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Applying Indicators of Hydrologic Alteration to Texas Streams—
Overview of Methods With Examples From the Trinity River Basin

Streamflow is a component of aquatic ecosystem health, and
long-term alteration of streamflow characteristics can produce
large changes in aquatic ecosystem structure and function. The
physical, chemical, and biological properties of aquatic ecosys-
tems are all affected by the magnitude and frequency of stream-
flow. For example, the physical structure (hydrogeomorphology)
of aquatic habitats is a property of the interaction between stream-
flow magnitude and frequency and the physical landscape
(Leopold and others, 1992). Chemical processes are affected by
changes in water residence time, which is a function of stream-
flow. Similarly, the structure and function of biological communi-
ties associated with stream ecosystems depend in large part on the
hydrologic regime (Poff and Ward, 1989, 1990; Sparks, 1992).
Within-year variation in streamflow is essential to the survival,
growth, and reproduction of aquatic species. Altering streamflow
magnitude and frequency and within-year variability has the
potential to modify critical aspects of the physical habitat (Bain
and others, 1988).

Documenting the degree to which streamflow has been modi-
fied by the cumulative effects of water development is critical to
assessing aquatic ecosystem health. The U.S. Geological Survey
(USGS), in cooperation with the Texas Commission on Envi-
ronmental Quality, conducted a study of the application of the
Indicators of Hydrologic Alteration (IHA) methods developed by
Richter and others (1996, 1997) to identify streams at risk for bio-
logical impairment from the loss of streamflow-dependent habitat.
This report provides a brief overview of selected IHA methods for
assessing hydrologic alteration; presents examples that illustrate
the application of the methods using streamflow data from a sub-
set of USGS stations in the Trinity River Basin, Texas, analyzed in
the study; and addresses applicability of the methods statewide.

Overview of Methods

The IHA methods characterize within-year variation in stream-
flow on the basis of a series of hydrologic attributes (IHA statis-
tics) organized into five groups (table 1). Alteration of the
streamflow regime indicated by changes in these statistics pro-
vides insight into temporal changes in flow-dependent habitat. If
THA statistics track variables that affect survival and reproduction
of aquatic organisms, then historical patterns in the rate of change
of an IHA statistic or a sudden discrete alteration in an IHA statis-
tic are useful in developing restoration criteria.

For this report, a subset of the IHA statistics was selected for
analysis: The 11 IHA statistics from Groups 1 and 2, and two of
the four statistics from Group 4 were computed from historical
USGS daily mean streamflow for five continuous streamflow-
gaging stations. Continuous streamflow stations were selected on

the basis of length of record (20 years or longer), flow characteris-
tics (perennial flow), location relative to major reservoirs, and in
some cases location relative to historical biological surveys. The
Group 1 statistic (mean monthly streamflow) reflects seasonal
patterns in the magnitude and timing of streamflow. For this
report, average monthly median streamflow—that is, the average
of all the January medians over the period of record, the average
of all the February medians, and so forth—rather than mean
monthly streamflow was the Group 1 statistic, the rationale for
which is discussed later. IHA Group 2 statistics focus on the mag-
nitude and duration of annual extreme flow conditions. For each
station, annual maximum and minimum 1-, 3-, 7-, 30-, and 90-day
means were computed from moving averages of those attributes
over the period of record. IHA Group 4 statistics measure the fre-
quency of high- and low-flow pulses in the aquatic environment.

Table 1. Summary of hydrologic attributes used in the Indicators of
Hydrologic Alteration and their characteristics (modified from
Richter and others, 1996)

[THA, Indicators of Hydrologic Alteration; *, attribute used in this report]

__— Regime
IHA s::ltllstlcs charac- Hydrologic attributes
group teristics

Group 1: Magnitude
of monthly water
conditions

Magnitude * Mean for each calendar month (median
Timing in this application)

Group 2: Magnitude
and duration of
annual extreme
water conditions

Magnitude * Annual minimums of 1-day means

Duration * Annual maximums of 1-day means
* Annual minimums of 3-day means
* Annual maximums of 3-day means
* Annual minimums of 7-day means
* Annual maximums of 7-day means
* Annual minimums of 30-day means
* Annual maximums of 30-day means
* Annual minimums of 90-day means
* Annual maximums of 90-day means

Group 3: Timing of
annual extreme
water conditions

Timing  Julian date of each annual 1-day maximum

Julian date of each annual 1-day minimum

Magnitude * Number of high-flow pulses each year

Frequency * Number of low-flow pulses each year

Duration Mean duration of high-flow pulses in each year
Mean duration of low-flow pulses in each year

