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Conversion Factors

U.S. customary units to International System of Units

Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
Area
square mile (mi?) 259.0 hectare (ha)
square mile (mi?) 2.590 square kilometer (km?)
Flow rate
cubic foot per second (ft/s) 0.02832 cubic meter per second (m?/s)

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=(°F-32)/1.8.

Datums

Vertical coordinate information is referenced to the North American Vertical Datum of 1988

(NAVD 88).

Horizontal coordinate information is referenced to either the North American Datum of 1927

(NAD 27) or the North American Datum of 1983 (NAD 83).

Elevation, as used in this report, refers to distance above the vertical datum.
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Methods for Estimating Selected Low-Flow Frequency
Statistics and Mean Annual Flow for Ungaged Locations

on Streams in North Georgia

By Anthony J. Gotvald

Abstract

The U.S. Geological Survey, in cooperation with the
Georgia Department of Natural Resources, Environmental
Protection Division, developed regional regression equations
for estimating selected low-flow frequency and mean annual
flow statistics for ungaged streams in north Georgia that
are not substantially affected by regulation, diversions, or
urbanization. Selected low-flow frequency statistics and
basin characteristics for 56 streamgage locations within
north Georgia and 75 miles beyond the State’s borders in
Alabama, Tennessee, North Carolina, and South Carolina
were combined to form the final dataset used in the regional
regression analysis. Because some of the streamgages in the
study recorded zero flow, the final regression equations were
developed using weighted left-censored regression analysis
to analyze the flow data in an unbiased manner, with weights
based on the number of years of record. The set of equations
includes the annual minimum 1- and 7-day average streamflow
with the 10-year recurrence interval (referred to as 1Q10
and 7Q10), monthly 7Q10, and mean annual flow. The final
regional regression equations are functions of drainage area,
mean annual precipitation, and relief ratio for the selected low-
flow frequency statistics and drainage area and mean annual
precipitation for mean annual flow. The average standard
error of estimate was 13.7 percent for the mean annual flow
regression equation and ranged from 26.1 to 91.6 percent for
the selected low-flow frequency equations.

The equations, which are based on data from streams
with little to no flow alterations, can be used to provide
estimates of the natural flows for selected ungaged stream
locations in the area of Georgia north of the Fall Line. The
regression equations are not to be used to estimate flows
for streams that have been altered by the effects of major
dams, surface-water withdrawals, groundwater withdrawals
(pumping wells), diversions, or wastewater discharges. The
regression equations should be used only for ungaged sites
with drainage areas between 1.67 and 576 square miles,
mean annual precipitation between 47.6 and 81.6 inches, and
relief ratios between 0.146 and 0.607; these are the ranges of

the explanatory variables used to develop the equations. An
attempt was made to develop regional regression equations for
the area of Georgia south of the Fall Line by using the same
approach used during this study for north Georgia; however,
the equations resulted with high average standard errors of
estimates and poorly predicted flows below 0.5 cubic foot

per second, which may be attributed to the karst topography
common in that area.

The final regression equations developed from this study
are planned to be incorporated into the U.S. Geological Survey
StreamStats program. StreamStats is a Web-based geographic
information system that provides users with access to an assort-
ment of analytical tools useful for water-resources planning
and management, and for engineering design applications, such
as the design of bridges. The StreamStats program provides
streamflow statistics and basin characteristics for U.S. Geolog-
ical Survey streamgage locations and ungaged sites of interest.
StreamStats also can compute basin characteristics and provide
estimates of streamflow statistics for ungaged sites when users
select the location of a site along any stream in Georgia.

Introduction

Reliable estimates of low-flow frequency statistics are
essential for water-resources planning, management, and
permitting to ensure that an adequate water supply exists for
consumptive use, water-quality standards are met, recreation is
feasible, and aquatic habitat is minimally impaired. Engineers,
scientists, water-resource managers, and many others use low-
flow frequency statistics for (1) establishing minimum flow
requirements for streams and rivers, (2) quantifying base flows
in streams and rivers, (3) wastewater discharge permitting,

(4) water-supply planning and management, (5) protecting
stream biota and ecosystems, and (6) evaluating time of travel
and dilution of toxic spills (Ries, 2006). Recent droughts in
the southeastern United States also have emphasized the need
to better understand low-flow frequency statistics for sustained
water supplies and ecological-flow requirements for the
protection of aquatic resources in Georgia.
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Estimates of low-flow frequency statistics are needed
not only at locations where streamflow, hereafter referred
to as flow, is monitored but also for ungaged basins where
flow is not recorded. Therefore, other methods, such as
regionalization, may be used to estimate low-flow frequency
statistics at ungaged sites. Regionalization uses regression
analysis to develop equations that relate low-flow frequency
information determined for a group of streamgages' within
a hydrologic region to various basin characteristics for the
same streamgages. The resultant equations then can be used
to estimate low-flow magnitude and frequency for ungaged
stream locations within the hydrologic region.

The Georgia Environmental Protection Division (EPD)
within the Georgia Department of Natural Resources (DNR)
uses low-flow frequency statistics in its mission to provide
the strategic information necessary to manage the State’s
water resources and to assess the amount of flow needed to
maintain the ecological integrity of surface waters. The EPD
also uses low-flow statistics in its mission to protect and
enhance Georgia’s surface-water and groundwater resources.
The regression equations developed as part of this study by
the U.S. Geological Survey (USGS), in cooperation with
the Georgia EPD, can be used to estimate selected low-flow
frequency and mean annual flow statistics for ungaged stream
locations in north Georgia. The regression equations are
planned to be incorporated into StreamStats, a Web-based
geographic information system (GIS) tool developed by the
USGS (Ries and others, 2008).

Purpose and Scope

The purpose of this report is to present methods for
estimating low-flow frequency statistics for the annual
minimum 1- and 7-day average flow with the 10-year
recurrence interval (referred to as 1Q10 and 7Q10), monthly
7Q10, and mean annual flow for ungaged stream locations in
north Georgia that are not substantially affected by regulation,
diversions, or urbanization. The report describes (1) the
streamgage and basin characteristics selection processes;

(2) the methods used to develop regression equations that can
be used to estimate the selected low-flow frequency statistics
and mean annual flow; (3) the accuracy and limitations of
the equations; and (4) the StreamStats Web application for
automatically measuring required basin-characteristics data
and solving the regression equations to quickly and easily
estimate low-flow frequency statistics.

Description of the Study Area

The State of Georgia encompasses 59,425 square miles
(mi?) in the southeastern United States. Elevations range from
sea level (referenced to the North American Vertical Datum
of 1988) in coastal areas to 4,784 feet (ft) above sea level

'Terms shown in bold are defined in the glossary.

in northeast Georgia. Because of its proximity to the warm
waters of the Gulf of Mexico and the Atlantic Ocean, most of
Georgia has warm, humid summers and short, mild winters. In
the northern part of the State, however, elevation becomes the
more predominant influence with resulting cooler summers and
colder, but not severe, winters. Average summer temperatures
range from about 72 degrees Fahrenheit (°F) in the north-
eastern mountains to nearly 82 °F in parts of southern Georgia.
Average winter temperatures range from 39 °F in the north to
about 55 °F along the southern coast. Average annual precipita-
tion ranges from 45 inches in central and east-central Georgia
to 75 inches in the extreme northeastern corner of the State
(National Oceanic and Atmospheric Administration, 2016).

The study area encompasses the area of Georgia north
of the Fall line, which comprises about two-fifths of the
State and incorporates four U.S. Environmental Protection
Agency (EPA) level III ecoregions—Southwestern Appala-
chians, Ridge and Valley, Blue Ridge, and Piedmont (fig. 1;
U.S. Environmental Protection Agency, 2016). The Fall Line,
which is named for the steep fall of rivers as they cross this
boundary, separates the higher-elevation Piedmont ecoregion
from the low-lying Southeastern Plains ecoregion. The
ecoregions represent areas of general similarity in ecosystems
and in the type, quality, and quantity of environmental
resources. The ecoregions provide a spatial framework for
the research, assessment, management, and monitoring of
ecosystems and ecosystem components. The ecoregions were
determined from an analysis of the spatial patterns and the
composition of biotic and abiotic phenomena that include
geology, physiography, vegetation, climate, soils, land use,
wildlife, and hydrology (Omernik, 1987).

The Southwestern Appalachians ecoregion is composed
of open, low mountains. The eastern boundary of this
ecoregion, along the more abrupt escarpment where it meets
the Ridge and Valley ecoregion, is relatively smooth and only
slightly notched by small, eastward-flowing streams. The
Ridge and Valley ecoregion is composed of roughly parallel
ridges and valleys of various widths, heights, and geologic
materials. Springs and caves are relatively numerous, and
present-day forests cover about 50 percent of the ecoregion.
The Blue Ridge ecoregion varies from narrow ridges to hilly
plateaus to more massive mountainous areas. The mostly
forested slopes; high-gradient, cool, clear streams; and rugged
terrain overlie primarily metamorphic rocks, with smaller
areas of igneous and sedimentary geology (Omernik, 1987).

The Piedmont ecoregion is composed of a transitional
area between the mostly mountainous regions of the Appala-
chians to the northwest and the relatively flat Coastal Plain to
the southeast. The ecoregion is a complex mosaic of meta-
morphic and igneous rocks of Precambrian and Paleozoic age
and contains moderately dissected, irregular plains and some
hills. The soils tend to be finer textured in this ecoregion than
in coastal plain regions to the south. Once largely cultivated,
much of the ecoregion has reverted to pine and hardwood
woodlands, with increasing conversion to urban and suburban
land cover (Omernik, 1987).
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Selection of Streamgages

The streamgage selection process for this study started
with the Geospatial Attributes of Gages for Evaluating
Streamflow, version II (GAGES-II) dataset, which provides
geospatial data and classifications for 9,322 streamgages
maintained by the USGS (Falcone, 2011). The GAGES-II
dataset consists only of streamgages that have 20 or more
years of record since 1950 or are currently active (Falcone,
2011). The GAGES-II dataset was used to determine the
streamgages with watersheds in the study area that are least
disturbed by human influence. Streamgages with “near-
natural” flow conditions were identified in the GAGES-II
dataset and classified as “reference” streamgages (Falcone,
2011). All reference streamgages in north Georgia having
10 or more years of record through climatic year 2013
were evaluated for possible use in the regional regression
analysis, resulting in a total of 18 reference streamgages in
Georgia that were determined as candidate streamgages for
the regression analysis. Also, seven streamgages in Georgia
that have 10 or more years of natural flows and that are not in
the GAGES-II dataset were included as candidate streamgages
for the regression analysis.

