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LOW-FLOW AND FLOW-DURATION
CHARACTERISTICS OF MISSISSIPPI
STREAMS

By Pamela A. Telis

ABSTRACT

Knowledge of the magnitude and frequency of low flows and flow-
duration characteristics is important for the optimal development of surface
water resources in Mississippi. This report provides low-flow characteristics
for 105 continuous-record gaging stations in Mississippi and adjacent States
based on the log-Pearson Type III frequency distribution or graphically
adjusted log-Pearson frequency curves. Flow-duration characteristics for
these stations are also presented. Estimates of low-flow characteristics are
provided for 428 partial-record stations based on correlations with discharge
data at nearby continuous-record gaging stations.

Techniques for analyzing streamflow data with high serial correlation
and adjusting low-flow characteristics computed from annual low-flow data
affected by climatic cycles are presented. Adjustments for high serial
correlation were made for 37 continuous-record gaging stations. Low-flow
characteristics for 53 continuous-record gaging stations affected by climatic
cycles were adjusted, based on the period of record. Improved low-flow
characteristics at the affected stations were computed from correlations with
stations having longer, more representative periods of record.



INTRODUCTION

The magnitude and frequency of low flows and flow-duration
characteristics are important for water-supply planning, waste-load allocation,
storage-facility design, and maintenance of quantity and quality of water for
irrigation, recreation, and wildlife conservation. In Mississippi, planners and
water managers must address issues involving the availability of streamflow
for dilution and transport of waste effluent an% the reliability and quality of
surface water for supply. Although Mississippi is a water-rich State, receiving
approximately 56 inches of rainfall statewide per year (Wax, 1982), the
demand for surface water, particularly during the dry season (usually
September through November) when minimum streamflow occurs, can
result in insufficient quantity and unacceptable quality for surface-water
users.

A low-flow characteristic is defined as the annual minimum average
discharge for a selected consecutive-day period for a given recurrence interval
in years. For example, a 7-day, 10-year low flow (7Q10) of 12 ft3/s (cubic feet
per second) for a site indicates that the annual minimum average discharge
for 7-consecutive days is equal to or less than 12 ft3/s, on average, once in 10
years. The inverse of the recurrence interval is the probability of occurrence;
therefore, for this example, there is a 10-percent chance that the annual
minimum average discharge for 7-consecutive days for a given year will be
equal to or less than 12 ft3/s. Average n-consecutive-day discharges can be
computed for various recurrence intervals. Other examples of low-flow
characteristics that are commonly used in water-resources planning include
the 7-day, 2-year (7Q2), the 7-day, 20-year (7Q20) and the 3-day, 20-year (3Q20)
low-flow characteristics. |

In Mississippi, the 7Q10 value is used to permit the rate of waste effluent
that is discharged into streams and to set permit limits for surface-water
withdrawals from streams. For example, State water laws promulgated in
1985 require that surface-water users can be “permit[ted] the use of water of
any stream only in excess of the established minimum flow...,” and define
“established minimum flow” to be “the average streamflow rate over seven
(7) consecutive days that may be expected to be reached as an annual
minimum no more frequently than one (1) year in ten (10)” (State of
Mississippi).
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A flow-duration characteristic is defined as the daily mean discharge for
a stream that has been exceeded a specified percentage of days during the
period of record. For example, a flow-duration discharge of 20 ft3/s with a 99-
percent probability of exceedance at a site with 10 years of record means that a
daily discharge of 20 ft3/s has been exceeded 99 percent of the days during the
given 10 years. Conversely, daily discharges at this site were less than 20 ft3/s
for 1 percent of the days in the 10-year period. The chronological sequence
and the annual distribution of the daily values are not considered. In other
words, the computed flow-duration characteristics are determined from the
entire period of record of those data. In the example, the days characterized by
a flow of less than 20 ft3/s may not have been consecutive, and may have
occurred during a single year or may have been distributed over several years.

Important information about streamflow availability and variability
can be gained by examining flow-duration characteristics for a stream.
Specifically, flow-duration values can be used to evaluate the feasibility and
the adequacy of storage facilities and to analyze availability of streamflow for
water supply and waste dilution. In addition, comparison of flow-duration
curves can be used to identify basins with similar runoff characteristics and
surface- and ground-water relations.

