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TABLES

1. Continuous-record streamflow-gaging stations used in the study, selected basin

characteristics, periods of record used in the analysis, corresponding mean annual flows,

and selected reservoirs and diversions in the basin for Kentucky and surrounding States

2. Equations (derived by generalized-least-squares regression) for estimating mean annual

streamflow in Kentucky

CONVERSION FACTORS AND VERTICAL DATUM

CONVERSION FACTORS

Multiply By To obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer
cubic foot per second (ft3/s) 0.02832 cubic meter per second

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

VERTICAL DATUM

°C=(F-32)/1.8

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.
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Estimating Mean Annual Streamflow of Rural Streams

iIn Kentucky

By Gary R. Martin

Abstract

Mean annual streamflow (Q,,), defined as
the mean of the series of annual mean
streamflow values, was determined for selected
rural stream sites in Kentucky. Streamflow data
for the available period of record through the
1999 water year (October 1, 1998—

September 30, 1999) at 235 continuous-record
streamflow-gaging stations with at least 5 years
of record located in and adjacent to Kentucky
were used in the analysis. Record-extension
procedures were applied for selected gaging
stations to reduce time-sampling error and, thus,
improve estimates of the long-term Q,,.

Techniques to estimate the O, at ungaged
stream sites in Kentucky were developed. One-,
two-, and three-variable regression equations
that included total drainage area, station latitude
minus 36 degrees, and mean basin elevation as
explanatory variables were developed by use of
ordinary- and generalized-least-squares
regression. The three-variable regression
equation has an approximate average standard
error of prediction of 13.7 percent. The one- and
two-variable equations exhibit geographical
biases, and the indicated standard errors of
prediction may poorly estimate the true
prediction errors, depending upon the location
in the State. Therefore, the three-variable
equation should be used for estimating mean
annual streamflow of rural streams in Kentucky
whenever possible.

INTRODUCTION

The U.S. Geological Survey (USGS) has
collected continuous-record streamflow-gaging data
in Kentucky since 1907 (Beaber, 1970); other
agencies collected such data in Kentucky as early as
1890. Statistical characteristics of the streamflow
data, such as the mean annual streamflow, are
needed by water-resource managers and engineers
for design of hydraulic structures constructed in the
riverine environment.

Resource limitations make it unfeasible for
the collection of data on every stream and at every
stream site where streamflow characteristics may be
needed; therefore, techniques for estimating the
needed streamflow characteristics at ungaged
stream sites have been developed. The USGS, in
cooperation with the Kentucky Transportation
Cabinet—Department of Highways, compiled the
available continuous-record streamflow-gaging
station data, computed the Q,, for these gaged
stream sites, and developed regional equations for
estimating Q,, at ungaged rural stream sites on the
basis of selected drainage-basin characteristics.

Purpose and Scope

The purpose of this report is to provide
(1) @, values at continuous-record streamflow-
gaging stations having 5 or more years of record
through the 1999 water year and (2) procedures for
estimating the Q, at rural ungaged stream sites
where flows are not appreciably affected by local
diversions. This report presents Q,, values for
235 continuous-record streamflow-gaging stations
in the study area. Procedures for estimating the Q,,
at ungaged stream sites are described and illustrated
with example computations.

INTRODUCTION 1



Previous Studies

Mean annual streamflows in Kentucky have
been investigated in various previous studies.
Beaber (1970) analyzed streamflow-data needs and
applications in Kentucky. Statistical multiple-
regression analyses were done to define relations
between selected streamflow characteristics and
drainage-basin characteristics. Various regression
models to estimate mean annual streamflows at
ungaged stream sites statewide were developed,
including

0,=1.19410? (1)

0, = 1224101 0:10 @)

Qa — 0.290A1'01E 0.2511 27 (3)
Qa — 0.27OA1'01E 0.2311.36St—0.14 4)

where,

Q, 1isthe mean annual streamflow, in ft3/s;

A is the drainage area in miZ;

E is the mean elevation of the basin, in
thousands of feet above sea level;

I is the maximum 24-hour, 2-year rainfall
intensity, in inches; and

St is the area of lakes and ponds in percent
of drainage area (plus 1).

The regression analyses provided estimates of
the accuracy of the relations, which improved as the
number of explanatory (regressor) variables and
model complexity increased. The average standard
error of estimate ranged from 14.8 percent for
equation 1 to 12.1 percent for equation 4.

Melcher and Ruhl (1984) computed mean
annual streamflows for the available period of
record through the 1982 water year. Results
presented were for combined regulated and
unregulated periods of record at those sites with
regulated flows.

Wetzel and Bettandorff (1986) developed
regression models for estimating streamflow
characteristics, including Q,, based on data for
629 streamflow-gaging stations in coal provinces
covering parts of 11 States in the eastern United
States, including the Eastern and Western Kentucky
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Coal Field physiographic regions. The basin
characteristics used as explanatory variables in these
regression models for estimation of Q, included
drainage area, mean annual precipitation, and mean
basin elevation. The average standard error of
estimate ranged from 35.7 percent for the drainage-
area-only model to 17.1 percent for the model that
included all three of these basin characteristics as
explanatory variables. The model coefficients of
determination (R?) in log space ranged from 0.96 to
0.99.
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DESCRIPTION OF STUDY AREA

The Commonwealth of Kentucky
encompasses an area of 40,395 mi” in the east-
central United States. The major drainage basins in
Kentucky—Big Sandy, Licking, Kentucky, Salt,
Cumberland, Green, and Tennessee Rivers—are
tributaries of the Ohio and Mississippi Rivers
(fig. 1). In a generalized water balance for
Kentucky, approximately 60 percent of precipitation
leaves drainage basins as evapotranspiration, and
approximately 40 percent of precipitation leaves as
direct runoff or shallow ground-water flow into the
streams and rivers. Variations in climate,
physiography, and geology cause localized
variations in streamflow characteristics in Kentucky.
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Climate

Kentucky has a moist-continental climate
with distinct seasonal variations and changeable
weather patterns with generally short periods of
extreme conditions. Winter temperatures are
moderate, rarely below 0°F; typical summer
temperatures are warm and rarely above 100°F. The
weather patterns are affected variably by the
meeting of cold-, arctic-, and continental-air masses
arriving from the northwest and warm, moist-air
masses moving up the Mississippi and Ohio River
Valleys from the southwest.

Annual precipitation in Kentucky averages
about 47 in. (Conner, 1982). The distribution of
precipitation varies areally, year to year, and
seasonally. The mean annual precipitation in
Kentucky ranges areally from about 41 to 53 in.
Rainfall generally decreases to the north, reflecting
the increase in distance from the source of
precipitation, which primarily is the subtropical
Atlantic Ocean and Gulf of Mexico. Considerable
year-to-year variation in precipitation results in
Kentucky. During the period 1951-80, annual
precipitation at reporting stations ranged from 14.5
to 78.6 in. (Conner, 1982). Large amounts of
precipitation in Kentucky have been associated with
tropical cyclones moving north from the Gulf of
Mexico.

Physiography and Geology

Topographic relief in Kentucky (fig. 2)
reflects the results of long-term stream-erosional
processes in relation to the character of the rock
formations. The upland areas—hills, ridges,
mountains, and plateaus—generally consist of
formations resistant to erosion. Western and central
parts of Kentucky have rolling terrain, whereas the
eastern part of Kentucky has rugged terrain with
high relief. Land-surface elevations in Kentucky
vary by more than 3,500 ft and range from 260 ft
above sea level along the Mississippi River to
4,145 ft at the peak of Black Mountain in Harlan
County near the Kentucky—Virginia border
(McGrain and Currens, 1978).

4 Estimating Mean Annual Streamflow of Rural Streams in Kentucky

The physiography of the State reflects the
lithology of the surface rocks and largely is defined
by the Cincinnati Arch (fig. 3). The axis of the
Cincinnati Arch trends northward from south-
central Kentucky to just south of the Outer
Bluegrass boundary where it divides into two
branches—Kankakee and Findlay Arches. The
branches approximately are parallel but are
separated by approximately 25 mi at the Ohio River
(McFarland, 1950). Lithologic units dip away from
the axis of the arch—a regional structural high—so
that geologic features generally are symmetrical on
each side of the arch.

Progressively younger rocks are exposed at
the surface both east and west of the Cincinnati
Arch. The oldest exposed rocks are part of the
Jessamine Dome and adjacent areas; the location of
this area corresponds approximately to the Inner
Bluegrass region (fig. 3). These rocks consist of
limestone, shale, and sandstone of Ordovician age.
Narrow bands of shales and limestones of Silurian
and Devonian age surround this area and correspond
to The Knobs region. An expansive area of
limestone of Mississippian age (Mississippian
Plateaus Region) is exposed starting at the Ohio
River in northeastern Kentucky, extending
southwest to the State boundary, and extending
northwest in a crescent-shaped area surrounding the
Western Kentucky Coal Field. The eastern boundary
of this area is the Cumberland Escarpment (fig. 3).
Sandstones, shales, siltstones, and coals of
Pennsylvanian age in eastern and northwestern
Kentucky—the youngest rocks in
Kentucky—compose the Eastern and Western
Kentucky Coal Fields. Alluvial deposits of
Cretaceous and Tertiary age are in extreme western
Kentucky in the Mississippi Embayment.

Much of the Mississippian Plateau is
characterized by karst features such as sinkholes,
caves, springs, and losing streams. Most well-
developed karst features are located in a band
originating in west-central Kentucky and extending
to south-central Kentucky, southeast to the State
boundary, east along the boundary, and then
northeast and north (areas shown in black in fig. 4).
Less well-developed karst features are in central and
south-central Kentucky. River main channels in
karst areas commonly have sustained base flow
during dry-weather periods.
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COMPILATION AND REVIEW OF
STREAMFLOW DATA

Daily mean streamflow data for
235 continuous-record streamflow-gaging stations
located in Kentucky and adjacent states were
retrieved by use of the USGS Automated Data
Processing System (Bartholoma, 1997). The
streamflow data in surrounding States were
retrieved to provide additional information for use
in the regionalization of O, values. The data were
checked and verified by comparing computed
yearly and monthly summary statistics of the daily
mean streamflows to published values
(U.S. Geological Survey, 1958a, 1958b, 1964a,
1964b, 1962-65, 1966-75, and 1976-2000).

Annual mean streamflows at 235 stations
(198 in Kentucky and 37 in surrounding States)
were tested for trends (p <= 0.10) by use of the
Kendall’s Tau test, which indicated that 27 stations
had an increasing trend in streamflow and 3 had a
decreasing trend in streamflow. These trends
appeared climate-related and consistent with
reported trends for mid-range (median) flows in this
region (Lins and Slack,1999). Precipitation-adjusted
annual mean streamflows were approximated
roughly as the residuals from regressions of annual
mean streamflow with annual precipitation data (by
water year; see Glossary for definition) at
Louisville, Ky., which is centrally located in relation
to the gaging stations in the data set. Kendall’s Tau
tests of these residuals indicated that 28 had trend:
19 with increasing trend and 9 with decreasing
trend.

Daily mean streamflows at many gaging
stations in Kentucky are affected by regulation and
(or) local diversions. Regulation by multipurpose or
flood-control reservoirs reduce peak flows and
generally augment low flows on a seasonal time
scale; however, when streamflows are averaged over
an annual time step, as in the case of the annual
mean streamflow statistic, regulation generally has
no effect on this statistic when the volume of water
stored is released during the same water year. Two-
sample statistical comparisons (Mathsoft, Inc.,
1999a and 1999b) of pre- and post-regulation,
precipitation-adjusted annual mean streamflow
values (the residuals of the regression of annual
mean streamflow with annual precipitation)
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downstream from some of the major reservoirs in
Kentucky failed to indicate a significant difference
in the sample means (p = 0.05).

Local diversions—localized transfers of water
such as water-supply withdrawals or wastewater
discharges—artificially decrease or increase
streamflows within a reach. Local diversions are
common near municipalities and in urban areas. The
extent of alterations in natural streamflows caused
by local diversions was reviewed based on available
water-withdrawal and permitted-wastewater-
discharge data. (A.C. Downs, U.S. Geological
Survey, written commun., 2002; and S. Bolssen,
Kentucky Natural Resources and Environmental
Protection Cabinet, Division of Water, written
commun., 2002). Localized diversions were deemed
minor in relation to O, where available data
indicated the flows diverted annually probably
would not exceed 10 percent of Q,,.

MEAN ANNUAL STREAMFLOW
ESTIMATES FOR GAGED STREAM
SITES

Annual mean streamflows were computed
from daily mean streamflows by use of the National
Water Information System program DVMAS (Daily
Values Monthly and Annual Statistics) (Bartholoma,
1997). The mean annual streamflow (Q,,) is defined
as

Ntl
Qa = zQai /Na’ (5)
i=1
where

Q,; 1s annual mean streamflow for the ith
year and

N,

, 1s the number of annual mean

streamflows in the gaging station
period of record.

The computed values of O, at streamflow-
gaging stations having at least 5 years of record are
shown in table 1 (back of report). Locations of these
gaging stations are shown in figure 5.
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Figure 5. Locations of continuous-record streamflow-gaging stations in Kentucky and surrounding States for which data are presented in this report. (See table 1.)
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Streamflow statistics are subject to error
associated with the particular time period sampled
(time-sampling error). Gaged record may occur
during either an abnormally wet or dry period, thus
making it unrepresentative of long-term average
climatic conditions. Time-sampling error decreases
as record length increases. An example of the
effects of time-sampling error is reflected in the
100 ft3/s difference (reduction) of the computed Q,,
value at Barren River at Lock 1 at Greencastle
(station 0331500) compared to the computed Q,,
value upstream at Barren River at Bowling Green
(station 03314500) as shown in table 1.