The GAGES-II dataset has a hydrologic “disturbance
index” associated with each streamgage that is used to assess
if the streamgage is a reference or nonreference streamgage.
This index quantifies the human influence on the stream
using variables, such as density of major dams, amount
of water withdrawals, and percentage of channels in the
watershed (Falcone, 2011). Streamgages in Georgia with a
disturbance index below 20 were evaluated for flow altera-
tion processes such as water withdrawals, diversions, flood
control, and wastewater discharge. Sites in drainage basins
with known flow-altered processes not substantial enough
to clearly change the recorded daily mean flows for more
than several days during each climatic year were included
in the dataset. The change was assessed by visual inspection
of the daily mean flows plotted on a graph. As a result, eight
nonreference streamgages in north Georgia were included as
candidate streamgages for the regression analysis for a total of
33 streamgages in Georgia.

Because the Atlanta and Athens metropolitan areas
are within the study area, only a limited number of Georgia
streamgages are considered to have “near-natural” flow
(fig. 1). Thus, GAGES-II reference streamgages having
10 or more years of record through climatic year 2013 in
Alabama, Tennessee, North Carolina, and South Carolina that
are within 75 miles of the Georgia border were included as

candidate streamgages for the regression analysis. This added
23 streamgages to the dataset (6 in Alabama, 5 in Tennessee,

8 in North Carolina, and 4 in South Carolina), resulting in a
total of 56 candidate streamgages. Descriptive information

for the candidate streamgages, including the USGS station
number, station name, latitude, longitude, county, and
drainage area, is provided in table 1 (at back of report, avail-
able for download at https://doi.org/10.3133/sir20175001); the
56 streamgage locations are shown in figure 1.

Low-Flow Frequency and Mean Annual
Flow Statistics

For the 33 streamgages in Georgia that were considered
for use in the regression analysis, the annual 1Q10 and
7Q10, monthly 7Q10, and mean annual flow statistics were
obtained from Gotvald (2016). For the 23 streamgages in
the surrounding States, the annual 1Q10 and 7Q10, monthly
7Q10, and mean annual flow statistics were computed for this
study by using the same methods described in Gotvald (2016)
to maintain consistency. The statistics for the 23 streamgages
were computed using the daily mean flow data through the
2013 water year from the USGS National Water Informa-
tion System (NWIS; U.S. Geological Survey, 2015) and
Surface-Water Statistics (SWSTAT) version 5.0, a computer
program developed by the USGS (Hutchison, 1975; Lumb and
others, 1990; Flynn and others, 1995). The annual 1Q10 and
7Q10, monthly 7Q10, and mean annual flow statistics for the
56 streamgage locations that were considered in the regression
analysis are presented in table 2 (available for download
at https://doi.org/10.3133/sir20175001), and the periods of
record used to compute the statistics are provided in table 1.

Some of the streamgages with shorter periods of record
that were considered in the regression analysis indicate
significant negative trends in the minimum 1-day and 7-day
flows because the period of record ends during recent droughts
that occurred in the study area (Gotvald, 2016). As noted by
Lins and others (2010), hydrologic records of a few years
to a few decades may indicate a trend in the data, but when
viewed in the context of longer timeframes spanning decades
to centuries, the short-term trends may be recognized as part
of a much longer-term oscillation. The streamgages with
significant negative trends were still considered for use in the
regression analysis because the streamgages with longer-term
records considered in the regression analysis did not indicate
significant trends (Gotvald, 2016).
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Table2. Selected low-flow frequency and mean annual flow statistics compiled for 56 continuous-record streamgages in north Georgia
and surrounding States that were evaluated for use in the low-flow frequency regression analysis for north Georgia, 2013.
[USGS, U.S. Geological Survey; ft*/s, cubic foot per second; 1Q10, minimum 1-day average streamflow with a 10-year recurrence interval; 7Q10, minimum
7-day average streamflow with a 10-year recurrence interval]
T Streamflow (ft¥/s)
station Annual January February March April May June July August September October November December Mean
NEmReD annual
1010 7010 7010 flow
02157490 0.21 0.33 11.2 11.7 133 9.64 7.1 280 1.56 0.55 0.92 3.50 5.06 7.14 20.1
02167450 0.75 1.13 359 53.1 68.1 476 279 164 7.81 3.23 1.58 3.35 10.8 254 156
02177000 113 119 257 298 379 384 298 228 187 148 133 127 145 191 642
02178400 33.1 35.0 81.6 98.4 111 111 874 645 509 40.9 37.2 37.6 43.0 62.0 181
02192500 1.75 2.21 51.3 67.9 863 746 387 204 9.63 4.56 3.80 5.39 12.2 29.2 190
02193340 0 0 1.87 3.86 647 479 191 086 0.20 0.04 0.04 0 0.44 1.01 23.0
02196000 0.62 1.09 24.5 51.7 793 504 182 9.39  5.40 3.62 2.13 1.77 2.34 8.38 371
02197520 0.25 0.36 7.83 13.3 19.3 924 333 1.66 0.6l 0.60 0.51 0.50 1.25 2.47 47.5
02212600 0 0.01 11.2 16.9 19.3 10.8 293 0.86 0.27 0.03 0.10 0.12 0.99 3.84 57.6
02213050 0.33 0.34 7.81 10.9 12.0 8.03 4.17 238 098 0.73 0.63 0.44 1.69 3.76 30.6
02220550 0.05 0.06 2.54 4.38 495 498 268 149 0.78 0.33 0.13 0.09 0.87 1.63 14.6
02221000 1.33 1.56 8.26 11.5 14.9 12.4 7.80 549 3.59 2.94 1.97 1.82 2.92 5.69 25.0
02221525 1.03 1.65 38.5 58.1 76.6 539 226 836 3.92 2.73 3.65 4.19 10.6 22.7 147
02333000 255 292 480 518 729 788 613 525 463 413 322 298 349 409 1180
02333500 56.6 60.5 152 176 213 215 162 120 96.2 72.2 64.0 71.0 87.1 110 353
02338523 0.84 1.05 5.68 7.53 12.4 10.4 6.0l 324 246 1.21 1.32 1.77 3.03 4.60 19.9
02339000 10.9 13.0 88.3 109 124 125 63.2 451 304 21.8 13.5 18.3 31.1 58.0 228
02340500 6.65 7.51 27.9 34.6 454 450 282 198 16.6 10.6 7.98 9.60 12.0 18.7 81.6
02379500 75.1 78.4 125 143 193 218 181 144 119 96.4 82.6 81.4 88.8 97.6 283
02380000 34.5 37.2 75.3 113 165 150 130 974 66.5 50.1 38.8 38.9 42.1 52.4 212
02381600 0.73 0.90 4.02 6.19 6.01 6.72 5.01 2.62 1.89 1.18 1.15 1.55 2.33 2.81 15.8
02382000 1.20 1.47 9.01 11.3 13.6 12.3 7.65 440 299 2.15 1.72 2.50 4.88 5.50 28.3
02382200 7.97 9.96 56.9 66.6 799 834 573 33.0 206 12.1 11.9 14.8 23.6 36.3 168
02383000 0.35 0.44 1.64 2.59 3.84 325 231 1.62  0.90 0.66 0.47 0.58 0.84 1.06 6.85
02384540 0.24 0.30 4.69 6.68 748 596 296 149 0.87 0.43 0.34 0.50 1.11 2.66 17.5
02388000 5.16 5.62 16.0 19.6 25.7 19.8  13.1 9.33  7.00 6.76 6.46 5.98 6.04 7.73 65.8
02388300 0.83 0.91 4.7 6.97 7.57 538 275 198 1.22 1.09 1.05 1.20 1.56 1.85 25.2
02389300 14.8 15.1 20.4 26.3 319 328 315 266 209 18.0 16.6 16.4 18.8 18.3 50.4
02390000 343 37.1 119 94.76 125 140 103 714 619 41.8 39.5 43.7 533 63.3 199
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Table2. Selected low-flow frequency and mean annual flow statistics compiled for 56 continuous-record streamgages in north Georgia
and surrounding States that were evaluated for use in the low-flow frequency regression analysis for north Georgia, 2013.—Continued

[USGS, U.S. Geological Survey; ft¥/s, cubic foot per second; 1Q10, minimum 1-day average streamflow with a 10-year recurrence interval; 7Q10, minimum
7-day average streamflow with a 10-year recurrence interval]

T Streamflow (ft¥/s)
station Annual January February March April May June July August September October November December Mean
NEmReD annual
1010 7010 7010 flow
02394950 0.95 1.23 5.46 11.8 13.6 14.5 873 533 252 1.57 1.31 1.65 2.85 4.12 31.3
02395120 4.57 5.12 10.6 14.0 18.3 164 11.5 8.78 7.81 6.50 5.56 5.99 6.74 7.69 41.7
02397410 9.90 10.9 19.4 26.5 357 238 175 144 13.0 12.6 11.0 11.1 12.4 13.7 84.3
02408500 20.9 23.1 115 159 225 230 147 92.0 64.0 38.7 253 27.2 349 69.9 388
02408540 8.37 9.67 108 149 173 146 859 413 253 14.0 13.6 16.1 24.7 58.7 390
02410000 0.09 0.13 1.91 2.57 346 346 198 131 0.89 0.33 0.14 0.21 0.50 1.18 7.05
02411800 2.09 2.45 12.8 16.4 19.3 16.6 104 741 391 342 2.73 2.94 5.25 9.11 34.8
02415000 7.35 8.46 80.3 118 147 143 75.1 382 240 11.8 11.5 13.1 20.8 40.7 294
03439000 49.9 52.4 99.2 111 139 140 114 91.1 75.1 62.2 56.5 56.2 63.3 76.7 235
03441000 21.7 23.1 50.5 58.4 749 755 58.6 435 35.0 29.7 243 24.6 28.4 37.2 128
03455500 12.7 13.6 39.0 43.5 552 513 416 289 215 16.8 14.1 15.4 19.1 30.0 99.7
03456500 16.3 17.4 51.3 56.6 747 735 59.1 392 284 21.2 18.4 20.8 25.8 38.7 140
03497300 25.1 27.6 95.1 125 152 143 102 60.2 447 37.9 31.0 30.1 36.0 68.9 282
03498500 45.4 49.1 156 221 274 258 179 111 79.3 65.2 54.7 53.5 61.2 104 518
03500000 66.6 71.7 165 199 244 238 188 141 108 82.1 75.6 81.1 93.5 124 378
03500240 23.1 25.0 60.3 75.6 87.5 86.0 654 462 357 28.1 26.8 28.2 33.5 44.6 138
03504000 36.1 37.7 104 118 139 136 107 77.0 59.7 459 40.6 40.8 453 70.1 203
03513500 5.93 6.43 14.7 19.3 283 289 202 141 105 9.57 7.56 6.81 7.24 9.83 445
03518500 26.2 28.6 98.8 119 165 165 111 749 53.5 37.6 30.0 30.1 36.7 62.3 279
03544947 0.53 0.60 2.73 2.70 279 262 176 117 0.84 0.67 0.62 0.69 0.95 1.64 5.66
03545000 26.7 28.1 53.5 67.0 96.5 959 814 62.1 444 35.2 29.7 29.4 31.2 39.8 139
03556000 12.7 13.2 20.1 25.2 342 362 28.6 251 219 17.6 13.8 13.9 15.9 17.0 51.5
03558000 111 117 200 252 333 357 294 225 181 146 129 123 134 155 494
03560000 422 43.4 82.0 108 161 157 139 98.2 72.6 57.5 45.6 45.7 45.8 57.8 194