Background

Tharpe (1975) determined 7Q2 and 7Q10 low-flow characteristics for 99
continuous-record gaging stations and for 344 partial-record stations in
Mississippi based on annual low-flow discharge data through 1967. Values
for 7Q10 per square mile of drainage basin for these 443 streamflow stations
were used to estimate 7Q10 values for ungaged sites in the State.

In 1984, the U.S. Geological Survey, in cooperation with the Pat Harrison
Waterway District; the Pearl River Basin Development District; the
Tombigbee River Valley Water Management District; and two agencies of the
Mississippi Department of Environmental Quality (formerly the Department
of Natural Resources), the Office of Land and Water Resources and the Office
of Pollution Control, began a study to determine low-flow characteristics for
an expanded network of stations. Additional years of record and new
statistical techniques for analyzing low-flow data at gaged sites provided an
opportunity to obtain more accurate estimates of previously published low-
flow characteristics.



PURPOSE AND SCOPE

The purpose of this report is to update previously published low-flow
characteristics for selected streamflow stations in Mississippi and adjacent
States, to present low-flow characteristics for stations in Mississippi that were
established since 1967, and to provide flow-duration characteristics for
continuous-record gaging stations. Low-flow characteristics and flow-
duration characteristics for 105 continuous-record gaging stations are
presented in this report. The low-flow characteristics computed for these
gaging stations are 7Q2, 7Q10, and 7Q20. Flow durations for 5-, 10-, 25-, 50-,
75-, 90-, and 95-percent probability of exceedance are included for the 105
continuous-record gaging stations. This report }lso provides estimates of 7Q2
and 7Q10 for 428 partial-record stations. The location of all continuous-record
gaging stations and partial-record stations presented in this report are shown
on plate 1.

Low-flow characteristics were computed based on streamflow data
collected at gaging stations through March 1987 except for several stations
where data through March 1988 were available. Flow durations were based
on streamflow data collected through September 1988. Discharge
measurements made through October 1988 were used in the analyses of data
at partial-record stations.

Streamflow characteristics for natural, unregulated or partially-regulated,
and non-tidal streams were updated for this report. Because of the irregular
and nonprobabilistic pattern of flow common to regulated streams,
streamflow characteristics for a station were not updated when greater than 45
percent of its drainage basin was regulated. In addition, low-flow
characteristics for streams in the Mississippi River Alluvial Plain region in
the northwestern part of the State were not updated because the annual low-
flow data exhibit a significant decreasing trend with time.

The Tennessee-Tombigbee Waterway in northeastern Mississippi,
completed by the U.S. Army Corps of Engineers in 1985, connects the
Tennessee River basin with the Tombigbee River and the Black Warrior
River basins in Mississippi and Alabama. For basins affected by the
Waterway, low-flow and flow-duration characteristics were computed only
for natural basin conditions prior to construction of the Waterway.

Methods used in this report for determining low-flow characteristics are
described in detail because methods of low-flow frequency analysis are not
standardized or documented as well as other methods of analysis, such as
those for flood-flow frequencies. This report presents techniques for
analyzing streamflow data with high serial correlation and for adjusting low-



flow characteristics computed from annual minimum streamflow data
affected by climatic cycles.

For 506 streamflow stations, low-flow characteristics were updated in this
report and supersede all previously published low-flow characteristics. Low-
flow characteristics for 27 stations were included but not updated.

APPROACH

Several types of streamflow data and analysis techniques were used for
this report. Continuous-record streamflow gaging stations provide discharge
data at regular intervals (such as hourly) which are used to compute daily
mean flow values. Low-flow characteristics based on the log-Pearson Type III
distribution were computed for continuous-record gaging stations with 10 or
more years of record. Gaging stations with less than 10 years of record were
analyzed as partial-record stations, and low-flow characteristics for those
stations were based on correlations with discharge data at long-term
continuous-record gaging stations. Low-flow partial-record stations are those
streamflow sites where several base-flow discharge measurements were made
during several separate streamflow recessions. Low-flow characteristics for
partial-record stations were developed by first correlating discharge
measurements made at those stations with concurrent daily discharges at
long-term continuous-record gaging stations. The low-flow characteristics at
the partial-record stations were then determined through the correlation
using the corresponding characteristics at the long-term stations. Flow-
duration characteristics were computed for continuous-record gaging stations
with 10 or more years of record.