Record-extension (augmentation) techniques
may be used to reduce time-sampling error in
streamflow values and statistics. Record extension is
achieved by relating concurrent streamflows (and
streamflow statistics) at a short-term and a nearby
long-term (index) station that is hydrologically
similar. The Q,, at the index station and the relation
between the concurrent daily mean streamflows at
both stations may be used to provide an estimate of
the long-term Q, at the short-term station. A
mathematical record-extension technique,
Maintenance of Variance Extension Type 1
(MOVE.1) as described by Hirsch (1982), was used
in this study. The estimate was computed by use of
log-transformed values of the concurrent nonzero
daily mean streamflows as

Sv
LOg Qa(s) = Mv+ (S_v) x (LOg Qa([)_M])a (6)

where
Qyus) 1s the estimated long-term Q,, for the
short-term station;
Qu1) s the Q, for the long-term station;

M, M; are the mean of the log-transformed daily
mean streamflows for the concurrent
period at the short- and long-term
stations, respectively; and

S, S;  are the standard deviations of the log-

transformed daily mean streamflows
for the concurrent period at the short-
and long-term stations, respectively.

MOVE.1 was applied to improve O, estimates
for Ohio River main-stem stations only (table 1).
The two long-term index stations on the Ohio River
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at Louisville, Ky. (03294500) and at Metropolis, IlI.
(03611500) each had 71 full water years of record
(1929-99). Stations designated “short-term” in
equation 6 had fewer than 71 years of record. The
adjustments reduced time-sampling errors and
improved consistency in Q, and drainage-area-
standardized values of Q, along the river.

DEVELOPMENT OF THE
TECHNIQUE FOR ESTIMATING
MEAN ANNUAL STREAMFLOW
FOR UNGAGED, RURAL STREAM
SITES

A regression was used to develop regional
equations for estimating Q,, at ungaged, rural sites.
Drainage-basin characteristics, including climate,
affect streamflow patterns. Relations among
selected basin characteristics and computed Q, were
investigated by methods of linear correlation and
multiple-linear regression.

Basin Characteristics

Various drainage-basin characteristics were
tested for applicability in the regionalization of Q,,.
Selection of basin characteristics for inclusion in
exploratory scatter plots, linear correlation analysis,
and subsequent multiple-linear-regression analysis
was based on (1) the possible hydrologic
importance of the characteristic in relation to the Q,
statistic, (2) the availability of previously
determined basin characteristics for the study
basins, and (3) results of previous regionalization
studies of other streamflow statistics (Beaber, 1970;
Wetzel and Bettandorff, 1986; Choquette, 1988;
Ruhl and Martin, 1991; and Martin and Ruhl, 1993).

Basin characteristics tested for significance in
the regression analysis included the following:

total drainage area (A), in square miles, the
area measured in a horizontal plane that is
enclosed by a drainage divide, measured by
planimeter, digitized, or grid method from
USGS 7.5-minute topographic quadrangle
maps;



contributing drainage area, in square miles,
is the total drainage area excluding any parts
characterized by internal drainage, such as
by way of sinkholes in karst terrain;
main-channel length, in miles, the length
measured along the main stream channel
from the station to the basin divide,
following the longest tributary as
determined from USGS 7.5-minute
topographic quadrangle maps;
main-channel slope, in feet per mile,
computed as the difference in elevation
between points located at 10 and 85 percent
of the main-channel length from the gage,
divided by the stream length between these
two points, as determined from USGS
7.5-minute topographic quadrangle maps;
basin length, in miles, the straight-line
distance from the streamflow-gaging station
to the basin divide (defined by the main-
channel length);

mean basin width, in miles, calculated by
dividing the total drainage area by basin
length;

basin shape, the ratio of basin length, in
miles, squared to total drainage area, in
square miles;

main-channel sinuosity, the ratio of main-
channel length, in miles, to basin length, in
miles;

mean basin elevation (E), in thousands of
feet above sea level, computed as the
average elevation of the basin from a
1:250,000-scale digital elevation model
converted to a grid coverage in
ARC/INFO;

average basin elevation index, in thousands
of feet above sea level, determined by
averaging main-channel elevations at points
10 and 85 percent of the distance from a
specified location on the main channel to the
topographic divide, as determined from
USGS 7.5-minute topographic quadrangle
maps;

storage area, in percent, plus 1.00 percent,
that part of the contributing drainage area
occupied by lakes, ponds, and swamps, as
shown on USGS 7.5-minute topographic
quadrangle maps, not including temporary
storage as a result of detention basins or
ponding at roadway embankments;

mean annual precipitation, in inches,
minus 30 in., estimated from Kentucky
Department for Natural Resources and
Environmental Protection (1979) and
Conner (1982);

maximum 24-hour precipitation intensity,
in inches, with recurrence intervals of 2 and
10 years (Hershfield, 1961);

maximum 24-hour precipitation intensity,
in inches, occurring during the 30-year
interval of 1951-80 (Glenn Conner,
Kentucky Climate Center, written commun.,
1986);

soils index, in inches ("S"; U.S. Department
of Agriculture, 1969), is a measure of
potential infiltration based on basin
vegetative cover, soil infiltration rate, and
soil water storage;

soil infiltration index, in inches per hour, is
based on minimum infiltration rates for the
U.S. Soil Conservation Service hydrologic
soil groups (Musgrave, 1955) for soil series
in Kentucky (U.S. Department of
Agriculture, 1975 and 1984);

forested area, as a percentage of the
contributing drainage area, plus

1.00 percent, measured from USGS
7.5-minute topographic quadrangle maps
by use of the transparent-grid sampling
method;

streamflow-recession index, defined as the
number of days it takes base streamflow to
decrease one log cycle, or one order of
magnitude, as determined graphically from
hydrograph plots of daily mean streamflow
during representative periods of streamflow
recession (Riggs, 1964; Bingham, 1982; and
Ruhl and Martin, 1991);
streamflow-variability index, (Lane and
Lei, 1950) at a station ("station" value) is
computed as the standard deviation of the
logarithms of the 19 discharges at 5-percent
class intervals from 5 to 95 percent on the
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flow-duration (cumulative-frequency) curve
(Searcy, 1959; and Dempster, 1990) of daily
mean streamflow for the entire period of
record; “mapped” values of variability index
tested in the regression were computed as
areally weighted average values from the
regionalized variability index (Ruhl and
Martin, 1991);

azimuth, measured in degrees from north of
line defining basin length;

gaging-station latitude (Lat,), in decimal
degrees, minus 36.0°, commonly
determined from USGS 7.5-minute
topographic quadrangle maps;
gaging-station longitude, in decimal
degrees, minus 81.0°, commonly
determined from USGS 7.5-minute
topographic quadrangle maps;
drainage-basin centroid latitude, in
decimal degrees minus 36.0°, determined in
geographical information system (GIS) by
means of the “centrallabels” command as
applied to the basin-boundary polygons in
ARC/INFO; and

drainage-basin centroid longitude, in
decimal degrees, minus 81.0°, determined in
a GIS as described for centroid latitude.

Regression Analysis

A multiple-linear-regression model was
developed to relate O, (dependent variable) to
selected basin characteristics ("independent" or
explanatory variables). Included in the regression
analysis were 170 streamflow-gaging stations with
at least 10 years of record where Q, was deemed not
significantly affected by local diversions (identified
as “minor” local diversions in table 1). The
regression analysis included an exploratory phase
using ordinary-least-squares (OLS) regression to
select appropriate explanatory variables and a final
phase using generalized-least-squares (GLS)
regression. GLS regression compensates for
differences in the variability and reliability of, and
correlation among, the Q, estimates at stations
included in the analysis.
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Inspection of scatter plots showing relations
among dependent and explanatory variables and
plots of residuals from initial linear regressions
indicated that logarithmic (base 10) transformation
of the dependent and most of the explanatory
variables would be appropriate. This transformation
generally helped make the relations more linear and
the residuals more uniform in variance about the
regression line than before transformation. The
relations between dependent and explanatory
variables after transformation were consistent with
the assumed linear form of the model.

The general form of the regression models
developed in this study is

log(Q,) = b, + b logX, + b,logX, + (7)
..+ b,logX, +g,

where
Q, is mean annual streamflow,
b, 1isaconstant,

b; (i=1 to n) 1is the regression coefficient for the ith

explanatory variable,

X, (i=1 to n) is the ith explanatory variable,

€ is arandom error component, and

n is the total number of explanatory
variables.

The algebraically equivalent form when the
log (base 10) transformation is used and when the
equation is re-transformed to the original units is

0, =10"x"x". x"" (8)

The alternative OLS regression models were
generated by all-possible-regression and stepwise-
regression procedures (Statistical Analysis System
Institute, Inc., 1985) using the prospective
explanatory variables listed in “Basin
Characteristics.” Various factors were considered in
evaluating alternative regression models, including
(1) the coefficient of determination, the proportion
of the variation in the response variable explained
by the regression equation; (2) the standard error of
the estimate, a measure of model-fitting error;
(3) the prediction sum of squares (PRESS) statistic,
a measure of model-prediction error; (4) the
statistical significance of each alternative



explanatory variable; (5) potential multicollinearity
as indicated by the correlation of explanatory
variables and the value of the variance inflation
factor (Montgomery and Peck, 1982); (6) the effort
and modeling benefit of determining the values of
each additional explanatory variable; and (7) the
hydrologic validity of the signs and magnitudes of
the regression exponents.

The best one-, two-, and three-variable OLS
regression models included total drainage area (A),
latitude of the gaging station minus 36° (Lat,-36),
and mean basin elevation (F) in thousands of feet
above sea level as explanatory variables. The
drainage-area-only model accounts for a large part
of the variability of Q,; however, the drainage-area-
only model exhibits geographical bias, which was
reduced progressively by adding the second and
third explanatory variables to the regression models.
The locational variable, Lat,, may serve to integrate
and index statewide variations in precipitation and
evapotranspiration. Mean basin elevation also may
serve as an index to a combination of other factors
that are difficult to evaluate, such as radiation,
temperature, wind, vegetation, and basin relief,
which can cause streamflow variations (Thomas and
Benson, 1970).

The OLS regression coefficients all are
statistically different from zero (p-value less than
0.01). Regression residuals were analyzed to
(1) identify outliers and high-leverage stations for
examination, (2) confirm normality and
homogeneity of variance, and (3) identify and
remedy geographic bias.

The regression models (table 2) were
finalized by use of GLS regression techniques

(Stedinger and Tasker, 1985; and Tasker and
Stedinger, 1989), which were implemented in the
computer program GLSNET (G.D. Tasker,

K.M. Flynn, A.M. Lumb, and W.O. Thomas,

U.S. Geological Survey, written commun., 1995).
Two major assumptions of OLS regression
commonly are violated in regression of streamflow
statistics: (1) the errors of the streamflow statistic are
homogeneous among the observations and (2) the
observations statistically are independent. Error in
streamflow statistics vary with the length of record,
which differs among the gaging stations, and
streamflows at the set of gaging stations are
correlated because the same climatic conditions and
weather events generally affect most of the streams
within a hydrologic region.

Stedinger and Tasker (1985, 1986) have
shown that where streamflow records are of widely
varying length and concurrent flows at different
sites are highly correlated, GLS regression provides
more accurate estimates of the regression
coefficients, better estimates of the accuracy of the
regression coefficients, and almost unbiased
estimates of the model error when compared to OLS
regression. GLS regression gives more weight to
long-term gaging stations (with less time-sampling
error) than short-term gaging stations and more
weight to stations where flows are least correlated to
flows at other gaging stations. GLS regression
procedures use weighting matrices to
proportionately account for the cross-correlation of
streamflows and for the variations in time-sampling
error of the streamflow statistic among the gaging
stations.

Table 2. Equations (derived by generalized-least-squares regression) for estimating mean annual

streamflow in Kentucky

[Q,, mean annual streamflow in cubic feet per second; A, total drainage area, in square miles; Lat,, latitude of the gage,
or basin outfall, in decimal degrees; E, mean basin elevation, in thousands of feet above sea level; --, not applicable]

Range of explanatory variable

Approximate

average
standard Average
error of equivalent
prediction years of
Equations A Lat, E (percent) record
0,=138410! 0.67-2,762 - - 15.8 10.9
0, =142 A"\ (Lar,-36)018 67-2,762  36.341-39.140 - 142 14.9
0,=139A"Lar,36)0PEC2 672762 36.341-39.140  0391-2.414 13.7 154
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The cross-correlations were estimated as an
empirical, best-graphical-fit function of the distance
between pairs of long-term gaging stations having at
least 50 years of concurrent record. GLS regression
required matrices of the mean, standard deviation,
and skew of the annual mean streamflows associated
with the matrix of the Q,,. A regional estimate of the
standard deviations of annual mean streamflows
independent of the O, estimating equation was
developed within GLSNET by use of regression of
the standard deviation against drainage area and
mean basin elevation. A skew matrix was estimated
by use of the observed skew of the series of annual
mean streamflows at the gaging stations. The length
of record at each gaging station was used as a
measure of the reliability of the O, estimates.
GLSNET enables partitioning of total regression-
model error into model error and sampling error,
which consists of both time- and space-sampling
error. Model error arises from limitations of the
model formulation, and it cannot be reduced by
additional data collection. Time- and space-sampling
error, however, are reduced through additional data
collection by extending the period of data collection
and by expanding the variety of basin characteristics
of the sites where data are collected, respectively.

Limitations and Accuracy

The one-, two-, and three-variable regional
regression models for estimating Q,, at ungaged
stream sites have varying limitations and accuracies
(table 2). As indicated previously, the one- and two-
variable equations exhibit geographical biases, and
the indicated standard errors of prediction may
poorly estimate the true prediction errors, depending
on the location in the State. The one- and two-
variable models are suitable for initial approximate
Q,, estimates; however, the three-variable equation
should be used whenever possible.

