continued

[Q, recurrenceinterval flood discharge for yearsindicated; DA, drainage area; L, channel length; CSLOPE, channel slope; BSLOPE, basin slope; SHAPE, basin shape; CF, climate factor for recurrence interval
yearsindicated; REG, region: 1, if siteisin Blue Ridge-Piedmont; 2, if siteisin Coastal Plain; 3, if siteisin Sand Hills; nc, flood-frequency estimates were not computed because the site has less than 10 years
of peak-flow record; *, duplicate map identification number for sites having separate periods of regulated or channelized flows; r, site excluded from regional analysis because flows were affected by regulation
or channelization; n.a., data not available]

Map
Ide: :,:E:trmn 0, 05 010 Q5 05y Q100 Q00 Q5o (,?Ili‘z) ("I; i) c(ftl;,?‘;E B(ftll',?‘;E ?DHICE"’F; CF, CFps CF REG

{fig. 1)

261 229 420 585 840 1070 1330 1630 2100 2.4 309 57266 22503 023 216 278 294 1
262 11900 21200 29000 41000 51600 63600 77400 98500 201 34.09 2052 277.87 A7 217 278 295 1
263 449 776 1040 1440 1790 2170 2600 3250 9.1 6.71 31.80 227.46 9 216 278 29 1
264 945 1560 2040 2760 3370 4040 4790 5910 18.4 9.83 4478 189.99 A9 215 279 297 1
265 1520 2660 3610 5020 6240 7610 9140 11400 28.2 8.08 4794 173.16 43 215 279 297 1
266 853 1430 1900 2590 3190 3850 4600 5720 7.8 4.30 54.76 63.08 44 217 280 297 1
267" 20500 39400 58400 92700 128000 174000 233000 338000 1535 99.51 545 174.39 A6 216 280 297 1
268 568 1010 1380 1940 2420 2970 3590 4540 7.2 4.34 3123 139.86 35 216 280 298 1
269 1330 2040 2590 3360 4010 4700 5460 6570 16.4 7.16 19.53 80.95 31 218 281 298 1
270 5020 8550 11400 15600 19100 23100 27500 34000 83.2 3041 3501 165.65 09 217 280 297 1
271 2280 3550 4510 5860 6960 8160 9450 11300 25.7 874 11247 223.96 33 218 279 295 1
272 199 413 615 952 1270 1660 2120 2880 1.0 1.49 81.90 43.94 46 218 280 298 1
273 2100 3600 4840 6700 8330 10200 12200 15400 69.2 21.98 15.60 72.28 14 218 280 298 1
274 1400 2350 3140 4310 5320 6470 7760 9730 31.8 10.79 20.61 79.15 26 219 281 298 1
275 9490 14300 17900 22800 26700 30900 35400 41800 628 76.32 9.82 88.95 Jd1 218 281 298 1
276 2370 3200 3780 4540 5130 5740 6380 7260 41.8 9.79 12.37 65.58 43 223 283 29 1
277 3130 4720 5910 7560 8900 10300 11900 14100 76.5 13.19 9.34 75.36 44 223 283 299 1
278" 3020 7990 13100 22100 30900 41500 54300 74900 97.0 21.78 96.11 39%4.11 20 219 278 294 1
279 3040 4760 6030 7760 9140 10600 12100 14300 79.0 19.99 2273 29591 20 219 278 295 1
280 598 967 1250 1650 1980 2340 2730 3290 13.0 8.05 4064 280.73 20 219 279 29 1
281 4860 7620 9700 12600 15000 17600 20300 24300 220 42.35 15.04 212.62 A2 223 281 297 1
282 16900 25900 32500 41800 49300 57200 65800 78000 875 64.54 2719 22348 21 223 281 297 1
283 3070 4900 6290 8230 9820 11500 13400 16000 60.5 20.27 2587 305.26 A5 219 279 29% 1
284 1070 1680 2150 2820 3380 3990 4660 5640 16.4 7.85 50.61 91.82 25 219 279 29% 1
285 6990 10200 12700 16100 18900 21900 25200 29900 200 40.97 13.36 212.84 d2 221 280 297 1
286 348 601 805 1100 1360 1640 1940 2400 14 2.29 7202 100.64 30 222 281 297 1
287 104 148 179 221 254 289 326 378 2.4 198 15921 286.39 58 210 276 293 1
288 5060 8850 12100 17300 21900 27300 33600 43500 205 66.19 1053 314.07 .05 209 276 293 1
289 1160 1920 2550 3480 4290 5200 6230 7790 21.8 8.58 7420 430.02 29 209 275 292 1
290 5860 9590 12700 17400 21500 26100 31500 39700 277 41.20 1942 386.04 A6 209 275 292 1
291 168 276 363 492 603 726 865 1070 2.1 232 21954 266.66 38 207 277 294 1
292 4150 6150 7610 9610 11200 12900 14700 17300 67.9 14.21 67.39 407.60 34 227 280 295 1
293 4680 7170 9060 11700 13900 16300 18800 22500 103 19.57 7936 373.79 27 226 280 295 1
294 698 1250 1710 2420 3030 3730 4530 5740 11.7 485 20576 446.05 49 226 280 295 1
295 2760 4310 5460 7050 8320 9680 11100 13200 40.4 13.36 131.60 502.95 22 225 280 29 1