03572110 2.35 2.69 52.6 90.0 101 723 262 108 544 477 3.45 2.89 430 24.6 285
03574500 5.46 6.01 103 175 216 156 564 272 159 11.3 7.90 6.24 7.50 24.6 668
03578000 1.02 1.35 242 45.1 49.1 338 120 491 315 222 1.70 1.31 1.82 6.36 137




Basin Characteristics

The GAGES-II dataset includes several hundred basin
characteristics compiled from national data sources, including
environmental features and metrics of anthropogenic influence
(Falcone, 2011). A subset of these basin characteristics was
chosen as potential explanatory variables in the regional
regression analysis using all-possible-subsets (APS) regres-
sion methods (Neter and others, 1985). Potential explanatory
variables for inclusion in the regression analysis were based
on several factors, including standard error of the estimate,
Mallow’s C, statistic, statistical significance of the explanatory

Basin Characteristics

variables, coefficient of determination (R?), the theoretical
relation of the basin characteristics to low flows, and ease of
computing the basin characteristics using geographic infor-
mation system (GIS) technology. The use of GIS enables the
automation of the basin-characteristic calculations and solu-
tion of the regional regression equations using StreamStats.
Table 3 lists the 15 potential basin characteristics that were
considered for use in the regional regression analysis.

The potential basin characteristics listed in table 3 were
computed using the methods from the Georgia StreamStats
application for the 33 streamgages in Georgia in order to
maintain consistency when the final regression equations

Table 3. Basin characteristics considered for use in the low-flow frequency regression analysis for north Georgia.

[PRISM, Parameter-Elevation Regressions on Independent Slopes Model; NLCD, National Land Cover Database; STATSGO, State Soil Geographic (database)]

Name Description Unit Data source
Physical measurements
DRNAREA Drainage area of basin Square miles  http://waterdata.usgs.gov/nwis/
PRECIP Mean annual precipitation Inches 800-meter resolution PRISM 1971-2000
data (http://prism.nacse.org/)
ELEV Mean basin elevation Feet http://ned.usgs.gov/
ELEVMAX Maximum basin elevation Feet http://ned.usgs.gov/
ELEVMIN Minimum basin elevation Feet http://ned.usgs.gov/
RRMEAN Relief ratio (ELEV-ELEVMIN)/ Unitless http://ned.usgs.gov/
(ELEVMAX-ELEVMIN))
Land use
LCO6FOREST Percentage of basin area covered by forest Percent 2006 NLCD (http://www.mrlc.gov)
LCO06SHRUB Percentage of basin area covered by shrubs Percent 2006 NLCD (http://www.mrlc.gov)
LCO6PAST Percentage of basin area covered by pasture Percent 2006 NLCD (http://www.mrlc.gov)
Soils
STATSNO4AVE Average value of percentage by weight of Percent STATSGO data (http://water.usgs.gov/GIS/
soil material less than 3 inches in size metadata/usgswrd/XML/muid.xml)
and passing a no. 4 sieve
STATSNO10AVE Average value of percentage by weight of Percent STATSGO data (http://water.usgs.gov/GIS/
soil material less than 3 inches in size metadata/usgswrd/XML/muid.xml)
and passing a no. 10 sieve
STATSNO200AVE Average value of percentage by weight of Percent STATSGO data (http://water.usgs.gov/GIS/
soil material less than 3 inches in size metadata/usgswrd/XML/muid.xml)
and passing a no. 200 sieve
STATSSILT Average value of silt content Percent STATSGO data (http://water.usgs.gov/GIS/
metadata/usgswrd/XML/muid.xml)
STATSSAND Average value of sand content Percent STATSGO data (http://water.usgs.gov/GIS/
metadata/usgswrd/XML/muid.xml)
WTDEPAVE Average value of depth to seasonally Inches STATSGO data (http://water.usgs.gov/GIS/

high water table

metadata/usgswrd/XML/muid.xml)
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are implemented in the Georgia StreamStats application.
Currently (2016), StreamStats is not fully implemented for all
the surrounding States, so the basin characteristics from the
GAGES-II dataset were used for the surrounding States. To
ensure that the GAGES-II basin characteristics are equivalent
to the basin characteristics computed using the StreamStats
methods, the StreamStats values were compared with the
basin characteristics from the GAGES-II dataset for the
26 streamgages in Georgia that are in the GAGES-II dataset.
The differences in the two sets of basin characteristics were
within +2.5 percent for all the basin characteristics with the
exception of the maximum and minimum elevation, which
had differences greater than +2.5 percent for 3 of the 26 sites.
The larger differences in the extreme elevation values likely
result from a lower resolution digital elevation model (DEM)
being used for the GAGES-II computations. The mean of the
differences is within + 1 percent for all the basin character-
istics, thus indicating that the basin characteristics from the
GAGES-II dataset are comparable to values computed using
the StreamStats methods.

A drainage area value is stored in the NWIS database
for most streamgages maintained by the USGS. The
drainage area in the NWIS database was compared to the
drainage area computed using the StreamStats methods for
the 33 streamgages in Georgia and the computed drainage
area in the GAGES-II dataset for the 23 streamgages in
the surrounding States. All the computed drainage areas
were within +2 percent of the NWIS drainage areas for the
33 streamgages in Georgia and were within +3 percent for
the 23 streamgages in the surrounding States. None of the
drainage areas for the 33 Georgia streamgages were revised in
the NWIS database on the basis of the USGS Office of Surface
Water Technical Memorandum No. 12.07 (Lins, 2012), which
suggests revisions be made in the database for differences
that are more than 2 percent if the computed value is more
accurate than the value in the NWIS database. Although
2 (USGS station numbers 02167450 and 03455500) of the
23 streamgages in the surrounding States had differences
greater than 2 percent, the NWIS database values were not
revised for the 2 stations because a lower resolution DEM
had been used to delineate the watersheds. The drainage areas
listed in table 1, which are from the NWIS database, are the
drainage area values used in the regional regression analysis.
Table 1 also lists the other 14 potential basin characteristics
for the 56 streamgage locations that were considered for use
in the regional regression analysis. The basin characteristics
for the 33 Georgia streamgages are available in StreamStats
(U.S. Geological Survey, 2016).

Regional Regression Analysis

Regional regression analyses were used to develop equa-
tions that estimate the annual 1Q10 and 7Q10, monthly 7Q10,
and mean annual flow statistics at ungaged locations in north
Georgia not substantially affected by regulation, diversions, or
urbanization. The equations relate the statistics computed from
flow records for streamgages to measured basin characteristics
of the associated drainage basins. All 56 streamgages for
which flood-frequency and basin characteristics had been
determined were considered for use in the regression analysis
(fig. 1; table 1).

Development of Regional Regression Equations

All-possible-subsets regression methods and ordinary
least squares (OLS) regression techniques were used to
evaluate candidate explanatory variables (table 3) and the
need for additional hydrologic regions within the study area.
Ordinary least squares regression analyses were performed
using the 56 streamgages with various combinations of candi-
date explanatory variables on the basis of the APS regression
results. Multicollinearity (correlation among the candidate
explanatory variables) was assessed by the variance inflation
factor (VIF). All response variables and some explanatory
variables were transformed to logarithms (base 10) prior to
the regression analyses to (1) obtain linear relations between
response and explanatory variables and (2) achieve equal
variance about the regression line. Regression residuals were
plotted at the centroid of the respective drainage area to
determine geographical patterns of bias. On the basis of the
residual plots, there is no indication of a geographic bias of the
regression residuals.

The need to divide the study area into separate hydrologic
regions was further investigated using the qualitative indicator
variable approach described by Griffis and Stedinger (2007).
This approach tests the differences among the intercept in a
regression model for separate regions by including qualitative
indicator variables for each region in the model. For this
study, qualitative indicator variables of “1” or “0” for each
ecoregion were included as explanatory variables in the
regression equations. If 75 percent or more of the drainage
basin of a streamgage was within a specific ecoregion, a value
of “1” was used for the qualitative variable for that ecoregion;
otherwise, a “0” was used to indicate the basin is not within
that ecoregion. None of the qualitative indicator explanatory
variables for the ecoregions were found to be statistically
significant for a probability value (p-value) <0.05, indicating
that the intercepts for each ecoregion are not significantly
different and confirming that the study area did not need to be
further divided into additional hydrologic regions.



Final Regression Equations

Because some streams in this study had values of zero
for the selected low-flow frequency statistics, special regres-
sion techniques were required to analyze these statistics in
an unbiased manner. Estimates of zero flow computed from
observed flow commonly are treated as left-censored data
(Kroll and Stedinger, 1996; Kroll and Vogel, 2002), and
the use of multiple-linear regression is not recommended
for censored data (Helsel and Hirsch, 2002). For this study,
weighted left-censored regression was used for the final
regression analyses, with weights based on the number of
years of record (Lorenz, 2014; Ziegeweid and others, 2015).
With left-censored regression, a threshold value is imposed
on the dataset that censors low (left) values below the
threshold. Both the censored and uncensored values are used
in a left-censored regression. When datasets do not contain
censored values, weighted left-censored regression provides
the same results as weighted least squares regression (Helsel
and Hirsch, 2002).

Weighted left-censored regression was used to analyze
flow data collected at 56 streamgages. Various combinations
of explanatory variables determined in exploratory analyses
were evaluated. Because of the uncertainty in measuring low
flows and estimating low-flow frequency statistics less than
0.1 cubic foot per second (ft*/s), the censoring threshold used
to develop the left-censored regression equations was set at
0.1 ft/s. The combination of independent explanatory vari-
ables selected for inclusion in the final regression equations
did not have multicollinearity, were statistically significant
at the 0.05 level, and provided the lowest standard error of
estimate for the flow statistics.

Multiple performance metrics were used to identify
streamgages with potential issues that were used in the final
regression equations. Residuals randomly distributed around
zero are preferred. The leverage metric is used to measure
how unusual the values of independent variables at one
streamgage are compared to the values of the same variables
at all other streamgages (Helsel and Hirsch, 2002). The
influence metric indicates whether the data at a streamgage
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have a large influence on the estimated regression parameter
values (Helsel and Hirsch, 2002). A streamgage may have a
large leverage metric, indicating that independent variables
associated with the streamgage are substantially different from
independent variables associated with all other streamgages;
however, the same streamgage may not have a large influence
on the regression parameters. Conversely, a streamgage with
a large influence on the regression parameters may not have a
large leverage metric. Measurement or typographic errors in
reported values of some independent variables may produce
large leverage or influence metrics, and streamgages with
such errors may need to be excluded. None of the streamgages
used in the final regression analysis indicated high influence;
however, two streamgages (USGS station numbers 02196000
and 03544947) were identified in this study as having large
leverage. These two streamgages were not excluded because
no known errors were associated with the basin characteristic
data, and a reasonable hydrologic justification for excluding
the data could not be identified.