The regional regression models are applicable
to rural streams in Kentucky that are not appreciably
affected by local diversions, which commonly are
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associated with urban development. Caution is
warranted when applying the regression models in
areas where streamflows are affected by hydrologic
discontinuities such as large springs and sinks
common to karst terrain in areas underlain by
limestone (see fig. 4). Streamflows in these areas
may vary unpredictably in karst drainageways. It
may be difficult (if not impossible) to determine an
accurate basin drainage area in karst terrain solely
on the basis of topographic divides.

The regression model was developed by use
of basin characteristics within a certain range of
values. Drainage areas (A) of stations used in the
regression analysis ranged from 0.67 to 2,762 mi,
gage latitudes (Lat,) ranged from 36.341 to 39.140°,
and mean basin elevations (E) ranged from 0.391 to
2.414 in thousands of feet above sea level.
Application of the regression models for Q,,
estimates in basins outside these ranges is an
extrapolation; therefore, these models probably
should not be applied for this situation.

The standard error of prediction (of log Q)
of the three-variable model—a measure of the
accuracy of the regression estimates compared to
observed data for stations excluded from the
regression—is 13.7 percent. Standard error of
prediction was estimated as the square root of the
PRESS divided by the error degrees of freedom
(Statistical Analysis System Institute, Inc., 1985;
Montgomery and Peck, 1982; and Choquette, 1988).
The procedure used for computing PRESS is
considered a form of data splitting and can be
applied as a model-validation tool. The accuracy of
the three-variable model predictions for ungaged
sites similar to those used in the regression could be
expected to compare favorably to the standard error
of prediction. A scatter plot of the values of Q,,
computed from the streamflow-gaging station data
and values computed using the regression model are
shown in figure 6.
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Figure 6. Comparison of measured mean annual streamflow and mean annual streamflow estimated
by use of the three-variable regression equation for the 170 continuous-record streamflow-gaging
stations in Kentucky and surrounding States used in the regression.

PROCEDURES FOR ESTIMATING Stream Sites With Gage
MEAN ANNUAL STREAMFLOW AT Information
STREAM SITES IN KENTUCKY

When streamflow-gaging information is

Procedures for obtaining Q,, estimates differ available on the reach where an estimate of Q, is
depending on the location of the stream site in desired, the gage information is used where
relation to streamflow-gaging (gage) locations appropriate in making the estimate, as discussed
where Q, has been determined. The appropriate below.

procedures and examples are presented in the
following sections.
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Sites at Gage Locations

Estimates of O, values for 235 continuous-
record streamflow-gaging stations are presented in
table 1. When an estimate of O, is required at a
stream site, refer to table 1 to determine whether
values previously have been estimated for the site.
At gage locations where the period of record is less
than the equivalent years of record reported for the
regression models (table 2), except on the Ohio
River and where local diversions are significant, an
improved estimate of O, may be obtained from a
weighted average of the gaging-station estimate and
regression-model estimate. The equivalent years of
record can be used to weight the regression-model
estimate, and the years of gaged record can be used
to weight the gaging-station estimate.

Sites Near Gage Locations

If information is available for a stream reach
where an estimate is desired, but not at the specific
location, a weighting procedure can be used
(Carpenter, 1983; and G.F. Koltun, U.S. Geological
Survey, written commun., 2001). The drainage area
of the ungaged site should differ by no more than
50 percent from that of the gaged site (ranging from
50 to 150 percent of the drainage area of the gaged
site) to minimize the potential for hydrologic
dissimilarity between the sites.

A weighted estimate of Q, can be computed

0, =0, {R - (M(R‘”ﬂ L)

as

Ag

where R = O agm/ 0 ay

and Q, is the weighted mean annual flow, Q,,,
for the ungaged site;
0, is the regression estimate of the O, for

ur

the ungaged site;
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0 g is the O, determined for the gaged site
from measured streamflow data;

Qagr is the regression estimate of the O, for
the gaged site;

|A4|  is the absolute value of the difference
between the drainage areas of the
gaged site and the ungaged site; and
A, is the drainage area of the gaged site.

As the difference in drainage area between the gaged
and ungaged site approaches 50 percent, the value of
the weighting factor in brackets in equation 9
approaches 1 and no longer has an effect on the
regression estimate at the ungaged site.

Sites Between Gage Locations

If a O, estimate is desired between two gage
locations on the same stream, the value can be
estimated by linear interpolation by use of the Q,,
values and corresponding drainage areas at the two
gaged sites.

Stream Sites With No Gage
Information

If no streamflow information is available at a
stream site, or at a nearby stream site on the same
stream reach so that the estimating methods in the
previous section cannot be used, then the regional
regression models (table 2) can be used directly to
estimate Q,,.

Total drainage area of the site of interest
should be determined from USGS 7.5-minute
topographic maps or from other maps or GIS
coverages of equivalent or improved accuracy. The
drainage areas for many locations along streams in
Kentucky are listed in Bower and Jackson (1981).



EXAMPLE APPLICATIONS OF
ESTIMATING EQUATIONS

The estimating equations presented in this
report can be applied to rural, ungaged streams with
flows not appreciably affected by local diversions
by (1) determining the basin characteristics required
for the appropriate equation, (2) checking to ensure
that the basin characteristics fall within the range of
characteristics values used to develop the equation,
and (3) use of the measured basin characteristics
values with the appropriate equation to compute the
estimate.

For example, assume that an estimate of 0, is
needed for an ungaged rural stream site with a
drainage area of 80 miz, at a latitude of 37.525°, and
a mean basin elevation of 900 ft above sea level. A
comparison of basin characteristics with those listed
in table 2 indicates that the characteristics for this
basin are within the range of characteristics of
gaging stations used to develop the estimating
equations. Estimates of O, are computed as

Qa =1.39 Al.OO(Latg_36)—O.15E 0.12‘

Substituting the measured basin
characteristics into the above equation yields

0, = 1.39(80)"%(37.525-36)013(0.900)% 1
=103 ft’/s.

If it is desired to quickly obtain an
approximate estimate by use of the drainage-area-
only equation, then the first equation in table 2 is
applied:

0,=138A101

Substituting the measured basin
characteristics into the above equation yields

0, =1.3880)1 =115 ft¥/s.

In situations where an estimate of Q,, is
needed at a stream site on a reach near a gage
location and the drainage area at the point of interest

is between 50 and 150 percent of the drainage area
of the gaged site, then equation 9 can be applied to
obtain a O, estimate weighted by use of gaging-
station information as shown in the following
example.

Assume there is a streamflow-gaging station
located downstream on the same stream reach used
in the previous example with a drainage area of
85.9 miz, a latitude of 37.704°, and a mean basin
elevation of 866 ft above sea level. The Q,, at the
gaged site as computed from the long-term
streamflow data is 104 ft’/s. The regression estimate
of Q,, at the gaged site is

0, = 1.39(85.9)1%0(37.704-36)0-15(0.866)"-12
=108 ft3/s.

The coefficient R is determined as

104
R= Qagm/ Qagr =108 = 0.963.
The gage-weighted Q,, estimate for the
ungaged site is computed as

0., = 0., {R _ (M)}

Ag

103 {0,963 _ (2(I85-9 - 80é(;1|9)(0.963 — 1))}

0, = 99.7fts.

This adjusted Q,, estimate for the ungaged
upstream site, 99.7 ft3/s, is 96 percent of the
measured long-term Q, (104) at the gaged site. This
result is consistent with the ratio of the drainage
areas of these two sites, 0.93, and is reasonable.
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SUMMARY

Mean annual streamflow data are needed by
water-resource managers and engineers for design
of structures in streams and rivers. Techniques for
estimating streamflow characteristics at ungaged
sites are part of this need; therefore, the
U.S. Geological Survey, in cooperation with the
Kentucky Transportation Cabinet—Department of
Highways, began a study in 1999 to compile
available continuous-record streamflow-gaging
data, compute mean annual flow at streamflow-
gaging stations, and develop equations for
estimating mean annual streamflow at ungaged rural
stream sites.

The values of mean annual streamflow, O,
were determined at selected streamflow-gaging
stations in Kentucky and surrounding States.
Streamflow data for the available period of record
through the 1999 water year at 235 continuous-
record streamflow-gaging stations with at least
5 years of record were used in the analysis. Record
extension at selected stations was accomplished by
use of the MOVE.1 technique to reduce time-
sampling error and, thus, improve estimates of long-
term Q, values.

Techniques to estimate Q, at ungaged stream
sites in Kentucky were developed. A multiple-
linear-regression analysis was used to relate Q,,
values to drainage-basin characteristics. One-, two-,
and three-variable regression equations that
included total drainage area, streamflow-gaging
station latitude minus 36 degrees, and mean basin
elevation as explanatory variables were developed
by use of generalized-least-squares regression,
which compensated for differences in the variability
and reliability of, and correlation among, the O,
estimates at the 170 gaging stations with 10 or more
years of record included in the regression analysis.
The three-variable regression equation has an
approximate average standard error of prediction of
13.7 percent. The one- and two-variable equations
exhibit geographical biases, and the indicated
standard errors of prediction may estimate poorly
the true prediction errors, depending on the location
in the State. The one- and two-variable models are
suitable for initial approximate Q,, estimates;
however, the three-variable equation should be used
whenever possible for estimating mean annual
streamflow of rural streams in Kentucky. Estimating
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equations can be applied by (1) determining the
basin characteristics required for the appropriate
equation, (2) checking to ensure that the basin
characteristics are within the range of values used to
develop the equation, and (3) substituting the basin-
characteristic values for the variables in the
estimating equations as described in the example
applications presented.
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GLOSSARY

COEFFICIENT OF MULTIPLE
DETERMINATION.—The proportion of the
variation in the dependent variable explained by the
variables in a fitted regression model. Reported
values are adjusted for error degrees of freedom.

LEVEL OF SIGNIFICANCE.—The selected maximum
probability of making a Type I error, or rejecting a
true null hypothesis. Hypothesis tests were used to
determine if statistically significant relations existed
between dependent and explanatory variables of
regression models.

LOCAL DIVERSION.—A localized transfer of water,
such as a water-supply withdrawal or wastewater
releases, that artificially increase or decrease
streamflow in a reach.

MULTICOLLINEARITY.—The presence of a high
correlation (near linear dependencies) between two
or more explanatory variables of a regression.
Multicollinearity causes instability in the estimates
of the least-squares regression coefficients.
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MULTIPLE-LINEAR REGRESSION.—A method of
regression wherein a linear relation between a
dependent variable and more than one explanatory
variable is defined.

ORDINARY-LEAST-SQUARES REGRESSION.—A
method of fitting a regression model in which the
sum of squared residuals (see Residual) is
minimized.

PREDICTION SUM OF SQUARES (PRESS)
STATISTIC.—A measure of model-prediction error
useful in regression-model selection. It is computed
by summing the square of the prediction residuals
resulting from the series of predictions of each
observation by regressions defined using all other
observations. Thus, each observation is in turn
excluded from the regression data set and is not used
in prediction of itself. This process simulates
prediction using new data and is a form of data
splitting useful for model validation (Allen 1971,
1974; and Montgomery and Peck, 1982).

REGULATED STREAMFLOW.—Streamflow
controlled by upstream hydraulic structures such as
dams.

RESIDUAL.—The difference between values of mean
annual streamflow computed by use of streamflow-
gaging data and values estimated by use of a
regression model.

STANDARD ERROR OF ESTIMATE.—A measure of
model-fitting error; it is the standard deviation of the
residuals of a regression adjusted for error degrees of
freedom. Percentage values in this report were
estimated by use of model root-mean-square error, or
the square root of the sum of the squares of the
residuals divided by the error degrees of
freedom—rn-k-1, where n is the number of
observations and k is the number of explanatory
variables in the regression—(Statistical Analysis
System Institute, Inc., 1985) and information from
Hardison (1971).

STANDARD ERROR OF PREDICTION.—A measure
of model-prediction error; it was estimated as the
square root of the PRESS divided by the degrees of
freedom for error (Statistical Analysis System
Institute, Inc., 1985; Montgomery and Peck, 1982;
and Choquette, 1988). (See Prediction Sum of
Squares (PRESS) Statistic.)



STREAMFLOW.—Discharge, measured as the volume
of water that passes a given point within a given
period of time (cubic feet per second), that occurs in
a natural channel whether or not it is affected by
diversion or regulation.

STREAMFLOW-GAGING STATION.—An installation
that provides systematic observations of stage from
which streamflow is computed.

VARIANCE INFLATION FACTOR (VIF).—An
indicator of multicollinearity; it is a measure of the
combined effect of the dependencies among
explanatory variables on the variance of each term in
a regression model (Marquardt, 1970; and
Montgomery and Peck, 1982).

WATER YEAR.—The 12-month period from October 1
through September 30. The water year is designated
by the calendar year in which it ends.