(114

pUIj0IRY) YO JO Suiseg [edny ul spooj{ jo Aouanbaiy pue apmubepy ay) bunewnsy

pasinay

Table 2. Recurrence interval discharges and basin characteristics for gaged rural sites in North Carolina—Continued

[Q, recurrence interval flood discharge for yearsindicated; DA, drainage area; L, channel length; CSLOPE, channel slope; BSLOPE, basin slope; SHAPE, basin shape; CF, climate factor for recurrenceinterval
yearsindicated; REG, region: 1, if siteisin Blue Ridge-Piedmont; 2, if siteisin Coastal Plain; 3, if siteisin Sand Hills; nc, flood-frequency estimates were not computed because the site hasless than 10 years
of peak-flow record; *, duplicate map identification number for sites having separate periods of regulated or channelized flows; r, site excluded from regional analysis because flows were affected by regulation
or channelization; n.a., data not available]

Map

Ide: :,:z::l o Q, 05 Q9 Q5 Qs Q100 Q200 Q500 (:,JliAz) (nl; i) c(il},:;E B(ill',?,;E (SDH‘CE'L% CF, CFs CFyp REG
{fig. 1)
296 1510 2430 3140 4170 5020 5960 6980 8490 26.8 1133 3709 23970 021 224 280 29% 1
297 1680 2540 3160 4000 4670 5370 6100 7130 41.4 1396 4443 24270 22 224 280 29 1
298 556 935 1250 1710 2120 2580 3100 3890 10.9 491 33878 28536 .44 224 280 29 1
299 6970 10900 14000 18500 22300 26600 31300 38300 296 36.20 388 34347 23 224 280 295 1
300 479 715 893 1140 1350 1570 1820 2170 14.8 1144 5040 26391 .11 223 279 295 1
301 658 1120 1500 2080 2590 3170 3820 4820 10.0 478 17984 38736 45 225 279 295 1
302 2490 3840 4880 6360 7600 8940 10400 12600 66.7 2747 5049 44037 .09 223 278 294 1
303 801 109 129 154 174 194 215 243 6 88 43652 19955 .72 224 280 29 1
304 1450 2420 3200 4360 5360 6480 7730 9630 422 1301 2424 22631 25 224 280 29 1
305 3220 6340 9240 14100 18600 24200 30900 41800 109 1541 1025 18768 46 223 279 295 1
306 1790 2920 3840 5230 6440 7800 9360 11700 63.1 1597 2817 30771 25 223 279 295 1
307 10700 15300 18700 23300 26900 30700 34700 40400 676 61.46 271 30003 .18 223 278 294 1
308 2030 3610 4990 7170 9160 11500 14200 18500 79.8 1383 5753 41517 42 222 278 293 1
309" na na n.a n.a n.a n.a n.a n.a 14.5 476 50319 64191 66 219 278 294 1
310 1780 3100 4230 5990 7550 9360 11400 14700 23.8 784 28205 60092 39 219 278 294 1
310+hNC na n.a n.a n.a n.a n.a n.a n.a 238 784 28205 60092 39 219 278 294 1
311 247 427 575 794 983 1190 1430 1790 55 380 57431 59179 36 219 278 294 1
312 3020 5220 7130 10100 12800 16000 19700 25600 130 2303 2111 42604 24 221 278 294 1
312¢" 2900 4940 6670 9370 11800 14600 17800 22900 130 2303 2111 42604 24 221 278 294 1
313 14900 22000 27300 34600 40700 47100 54100 64200 945 72.49 250 32073 .18 220 278 294 1
314 2050 3080 3850 4930 5810 6750 7770 9250 795 1944 3412 40322 21 221 277 292 1
315 4080 6670 8740 11800 14300 17200 20300 25000 158 2408 4785 44028 27 221 277 292 1
316 19800 30400 37900 48000 55900 64100 72600 84500 1332 90.72 409 33783 .16 221 277 292 1
317 626 942 1170 1490 1740 2010 2300 2700 8.0 534 14220 40062 27 220 277 292 1
318 3350 5410 7020 9340 11300 13400 15700 19100 126 2876 7267 50825 .15 220 276 292 1
319 23300 37000 48000 64000 77700 92900 110000 135000 1567 106.96 630 35829 14 220 277 292 1
320 4100 5830 7050 8690 9970 11300 12700 14600 27.6 1024 25995 56557 .26 226 280 295 1
321"nc na na n.a n.a n.a n.a n.a n.a 335 1263 21340 56889 21 226 279 295 1
322" 4400 6590 8210 10500 12300 14200 16300 19300 58.4 1724 17262 56525 19 225 279 295 1
323 4320 6990 9070 12100 14600 17300 20200 24600 515 1940 15596 56936 .14 225 279 295 1
324 7690 11800 15000 19500 23300 27400 31800 38400 130 2400 12534 53376 22 222 277 293 1
325 761 1110 1370 1720 2010 2310 2630 3090 14.4 516 55654 58019 54 226 280 295 1
326"¢ na na na na n.a na na na 243 35.84 79.37 478.74 A9 221 277 292 1
327 1930 2710 3250 3960 4510 5070 5660 6470 65.3 1758 7441 51037 21 221 277 292 1
328 11200 16900 21200 27000 31700 36800 42200 49800 350 4250 5132 48201 19 221 277 292 1
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Table 2. Recurrence interval discharges and basin characteristics for gaged rural sites in North Carolina—Continued