For the selected low-flow statistics, the combination
of drainage area (DRNAREA), mean annual precipitation
(PRECIP), and relief ratio (RRMEAN) reduced the standard
error considerably more than any other combination of
explanatory variables, so these three explanatory variables
were used in the final regression equations. For mean annual
flow, DRNAREA and PRECIP are used in the final equation
because RRMEAN was not found to be statistically significant
for a probability value (p-value) <0.05, and the addition of
a third variable did not reduce the standard error by more
than 1 percent. Residuals from the weighted left-censored
analyses were plotted on a map of the study area to verify that
geographical biases were not present. One hydrologic region
was used for the entire study area. The final regional regres-
sion equations for the selected low-flow frequency and mean
annual flow statistics are given in table 4. For the selected
low-flow frequency equations in table 4, the estimated flow
statistic decreases as RRMEAN increases. RRMEAN is a
measure of the relief in the drainage basin; therefore, a higher
RRMEAN value indicates higher relief in the basin, which
increases direct runoff and decreases base flow.
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Table 4. Selected low-flow frequency statistic and mean annual flow equations for ungaged streams in north Georgia.

[SEE, standard error of estimate, in percent; number censored, number of streamflow values less than or equal to 0.1 cubic foot per second;
MI1D10Y, annual 1-day low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y, annual 7-day low flow for a recurrence
interval of 10 years, in cubic feet per second; M7D10Y01, January 7-day low flow for a recurrence interval of 10 years, in cubic feet per second;
M7D10Y02, February 7-day low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y03, March 7-day low flow for a
recurrence interval of 10 years, in cubic feet per second; M7D10Y 04, April 7-day low flow for a recurrence interval of 10 years, in cubic feet per
second; M7D10Y05, May 7-day low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y06, June 7-day low flow for a
recurrence interval of 10 years, in cubic feet per second; M7D10Y07, July 7-day low flow for a recurrence interval of 10 years, in cubic feet per
second; M7D10Y08, August 7-day low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y 09, September 7-day low
flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y 10, October 7-day low flow for a recurrence interval of 10 years, in
cubic feet per second; M7D10Y 11, November 7-day low flow for a recurrence interval of 10 years, in cubic feet per second; and M7D10Y 12,
December 7-day low flow for a recurrence interval of 10 years, in cubic feet per second; QA, mean annual flow, in cubic feet per second;
DRNAREA, drainage area, in square miles; PRECIP, mean annual precipitation, in inches; RRMEAN, relief ratio]

Statistic Regression equation S Ll

(percent) censored
MI1D10Y (4.42% 10719 (DRNAREA)*4(PRECIP)82(2.12 x () 3)RRMEAN 91.6 4
M7D10Y (2.11x10°'5)(DRNAREA)**7(PRECIP)$25(3.11 x 10-3)RRMEAN 86.4 3
M7D10Y01 (1.60x 10*)(DRNAREA )**(PRECIP)*#(1.94 x 1 01 )RRMEAN 345 0
M7D10Y02 (1.43x107)(DRNAREA)**55(PRECIP)**(3.54 x  (1)RRMEAN 26.6 0
M7D10Y03 (2.09x 107)(DRNAREA)*"(PRECIP)*%(3.69 x 1 (1)RRMEAN 26.1 0
M7D10Y04 (3.20x10*)(DRNAREA)*2(PRECIP)*33(1.77 x 10~1)RRMEAN 32.8 0
M7D10Y05 (1.01x 10°)(DRNAREA)**2(PRECIP)*2!(4.86 x 1 (-2)RRMEAN 46.6 0
M7D10Y06 (8.43%107")(DRNAREA)**(PRECIP)>%(2.01 x 1(-2)RRMEAN 60.0 0
M7D10Y07 (1.69x 1072 (DRNAREA)*'2(PRECIP)67(9.72 x 1 (-3)RRMEAN 732 0
M7D10Y08 (4.95%10-9)(DRNAREA )***3(PRECIP)"47(7.79 x 1 (-3)RRMEAN 87.9 2
M7D10Y09 (2.37x10*)(DRNAREA)*$PRECIP)"¢3(5.27 x 10~3)RRMEAN 81.9 1
M7D10Y10 (1.46 x 1073)(DRNAREA)**2(PRECIP)"(3.08 x 1 0-3)RRMEAN 83.0 2
M7D10Y11 (5.12x107%)(DRNAREA)*"(PRECIP)>#(5.03 x ] 0-3)RRMEAN 63.9 0
M7D10Y 12 (2.93x10°)(DRNAREA )*s™(PRECIP)**(4.45 x 1 (-2)RRMEAN 49.4 0

QA (9.20 % 10-)(DRNAREA )***(PRECIP)>"’ 13.7 0




Accuracy and Limitations

The average standard error of estimate (SEE), in percent,
for the regression equations is given in table 4. Average SEE is
a measure of the average uncertainty of predictions made with
a regression equation on the basis of all streamgage data used
to develop the equations. Users of the regression equations
may, however, be interested in a measure of uncertainty for
a flow estimate at a particular ungaged stream location as
opposed to the average uncertainty based on all streamgage
data. One such measure of uncertainty at a particular ungaged
location is the confidence interval of a prediction, or predic-
tion interval. Prediction interval is the range in values of
an estimated response variable over which the true value of
the response variable occurs with some stated probability.

For example, the 90-percent prediction interval for an
estimated flow value means that there is a 90-percent prob-
ability that the true flow value lies within that interval. The
USGS StreamStats Web-based GIS tool uses the 90-percent
prediction interval estimates as part of the computation of
low-flow frequency estimates for ungaged stream sites. Tasker
and Driver (1988) determined that a 100 (1—«) prediction
interval for a flow statistic estimated at an ungaged site from

a regression equation can be computed as follows:

QIC<P<CQ, (1
where
0 is the flow characteristic for the ungaged site;
and
C  is computed as:
C — lot(a/z,n—p)SEP,f , (2)
where
Larrnp) is the critical value from the student’s

t-distribution at a particular alpha-level
divided by 2 (a/2), and degrees of freedom
(n—p) and is equal to 1.68 for an (a) of
0.10, which corresponds to a prediction
interval of 90 percent; and

SE, is the standard error of prediction for site i and
is computed for a weighted left-censored

regression analysis as

Regional Regression Analysis 1"

SE, ,=[MSE+X,UX1", )

where
MSE  is the mean square error;
X is a row vector of the explanatory
variables for site i, augmented by
a 1 as the first element;
U  is the covariance matrix for the regression
coefficients; and
X,T is the transpose of X, (Ludwig and
Tasker, 1993).

The values for MSE and U are presented in table 5 (available
for download at https://doi.org/10.3133/sir20175001).

The procedures required to obtain the prediction intervals
for annual 1Q10 and 7Q10, monthly 7Q10, and mean annual
flow estimates are explained in the following example compu-
tation of the annual 7Q10 flow for a hypothetical ungaged
site on Indian Creek near Big City, Georgia. The results are
rounded to three significant figures.

1. Obtain the drainage area and mean annual precipi-
tation for the ungaged site (DRNAREA=5.00 mi?,
PRECIP=65.0 inches, RRMEAN=0.200);

2. Compute annual 7Q10 flow using the equation in
table 4 (annual O, =(2.11x107"%)-5.00°%7-65.0%2
-(3.11x1073)0200=2 59 ft¥/s);

3. Determine the X, vector (X,= {1, log(5.00),
log(65.0)},0.200);

4. Compute the standard error of prediction using
equation 3 with MSE and U for the 7Q10 flow
from table 5; SE, ,=(0.1053+0.0177)*°=0.3507;

5. Compute C using equation 2; C=10168:03500=3 883;
and

6. Compute the 90-percent prediction interval using
equation 1; (2.59/3.883) < Q7Q10< (2.59-2.883) or
0.667 ft¥/s<Q.  <10.1 ft*/s.

7010

Solution: The annual 7Q10 flow estimated for the hypothetical
ungaged site on Indian Creek is 2.59 fi*/s with the 90-percent
prediction interval between 0.667 and 10.1 f£*/s.


https://doi.org/10.3133/sir20175001
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Table 5. Values used to determine prediction intervals for the regression equations.

[MSE, the mean square error used in equation 3; U, the covariance matrix used in equation 3; M1D10Y, annual 1-day low flow for
a recurrence interval of 10 years, in cubic feet per second; M7D10Y, annual 7-day low flow for a recurrence interval of 10 years,
in cubic feet per second; M7D10Y01, January 7-day low flow for a recurrence interval of 10 years, in cubic feet per second;
M7D10Y02, February 7-day low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y03, March 7-day
low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y 04, April 7-day low flow for a recurrence interval
of 10 years, in cubic feet per second; M7D10Y05, May 7-day low flow for a recurrence interval of 10 years, in cubic feet per
second; M7D10Y06, June 7-day low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y07, July 7-day
low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y08, August 7-day low flow for a recurrence inter-
val of 10 years, in cubic feet per second; M7D10Y09, September 7-day low flow for a recurrence interval of 10 years, in cubic
feet per second; M7D10Y 10, October 7-day low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y 11,
November 7-day low flow for a recurrence interval of 10 years, in cubic feet per second; and M7D10Y 12, December 7-day low
flow for a recurrence interval of 10 years, in cubic feet per second; QA, mean annual flow, in cubic feet per second]