GLOSSARY 21



99/80 ‘28]

punod Y104 YroN
€9/ “oe] ueSeuue[] 8T'1 80L (43 2671961 0S6°1 €reC8 Y0E'LE SS A1 woyy{[g Je Y104 [[ossny  00£60TE0
BIUISIIA ‘ISARH Jeau
€9/C1 ‘OeT] ueseuue]] 9T'1 LLT L 66-LC61 S96°1 €reET8 6CT’LE 17¢C we(] ueSeuue[] MO[oq JOARY punod  00060CE0
BIUISIIA
-- 0T'1 6'6L 9¢ 6677961 ¥L0T ovy'c8 0CI'LE S99 ‘POOMIUI[D) Te3U IOATY ISON SauBI)  (S680CE0
- 811 9¢¢ €L 66-LC61 966°1 00€°C8 01T LE 98¢ RIUISIIA ‘ISKeH 12 YIO [9ssny  00$80TE0
PIB[[IAl Jeau
89/01 “oye'] denysty 171 SLY 149 2676£61 0181 1T¥'C8 91¥'LE °6¢ ‘we(] denyst] M0[2q Y10 eSIAT  (000807E0
66-S661
‘2670661
- 9¢'1 918 L1 ‘T8-vL61 6cr'l 76¢C8 cevLe 09 SIIAyd Jeau yea1) duraader  696,0T€0
-- SI'T 6 6 ¥8-9L61 0051 8€€T8 6y’ LE (43 SI[[AUJ 18 Y10 SYOId  T96L0TE0
L8-9861
- €Tl 06T 143 YL-TY61 9¢0°C 0€1'c8 00¢°LE SeC RIUISIIA ‘ApUnID) Jeou YI0J BSIAT  00SLOTE0
78-9561
PS-LY61
‘T€-8T61 BIUISIIA 1S9M
- 911 6v¢ oy ‘L1-9161 086 0€y'C8 0ST'8¢ 00€ ‘dukep mofaq 1) d[odoAlPML  0Z0LOTEO
99-9S61
PS-LY61
‘T€-8T61 BIUISIIA 1S9M
- o'l 0ce ST ‘L1-9161 986 0S¥'C8 0CC'8¢ 16T ‘Qukepy Je yoo1) d[odeAfomL,  000LOTE0
BIUISIIA JSOA\ ‘moqun(y
-- 6¢'1 Ses 143 86-5961 180°1 00€°C8 070°8¢ '8¢ Teau Yoa1D) J[0doAOML, IO Ised  00990T€0
- er'l 06T w 08-6£61 606 0r1°c8 06£°8¢ 9¢¢C BIUISIIA 1SOM ‘UOIIA] JEQU JOATY PN 00SH0TE0
BIUISIIA JSOM
- or'l OLT'I 9¢ 86-€961 LT8'1 000C8 ov8'LE £€8 ‘ue307] Je JOATY AnopueAny  009¢0TE0
BIUISIIA JSOM
-- 0T 86 €¢ 79-0¢61 8L8°1 08818 OvLLE 8SL ‘URIA 1B JOATY Spopueknd  000£0ZE0
BIUISIIA JSOM
-- 6¢'1 i 444 0¢ 86-6961 901°C 05918 009°LE 90¢ QMIIASAS[Ted TedU JOARY SHopueAnD  00HT0TE0
uoleoso| AN_E\m\mE Am\m:v siealk rm‘_mm; (19n9] eOS (soa4bap (seaibap AN_EV aweu uopels Jaquinu
PUE UOISIBAIP |B20]| Mo}y MOJ} jo 191em) anoqe lewioap) lewoap) eale uonels
jo adA} Jo ajep Mels  [enuue ueaw |enuue JaquinN sisfAjeue 199}) apnjibuol apnije| abeuielp
pue uiseq ui pazipiepuels uea|y ayy ul uonens|e aben aben |eloL
SIJONI9S3I PaY0d|as pasn piodal uiseq
JO pouiad uea|y

[Pa10U OSIMIOYO SSOTUN AYOMUI] UT OXE SUOTIRIS [[& UOISIOAIP [200] ‘(T ‘a[qedr[dde jou *-- ‘ajrur axenbs 1od puooos 1od 109§ J1qnd ,Tul/s/ 1y tpu0dds 1ad 100) SIqNO “s/ 1y ‘so[rur orenbs < rur]

sele)g Buipunosns pue A)onjuay| 10} UISeq 8yl Ul SUOISISAID pue SIIOAI9S8) Paj08|as pue ‘SMOjl [enuue uesw Buipuodsaliod
‘sisAjeue ay1 ul pesn piooal Jo spouad ‘sonsuelorIByd UISeq palos|es ‘Apnis ay) ul pasn suonels buibehb-mojjwesi)s piodsl-snonuiuo) *| ajqer

22 Estimating Mean Annual Streamflow of Rural Streams in Kentucky



Smgqsireq
- 8CT'1 9°¢l 61 16-€L61 GS8 60LC8 Y€C8¢ el TeQU JOATY APUBS S[NITT IO 1B 0¥S9TTE0
89/€0 ‘e uoskern 0’1 6LY 19 66-6€61 SL8 6£6'C8 0€€'8¢ 0ot uosKe1D) Je ATy Apues oIy 00S91ZE0
89/€0 ‘T uoskern €1 1483 61 08-7961 S06 LL6'T8 98T'8¢ 66¢ U0 18 10ARY APUES OMIT  00+91TE0
Uo7 Ieau weq
89/€0 ‘T uoske1n €1 1 9¢ T6-L961 C16 166'C8 ¥SCT8¢ 961 uosAeID) MO[q JOATY ApueS 9T 0SE9TTED
STNOLIBA 8¢'1 00018, el °8-0r61 - L€9'T8 18%'8¢ 0SL°09 PUBIYSY Je JOATY OO (00091C€0
SL-6€61
- 140! LVC oy ‘8T-9161 798 68978 r1'8¢ L1T S[IASAIBA Je JooIp aule[g  00SSITE0
£8/60 ‘BT d[[IAsIuTed
89/01 ‘o1 denystg
99/80 ‘T
punod Y104 YroN
'€9/1 “oe] ueSeuue[] 9L-6¥61
{05/S0 e Koma( 140! orv'y 9¢ ‘Ly-0v61 - €98 1L1°8¢€ L68E eSO J& TATY Apues S1g  000STTE0
BIUISIIA JSOM
- 'l ovI‘l 1€ 8678961 T€LT 08C'C8 €LILE 9¢6 ‘UOSWBI[[IA J& Y104 30T, Q0LETTE0
£8/60 ‘BT I[[IAsIuTeq
89/01 ‘o denystg
99/80 ‘T
punod Y104 YHoN
‘€9/1 “oe] ueSeuuel] 66-6261
10S/S0 ‘e Lomaq 911 08¥°C <L ‘o161 S8l T6L'C8 SI8LE 14 AN Q[[IAsiuled e 104 BSIAQT  (00STITEO
=" STl 8¢CI Y4 SL-1S61 96 1L8°C8 GE]'LE €01 S[[IASPIOIJeIS J& JooID Jured  000TITEO
05/S0 “eT Koma( Il (454 €S 2670161 PST'1 YTL'T8 YrLLE 90¢ TedT] UBA Teau YoaID) suyof  O00ST1TE0
6675661
=" w1l 689 LS ‘€6-Tv61 P8E°T 8S1'C8 L9S°LE €96 BIQIA JeaU Y1) suyor  00001CE0
89/01 ‘o denystg
99/80 ‘T
punod Y104 YroN
‘€9/1 “oe] ueSeuuel] STl 0€T°T 81 18-7961 8T9°1 LLL'TY 1L9°LE 0L'T 8Inqsuolsaid Je Y10 eSIAT  00860TE0
89/01 ‘o1 denystg
99/80 ‘T
punod Y104 YroN
'€9/1 “oe] ueSeuue[] 61°'1 OLY'1 29 66-8¢61 68L°1 816C8 ILY'LE €Tl O[[IASYId T8 }I0 BSIAQT  00S60TE0
uoneoo| (lwys/gy) (s/H) sieal (,s1eak (19ns] eaS (saaibap (soaibap (gtw) aweu uolels Jaquinu
PUE UOISIAAIP [B20] Mo}y MOJ} jo i91em) anoqe Jew129p) |lew1oap) eale uonels
jo adf} Jo ajep pe}s  |enuue ueaw lenuue JaquinN sisAjeue 199}) apnybuoj apnie| abeujelp
pue uiseq ui pazipiepuels ueapy ayj ul uoneasje aben aben lejoL
SJIONI9S3) Pa)Id|as pasn piodal uiseq
Jo poliad ueapy

[POIOU ASIMIOYIO SSAUN AYOMUSY UI e SUONEIS [[E ‘UOISIOAIP [890] ‘(T *2[qeardde jou “-- :o[ru axenbs 1od puodos 1od 100§ o1qnd “ 1uy/s/ 1y puodas 1ad 100§ O1qnd ‘s/ 1y tso[r oxenbs * ru]

panunuon—salels Buipunolns pue A3onjuay] Jo} UISeq 8y} Ul SUOISIBAIP PUB SJI0AIBSaI Paloa|as pue ‘smoj) [enuue ueaw Buipuodsaliod
‘sisA[eue ayy ui pasn piodal Jo spouad ‘sonsualoeIBYD UISEQ Palog|as ‘Apnis oyl ul pasn suonels buibeb-mojwealis plodal-snonuijuo) " ajgel

23

TABLE 1



JOAT[O JUNOIN

- wl 0ce 8 66-C661 LS8 Y9L'¢€8 619°8¢ 97T TedU JOATY SUDYITT Y10 YHUON  00T1STE0
3mqgsimo]
=" STl 8¥1 Sy 16-L¥61 SL8 Y6L'€8 6¥5'8¢ 611 TedU IOATY SUD{OTT Y104 YHON  0001STE0
- LT1 0LTT 1C 65-6€61 056 666'¢8 Tr8e S8L1 s3undg oI an[g 18 ALY SUDPIT  00S0STEOD
18 [esodsip
-q)sem syel AoXeI
‘oSeureIp 9oeyImns
snorazedwr — T 16°1 99°L 0l €8-1L61 616 786°¢8 °ST8e 10v KoyIeys Teau yoo1) YOI ¥00d  0TEOSTED
PEOYIOIN
=" LS'T €el LT ¥76-8961 810°T 187°¢€8 661'8¢ L8 Teau yoa1D) NO[AIIL Y10 YHON  00T0STE0
PEAYRION 7676861
‘A1ddns 1orem — @1 8¢C'1 8VL 34 ‘08-Tv61 9¢€0°T 0er'e8 781'8¢ SLy PEAYRIOIA J& JoorD NA[AIL  0000STE0
¥6-6€61
€L/TT ‘YT Uny dAe) LT'1 0S0°T 6S ‘TE-6T61 120°T £ree8 SIT'8¢ LT8 SIOULIE 18 JOAR] SUDPIT  00S6+CE0
L67S661
- YTl €Ll LS ‘T676€61 6211 ¥80°¢8 1SL°LE (041 O[[IASIOATES TeaU JOATY SUDPIT  00S8FCED
66-9C61 OO ‘UMOIILLID]
- 8I'L €96 9L ‘L1-9161 0€6 orecy8 ovlec 9Ly e JOATY IWRTIAL O[T 10 1sed  00SLYTED
YL-1961 o1y “SINQSWERIIA
- LT'1 LLT 81 ‘€6-0561 200°1 0S0'¥8 0S0°6¢ LET Je JOATY IWEIN 9N 104 Ised  00S9+CE0
SNOLIBA 14! 00L'€6 €C €9-1¥61 - Y9L°¢€8 6¥9°8¢ 0€1°0L S[[IASABIN 18 JOATY OO 0008ETED
=" 6¢°1 1€ 61 16-€L61 €€8 LESEY 89¢°8¢ ¥'Ce 0IOQS9[[OL, Jeau YoaI) uIqe)  006LETEO
66-1161 oo
=" 8Tl 8¢St 89 ‘Se-LT61 LL8 0cy'e8 008°8¢ L8E ‘UOTU( 1S9 TBAU Y331 ysnig o0 00SLETED
=" 40! 9°¢l 9¢ 6677961 0S0°T 91T€8 ¥9°8¢ el oTQ ‘MEDIIA Je 1) uImY, odd)  08TLETEO
- o'l 6¢ 8 66-C661 L6 ST £vS8¢ ¥6¢ Arouug], Je 921D YOIUOOIUUTY  0STLETEO
Surj009
jued-uorssrwsuer)
-se8 — 1 8T'1 60¢ 6S 66-11761 026 766'C8 796°8¢ e dnuaarn) reau 1) sMESAL  000LT1TE0
-- 81 0’88 LE ¥6-8561 010°T VLI'€8 66C'8¢ 965 [ITH SAI[Q Je a1 sieSAL  008912€0
SNOLIBA LET 001°68; 1€ 66-6961 - 198°C8 LY9'8¢ 0009 we( dnueain) je AR 01O 009912E0
uoneoo| (Fw/s/el) (s/gW) sieal (,s1eak (19ns) eaS (saaibap (soaubap (Fw) aweu uolels Jaquinu
PUE UOISIAAIP |B20] Mo}y MOJ} jo iajem) anoqe Jew129p) |lew1oap) eale uonels
jo adA} Jo ajep pe}s  |enuue ueaw lenuue JaquinN sisAjeue 199}) apnybuoj apnie| abeurelp
pue uiseq ui pazipiepuels ueapy ayj ul uoneasje aben aben lejoL
SJIONI9S3) Pa)Id|as pasn piodal uiseq
Jo poliad ueapy

[PeI0U 2STAIOYIO SSA[UN AYOMUST UT dIE SUONEIS [[E *UOISIPAIP [ES0] ‘(T *2[qedrdde jou *-- :a[rur axenbs rod puooos 10d 109§ O1qnd * 1ur/s/ 1 tpuodas 1od 109§ OIqnd ‘s/ 1y ‘so[rur axenbs * rur]

panunuon—saiels Buipunolns pue A3onjuay| Jo} UISeq 8y} Ul SUOISIBAIP PUB SII0AIBSaI Paloa|as pue ‘smoj) [enuue ueaw Buipuodsallod
‘sisA[eue ayy ui pasn piodal Jo spouad ‘sonsualoeIBYD UISEQ Palos|as ‘Apnis ayl ul pasn suonels buibeb-mojwealis plodoal-snonuijuo) " ajgel