LOW-FLOW CHARACTERISTICS FOR CONTINUOUS-RECORD
GAGING STATIONS

Low-flow characteristics for continuous-record gaging stations were
computed using the annual series of minimum average discharges for 7-
consecutive days, hereafter referred to as the annual 7-day low-flow series.
The annual 7-day low-flow series is based on the climatic year, April 1
through March 31; for example, the climatic year 1988 began April 1, 1988, and
ended March 31, 1989. The climatic year and not the water year, which begins
in October, was used in the low-flow analyses to avoid splitting the low-flow
season, which generally occurs from September to November. This is
necessary to prevent an extreme low-flow event from appearing twice in the
series. Stations were used only if their records included at least 10 years of
annual low-flow data (Riggs, 1972) and data only from years characterized by
natural, unregulated or partially-regulated flow were included. The periods
of record for gaging stations in basins with greater than 45 percent of the
drainage area regulated were excluded from frequency analyses.



The 7-day low-flow frequency characteristics for a gaging station were
determined by fitting the 3-parameter Pearson Type III statistical distribution
to the logarithms (logarithms in this report are to the base 10) of the annual 7-
day low-flow series. Low-flow characteristics for selected recurrence intervals
were computed using;:

log Q=X +KS 1)

~where:
Q is the computed 7-day low-flow chara4teristic for the selected
recurrence interval;

X is the mean of the logarithms of the annual 7-day low-flow series;

K is a frequency factor and a function of the skew coefficient computed
from the logarithms of the annual 7-day low-flow series and the
selected non-exceedance probability, which is the inverse of the
recurrence interval [the K values were obtained from the
Interagency Advisory Committee on Water Data (1982,

Appendix 3)]; and

S s the standard deviation of the logarithms of the annual 7-day low-
flow series.

For stations having annual 7-day low-flow values equal to zero, a
conditional probability adjustment similar to the one described for flood-flow
data by the Interagency Advisory Committee on Water Data (1982) was used.
Because the logarithm of zero is undefined, the mean, standard deviation,
and skewness were determined for the logarithms of the non-zero annual
values. Low-flow characteristics were computed for selected non-exceedance
probabilities using equation 1 and the mean, standard deviation, and
skewness for the non-zero annual values with the following modification.
To account for the annual values of zero, a new non-exceedance probability
and K value were computed based on the number of zero-flow years and
replaced the non-exceedance probability and K value in equation 1 for each
low-flow characteristic.

A log-normal frequency plot of the annual 7-day low-flow data for the
period of record at each station was compared for fit with the frequency curve
based on the log-Pearson Type III distribution. The magnitude of each annual
value was plotted as the ordinate on a log scale and the non-exceedance
probability or recurrence interval, the inverse of the probability, was plotted



as the abscissa. The non-exceedance probability was computed using the
equation:

m
P = n+1) 2)

where:
P  is the non-exceedance probability;

m is the order number of the annual value from the annual 7-day
low-flow series arranged from lowest to highest in magnitude; and

n is the total number of years in the annual 7-day low-flow series.

When the frequency curve based on the log-Pearson Type III distribution did
not fit the log-normal plot of the data, graphical adjustment to the log-
Pearson frequency curve was made as suggested by Riggs (1968).

Examples of low-flow frequency curves based on the log-Pearson Type III
distribution and of those requiring graphical interpretation of the data are
shown in figure 1. Of the 105 continuous-record gaging stations, low-flow
characteristics for 102 stations were determined from frequency curves based
on the log-Pearson Type III distribution. Low-flow characteristics for three
stations were determined from graphically adjusted log-Pearson frequency
curves.

Frequency analyses of annual series require assumptions that streamflow
data are independent, random, and have no trend or cycle with time. Often,
these assumptions are invalid for low-flow data because several dry years
commonly occur consecutively. Surficial aquifers depleted during periods of
less than normal ground-water recharge generally yield less water to streams
throughout the year and may delay or extend the effects of abnormally dry
years on streamflow.

rial Correlation Adjustmen

Annual low-flow series often exhibit high serial correlation when
consecutive dry years reduce ground-water discharge to streams. As a result,
the standard deviation computed for a serially correlated annual series
underestimates the long-term standard deviation at a station. This
underestimated standard deviation when used in equation 1, will
overestimate low-flow characteristics less than the mean and will
underestimate low-flow characteristics greater than the mean. Tasker and
Gilroy (1982) describe a method for adjusting the standard deviation for
serially correlated hydrologic time series by multiplying the standard
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deviation by a correction factor, a function of the serial correlation and the
number of years in the series. The adjusted standard deviation is an
improved statistic for the annual low-flow series and provides more accurate
low-flow frequency characteristics for the station. For this report, a coefficient
of serial correlation was computed for the annual 7-day low-flow series for
continuous-record stations which were not adjusted for climatic cycles as
described later in this report. Adjustments for high serial correlation were
made for 38 stations when the standard deviation was increased more than 2
percent. For example, adjustments were applied for stations with 25 years of
record if the serial correlation coefficient exceeded 0.2 and for stations with 40
years of record if the serial correlation coefficient exceeded 0.3.