Statistic MSE U
MID10Y 0.1149 1.96E+00 —3.74E-02 -9.95E-01 —2.85E-01
—3.74E-02 9.23E-03 1.06E-02 2.70E-03
-9.95E-01 1.06E-02 5.19E-01 1.18E-01
-2.85E-01 2.70E-03 1.18E-01 1.91E-01
M7D10Y 0.1053 1.78E+00 —3.21E-02 —9.04E-01 —2.64E-01
-3.21E-02 8.15E-03 8.84E-03 2.88E-03
-9.04E-01 8.84E-03 4.72E-01 1.09E-01
—2.64E-01 2.88E-03 1.09E-01 1.74E-01
M7D10Y01 0.0213 3.53E-01 —6.20E-03 —1.79E-01 -5.35E-02
—6.20E-03 1.63E-03 1.64E-03 5.92E-04
—1.79E-01 1.64E-03 9.35E-02 2.21E-02
-5.35E-02 5.92E-04 2.21E-02 3.51E-02
M7D10Y02 0.0129 2.14E-01 -3.77E-03 —1.09E-01 -3.25E-02
-3.77E-03 9.90E-04 9.97E-04 3.59E-04
—1.09E-01 9.97E-04 5.68E-02 1.34E-02
—3.25E-02 3.59E-04 1.34E-02 2.13E-02
M7D10Y03 0.0124 2.06E-01 —3.62E-03 —1.05E-01 -3.12E-02
-3.62E-03 9.53E-04 9.60E-04 3.46E-04
—1.05E-01 9.60E-04 5.46E-02 1.29E-02
—3.12E-02 3.46E-04 1.29E-02 2.05E-02
M7D10Y04 0.0193 3.20E-01 —5.63E-03 —1.62E-01 —4.85E-02
—5.63E-03 1.48E-03 1.49E-03 5.37E-04
—1.62E-01 1.49E-03 8.48E-02 2.01E-02
—4.85E-02 5.37E-04 2.01E-02 3.18E-02
M7D10YO05 0.0370 6.15E-01 —1.08E-02 -3.12E-01 -9.32E-02
—1.08E-02 2.84E-03 2.86E-03 1.03E-03
—3.12E-01 2.86E-03 1.63E-01 3.86E-02
-9.32E-02 1.03E-03 3.86E-02 6.12E-02
M7D10Y06 0.0579 9.62E-01 —1.69E-02 —4.88E-01 —1.46E-01
—1.69E-02 4.45E-03 4.48E-03 1.61E-03
—4.88E-01 4.48E-03 2.55E-01 6.04E-02

—1.46E-01 1.61E-03 6.04E-02 9.57E-02
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Table 5. Values used to determine prediction intervals for the regression equations.—Continued

[MSE, the mean square error used in equation 3; U, the covariance matrix used in equation 3; M1D10Y, annual 1-day low flow for
a recurrence interval of 10 years, in cubic feet per second; M7D10Y, annual 7-day low flow for a recurrence interval of 10 years,
in cubic feet per second; M7D10Y01, January 7-day low flow for a recurrence interval of 10 years, in cubic feet per second;
M7D10Y02, February 7-day low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y03, March 7-day
low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y 04, April 7-day low flow for a recurrence interval
of 10 years, in cubic feet per second; M7D10Y05, May 7-day low flow for a recurrence interval of 10 years, in cubic feet per
second; M7D10Y06, June 7-day low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y07, July 7-day
low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y08, August 7-day low flow for a recurrence inter-
val of 10 years, in cubic feet per second; M7D10Y09, September 7-day low flow for a recurrence interval of 10 years, in cubic
feet per second; M7D10Y 10, October 7-day low flow for a recurrence interval of 10 years, in cubic feet per second; M7D10Y 11,
November 7-day low flow for a recurrence interval of 10 years, in cubic feet per second; and M7D10Y 12, December 7-day low
flow for a recurrence interval of 10 years, in cubic feet per second; QA, mean annual flow, in cubic feet per second]

Statistic MSE U
M7D10Y07 0.0809 1.34E+00 -2.36E-02 -6.81E-01 -2.04E-01
-2.36E-02 6.21E-03 6.25E-03 2.25E-03
-6.81E-01 6.25E-03 3.56E-01 8.43E-02
—2.04E-01 2.25E-03 8.43E-02 1.34E-01
M7D10Y08 0.1079 1.80E+00 -3.17E-02 -9.14E-01 —2.71E-01
-3.17E-02 8.29E-03 8.46E-03 2.97E-03
-9.14E-01 8.46E-03 4.77E-01 1.12E-01
—2.71E-01 2.97E-03 1.12E-01 1.78E-01
M7D10Y09 0.0968 1.61E+00 —2.84E-02 —8.18E-01 —2.43E-01
—2.84E-02 7.44E-03 7.58E-03 2.66E-03
—8.18E-01 7.58E-03 4.27E-01 1.00E-01
-2.43E-01 2.66E-03 1.00E-01 1.60E-01
M7D10Y 10 0.0988 1.66E+00 —2.97E-02 —8.40E-01 —2.48E-01
—2.97E-02 7.63E-03 8.03E-03 2.72E-03
—8.40E-01 8.03E-03 4.39E-01 1.03E-01
—2.48E-01 2.72E-03 1.03E-01 1.63E-01
M7D10Y11 0.0646 1.07E+00 —1.88E-02 —5.44E-01 -1.62E-01
—1.88E-02 4.95E-03 4.99E-03 1.80E-03
—5.44E-01 4.99E-03 2.84E-01 6.73E-02
-1.62E-01 1.80E-03 6.73E-02 1.07E-01
M7D10Y 12 0.0411 6.83E-01 —1.20E-02 -3.47E-01 —1.04E-01
—1.20E-02 3.16E-03 3.18E-03 1.15E-03
-3.47E-01 3.18E-03 1.81E-01 4.29E-02
—1.04E-01 1.15E-03 4.29E-02 6.80E—02
QA 0.0035 4.48E-02 —8.76E-04 —2.40E-02
—8.76E-04 2.68E-04 2.10E-04

—2.40E-02 2.10E-04 1.31E-02

13
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The following limitations need to be recognized when
using the final regional regression equations:

1. Applying the equations to sites on streams having
explanatory variables outside the ranges of those
used in this study may result in standard errors that
are considerably greater than those indicated by the
standard error of estimates percentages listed in table 4.
The ranges of explanatory variables used to develop
the regional regression equations are given in table 6.
The geometric mean is included to represent the most
typical values for the range of the data.

2. The methods are not appropriate (or applicable) for
streams where the flow is substantially affected by
regulation, diversion, or urbanization.

3. The basin-characteristic calculations at ungaged loca-
tions should be computed using the same GIS datasets
and calculation methods used in this study. The USGS
StreamStats Web-based GIS tool (Ries and others, 2008;
U.S. Geological Survey, 2016) includes the same GIS
data layers and calculation methods used to develop the
regression equations in this study.

4. Special attention must be given to censored values and
the number of significant figures used. Because of the
uncertainty in measuring and estimating flows less than
0.1 ft*/s, the censoring threshold used to develop the left-
censored regression equations was set at 0.1 ft*/s. Thus,
any regression estimates that are 0.1 ft*/s or less should
be reported as less than 0.1 ft¥/s.

5. Regional regression equations developed for the area of
Georgia south of the Fall Line poorly predicted flows
below 0.5 ft¥/s and produced high SEE values; there-
fore, equations presented in this report are applicable
only to the area of Georgia north of the Fall Line. Poor
predictive abilities south of the Fall Line may be caused
by karst topography in the area. In karst topography,
low flows could be substantially affected by gains from
large springs and by losses from sinkholes (Eash and
Barnes, 2012).

Table 6. Ranges of explanatory variables used to develop the
regression equations for north Georgia.

[mi?, square miles]

Basin characteristic Minimum Maximum (S0 TS
mean
Drainage area (mi?) 1.67 576 58.0
Mean annual precipi- 476 81.6 60.3
tation (inches)
Relief ratio (unitless) 0.146 0.607 0.345

StreamStats

StreamStats is a Web-based GIS that provides users
with access to an assortment of analytical tools that are
useful for water-resources planning and management, and
for engineering design applications (Ries and others, 2008).
StreamStats allows users to easily obtain flow statistics, basin
characteristics, and other information for user-selected sites
on streams. StreamStats users can choose locations of interest
from an interactive map and obtain information for those
locations. If a user selects the location of a USGS streamgage,
the user will be provided with a list of previously published
information for the station. If a user selects a location
where no data are available (an ungaged site), StreamStats
will delineate the drainage-basin boundary, measure basin
characteristics, and estimate flow statistics with prediction
intervals for the site. Ries and others (2008) provide a detailed
description of the application. Although designed to eventually
be a national application, StreamStats is being implemented
on a state-by-state basis, typically through cooperative funding
agreements between the USGS and local partners.

Complete instructions for using StreamStats are provided
through links on the StreamStats Web site at http://water.usgs.gov/
osw/streamstats/index.html. The Web site also provides links
to (1) information about general limitations of the application,
(2) other State applications, (3) user instructions, (4) defini-
tions of terms, (5) answers to frequently asked questions,

(6) downloadable presentations and other technical informa-
tion about the application, and (7) contact information. Use of
the regression equations developed in this study to estimate
the annual 1Q10 and 7Q10, monthly 7Q10, and annual mean
flow statistics will be implemented through incorporation into
the USGS StreamStats Web-based GIS tool.

Summary

This report presents methods for estimating selected
low-flow frequency and mean annual flow statistics at ungaged
stream locations in the area of Georgia north of the Fall Line.
Weighted left-censored regression was used to develop a set
of regional regression equations for estimating the annual
1Q10 and 7Q10, monthly 7Q10, and mean annual flow
statistics. Low-flow frequency and mean annual flow statistics
and basin characteristics for 56 streamgage locations within
north Georgia and 75 miles beyond the State’s borders in
Alabama, Tennessee, North Carolina, and South Carolina were
combined to form the final dataset used in the regional regres-
sion analysis. Fifteen basin characteristics were considered for
use as explanatory variables in the regression analysis. The
final equations are functions of drainage area, mean annual
precipitation, and relief ratio for the low-flow frequency
statistics and drainage area, and mean annual precipitation for


http://water.usgs.gov/osw/streamstats/index.html
http://water.usgs.gov/osw/streamstats/index.html

the mean annual flow. The average standard errors of estimate
was 13.7 percent for the mean annual flow regression equation
and ranged from 26.1 to 91.6 percent for the selected low-flow
frequency equations. Methods also are provided to compute
the 90-percent prediction intervals for the estimates at a
particular ungaged stream location of interest.

The regression equations in this study, which are based
on data from streams with little to no flow alterations,
will provide an estimate of the natural flows for a selected
ungaged stream location in the study area. The regression
equations do not estimate flows for streams that have been
altered by the effects of dams, surface-water withdrawals,
groundwater withdrawals (pumping wells), diversions, or
wastewater discharges. The regression equations should be
used only for ungaged sites with drainage areas between
1.67 and 576 square miles, mean annual precipitation
between 47.6 and 81.6 inches, and relief ratios between
0.146 and 0.607; these are the ranges of the explanatory vari-
ables used to develop the equations. An attempt was made to
develop regional regression equations for the area of Georgia
south of the Fall Line by using the same approach used in this
study for north Georgia; however, the equations resulted in
high average standard errors of estimates and poorly predicted
flows below 0.5 cubic foot per second, likely because of karst
topography in the area.

The regression equations developed in this study, as
well as the 90-percent prediction intervals of the estimates,
are planned to be incorporated into the USGS StreamStats
program. The StreamStats program is a Web-based application
that provides flow statistics and basin characteristics for USGS
streamgages and ungaged sites of interest. StreamStats can
also compute basin characteristics and provide estimates of
flow statistics for ungaged stream locations when users select
the location of a site along any stream in Georgia.
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Glossary

climatic year The annual period from
April 1 through March 31 used by the

U.S. Geological Survey (USGS) for low-
flow analyses at USGS continuous-record
streamgages. A climatic year is designated
by the year in which the period begins.