24 Estimating Mean Annual Streamflow of Rural Streams in Kentucky



66-0161 d[[tasuoog
- LY'1 090°1 99 ‘1€-9261 88I°1 LL9'€8 6LY'LE L 18 10ATY AomuSy 104 YInos  00ST8TE0
=" €9'1 99¢ 93 66-5961 STT'T 09L°¢8 STLE €91 I9)SOUOUBIA Je 921D 95005  (00T18TE0
=" 181 08¢ LT 66-€L61 LOV'T £€65°¢8 6LT'LE SS1 Joa1)) SIg TeU JOATY PN POY  0F0T8TE0
66-0v61 LRI
09/T1 e uloyyong o'l 16L 19 ‘Te6l 8¢€°1 765°€8 ges'Le LES 1e TOATY ASomuay 10 A[PPIN  000T8TE0
woyyong
09/C1 ‘e uloyyong 0S'1 €9 61 SL-LS61 861°1 697°¢€8 oreLE (a4 1e TOATY ASomuay 101 A[PPIN  00608CE€0
=" €S'1 9°¢6 w 66-8561 0€S°T 80€°¢8 S91°LE €19 UOJOOM J& a1 ulysiny  00L0OBTEO
(foutwr) UOpAH uopAy
‘A1ddns 1orem — @1 LY'1 96C 93 7678561 989°1 TLEE8 LET'LE 0¢ TedU TOATY AOMUSY Y101 S[PPIAL - 00908ZE0
66-8¢61 uosyoef
9L/10 e 104 118D (4! 09%°1 SY ‘TE-6T61 €EE°T 8¢'¢8 166°LE 10T°1 18 JOATY AOmUaY IO YHON  00008Z€0
=" wl 16¢ 1€ 18-1561 €LTT 81T°¢8 ey LE LLT S[QON JB JaID) QWOos9[qnoiL,  00S8LTEO
- 0g'l 88°C 81 €L79S61 L9T°1 S61°¢8 1SY'LE 1¢¢ S[QON JIeau youelg Jeag  0008LCE0
9L/10 e 10 118D Tl 9LS €S €6-1761 144! 81°¢8 LYT'LE 99t pIezeH e JoAR] AYOmUdY Y104 YUON  00SLLTEO
9L/10 “NeT 10 118D 8T'1 9LL 1€ 76 7961 6€Y°l 9€0°¢8 1€T°LE 909 SeljesseS IeoU JI04 ey OSyLLTEO
86-C661
=" 8Y'1 '09 L1 ‘L5961 899°1 °60°¢8 eITrLE 601 Asre(] 18 Yo21D) poomIdyIesT  O0FLLTED
SNOLIEA 0g'l 000°801, 6C 66-1L61 - 796’18 SLL'8E 0L1°€E8 wed puepIRIA Je JOATY OIYO  00CTLLTEO
SNOLIEA 0¢'l 00L 66 €C 29-0v61 - 11S'v8 60°6¢ 08S°9L OO ‘NBUUIOUL) 1B JOARY OO 000SSTEOD
=" STl 0'LT 91 £€8-8961 918 145502 T6L'8¢ 9°¢l Ioulq 1eau Yoar) ASSeID 10 YHON  00HSTE0
66-6C61
€L/TT e Uny dAe) 9T'1 orl'y €L ‘LT-9T161 - 11EY8 0IL8¢ 00€°€ eqMEIED) 1B TOATY SUDPIT  00SESTEO
(Ioutwr) vURIYIUAD BUBTYIUAD)
‘Ajddns 1oem — @1 €'l 9L 9¢ ¥6-6€61 L06 €0€18 16£°8¢ 129 J& 1oAY SUDIIT IO PNOS  00STSTED
=" S 80¢C 8 6677661 9€6 €508 wT8e 12! Q[SIIED) J& J92ID UOISYUTH  (00€TSTED
(Jourwr) sured
‘[esodsip aisem — Q1 €1 6¢ 8¢ 1677561 626 96T'¥8 6CCT'8¢ 6€C SLIed Je j9aI1) U0l 000CSTED
¥6-6€61
€L/TT ‘T UMY dAeD 0g'l 0€0°¢ LS ‘ST61 126 L9T18 865°8¢ 9T€T SnqsKQuurs[ON 18 J0ARY SuUDPIT  00STSTE0
uoneoo| (lwys/gy) (s/H) sieal (,s1eak (19ns] eaS (saaibap (soaibap (gtw) aweu uolels Jaquinu
PUE UOISIaAIP |e20] Moy} Moy} jo 1ajem) anoqe Jew129p) |lew1oap) eale uonels
jo adf} Jo ajep pe}s  |enuue ueaw lenuue JaquinN sisAjeue 199}) apnybuoj apnie| abeujelp
pue uiseq ui pazipiepuels ueapy ayj ul uoneasje aben aben lejoL
SJIONI9S3) Pa)Id|as pasn piodal uiseq
Jo poliad ueapy

[POIOU ASIMIOYIO SSAUN AYOMUSY UI e SUONEIS [[E ‘UOISIOAIP [890] ‘(T *2[qeardde jou “-- :o[ru axenbs 1od puodos 1od 100§ o1qnd “ 1uy/s/ 1y puodas 1ad 100§ O1qnd ‘s/ 1y tso[r oxenbs * ru]

panunuon—salels Buipunolns pue A3onjuay] Jo} UISeq 8y} Ul SUOISIBAIP PUB SJI0AIBSaI Paloa|as pue ‘smoj) [enuue ueaw Buipuodsaliod
‘sisA[eue ayy ui pasn piodal Jo spouad ‘sonsualoeIBYD UISEQ Palog|as ‘Apnis oyl ul pasn suonels buibeb-mojwealis plodal-snonuijuo) " ajgel

25

TABLE 1



- L1 (444 L 66-€661 ££6 €958 61C'8¢ Lyl UM01981090) Je Jea1) WIOYN[H YHUON  00188TE0

86-6861 uMm0)031090)
- LY'1 SLI 94 ‘€8-1561 16 14524 90T'8¢ 611 Jeau 1) WIoYN[H YMON  00088T€0
9L/10 e 10 118D
‘09/C1 ‘oveT uloyyong
STUTT 66-€€61
‘oxe] UOISULLIOH (2! 0TT’L L ‘0€-9261 - 78818 °0T'8¢ 11¥'S HOPUBL] J  YOOT 1B JOATY AYomuay]  00SL8TE0
9L/10 e 10 118D
‘09/C1 ‘oeT uloyyong
STUTT BSIA[ES
‘oxe] UOISULLIOH (2! 06L°9 VL 667961 - 128'v8 9C6'LE 01°¢ Teaul 9 3007 18 JOARY AYomuay]  000L8TE0
ce-siel
=" 981 €EL 01 ‘€1-Crel L66 €0L'T8 €SLLE S6¢ ursIng Ieou JATY XIA  00SS8TED
- 611 SLY LS 667161 €20°1 1998 wo'Le 81¢ Q[[latue( Iedu JOATY XIJ  000S8CE0
u0)uIx|
‘oFeureIp ueqin
‘[esodsip aisem — Q1 (4N 891 01 ¥8-GL61 666 86118 SLO'LE 011 UMOISIUO( Je oI UBUOIH ISOM  0SSH8TED
9L/10 e 10 118D uos[oN dure)
09/C1 ‘e woyong STl 0€S°S [43 1L-0v61 - L8S18 SYLLE viv'y Tedul § 3007 18 JOARY AYomuay]  00SHTE0
(tourur) earog
‘TesodsIp 9)sem
‘Arddns 1orem — @1 LY'1 1y 91 £€8-8961 ¥90°T 08C't8 1€9°LE 9'8¢C U0ISSUTS] JeOU A1) JOATIS  00EY8TED
(Jourur) uoy3urxe|
‘Aiddns 101em — 1
9L/TQ ‘e Y104 1eD I9)SOUOUIA
09/C1 ‘e uloyyong S 0S€°S 6 66-8061 - °9TY8 S68°LE SS6°C TeaU (O] YO0 e JOARY AoMUds]  000+87E0
(tourur) K1)
KerD ‘Aiddns 1oyem
‘(1ourur) uoyuel§ 66-6€61
‘[esodsip sem — ' 8¢l 861 29 ‘I€61 0v0‘1 £€6'¢8 798°LE 9¢ KD Ke[D) 18 1oAY PO 00SE8TED
=" Pl 6'v¢ 61 €L-SS61 060°T L8Y'€8 LSLLE 0'¥C IJeM(NS 18 Yoo1D) IareM[IS  000£8TE0
- (2! L'L8 Sy 6675561 901°1 Yov'e8 CI8'LE 8¢9 U310 [9ZBH IeaU JOATY POy 00ST8TED
- w91 Sel L 667661 860°1 018°¢8 10S°LE €LL JUOWISSAIY) JE YOI UOAZINS  OF0TITEOD
9L/10 e 104 118D 66-6€61 S1aqroproq
‘09/C1 ‘oveT uloyyong 11 0SLE L9 ‘1€-9261 ¥9T°1 89L°¢8 GSS'LE LS9T 18 [ YO0 I8 JoARY AYOomuay  000T8TED
uoneoo| (Fw/s/el) (s/gW) sieal (,s1eak (19ns) eaS (saaibap (soaubap (Fw) aweu uolels Jaquinu
PUE UOISIaAIP |e20] Moy} Moy} jo iajem) anoqe Jew129p) |lew1oap) eale uonels
jo adA} Jo ajep pe}s  |enuue ueaw lenuue JaquinN sisAjeue 199}) apnybuoj apnie| abeurelp
pue uiseq ui pazipiepuels ueapy ayj ul uoneasje aben aben lejoL
SJIONI9S3) Pa)Id|as pasn piodal uiseq
Jo poliad ueapy

[pajou as1mIay)O sso[un AYonjudy] Ul I8 SUONE]S [[B ‘UOISISAIP [800] ‘(] ‘o[qeoridde jou ‘-- o[rwt arenbs 1od puooas 1od 3995 o1qnd .%E\m\mﬁ {puooas 12d 3093 o1qnd .m\ma ‘soriwa axenbs ,N:E
panunuon—saiels Buipunolns pue A3onjuay| Jo} UISeq 8y} Ul SUOISIBAIP PUB SII0AIBSaI Paloa|as pue ‘smoj) [enuue ueaw Buipuodsallod
‘sisA[eue ayy ui pasn piodal Jo spouad ‘sonsualoeIBYD UISEQ Palos|as ‘Apnis ayl ul pasn suonels buibeb-mojwealis plodoal-snonuijuo) " ajgel

26 Estimating Mean Annual Streamflow of Rural Streams in Kentucky



- 8T'1 0S¢C 144 78-6¢61 6€8 7EI'S8 896°LE 961 uaing UeA Jeau JOARJ I[eS  00SS6CE0
- 651 €LT 0l 66-0661 0S8 190°S8 200°8¢ Ll 0I0QSU”[D 18 AR J[BS  00¥S6CE0
-- 0T'1 961 1C €L-€S61 6 €L8' P8 LSL'LE Y1y SIngsporrey 1edU JARY IS 000S6TE0
STOLIBA LT1 000°91T 1L 66-6C61 - 66L°'S8 08C'8¢ 0LI'T6 S[[IASINOT Je AR OO 00SY6CTE0
- 811 €CC 874 66-SS61 L6S 9TL'S8 1LE°8¢ 681 BUBIPU] ‘FINGSIS[OS 189U YOI IOA[IS  000¥6TE0
S[[IASINOT]
‘aFeureIp ueqin Q[[IASINO
‘[esodsip aysem — Q'] el 'SC SS 66-SY61 179 §99°¢8 LET'8E 681 Je 3921 sserSredd IO APPIA  000£67£0
666861
S[[IASINOT] ‘€8-1L61
‘aFeureIp ueqin ‘29-SS61 Q[[IASINO
‘[esodsip aysem — '] €'l 6'CC 184 ‘€6-Sr61 (349 °0L'S8 11C°8¢ TLI 18 Y921 SSISIBSq N0 YINOS  00ST6TE0
-- €S'T 6'9¢ 9T ¥6-6961 96L 607°S8 Lyy'8¢ 1'vC 93uBIDET Jesu YoaID) SPOLEH  094T6TE0
66-0661
‘LL-6E61
‘T€-6261
-- (4! 9LS SS ‘81-9161 0€8 ¥78'¥8 S0L'8E LEY 900UR[D 18 YRID 9[Sed  00ST6CE0
- 9¢'1 T8¢ 143 SL-TY61 S16 [ 2492 68£°8¢ 6'Cy J[IASIPES JE o1 dSed  00016C€0
9L/10 ‘e JIog 11eD
109/C1 ‘oye] wloyong 66-6£61
STUTL ‘LE-€€61
‘aye"] uojSuLISH 9¢'1 018 0oL ‘0¢-LT61 - €968 6€Y'8¢ 0819 110d3507] 18 7 YO0 18 JOARY Aomusy  00S067€0
- SI'l 8¥'9 0¢ 1L-TS61 008 o' v8 86C'8¢ £€9°¢ HopyueL] Jedu jaI) Jel  00006C£0
uoISUIXT 668861
‘aFeureIp ueqin ‘€8-1¥61
‘[esodsip aysem — '] 9¢'1 9 8¢ ‘0z-6161 688 SI8'%8 697°8¢ €LY HOPURL] Teau YooID) WIOYN[H  00S68TE0
uo)uIxa|
‘aFeureIp ueqin
‘[esodsip aysem — Q'] 91 LT LT 66-€861 8C6 SYo'¥8 1¥1°8¢ SOt AeMPIJA JEQU YO21D) WIOUN[H YINoS  00£68CE0
- 8¢l (O3 144 2670561 S96 979'¥8 £70'8¢ T Suwdg 1104 18 Y931 WIOY[F YINOS 0006870
-- 911 ¥6'C 0c TL-gs6l 896 65 ¥8 120°8¢ €T Surdg 110, 189U Y31 948D (00$88TE0
uMm0)e31090)
‘Aiddns 1orem — '] - ST L 66-€661 068 79578 60T'8¢ - um01281000) e Suridg Aoy 0118820
uoneoo| (lwys/gy) (s/H) sieal (,s1eak (19ns] eaS (saaibap (soaibap (gtw) aweu uolels Jaquinu
PUE UOISIAAIP [B20] Mo}y MOJ} jo i91em) anoqe lewoap) lew29p) eale uonels
jo adf} Jo ajep pe}s  |enuue ueaw lenuue JaquinN sisAjeue 199}) apnybuoj apnie| abeujelp
pue uiseq ul pazipiepuels uea|y ayy ul uoneas|d abeyn aben |ejoL
[TV ELEYR I RETETS pasn piodal uiseq
Jo pouiad uea|y