Trend Analysis

A trend analysis of the annual 7-day low-flow series for the 105
continuous-record gaging stations in Mississippi and adjacent States indicated
a trend in the low-flow data for some streams. Some explanations for the
trends examined include increased ground-water discharge to streams due to
channelization, changes in basin land use, and changing climatic patterns.
The occurrence, extent, and date of channelization for all gaged streams were
identified but no correlation with observed trends in annual 7-day low-flow
data is evident. No statewide major land-use changes could be identified,
such as increased urbanization or large-scale deforestation, that could result
in increased streamflow with time. Comparisons of the annual 7-day low-
flow series for long periods of record at streamflow stations and the statewide
rainfall data for the period 1900-86 show that cyclic patterns of streamflow
correspond to cyclic patterns of rainfall. For most streamflow stations where a
trend was indicated, the data did not cover a sufficient time period, and the
apparent trend actually was part of a climatic cycle rather than a trend.

Rainfall and streamflow in the mid-1950's and the mid-1970's were
somewhat unusual. Generally, statewide rainfall for the mid-1950's was
lower than average resulting in lower than average streamflow, and rainfall
in the mid-1970's was higher than average resulting in higher than average
streamflow. A frequency analysis of the annual 7-day low-flow series for a
station gaged only during the 1950's or 1970's will result in low-flow
characteristics lower or higher, respectively, than a frequency analysis of data
collected for a period that includes years with both extremely high and
extremely low streamflow.

Climatic Cycle Adjustment

Low-flow characteristics for the gaging stations were adjusted based on
the period of record and the observed climatic cycles. Thirty-six stations
having gaged record that included the years 1951-77 were considered long-
term stations. Low-flow characteristics for these stations were not adjusted,



because the period of record of streamflow data included the periods of both
excessive and deficient rainfall. All other gaging stations were designated
short-term stations. Low-flow characteristics for these stations were adjusted
for cycles in rainfall based on correlation of low-flow data at a short-term
station with that at a long-term station. An improved, statistically unbiased
method for estimating low-flow characteristics for ungaged streamflow sites
developed by Stedinger and Thomas (1985) was used to compute low-flow
characteristics for short-term stations. The correlation method provides
improved estimates of the mean and standard deviation for the annual 7-day
low-flow series at the short-term stations. The skewness at the short-term
station was approximated to equal the skewness at the selected long-term
station. Updated low-flow characteristics for short-term stations affected by
climatic cycles were computed using the log-Pearson Type III frequency
equation (eq. 1) based on these improved station statistics.

The correlation method developed by Stedinger and Thomas (1985)
assumes a linear model between the logarithms of the annual 7-day low-flow
series at the short-term station and the logarithms of concurrent annual 7-day
low-flow series at the selected long-term station. Long-term stations were
selected for correlation with short-term stations based on similarity in basin
geology, drainage area, and distance between correlated stations. Streams of
correlated stations should flow from basins with similar geology and the
larger basin should be less than 10 times the size of the smaller basin (W.O.
Thomas, Jr., U.S. Geological Survey, oral commun., 1988). The proximity of
the correlated basins to one another minimizes the effect of spatial variations
in rainfall patterns.

Adjusted station statistics for the annuaiL?-day low-flow series at the
short-term sites were computed based on correlations with similar long-term
stations and equations from Stedinger and Thomas (1985, p. 4). The ordinary
least-squares regression of the logarithms of annual 7-day low-flow series at a
short-term station and those at a long-term station provide estimates of slope
(a), y-intercept (b), and variance of the regression (Se2). Stedinger and
Thomas recommend that the correlation coefficient of the ordinary least-
squares regression should exceed about 0.70 to ensure that improved station
statistics are obtained. Improved low-flow station statistics at a short-term
station correlated with a long-term station were computed using the
following equations:

=b+aM, (3)
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and

Varadj

Sit

Se2

Scl

2
2 2 2 Sit
Varadj =a S+ Se [1- )

is the adjusted mean of the logarithms of the annual 7-day low-
flow series at the short-term station;

is the y-intercept of the ordinary least-squares regression of the
logarithms of the annual 7-day low-flow series at the short-term
station and those at the long-term station;

is the slope of the ordinary least-squares regression of the
logarithms of the annual 7-day low-flow series at the short-term
station and those at the long-term station;

is the mean of the logarithms of the annual 7-day low-flow
series for the full period of record at the long-term station;

is the adjusted variance of the logarithms of the annual 7-day
low-flow series at the short-term station;

is the standard deviation of the logarithms of the annual 7-day
low-flow series for the full period of record at the long-term
station;

is the variance of the ordinary least-squares regression of the
logarithms of the annual 7-day low-flow series at the short-term
station and those at the long-term station;

is the number of concurrent years of record for the short-term
and long-term stations; and

is the standard deviation of the logarithms of the annual 7-day
low-flow series for the concurrent period of record at the long-
term station.

The adjusted standard deviation for the short-term station is the square root
of the adjusted variance. This method for computing improved station
statistics for short-term stations assumes that annual low-flow discharges
occur concurrently at correlated stations, a reasonable assumption for

11



Mississippi streams, and that the skews of the annual low-flow series for the
two stations are approximately equal. Stedinger and Thomas (1985, p. 4)
stated that skews for two stations "are approximately equal for watersheds in
similar hydrologic environments."

The adjusted statistics for the short-term stations are estimates of the
long-term statistics at those stations and reflect the range of variance for a
longer period of record than is available. Adjusted statistics were used at 53
short-term stations to improve 7-day low-flow characteristics which were
based on the log-Pearson Type III distribution. Statistics for 16 short-term
stations could not be adjusted for climatic cycles because there were no long-
term stations with hydrologically similar basins for correlation. The accuracy
of low-flow characteristics for stations with data not adjusted for climatic
cycles should be evaluated based on the length of record and the climatic
conditions during the years the record was obtained.

Accuracy

Low-flow characteristics at a gaging station are estimates of the true
value, subject to measurement error and time-sampling error. The reliability
of these estimates is a function of the length and period of record, the accuracy
of discharge measurements, and the computational accuracy of computing
instantaneous discharge values. Measurement errors are difficult to quantify
and often are assumed to be small compared to time-sampling errors. For
low-flow frequency analyses, this assumption may not be valid.

|

In order to present an estimate of the stanklard error of the estimate of
low-flow characteristics at a gaging station, the time-sampling error was
computed for the low-flow characteristics at each gaging station.
Assumptions for the time-sampling error computations are that the
logarithms of the annual 7-day low-flow series fit the Pearson Type III
distribution, that the low-flow series is representative of the long-term
annual 7-day low-flow series for the gaging station, and that the
measurement error is small compared to the time-sampling error. Although
these assumptions may not be valid at all gaging stations, the time-sampling
errors may be used to identify regional variability in streamflow data and may
provide a general comparison of accuracy between sites.

For stations with data for which the mean, standard deviation, and
skewness could be determined, the time-sampling errors were computed. If
stations statistics were improved as a result of the adjustment for high serial
correlation or the adjustment for climatic cycles, the improved statistics are
used in the equation to compute time-sampling error developed by Kite
(1988): ‘

12



S
SEg't = \/TN— 0 5)

where:

SEg.: is the time-sampling error in log units of a low-flow characteristic
with a t-year recurrence interval for a continuous-record gaging
station;

S is the standard deviation of the logarithms of the annual 7-day
low-flow series at the station;

N is the number of years in the annual 7-day low-flow series; and

d is a function of the skew of the annual 7-day low-flow series at the

station and the recurrence interval [the values of  were obtained
from Kite (1988, p. 123)].

Time-sampling errors are presented in this report in percent using the
conversion equation:

230 (SEg,t) 2 :los
SEg ¢ (in percent) = [10 BV 1 100 (6)

Results

Low-flow characteristics for 105 continuous-record gaging stations are
presented in table 1. Seven-day low-flow frequency characteristics for 2-, 10-,
and 20-year recurrence intervals, with associated time-sampling errors in
percent, are listed. Additional information for each station includes station
location, drainage area, period of record of daily discharges, and the average
daily discharge for the period of record for all complete water years. A water
year is defined as the period October 1 through September 30. For example,
water year 1988 began October 1, 1987, and ended September 30, 1988. Stations
are listed by downstream-order numbers as assigned by the U.S. Geological
Survey.