For example, the 2011 climatic year is
April 1, 2011, to March 31, 2012. The year
begins and ends during the period of typically
increased streamflow so that all streamflow
during a single dry season are included in
annual values for that year.

drainage area The drainage area of a stream
at a specified location is the area, measured

in a horizontal plane, which is enclosed by a
drainage divide.

record Unit value or daily mean stream-
flow data that are collected continuously
from streamgage locations, electronically
stored, published, and archived according to
U.S. Geological Survey protocols.

recurrence interval  As applied to low-flow
statistics, the recurrence interval (sometimes
called the return period) is based on the
probability that the given event will be equal
to or less than the estimated value in any
given year. Thus, for the 7Q10, there is a
0.10 or 10-percent probability that the annual
minimum 7-day average flow in any 1 year
will be less than the estimated 7Q10 value.

Glossary

reliefratio Dimensionless elevation ratio,
calculated as the difference between mean and
minimum elevation within the drainage basin
divided by the difference in the maximum and
minimum elevation within the drainage basin.

streamgage A site on a stream where
continuous records of gage height are col-
lected and for which streamflow records
are computed.

water year The annual period from
October 1 through September 30 that is
used by the U.S. Geological Survey for the
collection and processing of streamflow
records. The water year is designated by the
year in which the period ends. For example,
the 2012 water year is October 1, 2011, to
September 30, 2012.
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Table 1. Description of streamgages located in north Georgia and surrounding States that were evaluated for use in the regional
regression analysis for north Georgia.

[USGS, U.S. Geological Survey; °, degree; ', minute; ", second. Datum: NAD 27, North American Datum of 1927; NAD 83, North American Datum of 1983.
Units: mi%, square mile; in., inch; ft, foot. Variables: DRNAREA, drainage area of basin; PRECIP, mean annual precipitation; ELEV, mean basin elevation,
ELEVMAX, maximum basin elevation; ELEVMIN, minimum basin elevation; RRMEAN, relief ratio; LCO6FOREST, percentage of basin area covered by
forest; LCO6SHRUB, percentage of basin area covered by shrub; LCO6PAST, percentage of basin area covered by pasture; STASNO4AVE, Average value of
percentage by weight of soil material less than 3 inches in size and passing a no. 4 sieve; STASNO10AVE, Average value of percentage by weight of soil mate-
rial less than 3 inches in size and passing a no. 10 sieve; STASNO200AVE, Average value of percentage by weight of soil material less than 3 inches in size
and passing a no. 200 sieve; STATSSILT, average percentage of silt content; STATSSILT, average percentage of sand content; WTDEPAVE, average value of
depth to seasonally high water table]

USGS Latitude Longitude
station Station name Datum State County DRN1§2R £ PR.ECIP EEEV
. (mi?) (in.) (ft) (ft)
number (degree minute second)
102157490 Beaverdam Creek 34°58'31" 82°11'44" NAD 83  South  Spartanburg 15.9 55.3 959.7 1,168.0
above Greer, SC Carolina
102167450 Little River near 34°12'34" 81°45'48" NAD 27  South Newberry 230 47.6 559.7 925.2
Silverstreet, SC Carolina
102177000 Chattooga River 34°48'50" 83°18'22" NAD27 Georgia  Columbia 207 76.2  2,489.2 4,908.1
near Clayton, GA
102178400 Tallulah River near 34°5325" 83°31'50" NAD27 Georgia Rabun 58.4 74.5 2,904.4 5,496.1
Clayton, GA
102192500 Little River near 34°04'17" 82°30'03" NAD27  South  McCormick 217 48.3 602.7 833.3
Mt. Carmel, SC Carolina
102193340 Kettle Creek near 33°40'57" 82°51'29" NAD 27 Georgia Wilkes 33.9 48.3 565.5 703.4
Washington, GA
102196000 Stevens Creek near 33°43'45" 82°10'55" NAD27  South Edgefield 545 48.0 465.4 669.3
Modoc, SC Carolina
202197520 Brier Creek near 33°22'06" 82°28'06" NAD27 Georgia  Mcduffie 55.6 493 472.6 611.0
Thomson, GA
102212600 Falling Creek near 33°05'59" 83°4325"  NAD 27 Georgia Jones 72.2 48.1 5253 722.4
Juliette, GA
102213050 Walnut Creek near 32°5820" 83°37'08" NAD27 Georgia Jones 313 47.6 520.8 680.3
Gray, GA
102220550 Whitten Creek near 33°23'12" 83°01'34" NAD 27 Georgia Hancock 16.6 47.8 547.4 744.2
Sparta, GA
102221000 Murder Creek near 33°24'56" 83°39'43"  NAD 27 Georgia Jasper 233 48.8 652.2 805.3
Monticello, GA
102221525 Murder Creek below ~ 33°15'08" 83°28'53"  NAD 27 Georgia Putnam 190 48.5 579.4 805.3
Eatonton, GA
302333000 Chattahoochee 34°19'17" 83°52'46" NAD 27 Georgia Hall 576 64.6 1,556.5 4411.7
River near

Gainesville, GA
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Table 1. Description of streamgages located in north Georgia and surrounding States that were evaluated for use in the regional
regression analysis for north Georgia.—Continued

[USGS, U.S. Geological Survey; °, degree; ', minute; ", second. Datum: NAD 27, North American Datum of 1927; NAD 83, North American Datum of 1983.
Units: mi%, square mile; in., inch; ft, foot. Variables: DRNAREA, drainage area of basin; PRECIP, mean annual precipitation; ELEV, mean basin elevation,
ELEVMAX, maximum basin elevation; ELEVMIN, minimum basin elevation; RRMEAN, relief ratio; LCO6FOREST, percentage of basin area covered by
forest; LCO6SHRUB, percentage of basin area covered by shrub; LCO6PAST, percentage of basin area covered by pasture; STASNO4AVE, Average value of
percentage by weight of soil material less than 3 inches in size and passing a no. 4 sieve; STASNO10AVE, Average value of percentage by weight of soil mate-
rial less than 3 inches in size and passing a no. 10 sieve; STASNO200AVE, Average value of percentage by weight of soil material less than 3 inches in size and
passing a no. 200 sieve; STATSSILT, average percentage of silt content; STATSSILT, average percentage of sand content; WTDEPAVE, average value of depth
to seasonally high water table]

ELEVMIN RRMEAN LCO6FOREST LCO6SHRUB LCO6PAST SILUE - BIRUER S DE STATSSILT STATSSAND RIDES Period of record
(ft) (unitless) (percent) (percent) (percent) LIS LIS 2 G 2 (percent)  (percent) L3 used in analysis
P P P (percent) (percent) (percent) P P (in.) ¥
823.5 0.396 437 0.4 30.4 96.0 93.9 66.3 29.8 294 5.7 March 7, 2002—
September 30, 2013
367.5 0.345 59.8 2.7 17.0 94.9 92.1 61.5 29.8 33.3 5.6 March 30, 1990—
September 30, 2013
1,164.7 0.354 93.1 0.6 1.8 91.6 87.4 49.1 36.0 43.9 5.8 October 1, 1939—
September 30, 2013
1,872.0 0.285 94.6 0.8 1.9 91.3 86.6 473 35.6 454 5.9 July 15, 1964—
September 30, 2013
387.1 0.483 51.1 2.5 25.1 95.8 93.3 63.3 29.7 32.2 5.6 January 1, 1940—
September 30, 1970;
August 9, 1986—
October 8, 2003;
October 1, 2004—
September 30, 2013
418.9 0.515 64.2 3.5 12.6 95.1 92.8 63.7 32.7 31.5 5.8 April 16, 1986—
September 30, 2013
193.6 0.571 68.5 4.8 8.2 93.4 91.0 68.8 38.4 24.2 5.3  November 1, 1929—
September 30, 1931;
February 15, 1940—
September 30, 1978;
November 16, 1983—
September 30, 2013
334.1 0.500 56.5 3.7 14.1 95.6 93.3 53.3 26.8 42.7 5.8 July 18, 1967—
October 11, 1993
368.9 0.442 83.3 0.6 8.0 94.0 90.6 58.2 30.4 357 5.6 July 7, 1964—
September 30, 2013
379.8 0.469 59.8 32 14.0 94.3 91.4 58.9 30.5 35.6 5.7 October 1, 1961—
April 26, 1994
395.5 0.436 69.5 4.9 5.5 94.5 91.2 60.1 31.5 34.1 5.6 June 22, 1960—
April 16, 1986
499.0 0.500 63.6 32 12.1 94.2 91.0 58.4 29.9 35.8 5.7 October 1, 1951—
September 30, 1971
374.3 0.476 60.5 1.7 14.7 94.2 91.0 58.4 29.9 35.8 5.7 April 27, 1977-
September 30, 2013
1,069.7 0.146 62.8 0.7 17.1 92.7 88.8 55.0 314 38.1 5.7 June 26, 1901—

September 27, 1902;
December 28, 1902—
December 30, 1903;
April 28, 1937—
February 29, 1956
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Table 1. Description of streamgages located in north Georgia and surrounding States that were evaluated for use in the regional
regression analysis for north Georgia.—Continued

[USGS, U.S. Geological Survey; °, degree; ', minute; ", second. Datum: NAD 27, North American Datum of 1927; NAD 83, North American Datum of 1983.
Units: mi%, square mile; in., inch; ft, foot. Variables: DRNAREA, drainage area of basin; PRECIP, mean annual precipitation; ELEV, mean basin elevation,
ELEVMAX, maximum basin elevation; ELEVMIN, minimum basin elevation; RRMEAN, relief ratio; LCO6FOREST, percentage of basin area covered by
forest; LCO6SHRUB, percentage of basin area covered by shrub; LCO6PAST, percentage of basin area covered by pasture; STASNO4AVE, Average value of
percentage by weight of soil material less than 3 inches in size and passing a no. 4 sieve; STASNO10AVE, Average value of percentage by weight of soil mate-
rial less than 3 inches in size and passing a no. 10 sieve; STASNO200AVE, Average value of percentage by weight of soil material less than 3 inches in size
and passing a no. 200 sieve; STATSSILT, average percentage of silt content; STATSSILT, average percentage of sand content; WTDEPAVE, average value of
depth to seasonally high water table]

USGS Latitude Longitude
station Station name Datum State County DRN1§2R = PR.ECIP ETa) [HLb
. (mi?) (in.) (ft) (ft)

number (degree minute second)

202333500 Chestatee River near  34°31'41" 83°56'23" NAD 83 Georgia  Lumpkin 153 682 1,818.9 4,458.3
Dahlonega, GA

102338523 Hillabahatchee Creek  33°20'26" 85°13'37" NAD 27 Georgia Heard 16.8 55.0 1,151.8 1,526.0
at Thaxton Rd,
near Franklin, GA