[Q, recurrenceinterval flood discharge for yearsindicated; DA, drainage area; L, channel length; CSLOPE, channel slope; BSLOPE, basin slope; SHAPE, basin shape; CF, climate factor for recurrence interval
yearsindicated; REG, region: 1, if siteisin Blue Ridge-Piedmont; 2, if siteisin Coastal Plain; 3, if siteisin Sand Hills; nc, flood-frequency estimates were not computed because the site has less than 10 years
of peak-flow record; *, duplicate map identification number for sites having separate periods of regulated or channelized flows; r, site excluded from regional analysis because flows were affected by regulation
or channelization; n.a., data not available]

Map
Ide: :,:E:trmn 0, 05 010 Q5 05y Q100 Q00 Q5o (,?Ili‘z) ("I; i) c(ftl;,?‘;E B(ftll',?‘;E ?DHICE"’F; CF, CFps CF REG

{fig. 1)

329 1910 2980 3770 4850 5720 6640 7620 9000 49.2 1068 18396 53096 043 221 277 292 1
330 368 430 468 513 546 578 609 650 9.2 490 12736 313.06 39 216 277 294 1
331 2840 4540 5880 7860 9540 11400 13500 16600 104 37.92 3480 410.63 07 217 278 294 1
332 5400 9260 12500 17300 21600 26400 31900 40300 43.3 1434 15820 520.68 21 218 278 294 1
333 5550 9390 12600 17400 21700 26500 32000 40400 60.8 27.05 50.38 484.24 .08 217 277 294 1
334 145 224 283 367 436 510 590 707 1.6 3.08 51911 405.77 A7 217 277 293 1
335 4950 9080 12800 18800 24300 30900 38600 51100 157 39.09 3498 531.07 A0 217 277 293 1
336 16000 26300 34600 47000 57600 69600 83100 104000 608 73.77 2371 45257 A1 217 277 293 1
337 1050 2040 2940 4390 5730 7330 9200 12200 23.1 970 118.81 398.27 25 215 277 294 1
338 5940 10500 14300 20200 25400 31400 38300 48900 92.1 19.38 8454 376.69 24 215 277 294 1
339 15.7 235 29.2 37 43.3 50 57.1 67.3 5 172 99721 41555 A8 216 277 294 1
340 2260 3750 4970 6830 8450 10300 12400 15600 42.0 1166 10461 406.56 31 216 277 293 1
341 3340 5170 6580 8580 10200 12000 14000 16900 140 25.26 6.86 375.26 23 228 280 29 1
342 1960 2870 3530 4420 5140 5890 6690 7830 57.1 16.11 31.33 436.73 22 228 280 295 1
343" 975 1600 2160 3070 3920 4950 6200 8250 14.9 741 98.65 246.33 26 228 281 29 1
344 2900 4580 5930 7900 9590 11500 13600 16700 86.5 2022 12381 435.46 21 228 280 29 1
345 124 256 375 568 746 954 1200 1580 1.6 264 491.80 467.80 25 227 280 29 1
346 6160 8870 10800 13500 15700 18000 20400 23900 323 34.17 576 394.79 28 224 280 29% 1
347 9490 13500 16300 20000 22800 25700 28600 32700 436 52.12 6.48 408.05 A6 227 280 294 1
348 2500 3450 4090 4940 5590 6250 6940 7880 51.9 16.68 63.83 456.46 9 228 280 295 1
349" 2800 4370 5530 7120 8390 9740 11200 13200 144 38.21 40.37 464.09 A0 227 280 295 1
350 5120 7330 8910 11000 12700 14500 16400 19000 174 49.80 4239 47541 07 227 279 294 1
351 13600 21400 27400 36000 43100 50800 59200 71500 664 63.31 843 430.10 A7 227 279 294 1
352" na n.a n.a na na n.a n.a na 143 2161 11260 411.88 31 227 280 29 1
352+" 3990 6940 9190 12300 14800 17500 20300 24300 143 2161 11260 411.88 31 227 280 29 1
353 1470 2070 2490 3050 3480 3930 4400 5040 51.0 1575 16742 520.46 21 227 280 29 1