LOW-FLOW CHARACTERISTICS FOR PARTIAL-RECORD STATIONS

Estimates of low-flow characteristics for partial-record stations are based
on discharge measurements made during base-flow conditions at the stations.
The logarithms of these discharge values were correlated with the logarithms
of concurrent daily discharges at selected continuous-record gaging stations
(index stations). The relation is defined by the line of correlation determined

13



from a technique known as MOVE.1, Maintenance of Variance Extension,
Type 1 (Hirsch, 1982) or by a graphically determined best-fit line.

Low-flow characteristics for 112 partial-record stations at which at least 9
low-flow discharge measurements were available were estimated using the
equation for the MOVE.1 line and the low-flow characteristics for the index
station. This estimating technique, illustrated in figure 2, transfers a given
low-flow characteristic from the index station using the MOVE.1 line of
correlation to determine the corresponding low-flow characteristic for the
partial-record station. This technique assumes that low-flow characteristics
for a given frequency will occur concurrently at the partial-record station and
at the index station. This assumption is most valid for two stations with
hydrologically similar basins. An index station and a partial-record station
selected for correlation should drain basins with|similar geology, have similar
sizes of drainage basins, and should be in geographical proximity to one
another. In addition, the low-flow characteristics 7Q2 and 7Q10 for the index
station must be greater than zero. Only long-term continuous-record gaging
stations and short-term stations adjusted for climatic cycles, as defined in the
section on climatic cycle adjustment, were correlated with partial-record
stations.

For partial-record stations with less than nine low-flow discharge
measurements available or where relations with index stations are nonlinear,
the MOVE.1 line is not considered to be the besk fit of the data. As a result,
other correlation techniques were needed for 213 partial-record stations. A
graphically determined best-fit line through the data was used as the basis for
estimating low-flow characteristics for these partial-record stations (Riggs,
1968).

Low-flow characteristics could not be estimated using correlation plots
for 76 partial-record stations, each with several observations of zero flow. The
frequency of flow at nearby continuous-record gaging stations was determined
for days when zero flow occurred at partial-record stations. Observations of
zero flow at 70 of these partial-record stations accurred when nearby gaging
stations had discharges greater than the 7Q2; therefore, 7Q2 and 7Q10 for the
partial-record stations were estimated to be zero. Discharge data at six partial-
record stations were sufficient to indicate that 7Q10 was zero but were
insufficient to estimate 7Q2.

updated because suitable index stations were not available for correlation.
The low-flow characteristics presented for these stations are taken from
Tharpe (1975).

Low-flow characteristics for 27 partial-r%gord stations could not be

|
|
b
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IN CUBIC FEET PER SECOND

1,000 T T T TTTT] T T T TTTT] T T T 1771717

~ ® CONCURRENT DISCHARGES .

- - MOVE.1 LINE _

100 = —

10 _(_ __ estimated 7Q2 at _ .

- partial-record station ]

‘(_ estimated 7Q10 at _ 7]

i partial-record station 7Q2 at |

index station
- | | -
B 7Q10 at | _
index station
! I

1 1 R | Lol ! Lo1o1ay

1 10 100 1,000

DAILY MEAN DISCHARGE AT LITTLE TALLAHATCHIE RIVER AT
ETTA, MS, IN CUBIC FEET PER SECOND

Figure 2.--Correlation of concurrent discharge at partial-record station 07274250,
Otoucalofa Creek at Water Valley, MS, and at index station 07268000, Little

Tallahatchie River at Etta, MS.
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Accuracy

The accuracy of estimates of low-flow characteristics for partial-record
stations is related to how accurately the correlations reflect the true relations
with the index stations. Additionally, the errors associated with estimates of
low-flow characteristics and errors in daily discharge at index stations used in
the correlations add uncertainty to estimates for partial-record stations.