[POIOU ASIMIOYIO SSAUN AYOMUSY UI e SUONEIS [[E ‘UOISIOAIP [890] ‘(T *2[qeardde jou “-- :o[ru axenbs 1od puodos 1od 100§ o1qnd “ 1uy/s/ 1y puodas 1ad 100§ O1qnd ‘s/ 1y tso[r oxenbs * ru]

panunuon—salels Buipunolns pue A3onjuay] Jo} UISeq 8y} Ul SUOISIBAIP PUB SJI0AIBSaI Paloa|as pue ‘smoj) [enuue ueaw Buipuodsaliod
‘sisA[eue ayy ui pasn piodal Jo spouad ‘sonsualoeIBYD UISEQ Palog|as ‘Apnis oyl ul pasn suonels buibeb-mojwealis plodal-snonuijuo) " ajgel

27

TABLE 1



SNOLIBA LTl 000°€21, < 6679L61 - 90L'98 668°LE 000°L6 We( uoypuuen Je oA olyQ  08CE0EL0

- 8¢l LS9 89 66-C¢61 ¥SL 8CTC98 LET'8E 9Ly BURIPU] ‘PNO[D) YA TeaU IOATY an[g  000E0EE0
BURIPUT
- 11 L'CT 1€ 66-6961 718 868'S8 [45%13 191 ‘BUI[RD) JBAU A1) URIPU[ 9MIT  00ETOEED
BURIPUT
- 0Tl 8L 0¢ 66-0L61 0SL 98098 611°8¢ Ts9 ‘UMOII[PPIIA MON T8dU Y1) Yong  (0ZTTOEEOD
Q[[IASINOT
‘oSeureIp ueqin
‘[esodsip dysem — 71 wl L06 SS 66-S¥61 ws 96L°S8 0cCI'8¢ 019 S[[IASINOT Jeau 32217 puod  00020£€0
=" Sl 681 S 96-T661 L69 119°68 798°LE €Tl Q[[IASIEa( IBaU oI UOSTIM - (08STOLE0
- or'l 0Z8°l 19 66-8¢61 SLL 0L S8 LIL'LE 66C°1 uoysog Iedu Y104 Sul[oy  00ST0EE0
6678661
=" 9¢'1 116 9¢ PLTY61 98L 18%°68 LOL'LE 699 umolspreq je 3104 yooeg  00010£€0
- 9’1 8¢9 LT 66-€L61 08 96C°S8 €E8'LE 9ev PNEIA I8 JI0J Yooog  00+00£€0
=" 171 Y01 0c TL-€S61 998 P18 YOL'LE 6'S8 prey3uridg 1eau y10.4 4o22d  00000£E0
=" o'l 6v¢ 1Y 76-6€61 (459 YTe S8 L6Y'LE 6€C UOUBqQT T8dU Y10 SUOY  00066TE0
- 81 L'T1 L 66-€661 €89 ¥69°68 8C6°LE 16°L JuouLId[) Jeal YOI  SuoT  0SSY6TE0
€8/10
e AIIASIO[AE], el 06S°1 19 66-6£61 L LILS8 S86°LE L61°T S[[Iasproydoys Je IATY J[BS  00S86TE0
A1ddns
I9jeMm UONESLIIT
‘[esodsip dysem — 71 (4! 81 SS 66-S¥61 LEL 09¥°S8 881°8¢ 8¢l S[[IAIRYSL] 18 Y10 SPAOL  00086TE0
=" 11 €l 8 6677661 YL 891°68 G8C'8¢ 6'6L AQT[eA 99mad Tedu Y10 SPAOLL  006L6CE0
- 171 L9S 4! 16-0861 89L LTV’ S8 00¢°8¢ L9y PoOMmISAI)) Jeau Y104 SPAO[S  SHYL6TE0
- 0g'l 'y 0c YL-SS61 69 cEY'S8 160°8¢ 8'I¢ PIOJIdNBA JB N2l Wn[d  00SL6TEO
=" S L6'9 L 19-6661 6L9 6T’ S8 290°8¢€ SN PIOJISEAN JeoU YooID) Wwnld 9T 000L6TE0
- €C'l 9°¢T L 19-6S61 61L LEV'S8 901°8¢ 16l S[[TAUOS[IAN JeaUu joaID Wn[d  00S96TE0
J[auosdwig Ieau
=" 801 891 6 ¥9-9661 SoL 89¢°68 VL1'8E (S ¥ Ioquinu paysiejemqng yoaI1d wnjd  00096T€0
- (4! we 81 66-C861 CLL IveS8 LEQ'8E 6SC J[[IasIofAe], Je Joa1)) s1eayseld  (068S6TE0
uoneoo| (Fw/s/el) (s/gW) sieal (,s1eak (19ns) eaS (saaibap (soaubap (Fw) aweu uolels Jaquinu
PUE UOISIAAIP |B20] Mo}y MOJ} jo 191em) anoqe lewoap) lew29p) eale uonels
jo adA} Jo ajep pe}s  |enuue ueaw lenuue JaquinN sisAjeue 199}) apnybuoj apnie| abeurelp
pue uiseq ul pazipiepuels uea|y ayy ul uoneasje aben aben lejoL
SJIONI9S3) Pa)Id|as pasn piodal uiseq
Jo poliad ueapy

[PeI0U 2STAIOYIO SSA[UN AYOMUST UT dIE SUONEIS [[E *UOISIPAIP [ES0] ‘(T *2[qedrdde jou *-- :a[rur axenbs rod puooos 10d 109§ O1qnd * 1ur/s/ 1 tpuodas 1od 109§ OIqnd ‘s/ 1y ‘so[rur axenbs * rur]

panunuon—saiels Buipunolns pue A3onjuay| Jo} UISeq 8y} Ul SUOISIBAIP PUB SII0AIBSaI Paloa|as pue ‘smoj) [enuue ueaw Buipuodsallod
‘sisA[eue ayy ui pasn piodal Jo spouad ‘sonsualoeIBYD UISEQ Palos|as ‘Apnis ayl ul pasn suonels buibeb-mojwealis plodoal-snonuijuo) " ajgel

28 Estimating Mean Annual Streamflow of Rural Streams in Kentucky



=" 991 781 C 76-€L61 €L9 9TT'98 GeI'Le 601 BPOUY Je oaI) weproAedqd  0091T€€0
69/20
‘BT JOATY U910 C676€61
*€9/€0 ‘93BT UION 8¢°1 0LEY 19 ‘TE-ST61 <08 19798 LOT'LE 9L S[[IASUMOIY T8 § 0T Je JOATY Uda1)  O0STTEE0
66-1961
‘0S-0v61
€9/€0 ‘e UIoN 14! we 16 ‘Ieel 9¢L 16798 VLT LE €0L JOOIAY Je JOATY UIION 0001 T€€0
=" (4! €6L 9T 79-LE61 6vL TT1'98 SheLe 009 XA 18 IOARJ UION  00SOTEE0
=" 89 '8¢ 93 ¥76-0961 SLL 866'S8 6S¢'LE °68 Q[[IALI Tedu joa17 uodeqg  00F0IEE0
- 8¢l 44 oy 66-0961 69L S+0°98 166°LE LSE SIITA @NUM 1B JOAT] UIJON  00€0T1€€0
J[AuaSpoH
- 6C'1 691 (43 €L-TYO61 78 0vL'S8 9LS'LE 7'9¢ e JOATY UION 104 YHON  00001€€0
- 1€°1 00°L 81 1L-¥S61 £88 TL9'S8 TrSLE 143Y S[[IAUSSPOH TeaU YoaI1D) [BSNOJIIN  00S60£€0
=" Pl 088°C 4! 05-6€61 Se8 €11'98 6LT'LE €86°1 QAED) JJOWWERIA] JB IOAR] U2dI)  00060£€0
66-8¢€61
69/20 ‘T€-8T61
‘BT JOATY U210 79°1 0vL'T €L ‘TT9161 6C8 988°68 89C°LE €L9°T S[[TAPIOJUNIA J& JOATY U291  00S80£E0
uojuowpyg
=" 'l £9¢ 1€ CTL-TY61 668 €09'68 L6'9¢ €81 Je IOATY ualred [N 310 Pnos  00SLOEEO
- oL'1 1194 11 SL-S961 w8 0LY'S8 891°LE S9¢ Weysaln Jeau JaaI) [[ossny  001L0EE0
=" [ 6T 09 66-0161 9L8 76£'68 611°LE 881 BIQUINOD) JeaU Y217 [[9ssy  000LOEE0
69/20
‘BT JOATY U910 [ 0TI’l 9¢ SL-0v61 £€6 €06°68 ST LE 9¢L 8INqSUAID JB JARY USRI 00S90EE0
69/20 76 7961
‘BT JOATY U910 79°1 0TI’l (43 ‘Ieel 166 LYE'S8 oveLE 789 J[ias[iaqdue) Jedu J0ATY USAIH  00090€E0
=" 671 0'vS 8 19-¥S61 IST'T €SL'Y8 T1I¥'LE €9¢ WIMES JUNOJA TeIU JOATY U321  00SSOEE0
=" 11 (SRS 7 €L-TS61 0ST'T 0SL'¥8 wyLe e AQUUTI[OIA TedU TOATY USRI 000S0EE0
- 0Tl 86T 0¢ 1L-TS61 o1°l 869178 oy LE 1T AQuury[oIA Tedu Yoo S[IIDOIN  00SH0EE0
STNOLIBA 6C'1 000°S21, cl ¢S 161 - 601°L8 SLL'LE 00T°L6 010qQsuaMm(Q Je AT OO 00SE0£€0
BURIPUT
- wl T'T1 0¢ 66-0L61 sov 06898 811°8¢ 98°’L ‘SNe[) BIURS 18U JA2I) PaYoo1)  00FE0EED
uoneoo| (lwys/gy) (s/H) sieal (,s1eak (19ns] eaS (saaibap (soaibap (gtw) aweu uolels Jaquinu
PUE UOISIAAIP [B20] Mo}y MOJ} jo i91em) anoqe lewoap) lew29p) eale uonels
jo adf} Jo ajep pe}s  |enuue ueaw lenuue JaquinN sisAjeue 199}) apnybuoj apnie| abeujelp
pue uiseq ul pazipiepuels uea|y ayy ul uoneas|d abeyn aben |ejoL
SJIONI9S3) Pa)Id|as pasn piodal uiseq
Jo poliad ueapy

[POIOU ASIMIOYIO SSAUN AYOMUSY UI e SUONEIS [[E ‘UOISIOAIP [890] ‘(T *2[qeardde jou “-- :o[ru axenbs 1od puodos 1od 100§ o1qnd “ 1uy/s/ 1y puodas 1ad 100§ O1qnd ‘s/ 1y tso[r oxenbs * ru]

panunuon—salels Buipunolns pue A3onjuay] Jo} UISeq 8y} Ul SUOISIBAIP PUB SJI0AIBSaI Paloa|as pue ‘smoj) [enuue ueaw Buipuodsaliod
‘sisA[eue ayy ui pasn piodal Jo spouad ‘sonsualoeIBYD UISEQ Palog|as ‘Apnis oyl ul pasn suonels buibeb-mojwealis plodal-snonuijuo) " ajgel

29

TABLE 1



- 'l 881 9¢ C67LS61 909 96998 Yov'LE 4! youeIg 9SIOH Iedu YoaI) Aeue)  (0088IEE0

65/01
‘e JOATY ySnoy 1671 6SL 14 76-6V61 9L9 16698 68S°LE 0S y3noy Jo s[[e e 10ATY Y3noy  00S8IEE0
=" Tl 6'vC Sl TL-LS61 L19 79698 LS9'LE 10T ued(J U9[D Teall JaaID) YOITH0Y  00T8IEE0
- 8¢'1 LT9 4! 16-0¥61 S89 96¥°98 609°LE 1494 43noy Jo S[[e] Jedu JOATY Y3noy  00081€€0
MITAISOM
-- LY L9¢ 61 €L-SS61 11L 16£'98 °69'LE oy JIeaU I9ARY YSnoy Yo YHON  00SLIEE0
- 11 8I¢ 1C 6S-6£61 11L 6C£98 T6S'LE STe PUPEIN 183U 10ATY 43N0y 000LIEE0
69/20
BT JOALY US9ID)
¥9/€0 6677661
‘OB JOARY UalRg ‘18-1961
€9/€0 ‘9B UION 1671 09¢°6 oy ‘0S-0v61 - 6L6'98 S9TLE £81°9 SSIpeIed JB IOATY Ua3I)  00S9TEE0
=" L9°T 161 €€ TL-0v61 665 L06'98 00°LE <06 SINQSImMo] TEaU JOARY PNIAL 0009TEE0
69/20
‘ayer] JOATY UQID)
¥9/€0
‘o T JOATY uolreg
€9/€0 ‘9B UI[ON LS'T 09¥°8 SS 76-8¢61 - 0€998 c8I'LE Yov'S AIQPOO 18 YO0 18 JOATY URID  00SSTEE0
=" LT'1 00S°C L 1€-S261 €eL €05°98 980°LE 996°1 OISEIURID) JB [ JO07T B IoATY Ualreq  (000S1€€0
9/€0
‘OB JOARY] UalRg 171 009°C 9¢ 76-6£61 €L 1€¥°98 100°LE 6v8°1 udaID) SuImog I8 JOARY WALy 00SHTIEE0
=" 'l L69 1€ 1L-1¥61 eL 18€'98 S689¢ 8Ly UOJBATY TeaU 221D soyeId 000 1€€0
urpuesy
=" LL'T 761 1€ 66-6961 €8L 916'98 61L°9¢ (1181 Teau YooID) SoeI(] 10 ISOM.  00LETEEO
=" Pl 801 C CTL-1S61 8L 96198 8YL'9¢ LY'L J[IASNODS Je IO SKBg 1SOM  00SETEE0
9/€0 76-1961
OB JOARY UaLRg 651 00S°T 194 ‘0S-Tv61 08 €198 $689¢ (44 Aouurg reou ATy uaIreq  000ETEE0
Mmogse[n) 1eau
=" 96°1 S'L6 8 6677661 8¢8 706°68 Ge0'LE 9’61 ised 1¢ AemySIH Je 31D 10A8dg  G9LTTEE0
=" 651 142 T €9-0¥61 LT8 LLO'98 c68°9¢ [§3Y J[[IAdSed TeOU JOARY UdIIRg  00STIEE0
- 6¢'1 LTy (44 1L-0S61 LLY 6LC98 LTY'LE 8°0¢ PIRYYIIST Teau YaoI7 Jeag  000CIEE0
uoneoo| (Fw/s/el) (s/gW) sieal (,s1eak (19ns) eaS (saaibap (soaubap (Fw) aweu uolels Jaquinu
PUE UOISIAAIP |B20] Mo}y MOJ} jo 191em) anoqe lewoap) lew29p) eale uonels
jo adA} Jo ajep pe}s  |enuue ueaw lenuue JaquinN sisAjeue 199}) apnybuoj apnie| abeurelp
pue uiseq ul pazipiepuels uea|y ayy ul uonens|d abeyn aben |ejoL
SJIONI9S3) Pa)Id|as pasn piodal uiseq
Jo poliad ueapy