354 6780 9790 12100 15200 17800 20700 23700 28200 347 37.92 56.29 464.22 24 227 280 295 1
354" 7470 11800 15000 19300 22700 26200 29900 35000 347 37.92 56.29 464.22 24 227 280 295 1
355 5370 7370 8720 10500 11800 13200 14600 16500 131 2252 10656 613.81 26 227 280 294 1
356 8720 11500 13300 15600 17400 19100 20900 23300 184 26.94 85.10 589.97 25 227 280 294 1
357 16900 26600 33800 43800 51700 60200 69200 81900 655 57.17 3757 502.95 20 227 279 294 1
357+" 16600 23100 27200 32200 35800 39300 42700 47200 655 57.17 3757 502.95 20 227 279 294 1
358 19.7 36.8 51.8 75.5 97 122 151 198 5 178 59552 474.30 20 227 280 294 1
359 944 1290 1530 1840 2090 2340 2590 2950 13.8 853 346.36 60147 A9 227 279 294 1
360 2310 3640 4660 6120 7330 8640 10100 12200 44.4 1293 17328 606.86 26 226 279 293 1
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Table 2. Recurrence interval discharges and basin characteristics for gaged rural sites in North Carolina—Continued

[Q, recurrenceinterval flood discharge for yearsindicated; DA, drainage area; L, channel length; CSL OPE, channel slope; BSLOPE, basin slope; SHAPE, basin shape; CF, climate factor for recurrence interval
yearsindicated; REG, region: 1, if siteisin Blue Ridge-Piedmont; 2, if siteisin Coastal Plain; 3, if siteisin Sand Hills; nc, flood-frequency estimates were not computed because the site hasless than 10 years
of peak-flow record; *, duplicate map identification number for sites having separate periods of regulated or channelized flows; r, site excluded from regional analysis because flows were affected by regulation

or channelization; n.a., data not available]

Map
Ide: :,:E::I o Q, 05 Qy 05 05 Q0 Q300 050 (,?Ili\z) (nl; i) c::}:,;E B(%,:;E (SDH:/rzFi CF, CFg CFy REG

(fig. 1)

361"° na na na na na na na na 1571 8595 2106 47239 021 228 279 294 1
361" 10800 17500 22400 29100 34500 40100 46100 54400 1571 85.95 21.06 472.39 21 228 279 294 1
362 2920 4140 5020 6200 7140 8130 9180 10700 42.0 19.16 86.51 480.21 A1 229 280 29 1
363 1440 2410 3200 4380 5400 6550 7830 9780 37.6 791 15030 474.21 61 229 281 29% 1
364" 1640 2090 2470 3070 3600 4220 4940 6070 190 26.23 50.04 384.09 28 229 281 29% 1
365 11300 15800 18800 22800 25800 28900 32100 36500 406 47.41 1570 368.28 A8 231 281 29 1
365+" 8960 12600 14800 17400 19200 20800 22400 24300 406 47.41 1570 368.28 A8 231 281 29 1
366 4190 6510 8320 10900 13000 15400 18000 21800 104 22.63 50.23 435.97 20 231 281 29 1




APPENDIX

The value of the mean square error (MSE) at a
specific site can be estimated as follows. Denote the
column vector of nlogarithms of observed peak-
discharge characteristics at n sitesin aregion by Y. For
example,

logQsp, 1
vy = |109Qs0,2 1

10gQs0,

inwhich, Qs ; represents the observed 50-year peak
a the ith gaging station in the region. Further, let X
represent a (n by p) matrix of p-1 basin characteristics
augmented by acolumn of onesat n gaging stationsand
B represent a column vector of p regression coeffi-
cients.