The standard error of prediction of the MOVE.1 line is a measure of the
fit of the correlation of discharge data for two stations. This standard error of
prediction is a function of the scatter of the data about the line, the number of
concurrent measurements used to develop the line, and how far the relation
is extended from the measurements to predict low-flow characteristics at the
partial-record station. The standard error of prediction for the MOVE.1 line
for a selected recurrence interval is computed using an equation developed by
Thomas (W.O. Thomas, Jr., U.S. Geological Survey, written commun., 1990):

X -
1 X L (Y
SEpreq = (sr:alsJ2 1+7+7 )2(1 r) X, - x)2 @

ZX X
1—1

J

where:

SEpred,t is the standard error of prediction iL log units of the MOVE.1
line for the t-year recurrence interval;

SEols is the standard error in log units of the ordinary least-squares
regression for the correlation; ‘

L is the number of discharge measuerents used in the
correlation;

Xt is the logarithm of the t-year low-flow characteristic for the

index station;

X is the mean of the logarithms of the concurrent discharges for
the index station;

X is the logarithm of the i-th discharge for the index station;
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SY is the standard deviation of the logarithms of the measured
discharges for the partial-record station;

SX is the standard deviation of the logarithms of the concurrent
discharges for the index station; and

r is the correlation coefficient.

The standard errors of the estimates of low-flow characteristics at partial-
record stations were computed using the standard errors of prediction of the
MOVE.1 line and the time-sampling errors computed for the index stations.
As stated previously, the time-sampling error for the index station is assumed
to be the best estimate of the standard error of the low-flow characteristics for
the index station. The standard error of the estimate of a low-flow
characteristic at a partial-record station was computed using an equation
developed by Thomas (W.O. Thomas, Jr., U.SS. Geological Survey, written
commun., 1990):

SEpys = [ssfmd’t + (g—;)’ (SEgy) 2]0'5 @

where:

SEprt is the standard error in log units for a t-year recurrence interval
at a partial-record station;

SEg: is the time-sampling error in log units for a t-year recurrence
interval at the index station; and

SEpred,t, SY, and SX are as previously defined.

The standard errors of the low-flow characteristics were computed for all
partial-record stations where correlations with index stations were based on
the MOVE.1 line. The error was converted to percentages using equation 6.
Accuracy of graphically determined low-flow characteristics and estimates of
low-flow characteristics for partial-record stations with observations of zero
flow were not determined.
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Results

Low-flow characteristics, specifically 7Q2 and 7Q10, for 428 partial-record
stations are presented in table 2 by downstream-order number. Additional
information for each station includes the reference number for station
location on plate 1, station location, drainage area, index station, number of
measurements used to develop the correlation, and identification of method
used to estimate low-flow characteristics for the station. For 118 partial-record
stations where correlations with index stations were based on the MOVE.1
line, the standard errors of prediction of the MOVE.1 line (in percent) for the
selected recurrence intervals and the standard errors of the estimates of the
low-flow characteristics (in percent) are presented also in table 2. For ease in
locating stations for which low-flow characteristics have been computed,
continuous-record gaging stations and partial-record stations are listed
alphabetically by station name in table 3 and by county in table 4.

FLOW-DURATION CHARACTERISTICS FOR CONTINUOUS-RECORD
GAGING STATIONS

Flow-duration characteristics were computed for 105 continuous-record
gaging stations using techniques developed by Searcy (1959). Flow-duration
analyses are based on daily discharge records for complete water years. Only
stations with at least 10 years of data representing natural, unregulated or
partially-regulated flow conditions were considered for analysis. The periods
of record for gaging stations for which greater than 45 percent of the drainage
basin was regulated were excluded from the duration analyses.

Searcy (1959) describes a method of compiling daily discharge data which
can be utilized to develop flow-duration characteristics. The method
separates the daily discharge values by magnitude into sub-ranges, or class
intervals. The class intervals are based on the total range of discharge at the
station for the period of record. The number offdays that flow occurs in each
class interval is tallied and the percentage of days that flow exceeded each class
interval threshold are calculated. A flow-duration curve for a station is
derived from a plot of the logarithms of the threshold discharges for the class
intervals and the percentage of days that the flows exceeded the indicated
discharges. The percentage of days that any streamflow is exceeded can be
determined from the flow-duration curve for a station. For example, the flow
at Chickasawhay River at Leakesville, MS (station 02478500) is greater than
777 {83 /s for about 75 percent of the days based on record for water years 1939-
88 (fig. 3). ‘
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Figure 3.--Flow-duration curve for continuous-record gaging station
02478500, Chickasawhay River at Leakesville, MS.
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The shape of the flow-duration curve is affected by topography, geology,
and climate. High flows are influenced largely by climate, whereas low flows
are influenced primarily by geology of the basin. Generally, flat-sloped flow-
duration curves for Mississippi streams indicate streams that flow from
basins underlain by sand and gravel surficial aquifers that have good storage
and water-yielding properties. Basins with surficial clays produce more
surface runoff and do not store large quantities of water for later release to
streams. Streams in these basins are characterized by more steeply sloped
duration curves.