Group 4: Frequency
and duration of
high- and low-
flow pulses

Group 5: Rate and
frequency of
water-condition
changes

Frequency Means of all positive differences between
Rate of consecutive daily means
change Means of all negative differences between
consecutive daily means
Number of rises
Number of falls
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A pulse in this context is defined as a daily mean flow above or West Fork Trinity River at Grand Prairie station, at the (main

below selected thresholds. For each station, the two Group 4 sta- stem) Trinity River near Oakwood station, and at the East Fork
tistics were defined, respectively, as the annual number of daily Trinity River near Crandall station (fig. 2). The 7-day minimums
mean flows greater than the 75th percentile and the annual num- at those three stations also show long-term decreases in variabil-
ber less than the 25th percentile over the period of record. ity. Some magnitudes of change over time might be large enough

to have biological effects. For example, the average annual 7-day
minimum for the Trinity River near Oakwood for the approximate
second half of the record (585 cubic feet per second for 1961—
2000) is nearly three times that of the approximate first half of the
record (201 cubic feet per second for 1924-61).

The results of the computations are thus datasets of annual
series of attributes for the respective periods of record. Statisti-
cally significant changes in IHA statistics over a sufficiently long
period of record indicate that hydrology has been altered. Hence,
tests for significant trends in selected IHA statistics can be done;

for this report, a hypothesis test for nonzero slope of regression For the Trinity River Basin stations, IHA Group 4 statistics
(Helsel and Hirsch, 1992) was used on Groups 2 and 4 statistics. show significant downward trends at the .05 level in the annual
For stations at which flow is affected by one or more upstream frequency of low-flow pulses over the periods of record (fig. 3).

reservoirs, IHA statistics can be tested for significant differences For example, the average number of low-flow pulses for the
between pre- and post-impoundment flow regimes; for this report, ~ West Fork Trinity River near Boyd during 1951-75 (10.6) was
the Kruskal-Wallis test (Helsel and Hirsch, 1992) was used on the  about twice the average number during 19762000 (5.24). During
Group 1 statistic. In terms of potential biological importance, the  the periods of record, the annual frequency of high-flow pulses

size of detectable changes in IHA statistics over time might be showed upward trends, although they generally were less than the
more important than whether the changes are statistically signifi-  downward trends in frequency of low-flow pulses and were not
cant (Richter and others, 1996). significant. An exception is the West Fork Trinity River at Grand

Prairie (fig. 3c), which showed a significant upward trend in fre-

Appl Icatlon of Indi‘_:a_tors _Of Hyd rqlogic quency of high-flow pulses during its 76-year period of record.
Alteration in the Trin Ity River Basin Although the IHA method “allows estimation of the magnitude

The lengths of daily streamflow record for the five Trinity of impacts but does not enable strong inferences regarding the
River Basin stations selected range from about 43 to 80 years. cause” (Richter and others, 1996, p. 1,168), the only station with
Flow at some stations is affected by reservoirs impounded during  significant trends in frequency of both high- and low-flow pulses
the respective periods of record (fig. 1), and historical biological =~ (West Fork Trinity River at Grand Prairie) also is the station most
surveys also have been conducted near some stations. strongly influenced by urban development, including reservoirs.
Upstream influences on this station include the Fort Worth and
Arlington metropolitan areas, numerous reservoirs, and major
wastewater discharges. To the extent that such development influ-
ences the frequency of extreme flow events (climatic change
could be a factor as well), this combined urban and reservoir
effect is reflected in Group 4 statistics for main-stem Trinity River
stations from the Dallas corridor downstream to the confluence
with the East Fork Trinity River.

Analysis of Group 2 statistics indicates significant upward
trends at the .05 level in the annual 7-day minimum flows at the

Stations where the potential effect of reservoirs on stream-
flow could be isolated in space and time were identified. For this
report, the Group 1 statistic average monthly median streamflow

was computed for the Mountain Creek at Grand Prairie station
for the pre-impoundment period (October 1960—December
1985) and the post-impoundment period (January 1986—Sep-
tember 2000) of Joe Pool Lake (fig. 4a). The rationale for
analyzing medians rather than means is that, because the
median is influenced less by extreme events than the
mean, an analysis of medians is the more conservative
08065000  approach when the intent is to show the effect of a res-
ervoir on streamflow. Reservoirs commonly reduce
the largest streamflows, thus a significant differ-
ence in pre- and post-impoundment mean
flows is likely; whereas a significant pre-
and post-impoundment difference in
— medians is less likely and might be a
truer indicator of change in central
/K/\ tendency of the flow regime.