302339000 Yellowjacket Creek 33°0527" 85°03'40" NAD 27 Georgia Troup 182 52.0 782.0 984.7
near Lagrange, GA

202340500 Mountain Oak Creek  32°44'28" 85°04'08" NAD 27 Georgia Harris 61.7 50.4 763.7 1,304.4
near Hamilton, GA

202379500 Cartecay River near 34°41'03" 84°27'31" NAD 27 Georgia Gilmer 134 65.6 1,989.7 39994
Ellijay, GA

302380000 Ellijay River at 34°41'33" 84°28'45"  NAD 27 Georgia Gilmer 92.1 65.0 1,883.6 4,047.3
Ellijay, GA

102381600 Fausett Creek near 34°34'13" 84°28'08" NAD 27 Georgia Gilmer 9.99 63.8 1,699.9 2,768.3
Talking Rock, GA

302382000 Scarecorn Creek at 34°28'33.8" 84°35'27.81" NAD 27 Georgia Pickens 21.3 589 1,297.6 2,351.5
Hinton, GA

202382200 Talking Rock Creek — 34°31'22" 84°36'40" NAD 83 Georgia Pickens 119 60.2 1,363.6 2,829.0
near Hinton, GA

202383000 Rock Creek near 34°21'32" 84°46'46" NAD 27 Georgia Bartow 6.17 53.1 876.0 1,071.9
Fairmount, GA

102384540 Mill Creek near 34°52'19" 84°43'17" NAD 27 Georgia Murray 8.24 679 2,170.5 3,695.4
Crandall, GA

102388000 West Armuchee 34°34'03.6" 85°09'37.27" NAD 27 Georgia Chattooga 36.4 56.2 963.0 1,583.7
Creek near
Subligna, GA

202388300 Heath Creek near 34°21'57" 85°16'17" NAD 27 Georgia Floyd 14.7 55.5 887.6 1,687.9

Rome, GA
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Table 1. Description of streamgages located in north Georgia and surrounding States that were evaluated for use in the regional
regression analysis for north Georgia.—Continued

[USGS, U.S. Geological Survey; °, degree; ', minute; ", second. Datum: NAD 27, North American Datum of 1927; NAD 83, North American Datum of 1983.
Units: mi%, square mile; in., inch; ft, foot. Variables: DRNAREA, drainage area of basin; PRECIP, mean annual precipitation; ELEV, mean basin elevation,
ELEVMAX, maximum basin elevation; ELEVMIN, minimum basin elevation; RRMEAN, relief ratio; LCO6FOREST, percentage of basin area covered by
forest; LCO6SHRUB, percentage of basin area covered by shrub; LCO6PAST, percentage of basin area covered by pasture; STASNO4AVE, Average value of
percentage by weight of soil material less than 3 inches in size and passing a no. 4 sieve; STASNO10AVE, Average value of percentage by weight of soil mate-
rial less than 3 inches in size and passing a no. 10 sieve; STASNO200AVE, Average value of percentage by weight of soil material less than 3 inches in size and
passing a no. 200 sieve; STATSSILT, average percentage of silt content; STATSSILT, average percentage of sand content; WTDEPAVE, average value of depth
to seasonally high water table]

ELEVMIN RRMEAN LCO6FOREST LCO6SHRUB LCO6PAST SILUE - BIRUER S DE STATSSILT STATSSAND RIDES Period of record
(ft) (unitless) (percent) (percent) (percent) LIS LIS 2 G 2 (percent)  (percent) L3 used in analysis
P P P (percent) (percent) (percent) P P (in.) ¥
1,130.8 0.207 77.3 0.7 9.5 90.6 85.9 52.1 345 394 5.7 July 8, 1929~
January 31, 1932;
April 1, 1940-
September 30, 2013
912.9 0.390 73.8 4.5 10.1 91.3 87.0 56.9 32.7 34.5 5.8  December 13, 2001—
September 30, 2013
634.2 0.422 58.9 43 13.1 95.1 92.6 60.8 30.0 344 5.9 January 20, 1951—
March 31, 1971
542.7 0.290 71.2 2.7 5.8 91.7 88.5 55.8 30.2 37.2 5.8 December 22, 1943—
September 30, 1971
1,257.8 0.267 86.7 0.7 5.6 91.1 85.5 452 348 47.0 5.6 March 17, 1937—

September 30, 1977;
April 22, 2009-
September 30, 2013

1,236.1 0.230 88.0 0.5 3.7 87.7 81.4 44.1 35.9 452 5.7 May 4, 1907—
December 31, 1907;
December 10, 1918—
June 30, 1921;
February 26, 1953—
September 30, 1969

1,3152  0.265 88.4 0.5 5.6 91.9 86.4 44.9 32.9 48.0 5.6 October 1, 1974—
September 30, 2013
1,053.2  0.188 61.0 1.7 21.7 89.5 84.5 48.4 35.6 42.4 5.6 April 1, 1939-
December 31, 1942;
May 1, 1959—

September 30, 1974;
August 1, 1986—
April 2, 1991

8919  0.244 76.8 1.3 10.0 87.5 81.5 45.1 353 439 5.6 November 1, 1973—
September 30, 2013
756.6  0.379 64.6 4.5 20.7 83.8 77.4 61.8 41.9 20.1 4.7 October 1, 1951—
September 30, 1974
911.9 0452 98.1 0.0 0.0 83.0 75.8 43.6 40.1 41.5 5.8 January 30, 1985—
September 30, 2013
706.1 0.293 70.1 2.4 16.3 83.9 76.7 60.9 47.8 20.4 5.4 April 1, 1939-
June 30, 1940;
May 1, 1960—
September 30, 1981
649.0  0.230 77.2 3.0 3.4 83.8 78.7 55.7 41.5 28.8 5.6 May 9, 1968—

September 30, 1989
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Table 1.

regression analysis for north Georgia.—Continued

Description of streamgages located in north Georgia and surrounding States that were evaluated for use in the regional

[USGS, U.S. Geological Survey; °, degree; ', minute; ", second. Datum: NAD 27, North American Datum of 1927; NAD 83, North American Datum of 1983.
Units: mi%, square mile; in., inch; ft, foot. Variables: DRNAREA, drainage area of basin; PRECIP, mean annual precipitation; ELEV, mean basin elevation,
ELEVMAX, maximum basin elevation; ELEVMIN, minimum basin elevation; RRMEAN, relief ratio; LCO6FOREST, percentage of basin area covered by
forest; LCO6SHRUB, percentage of basin area covered by shrub; LCO6PAST, percentage of basin area covered by pasture; STASNO4AVE, Average value of
percentage by weight of soil material less than 3 inches in size and passing a no. 4 sieve; STASNO10AVE, Average value of percentage by weight of soil mate-
rial less than 3 inches in size and passing a no. 10 sieve; STASNO200AVE, Average value of percentage by weight of soil material less than 3 inches in size
and passing a no. 200 sieve; STATSSILT, average percentage of silt content; STATSSILT, average percentage of sand content; WTDEPAVE, average value of
depth to seasonally high water table]

USGS Latitude Longitude
station Station name ’ Datum State County DRN1§2R £ PR.ECIP EEEV
. (mi?) (in.) (ft) (ft)
number (degree minute second)
302389300 Shoal Creek near 34°25'13" 84°08'47" NAD 27 Georgia Dawson 21.7 63.3 1,441.7 1,822.6
Dawsonville, GA
102390000 Amicalola Creek 34°25'32" 84°12'43"  NAD 27 Georgia Dawson 89.0 65.8 1,785.0 3,390.5
near Dawsonville,
GA
302394950 Hills Creek near 34°04'31.5" 84°57'02.68" NAD 27 Georgia Polk 25.0 52.2 955.5 1,352.1
Taylorsville, GA
102395120 Two Run Creek near  34°14'34" 84°53'23"  NAD 83 Georgia Bartow 33.1 53.2 873.9 1,110.6
Kingston, GA
302397410 Cedar Creek at 33°59'45" 85°15'53" NAD 27 Georgia Polk 65.3 54.6 940.6 1,413.9
GA Ave, at
Cedartown, GA
102408500 Hatchet Creek near 32°56'42" 86°13'06" NAD 27 Alabama Coosa 233 57.2 8357 1,919.3
Rockford, AL
102408540 Hatchet Creek below  32°55'00" 86°16'13" NAD 27 Alabama Coosa 263 57.1 8174 1,919.3
Rockford, AL
102410000 Paterson Creek near 32°40'54" 86°07'40" NAD 27 Alabama Elmore 491 55.5 604.6 744.8
Central, AL
202411800 Little River near 33°47'51" 85°07'03" NAD27 Georgia  Haralson 20.2 55.1  1,241.4 1,447.7
Buchanan, GA
102415000 Hillabee Creek near ~ 33°03'55" 85°52'41" NAD 27 Alabama Tallapoosa 190 57.4 916.1 1,555.1
Hackneyville, AL
103439000 French Broad River 35°08'36" 82°4929" NAD 83  North Transylvania  67.9 76.3  3,156.4 5,981.0
at Rosman, NC Carolina
103441000 Davidson River near ~ 35°16'23" 82°4221" NADS83  North Transylvania 40.4 73.1  3,182.2 5935.0
Brevard, NC Carolina
103455500 West Fork Pigeon 35°23'46" 82°56'15" NAD 83  North Haywood 27.6 742  4,769.0 6,309.1
River above Carolina
Lake Logan near
Hazelwood, NC
03456500 East Fork Pigeon 35°27'42" 82°52'11" NAD 83  North Haywood 51.5 66.8 4,081.3 6,171.3
River near Carolina

Canton, NC
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Table 1. Description of streamgages located in north Georgia and surrounding States that were evaluated for use in the regional
regression analysis for north Georgia.—Continued

[USGS, U.S. Geological Survey; °, degree; ', minute; ", second. Datum: NAD 27, North American Datum of 1927; NAD 83, North American Datum of 1983.
Units: mi%, square mile; in., inch; ft, foot. Variables: DRNAREA, drainage area of basin; PRECIP, mean annual precipitation; ELEV, mean basin elevation,
ELEVMAX, maximum basin elevation; ELEVMIN, minimum basin elevation; RRMEAN, relief ratio; LCO6FOREST, percentage of basin area covered by
forest; LCO6SHRUB, percentage of basin area covered by shrub; LCO6PAST, percentage of basin area covered by pasture; STASNO4AVE, Average value of
percentage by weight of soil material less than 3 inches in size and passing a no. 4 sieve; STASNO10AVE, Average value of percentage by weight of soil mate-
rial less than 3 inches in size and passing a no. 10 sieve; STASNO200AVE, Average value of percentage by weight of soil material less than 3 inches in size and
passing a no. 200 sieve; STATSSILT, average percentage of silt content; STATSSILT, average percentage of sand content; WTDEPAVE, average value of depth
to seasonally high water table]