For example,
1 log(DA,;) log(1A;) log(RQ50,) a
X< 1 log(DA,) log(1A,) log(RQ50,) andB= |
2
1 Iog(DAn) Iog(IAn) Iog(RQSOn) b,

The linear model can be written as
Y=XB.

The mean square sampling error, MSE; g, for an
ungaged site with basin characteristics given by the

row vector X5=[1 log (DAg) log (1Ag) log (RQ50y)], for
example, is calculated as

MSEgo=Xo {XTALX} 2%,

inwhich A isthe (n by n) covariance matrix associated
with Y. The diagonal elements of A are model error
variance, Y, plus the time-sampling error for each site
i (i=1,2,3,...n), which is estimated as a function of a
regional estimate of the standard deviation of annual
peaksat sitei, the recurrence interval of the dependent
variable and the number of years of record at sitei. The
off-diagonal elements of A are the sample covariance
of the estimated t-year peaks at sitesi and j. These off-
diagonal elements are estimated as a function of a
regional estimate of the standard deviation of annual
peaks at sitesi and j, the recurrence interval of the
dependent variable and the number of concurrent years
of record at sitesi and j (Tasker and Stedinger, 1989).
The (p by p) matrix { X A X}'1 for each equationis
givenin Appendix table 1. The mean square error of a
prediction, in log (base 10) units, at specific ungaged
sites can be estimated as

MSE,, o= (v + MSEg).

The standard error of a prediction, SEyregiction, IN
percent, can be calculated as

5.302 x (MSEp, 0 05
SE pyegicion = 100{ >0 (MSEPO_ 137,
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Appendix Table 1. Matrix { X' A™"X} " for the equations in table 5 (p. 11)

[These matrices can be used to compute the standard error of prediction and prediction intervals as explained in the text. Numbers are given in
scientific notation, for example, 0.43958E-01 = 0.43958'9<'—‘10.043958]

Hydrologic area

Blue Ridge-Piedmont Coastal Plain Sand Hills

2-year recurrenceinterval

0.14072E-02 —0.49612E-03 0.31893E-02 —0.98276E-03 0.10200E-01 —0.44648E-02

—0.49612E-03 0.24350E-03 —0.98276E-03 0.43777E-03 —0.44648E-02 0.25105E-02
5-year recurrenceinterval

0.16431E-02 —0.55517E-03 0.37147E-02 —0.10840E-02 0.12971E-01 —0.56042E-02

—0.55517E-03 0.26322E-03 —0.10840E-02 0.45031E-03 —0.56042E-02 0.31270E-02
10-year recurrenceinterval

0.18985E-02 —0.62424E-03 0.43917E-02 -0.12495E-02 0.15456E-01 —0.65943E-02

—0.62424E-03 0.28912E-03 —0.12495E-02 0.50084E-03 —0.65943E-02 0.36522E-02
25-year recurrenceinterval

0.22833E-02 —0.73140E-03 0.54496E-02 —0.15204E-02 0.19118E-01 —0.80470E-02

—0.73140E-03 0.33094E-03 —0.15204E-02 0.59196E-03 —0.80470E-02 0.44209E-02
50-year recurrenceinterval

0.25999E-02 —0.82124E-03 0.63333E-02 —0.17517E-02 0.22136E-01 —0.92451E-02

—0.82124E-03 0.36687E-03 —0.17517E-02 0.67303E-03 —0.92451E-02 0.50554E-02
100-year recurrence interval

0.29342E-02 —-0.91725E-03 0.72726E-02 —0.20005E-02 0.25348E-01 —0.10523E-01

—0.91725E-03 0.40581E-03 —0.20005E-02 0.76200E-03 —0.10523E-01 0.57330E-02
200-year recurrenceinterval

0.32839E-02 —0.10186E-02 0.82596E-02 —0.22640E-02 0.28740E-01 —0.11875E-01

—0.10186E-02 0.44737E-03 —0.22640E-02 0.85763E-03 —0.11875E-01 0.64516E-02
500-year recurrenceinterval

0.37671E-02 —0.11600E-02 0.96272E-02 —0.26319E-02 0.33482E-01 —0.13772E-01

—0.11600E-02 0.50586E-03 —0.26319E-02 0.99272E-03 —0.13772E-01 0.74616E-02

Estimating the Magnitude and Frequency of Floods in Rural Basins of North Carolina—Revised