[pajou as1mIay)O sso[un AYonjudy] Ul I8 SUONE]S [[B ‘UOISISAIP [800] ‘(] ‘o[qeoridde jou ‘-- o[rwt arenbs 1od puooas 1od 3995 o1qnd .%E\m\mﬁ {puooas 12d 3093 o1qnd .m\mt ‘soriwa axenbs ,N:E
panunuon—saiels Buipunolns pue A3onjuay| Jo} UISeq 8y} Ul SUOISIBAIP PUB SII0AIBSaI Paloa|as pue ‘smoj) [enuue ueaw Buipuodsallod
‘sisA[eue ayy ui pasn piodal Jo spouad ‘sonsualoeIBYD UISEQ Palos|as ‘Apnis ayl ul pasn suonels buibeb-mojwealis plodoal-snonuijuo) " ajgel

30 Estimating Mean Annual Streamflow of Rural Streams in Kentucky



- €Ll (34! €S €6-1161 66£°C £66'C8 L6'9¢ €8 pueLRquINy je 3104 100d  00S00€0
stoutqII
STOLIBA 0Tl 000°€LT ¢ 4! ¢S-1v61 - 78¥'88 8CE°LE 006°¢t1 ‘Bpuod[0n I8 ‘[ G W 1B PAR] OIYQ  00SHSEE0
- S6 661 81 0L-€S61 [a4 €€9°L8 £€8¢°LE 0r'c OQoN 1B 21D 250y 000¥8EE0
0t-8¢61
- 00°1 8¢ 9 ‘T€-6261 9CS L6L'L8 VLT LE €8¢ uojfe(q Jeau JoALY Iojemopel],  00SE8EE0
6679861
- 1€°1 ee LS ‘€8-Iv61 43 18L°L8 YT LE [SY4 ASu|Q 18 1oAY 101BMAPRIL,  000E8EE0
- 1T°1 911 143 6679961 9y 69L°L8 780°8¢ 01 BUBIPU] ‘J[[IASOPRA JedU Y1) 81 0SS8LEEO
-- Sl el 1€ 6676961 978 98%°S8 8L'8¢ 1€°6 BUBIPU] ‘UOSIPBIA] 189U Y33ID) SSGISH  00T99€€0
STOLIBA 8T'1 000°8€1, 6 £6-5861 - 986°L8 oL LE 000801 wre umojuotu) e AR OIYOQ  O0THTTeL0
76-6861
‘98-1861
- 70'1 8¥I 61 ‘78-€L61 oy 869°L8 YOL'LE €yl UopAI0D) TedU YOI WepIoALdd  (09€TTEE0
-- Y1l 69¢ T ¥8-1961 (3474 6€S°L8 00°8¢ €Ce RUBIPU] ‘O[[TASURAT J& 01D U0dSId  00T1TTEE0
STOLIBA YTl 000°€ET 143 YL-1¥61 - 9LS"L8 CLO'LE 000°L0T BUBIPU] ‘Q[[IASUBAF JB IOATY OIYO  000TTEEO
S[[TASIYM
-- 99°'1 696 ST £8-6961 9¢¢ L8898 619°LE T8¢ Teau JaID) Pyiued Y10 YOS OSEITECO
76-1661
-- €Il 091 9 ‘18-0861 LEY 98T'L8 687°LE [adl S[[IAUOSIPEIA] TedU 31D ssIdAD)  01T1TEE0
- 18 18¢€ S 96-7661 Ses 69¢°L8 LIELE 69 O[[TAUOSIPBIN JeaU I2ALY puod  0901CEE0
0v-8¢61
-- 80T 0LE 9 ‘T€-6261 9¢ 6vE’L8 LTTLE £€ve SUte[d SIYM TedU JOATY puod  0001ZEL0
- 171 LT 6S 66-1¥61 66S 61¢L8 clLe 61 xady reou JoAry puod - 00SOTEE0
69/20
QBT JOALY US9ID)
¥9/€0
‘e JoARy ualeg
‘€9/€0 ‘93BT UION
$65/01
‘oYe"T JOATY YSnoy 8Pl 00T°TT 69 66-1€61 - 9T L8 YESLE 99¢°L unoy[ed je g y00T I8 AR Ua1) - 0000TEE0
65/01
‘e JOATY ySnoy vl 080°1 (4 67 1¥61 L¥9 TTL98 LYS'LE LSL 29puNn( JeaU JOATY YSnoy  00061€€0
uoneoo| (lwys/gy) (s/H) sieal (,s1eak (19ns] eaS (saaibap (soaibap (gtw) aweu uolels Jaquinu
PUE UOISIAAIP [B20] Mo}y MOJ} jo i91em) anoqe lewoap) lew29p) eale uonels
jo adf} Jo ajep pe}s  |enuue ueaw lenuue JaquinN sisAjeue 199}) apnybuoj apnie| abeujelp
pue uiseq ul pazipiepuels uea|y ayy ul uoneas|d abeyn aben |ejoL
[TV ELEYR I RETETS pasn piodal uiseq
Jo pouiad uea|y

[POIOU ASIMIOYIO SSAUN AYOMUSY UI e SUONEIS [[E ‘UOISIOAIP [890] ‘(T *2[qeardde jou “-- :o[ru axenbs 1od puodos 1od 100§ o1qnd “ 1uy/s/ 1y puodas 1ad 100§ O1qnd ‘s/ 1y tso[r oxenbs * ru]

panunuon—salels Buipunolns pue A3onjuay] Jo} UISeq 8y} Ul SUOISIBAIP PUB SJI0AIBSaI Paloa|as pue ‘smoj) [enuue ueaw Buipuodsaliod
‘sisA[eue ayy ui pasn piodal Jo spouad ‘sonsualoeIBYD UISEQ Palog|as ‘Apnis oyl ul pasn suonels buibeb-mojwealis plodal-snonuijuo) " ajgel

31

TABLE 1



- LE'T ye's 81 IL-¥S61 8¢T'l 4887 191°LE 68'¢ UOpUOTT Ieau }3217 POOM  00090¥€0

(zourw) uiqro) EL-EVOI
‘A1ddns 1orem — @1 891 8¢¢ €€ ‘YT-eTol 90T'1 LTI'P8 696'9¢ 10T u1qIop je IoAry [oIne T  000S0rE0
- SOl 6'88 9C 66-VL61 81C1 760'18 156'9¢ 8¢S urq0D 18 Y1) dure) uukT  006¥0€0
(Tourur) UIqI0D) urqio)
‘A1ddns ro1em — Q1 oLl 8¢T 61 o VL61 ¥0T‘1 0CI°L8 0L6'9¢ (0141 Teau wie(] [edoTunyl 18 JOATY [QINET]  OT8F0FE0
6-€€61
8L/TIT ‘TE€-9161 S[red puefrequny
‘e Y10q Suntey 19°1 061°¢ 8 ‘T1-8061 €09°1 £Vev8 LE9E LL6T Je IoATY pueploquiny  00SY0rE0
8L/TIT
‘e Y1oq Suntey oLl 0€L'T 6% 6671561 6L9°1 8S1'18 YrL9¢ LO9'] SInqswel[IA Je JoAR] puBpequin)  000+0r<0
6679661
- 891 LSS 9C ‘0676961 £€9°1 CII'Y8 €9°9¢ Iee uojxe§ je yI1o4 1e3[n  016£0vE0
(1ourwr) a[IAInOqIRYg
‘A1ddns 1oem — @1 669661
8L/TT ‘T676161
OB o] SunIeN 781 OLL'T LS ‘TE-€T61 0S8°T L88°E8 798°9¢ 096 S[[IAInoqreq je IoAlY pueequny - 00SE0yE0
(1ourur)
juerd romod — (@1
8L/MT 16-0861
OB o] SunIeN €Ll 00%°1 (14 ‘SL-6E61 £V6°1 99L°¢8 €18°9¢ 608 S[[tAdUI] TBIU JOATY pue[loquiny  000£0¥€0
8L/TI J[1aauld 18 23pug
‘OB o] SunIeN 6’1 08Y°1 8 66-T661 1L6°1 769°¢8 £€9L°9¢ 0LL 3921 auld Je IPALY pueequny - 00620v<0
(zourur)
010QS3[PPIA
‘TesodsIp 9)sem
‘A1ddns 1o1em — Q1 86°L 0cl 6S 66-1161 SISl 689°¢8 899'9¢ 909 0I0QSI[PPIA 1eau 221D MO[[2A  00020YE0
8L/TIT
‘e Y10q Suntey 98’1l S69 6S 66-1161 61TC 968 LY8'9¢ YLE UB[IBH IeaU JOALY puelloquny  00010¥€0
8L/TIT
‘e Y10q Suntey 181 (3014 14! T676L61 181°C 9’8 8¥8°9¢ e UBLIEH Je 310 19A0[D  06600¥7€0
8L/TI
OB o] SunIeN [4%4 611 8¢ 66-CTL61 LLOT 8YC'E8 6¥L'9¢ L EYY g Iedu jI04 sunrejN - 00800%€0
- 86°L 0Ly S 0679861 S8I°T 88C¢8 9CL9¢ 8'¢C PIUS 9A0qe Y10 sunejN 68,00 €0
uoneoo| (Fw/s/el) (s/gW) sieal (,s1eak (19ns) eaS (saaibap (soaubap (Fw) aweu uolels Jaquinu
PUE UOISIaAIP |e20] Moy} Moy} jo iajem) anoqe Jew129p) |lew1oap) eale uonels
jo adA} Jo ajep pe}s  |enuue ueaw lenuue JaquinN sisAjeue 199}) apnybuoj apnie| abeurelp
pue uiseq ui pazipiepuels ueapy ayj ul uoneasje aben aben lejoL
SJIONI9S3) Pa)Id|as pasn piodal uiseq
Jo poliad ueapy

[PeI0U 2STAIOYIO SSA[UN AYOMUST UT dIE SUONEIS [[E *UOISIPAIP [ES0] ‘(T *2[qedrdde jou *-- :a[rur axenbs rod puooos 10d 109§ O1qnd * 1ur/s/ 1 tpuodas 1od 109§ OIqnd ‘s/ 1y ‘so[rur axenbs * rur]

panunuon—saiels Buipunolns pue A3onjuay| Jo} UISeq 8y} Ul SUOISIBAIP PUB SII0AIBSaI Paloa|as pue ‘smoj) [enuue ueaw Buipuodsallod
‘sisA[eue ayy ui pasn piodal Jo spouad ‘sonsualoeIBYD UISEQ Palos|as ‘Apnis ayl ul pasn suonels buibeb-mojwealis plodoal-snonuijuo) " ajgel