Because chronological sequence and the distribution of daily discharges
during the year are not considered for flow-duration computations, flow-
duration information should be used with caution. At a station, a flow-
duration value of 25 ft3/s with a 95-percent probability of exceedance means
that streamflow was greater than 25 ft3/s for 95 percent of the days during the
entire period of record. At this station, it can be expected that, for an average
year, the discharge for 95 percent of the days will be greater than 25 ft3/s.
Durations of flow during any given year, however, can deviate considerably
from average.

Flow-duration characteristics and the period of record used to compute
these values for the 5-, 10-, 25-, 59-, 75-, 90-, and 95-percent probability of
exceedance are presented in table 1 for 105 continuous-record gaging stations.
Because streamflow data at some stations are affected by climatic cycles, flow-
duration characteristics should be interpreted based on the length of record
and on the climatic conditions during the period in which the data were
obtained.

LIMITATIONS

Streamflow characteristics for only natural, unregulated, and non-tidal
streams were updated for this report. Streamflow characteristics for a station
were not updated when greater than 45 percént of its drainage basin was
regulated.

Low-flow characteristics for streams in the Mississippi River Alluvial
Plain region were not updated because the annual low-flow data exhibit a
significant decreasing trend with time. Increased ground-water pumping has
caused regional declines in ground-water levels and has resulted in decreased
ground-water discharge, the major component of low flow in streams.
Ground-water declines throughout the region averaged 4 feet during 1980-89;
however, areas of heavy pumping have had ground-water declines of 1 to 2
feet per year since 1980 (G.D.S. Goldsmith, U.S. Geological Survey, oral
commun., 1989).
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For basins affected by the Tennessee-Tombigbee Waterway, low-flow and
flow-duration characteristics were computed for streamflow data through
1975. During construction of the Waterway, wells were drilled to dewater the
surficial aquifer. Hydrographs for wells in the upper parts of the Tombigbee
basin indicate that ground-water declines were sufficient to affect streamflow
since 1975. Natural drainage patterns were altered by the Waterway, which
cut across the divide between the Tennessee River and the Tombi ;bee River
systems. Some Tombigbee River tributaries are now intercepted by the
Waterway; however, minimum-flow structures on the Waterway provide
yearly sustained flow to the abandoned tributary channels that flow into the
natural Tombigbee River channel.

SUMMARY

The magnitude and frequency of low flows and flow-duration
characteristics of streams in Mississippi can provide information for water-
supply planning, waste-load allocation, storage-facility design, and
maintenance of quantity and quality of water for irrigation, recreation, and
wildlife conservation.

Low-flow characteristics (7Q2, 7Q10, and 7Q20) were determined for 105
continuous-record gaging stations in Mississippi and adjacent States. Low-
flow characteristics were based on log-Pearson Type III frequency curves,
which in three cases were graphically adjusted.

Annual low-flow data at 38 continuous-record gaging stations exhibited
high serial correlation. A method for adjusting the standard deviation of the
annual low-flow series was used to provide a more accurate estimate of low-
flow characteristics at those stations.

Comparisons of low-flow data at continuous-record gaging stations and
the statewide rainfall data indicated that cyclic patterns of streamflow
correspond to cyclic patterns of rainfall. To adjust estimates of low-flow
characteristics for streamflow stations affected by climatic cycles, data for
short-term stations were correlated with low-flow data from long-term
stations that have hydrologically similar watersheds. A low-flow frequency
estimation technique was used to compute improved station statistics for the
short-term stations based on these correlations. Improved low-flow
characteristics were computed using the adjusted station statistics and the log-
Pearson Type III frequency equation.

Low-flow characteristics (7Q2 and 7Q10) were determined for 428 partial-
record stations. The low-flow estimates were derived from low-flow
characteristics for hydrologically similar continuous-record gaging stations
using correlation plots. Low-flow characteristics for partial-record stations
having observations of zero flow were estimated based on the frequency of
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flow occurring at nearby continuous-record gaging stations at the time zero
flow occurred at the partial-record stations.

Flow durations for the 5-, 10-, 25-, 50-, 75-, 90-, and 95-percent probability
of exceedance were determined for 105 continuous-record gaging stations.
Because streamflow data for some sites may reflect climati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>