ELEVMIN RRMEAN LCO6FOREST LCO6SHRUB LCO6PAST STATS- - STATS-  STATSNO- STATSSILT STATSSAND WIDE- Period of record

. NO4AVE NO10AVE  200AVE PAVE . .
(ft) (unitless) (percent) (percent) (percent) ool (o) (reerd (percent)  (percent) (in) used in analysis
1,159.4  0.426 73.0 2.0 8.8 85.3 79.7 49.4 422 38.0 5.6 June 1, 1958-
September 30, 1974

1,206.3 0.265 85.0 1.0 5.8 86.3 80.5 48.1 41.2 40.2 5.7 April 1, 1939-
May 31, 1952;

September 23, 2005—

September 30, 1913

693.7 0.398 78.3 0.8 10.0 89.0 83.8 56.3 39.3 32.5 5.6 May 21, 1959—
September 30, 1974

729.6 0.379 58.5 4.8 16.1 82.6 75.7 61.5 43.5 18.9 5.0 May 2, 1980—
September 30, 2013

762.8  0.273 59.3 6.9 18.7 81.1 74.5 57.3 43.9 22.6 5.0 May 4, 1981—
October 2, 1997;
July 28, 2010—
September 30, 2013

393.7 0.290 75.8 3.5 4.0 90.6 84.3 51.3 343 39.2 5.7 October 1, 1944—
September 30, 2013

347.8  0.299 76.6 34 3.7 90.6 84.1 50.4 34.0 40.2 5.7 October 1, 1980—
September 30, 2013

4724  0.485 80.0 2.3 5.4 93.5 88.8 51.0 28.1 42.7 5.7 October 1, 1953—
September 30, 2013

1,L111.3  0.387 57.1 2.3 22.4 92.9 90.2 60.2 35.4 33.1 5.7 June 1, 1959—
September 30, 1985

567.6  0.353 74.0 32 7.8 91.2 86.0 53.7 35.7 37.5 5.3 July 1, 1952—
September 30, 1970;
October 1, 1985—
September 30, 2013

2,185.0  0.256 90.1 0.5 4.2 90.1 85.0 49.3 39.2 41.9 5.8 October 1, 1907—
June 30, 1909;
October 1, 1935—
September 30, 2013

2,060.4 0.290 95.6 0.5 0.2 91.4 86.9 493 38.3 43.2 5.8 October 1, 1920—
October 16, 1990;
August 14, 1993~
September 30, 2013

2,959.3  0.540 94.7 2.5 0.0 82.6 77.1 39.3 37.1 49.4 6.0 March 1, 1954—
September 30, 2013

2,683.7 0.401 89.2 2.1 3.7 87.1 81.7 44.0 37.6 46.4 6.0 March 1, 1954—
September 30, 2013
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Table 1. Description of streamgages located in north Georgia and surrounding States that were evaluated for use in the regional
regression analysis for north Georgia.—Continued

[USGS, U.S. Geological Survey; °, degree; ', minute; ", second. Datum: NAD 27, North American Datum of 1927; NAD 83, North American Datum of 1983.
Units: mi%, square mile; in., inch; ft, foot. Variables: DRNAREA, drainage area of basin; PRECIP, mean annual precipitation; ELEV, mean basin elevation,
ELEVMAX, maximum basin elevation; ELEVMIN, minimum basin elevation; RRMEAN, relief ratio; LCO6FOREST, percentage of basin area covered by
forest; LCO6SHRUB, percentage of basin area covered by shrub; LCO6PAST, percentage of basin area covered by pasture; STASNO4AVE, Average value of
percentage by weight of soil material less than 3 inches in size and passing a no. 4 sieve; STASNO10AVE, Average value of percentage by weight of soil mate-
rial less than 3 inches in size and passing a no. 10 sieve; STASNO200AVE, Average value of percentage by weight of soil material less than 3 inches in size
and passing a no. 200 sieve; STATSSILT, average percentage of silt content; STATSSILT, average percentage of sand content; WTDEPAVE, average value of
depth to seasonally high water table]

USGS Latitude Longitude
station Station name Datum State County DRN1§2R £ PR.ECIP EEEV
. (mi?) (in.) (ft) (ft)
number (degree minute second)
103497300 Little River above 35°39'52" 83°42'41" NAD 27 Tennessee  Blount 106 68.0 3,248.5 6,0643.7
Townsend, TN
103498500 Little River near 35°47'08" 83°53'05" NAD 27 Tennessee Blount 269 59.2  2,0743 6,643.7
Maryville, TN
103500000 Little Tennessee 35°09'00" 83°22'47" NAD 83  North Macon 140 714  2,784.1 5,196.9
River near Carolina
Prentiss, NC
103500240 Cartoogechaye 35°09'32" 83°23'39" NAD 83  North Macon 57.1 68.5 2,851.1 5,370.7
Creek near Carolina
Franklin, NC
103504000 Nantahala River 35°07'39" 83°37'07" NAD 83  North Macon 51.9 81.6 3,976.0 5,433.1
near Rainbow Carolina
Springs, NC
103513500 Noland Creek near 35°29'05" 83°30'15" NAD?27  North Swain 13.8 75.8  4,062.1 6,594.5
Bryson City, NC Carolina
103518500 Tellico River at 35°21'43" 84°16'45" NAD 27 Tennessee  Monroe 118 69.4 2,456.6 5,446.2
Tellico Plains, TN
103544947 Brier Creek near 34°50'05" 83°42'34"  NAD 27 Georgia Towns 1.67 774 29527 4,185.3
Hiawassee, GA
103545000 Hiwassee River at 34°54'17" 83°43'01" NAD?27 Georgia Towns 45.5 70.7  2,807.0 4,750.2
Presley, GA
103556000 Turtletown Creek at 35°08'00" 84°20'36" NAD 27 Tennessee Polk 26.9 62.1 1,769.4 3,3104
Turtletown, TN
103558000 Toccoa River near 34°4724" 84°14'24" NAD 27 Georgia Fannin 177 71.5  2,576.8 4,340.7
Dial, GA
103560000 Fightingtown Creek 34°58'53" 84°23'12" NAD 27 Georgia Fannin 70.9 68.3 2,079.9 3,726.4
at Mccaysville, GA
103572110 Crow Creek at 34°56'03" 85°55'03" NAD27 Alabama  Jackson 131 62.5 1,366.2 1,968.5
Bass, AL
103574500 Paint Rock River near ~ 34°37'27" 86°18'23" NAD 27 Alabama Jackson 320 59.6 1,249.9 1,902.9
Woodville, AL
103578000 Elk River near 35°17'48" 85°52'11"  NAD 27 Tennessee  Grundy 65.6 62.1 1,650.5 2,080.1

Pelham, TN

'GAGES-II reference streamgage.

2GAGES-II nonreference streamgage.

3Streamgage not included in GAGES-II database.
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Table 1. Description of streamgages located in north Georgia and surrounding States that were evaluated for use in the regional
regression analysis for north Georgia.—Continued

[USGS, U.S. Geological Survey; °, degree; ', minute; ", second. Datum: NAD 27, North American Datum of 1927; NAD 83, North American Datum of 1983.
Units: mi%, square mile; in., inch; ft, foot. Variables: DRNAREA, drainage area of basin; PRECIP, mean annual precipitation; ELEV, mean basin elevation,
ELEVMAX, maximum basin elevation; ELEVMIN, minimum basin elevation; RRMEAN, relief ratio; LCO6FOREST, percentage of basin area covered by
forest; LCO6SHRUB, percentage of basin area covered by shrub; LCO6PAST, percentage of basin area covered by pasture; STASNO4AVE, Average value of
percentage by weight of soil material less than 3 inches in size and passing a no. 4 sieve; STASNO10AVE, Average value of percentage by weight of soil mate-
rial less than 3 inches in size and passing a no. 10 sieve; STASNO200AVE, Average value of percentage by weight of soil material less than 3 inches in size and
passing a no. 200 sieve; STATSSILT, average percentage of silt content; STATSSILT, average percentage of sand content; WTDEPAVE, average value of depth
to seasonally high water table]

ELEVMIN RRMEAN LCO6FOREST LCO6SHRUB LCO6PAST ST TS ST AT SN D STATSSILT STATSSAND L Period of record
(ft) (unitless) (percent) (percent) (percent) LIS LIS 2 G 2 (percent)  (percent) L3 used in analysis
P P P (percent) (percent) (percent) P P (in.) ¥
1,112.2 0.386 99.5 0.1 0.0 90.7 83.3 49.2 42.7 41.0 5.9 October 1, 1963—
September 30, 2013
856.3 0.210 81.3 0.5 13.4 86.7 80.4 52.5 43.3 34.0 5.8 July 1, 1951—
September 30, 2013
2,007.9  0.243 79.8 1.7 9.5 90.9 85.7 50.6 38.6 40.9 5.6 October 1, 1943—
September 30, 2013
2,017.7 0.249 82.6 1.4 8.4 90.5 85.7 49.6 38.8 42.1 5.9 July 1, 1961-
September 30, 2013
3,054.5 0.387 97.1 0.5 0.2 89.7 85.0 46.5 37.9 453 6.0 October 1, 1940—
September 30, 2013
2,322.8 0.407 99.2 0.4 0.0 82.3 75.7 44.3 44.2 41.5 5.9 October 1, 1935—
October 1, 1971
849.7 0.350 97.1 0.5 0.2 87.4 81.2 46.4 42.6 42.6 5.9 August 1, 1925—
February 28, 1982;
December 1, 2000—
September 30, 2013
2,168.4  0.389 99.9 0.0 0.0 89.0 82.8 44.5 38.5 46.2 5.9 May 25, 1984—
September 3, 2007
1,936.1 0.309 91.7 0.6 2.8 89.5 83.4 44.7 37.7 46.4 5.9  December 1, 1941—
March 31, 1982
1,486.2 0.155 82.4 0.8 7.5 89.5 77.6 51.5 394 33.6 5.4 April 1, 1934—
September 30, 1971
1,786.1 0.310 94.4 0.3 2.2 89.4 83.3 44.6 37.7 46.5 5.9 January 1, 1913—
September 30, 1996
1,455.2 0.275 87.4 0.7 4.8 91.5 86.4 47.6 34.7 45.1 5.8  November 1, 1942—
September 30, 1971
557.7 0.573 87.1 2.8 4.1 87.7 82.8 63.7 47.2 23.1 5.7 May 22, 1975—
October 14, 1996
554.5 0.516 82.4 3.5 8.0 87.3 82.4 63.3 459 23.0 5.8 January 1, 1936—
September 30, 2013
987.5 0.607 71.8 2.3 13.8 88.7 83.8 62.6 47.7 25.3 5.6  December 1, 1951—

December 16, 1987;
November 1, 2000—
September 30, 2013
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