32 Estimating Mean Annual Streamflow of Rural Streams in Kentucky



=" (X! LE6 (14 69-1261 %9 680°L8 685°9¢ 90L 93SSIUUIY, ‘SWEPY 18U IARY Py 00SSEVED
=" L9°T L'yE 81 16-¥L61 61L 680°L8 SL8'9E 8'0C mowke[) 1eau Yoa1) [[imrooddiym  OF1SEHE0
Q9ssouUUQ],
=" 6¢°1 601 (34 YL-TE61 (488! 9TY'e8 1vE9¢ L'8L ‘WeY[TH Jeau JOATY Suteoy  0008THE0
Q9ssouUUQ],
=" 8L'T 681 6% 16-¢61 61¢’l €L0°S8 096°9¢ 901 ‘UMOISPIAE TedU TOATY JIOM  0009TH€0
18-0861 99sSoUUA],
- LET LST 1€ ‘TL-Ev61 16€°1 VLTS8 L6E9¢E SIT ‘Qurd[y Tedu 10ATY £2qQ Y104 19N 000STHE0
99SSQUUI], ‘UMO)SIUIR[
- LOT 81 6% 167161 SPO°l 92068 91t'9¢ [\ Jeou J9ARY £390 Yo It 00SHIHE0
8L/TIT
‘OB Y10 SUnIBA
SELI0T
‘e JoAry [oIne|
08/T1
‘e puepRqUIny 961 010°6 €S 26-0v61 - 6€1°S8 88°9¢ 06L°S BUIMOY JeoU IPALY puelloquny 000 [+€0
66-0661
=" 8Y'1 19 ST ‘€8-6961 x4 96818 L6L'9¢E v'ey O[[eONUOIA Teau joaI7) 1Ay 00TEIYE0
- (40! 6Ly € €6-1661 780°1 88S V8 SEI'LE £€9¢C JesIaWOogS Jeau yaald) ueunld  000CI¥€0
8L/TIT
‘OB Y10 SUnIBA
‘ELI0T
‘BT JOATY [aIne] LS'T 0€9°L 9¢ 0S-Slol - 019¥8 6869¢ 598y opisuing je IoALY pueloquny  O0STI¥€0
0S-¢€61 O[[IAS[IAIN
=" eL’T 00T°C 143 ‘T€-9161 10S°T €86'18 0r89¢ 1LT1 Je IoALRY puepequin) 3104 pnos - 00011¥€0
SUIS
=" 88l 06L°T LS 66-¢61 S09°T €ECT8 LT9'9¢ 756 Teau IoATY puerequiny 104 pno§  00S0I+€0
- 891 LLT 6¢ 16-€S61 9IT°l 79¥'¥8 11TLE S91 d[[iadoyg Tedu yoa1) Yong  00SLOYE0
- vl (4! 81 YL-LS61 LITT 8Y'¥8 €88'9¢ S POOMUDIID Teau youeldq UOIPH  00€LOYE0
L61
- LET 6 11 ‘99-LS61 91Tl ovy'¥8 898°9¢ LY e sIodIed Jeau youelg auey - 00ILOYE0
sSundg opseayooy
- Ly'1 060°1 6 1e-€col €91°1 SIET8 010°LE SyL 1B JOARY QIS0  000LOYE0
- LS'T S¥6 €9 66-LE61 8LI‘T 96C'¥8 1LT°LE 09 SMO[[I] 18 JOALY 2[ISedNO0Y 00590+ €0
uoneoo| (lwys/gy) (s/H) sieal (,s1eak (19ns] eaS (saaibap (soaibap (gtw) aweu uolels Jaquinu
PUE UOISIAAIP [B20] Mo}y MOJ} jo i91em) anoqe lewoap) lew29p) eale uonels
jo adf} Jo ajep pe}s  |enuue ueaw lenuue JaquinN sisAjeue 199}) apnybuoj apnie| abeujelp
pue uiseq ul pazipiepuels uea|y ayy ul uoneasje aben aben lejoL
SJIONI9S3) Pa)Id|as pasn piodal uiseq
Jo poliad ueapy

[POIOU ASIMIOYIO SSAUN AYOMUSY UI e SUONEIS [[E ‘UOISIOAIP [890] ‘(T *2[qeardde jou “-- :o[ru axenbs 1od puodos 1od 100§ o1qnd “ 1uy/s/ 1y puodas 1ad 100§ O1qnd ‘s/ 1y tso[r oxenbs * ru]

panunuon—salels Buipunolns pue A3onjuay] Jo} UISeq 8y} Ul SUOISIBAIP PUB SJI0AIBSaI Paloa|as pue ‘smoj) [enuue ueaw Buipuodsaliod
‘sisA[eue ayy ui pasn piodal Jo spouad ‘sonsualoeIBYD UISEQ Palog|as ‘Apnis oyl ul pasn suonels buibeb-mojwealis plodal-snonuijuo) " ajgel

33

TABLE 1



SNOLIA LE'T 000°8LT 1L 6676261 - IvL'88 8YI'LE 000°€0T stout[[[ ‘sT0dONAIAl 18 IATRY OTYO  00STTIE0

- 61°1 VLT 8¢C 66-CL61 9ey 11,788 1v0°LE 9¥1 yeonped Ieau oI Jesse]N  09¢119¢0
¥6-0661
- (2! S'16 0c ‘€8-6961 €IS L9188 08L9¢ L'89 SIomalg Teau JOATY SYIB[D NIOJ IO SHS0T19¢€0
(foutwr) AL
‘Tesodsip-o)sem — T w1l 8LT 93 €L-6£61 SIS LYE'88 €L8°9¢ LTT uojuog Ieau IOALR SYIB[D)  00SOT9€0
Kexy
‘fesodsip-o)sem — ' S 181 L1 66-€861 (049 LT 88 769'9¢ Pel OW[Y ¥e IoALY SYIB[D  00TOT9€0
- 66 988 0c 1L-TS61 134 00£°88 £659¢ L'68 KoLy 18 JOATY SYIE[D  000019€0
SIOU)O SNOLIBA
19¢/10 ‘e Apomuay] 991 006°99;, 81 ¥8-L961 - 18788 020°LE 00Z°0v [ednped Jeou ISALY 99SSouUl],  00S609¢0
- oLl (324 89 66761 101°C 060°¢8 099'9¢ 61¢ BIUISIIA “O[[IASOUO[ JEQU IOATY [[PMOd  00STESED
BIUISIIA
- 16'1 3% 11 Ie-1cel 191°C 666'C8 YEL'9E 06¢ ‘den uo)FuruUAg JEU JOATY [[oM0d  000TESE0D
S6 7661
‘I18-6L61 eI ‘den uoiSuruuodg
- S6'1 LET 11 ‘IS-9161 601°C 0€0°¢8 0LL9E 0L Je IOATY [[9M0d J104 YHON  00S0ESE0
18-6L61 eIuISIA
- 08’1 0¢ 81 ‘6S-Sv61 YT 08L'C8 0L8°9¢ 48! ‘den suolg S1g 18 ALY [[om0d  00S6CSEOD
SIOYIO SNOLIRA
‘05/T1
‘e puepequIn)
‘77/80 ‘Aapiied e
‘€V/80
‘e MO[[OH 9red L1T 00T°8¢€;, 1€ L6-L961 - 1788 120°LE 009°L1 SIOATY pUBLD TedU JOATY pUB[IIQUND  ()TTREYE0
ue9[nId)
=" 9’1 0s Sl £€8-6961 696 0TL’L8 8L6'9¢ S0¢ Jeau JSARY AT Yo APPON  0L08EYE0
- o'l 9¢¢ 6S 66-1161 8LS cTLL8 8LL9E e ZIpeD) TedUu PARI 9T 0008EE0
oqrasurydoy
- wl 8¢9 ¥ €L-0S61 819 18¥°L8 6€8'9¢ Soy T8 IOARY 9[NITT JI0J N0 00SLEYED
- 81 161 €C 08-8561 LL9 6€S°L8 6¥¢'9¢ 4! 93$SAUU], “YO[IYS TBIU Y1) MO[[PX  00LIEFED
99sSoUUA],
- SE'l (44 49 16-0t61 89 6S0°L8 SIs9¢ 981 ‘SWEPY JB3U ALY PAY MO IJINS  0009€H€0
uoneoo| (Fw/s/el) (s/gW) sieal (,s1eak (19ns) eaS (saaibap (soaubap (Fw) aweu uolels Jaquinu
PUE UOISIAAIP |B20] Mo}y Moy} jo iajem) anoqe Jew129p) |lew1oap) eale uonels
jo adA} Jo ajep pe}s  |enuue ueaw lenuue JaquinN sisAjeue 199}) apnybuoj apnie| abeurelp
pue uiseq ui pazipiepuels ueapy ayj ul uoneasje aben aben lejoL
SJIONI9S3) Pa)Id|as pasn piodal uiseq
Jo poliad ueapy

[PeI0U 2STAIOYIO SSA[UN AYOMUST UT dIE SUONEIS [[E *UOISIPAIP [ES0] ‘(T *2[qedrdde jou *-- :a[rur axenbs rod puooos 10d 109§ O1qnd * 1ur/s/ 1 tpuodas 1od 109§ OIqnd ‘s/ 1y ‘so[rur axenbs * rur]

panunuon—saiels Buipunolns pue A3onjuay| Jo} UISeq 8y} Ul SUOISIBAIP PUB SII0AIBSaI Paloa|as pue ‘smoj) [enuue ueaw Buipuodsallod
‘sisA[eue ayy ui pasn piodal Jo spouad ‘sonsualoeIBYD UISEQ Palos|as ‘Apnis ayl ul pasn suonels buibeb-mojwealis plodoal-snonuijuo) " ajgel

34 Estimating Mean Annual Streamflow of Rural Streams in Kentucky



9961 AN ut pauado sem [eue) AQjIeg dye -axe AYomua3| dy) 1e—A[Uuo 996 Ioye potred ay) J0j oI J[qe) oY) UT SAN[EA,
"(00ST19€0) "III ‘SHOdONIA] 1 IOALY OIYQ YIIM PIOOII JUBLINOUOD JO UOHIB[ALIOD U0 Paseq paisnipe anfeA

“(00S+6TE0) SIIASIMOT 18 JOARY OIYQ Y1 PIOIAI JUILNIUOD JO UONE[OLIOD UO PAseq pajsnipe an[eA
"SPUD JI (OIYM UT JEOA Jepua[ed oyl Aq pajeusisap st Jeak 1jem oy, 0¢ 1oqueidag ySnoryp | 12qooQ woy poriad fUoUI-Z [ oY) 01 SIJaI Jeak Taje |

99sSoUUA],
- 601 ocl (44 €L-TS61 16€ 96768 Ty 9e (8} ‘SInquIeg JeaU Y931 J0OJ[3Y  00S9TOLO
665861
- 08’1 €01 14 ‘8L-0V61 oy 796°88 629°9¢ L'89 uouI) Jedu udIy) 9 noked  000YTOLO
- 601 1oy (44 €L-TS61 96¥ 9TL'88 989'9¢ 8°9¢ 3Inqs10£14 18 Y21 UOIQOD  00SETOLO
-- 601 1€C 143 TL-6£61 18% G888 7S6'9¢ [4y4 J[IAdIR[OAOT JE Y1) PIRYACIN  000£T0LO
TL-8961
-- €0'T 8L'T 81 ‘69-€661 LIS 7€9'88 6L9°9¢ Ll PIRYARIA Teou 221D A1dd  00STTOLO
-- (4! L6T SL 66-SC61 16¥ ¥76'88 9¢e’LE vve SIOUI[J] “UBWLIO] J& 1AL 3Ydoe)  000TI19€0
667661
-- Y1l 659 L ‘1661 S9¢ 16L°88 6€T°LE 8L'S J[IAWEIRID T8t Y1) nokegd oaMIT 0061190
667661
-- or'1 8'0C L ‘1661 SOy LT8'88 SYI'LE (4! S[[IAWEYEID) 183U Y1) nokeg  0S8T19€0
667661
- 86° w9 L ‘T661 oy 78°88 660°LE €¢9 yIea 18 Yoar) nokeg  008119€0
uoneoo| (lwys/gy) (s/H) sieal (,s1eak (19ns] eaS (saaibap (soaibap (gtw) aweu uolels Jaquinu
PUE UOISIAAIP [B20] Mo}y MOJ} jo i91em) anoqe lewoap) lew29p) eale uonels
jo adf} Jo ajep pe}s  |enuue ueaw lenuue JaquinN sisAjeue 199}) apnybuoj apnie| abeujelp
pue uiseq ul pazipiepuels uea|y ayy ul uoneas|d abeyn aben |ejoL
[TV ELEYR I RETETS pasn piodal uiseq
Jo pouiad uea|y

35

TABLE 1

[POIOU ASIMIOYIO SSAUN AYOMUSY UI e SUONEIS [[E ‘UOISIOAIP [890] ‘(T *2[qeardde jou “-- :o[ru axenbs 1od puodos 1od 100§ o1qnd “ 1uy/s/ 1y puodas 1ad 100§ O1qnd ‘s/ 1y tso[r oxenbs * ru]

panunuon—salels Buipunolns pue A3onjuay] Jo} UISeq 8y} Ul SUOISIBAIP PUB SJI0AIBSaI Paloa|as pue ‘smoj) [enuue ueaw Buipuodsaliod
‘sisA[eue ayy ui pasn piodal Jo spouad ‘sonsualoeIBYD UISEQ Palog|as ‘Apnis oyl ul pasn suonels buibeb-mojwealis plodal-snonuijuo) " ajgel



Gary R. Martin—ESTIMATING MEAN ANNUAL STREAMFLOW OF RURAL STREAMS IN
KENTUCKY—U.S. Geological Survey Water-Resources Investigations Report 02-4206

U.S. GEOLOGICAL SURVEY
9818 BLUEGRASS PARKWAY
LOUISVILLE, KY 40299-1906

Media Rate

Printed on recycled paper

®



	Estimating Mean Annual Streamflow of Rural Streams in Kentucky
	Contents
	Conversion Factors and Vertical Datum
	Abstract
	Introduction
	Purpose and Scope
	Previous Studies
	Acknowledgments

	Description of Study Area
	Figure 1. Major drainage basins in Kentucky.
	Climate
	Physiography and Geology
	Figure 2. Shaded-relief image of landforms in Kentucky.
	Figure 3. Physiographic regions in Kentucky.
	Figure 4. Generalized carbonate areas and surficial karst development in Kentucky.


	Compilation and Review of Streamflow Data
	Mean Annual Streamflow Estimates for Gaged Stream Sites
	Figure 5. Locations of continuous-record streamflow-gaging stations in Kentucky and surrounding States for which data are presented in this report.

	Development of the Technique for Estimating Mean Annual Streamflow for Ungaged, Rural Stream Sites
	Basin Characteristics
	Regression Analysis
	Table 2. Equations (derived by generalized-least-squares regression) for estimating mean annual streamflow in Kentucky

	Limitations and Accuracy
	Figure 6. Comparison of measured mean annual streamflow and mean annual streamflow estimated by use of the three-variable regression equation for the 170 continuous-record streamflow-gaging stations in Kentucky and surrounding States used in ...


	Procedures for Estimating Mean Annual Streamflow at Stream Sites in Kentucky
	Stream Sites With Gage Information
	Sites at Gage Locations
	Sites Near Gage Locations
	Sites Between Gage Locations

	Stream Sites With No Gage Information

	Example Applications of Estimating Equations
	Summary
	References Cited
	Glossary
	Table 1. Continuous-record streamflow-gaging stations used in the study, selected basin characteristics, periods of record used in the analysis, corresponding mean annual flows, and selected reservoirs and diversions in the basin for Kentucky...