Study area — g Dallas

San Angelo/z TEXAS

Digital base from U.S. Geological Survey
Scale 1:2,000,000
Albers equal-area projection
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Joe Pool Lake is an 11.7-square-
Figure 1. Location of USGS streamflow-gaging stations in the Trinity River Basin, Texas. mile reservoir on Mountain Creek
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Figure 2. Annual 7-day maximum and minimum streamflows for (a) West Fork Trinity River at Grand
Prairie, Texas (08049500), water years 1925-2000, (b) Trinity River near Oakwood, Texas (08065000),
water years 1924—2000, and (c) East Fork Trinity River near Crandall, Texas (08062000), water years

1950-2000.

about 9 miles upstream from the Grand Prairie streamflow-gaging
station. Comparisons of average monthly median streamflow
between the pre- and post-impoundment periods show substantial
differences. Kruskal-Wallis tests indicate the differences are sig-
nificant at the .1 level for all months and significant at the .05
level for 10 of 12 months. Average median monthly flows from
winter through mid-summer (November—July) increased greatly
during the post-impoundment period; late summer and early fall
flows (August—October) changed little.

The long-term pattern in average monthly median streamflow
downstream of Joe Pool Lake can be contrasted with that for
streams below reservoirs in other areas of Texas. For example,

the pattern in the Colorado River about 35 miles downstream from
E.V. Spence Reservoir (a 23.3-square-mile water body about

30 miles north of San Angelo) is very different. Average monthly
median streamflow at the Colorado River near Ballinger station
generally shows change in pre- and post-impoundment flows
opposite to that of the Mountain Creek at Grand Prairie station
(fig. 4b). At the Colorado River station, pre-impoundment flows
for most of spring, summer, and most of fall (April-November)
were significantly greater at the .05 level than post-impoundment
flows; the relatively small changes between pre- and post-
impoundment flows in winter (December—March) were not
significant.
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EXPLANATION

A High-flow pulse—Daily mean flow greater than 75th percentile
o Low-flow pulse—Daily mean flow less than 25th percentile

Figure 3. Annual frequency of high- and low-flow pulses for (a) West Fork Trinity River near
Boyd, Texas (08044500), water years 1947-2000, (b) Trinity River near Oakwood, Texas
(08065000), water years 1924—2000, and (c) West Fork Trinity River at Grand Prairie, Texas

(08049500), water years 1925-2000.

The frequency of low-flow pulses at the Mountain Creek
station below Joe Pool Lake showed different trends between
the pre- and post-impoundment periods (fig. 5). The frequency of
low-flow pulses decreased 3 years after impoundment (took 3

years for the lake to fill) and remained low throughout the
succeeding post-impoundment period. In contrast, the frequency
of high-flow pulses remained essentially unchanged during the
post-impoundment period.
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Figure 4. Average monthly median streamflow for (a) Mountain Creek at Grand Prairie, Texas
(08050100), during pre- and post-impoundment of Joe Pool Lake, and (b) for comparison, Colorado
River near Ballinger, Texas (08126380), during pre- and post-impoundment of E.V. Spence

Reservoir.
Potential for Application of Indicators of the number of observed vulnerable fish species at a regional (river
Hydrologic Alteration Statewide basin) level, and the fish community changes associated with

The 1997 Texas Water Plan (Texas Water Development Board, these declines, appear to be attributable primarily to habitat

1997) acknowledges that past water development has modified
aquatic communities, which in turn has affected the physical, reservoirs (Anderson and others, 1995). IHA analysis can provide
chemical, and biological integrity of streams in Texas. Declines in  a first approximation of the relative ecological risk to aquatic

modification associated with water development projects like
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Figure 5. Annual frequency of high- and low-flow pulses for Mountain Creek at Grand Prairie, Texas
(08050100), during pre- and post-impoundment of Joe Pool Lake.

ecosystems from altered natural flow regimes. The systematic
assessment of existing streamflow data using IHA methods could
document the extent of biologically relevant hydrologic alteration
in Texas streams.

—Richard L. Kiesling
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Information on hydrologic data related to this study can be
obtained from:

District Chief
U.S. Geological Survey Phone: (512) 927-3500
8027 Exchange Dr. FAX: (512) 927-3590

Austin, TX 78754-4733
E-mail: dc_tx@usgs.gov

World Wide Web:
http://tx.usgs.gov/
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