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CONVERSION FACTORS

Multiply By To obtain
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer
cubic foot per second (fl3/s) 0.02832 cubic meter per second
acre-foot (acre-ft) 0.001233 cubic hectometer
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* Computing the loads of sediment and chemical con-
stituents

* Understanding the biological effects of contamination

* Delineating and managing flood plains

* Operating and designing multipurpose reservoirs

* Setting permit requirements for discharge of treated
wastewater

* Designing highway bridges and culverts

* Setting minimum flow requirements for meeting
aquatic life goals

* Monitoring compliance with minimum flow require-
ments

* Developing or operating recreation facilities

* Scheduling power production

* Designing, operating, and maintaining navigation
facilities

* Allocating water for municipal, industrial, and irriga-
tion uses

* Administering compacts or resolving conflicts on
interstate rivers

* Defining and apportioning the water resources at our
international borders

* Evaluating surface- and ground-water interaction

* Undertaking scientific studies of long-term changes
in the hydrologic cycle

Data for one or more of these purposes are needed

at some point in time on virtually every stream in the

country, and a data-collection system must be in place

to provide the required information. The general

objective of the stream-gaging program is to provide

information on or to develop estimates of flow charac-

teristics at any point on any stream. Streamflow data

are needed for immediate decisionmaking and future

planning and project design. Data, such as that needed

to issue and update flood forecasts, are referred to as

"data for current needs." Other data, such as that

needed for the design of a future, but currently

unplanned, bridge or reservoir or development of bas-

inwide pollution control plans, are referred to as "data

for future or long-term needs.” Some data, of course,

fit into both classifications; for example, a station that

supplies data for flood forecasting and also provides

data to define long-term trends.

Data for Current Needs

Streamflow data are needed at many sites on a daily
basis for forecasting flow extremes, making water-
management decisions, assessing current water avail-
ability, managing water quality, and meeting legal

requirements. These activities require streamflow
information at a given location for a specified fime.
These needs generally are best satisfied by operating a
station to produce a continuous record of flow. The
locations of the stations and the periods of operation
are dictated by the uses to be made of the data.

More than one-half of the USGS stations provide
current information (mostly by way of satellite teleme-
try) to agencies that operate water-resource systems
and forecast floods. The NWS is charged by lav with
the responsibility of issuing forecasts and warnings of
floods to the Nation to help save lives and to help mit-
igate property damage. The NWS uses data from
USGS stations to forecast river stages and flow condi-
tions on large rivers and their associated tributaries.
Flood forecasts are issued at about 4,000 locations
strategically located throughout the Nation. Th= reli-
ability of flood forecasts depends on having reliable
current data for precipitation and streamflow. The
USGS collects the streamflow data, and the NWS col-
lects the precipitation data and combines both t:'pes of
data when making the flood forecasts. The NWS does
not fund stations, but relies on the data from stations
operated by the USGS for other agencies.

The U.S. Geological Survey stream gagirq
network is vital to the National Weather Ser-
vice's river forecast and warning program and
the goal to reduce flood damages and loss of
life. Without data from this network, this nation
would experience increased losses from flood<
of both life and property [Elbert W. Friday, Jr..
Assistant Administrator for Weather Services,
National Weather Service, written commun.,
January 19, 1995].

During the 1993 Mississippi River floods, USGS
field personnel made more than 2,000 visits to stations
in the flood-affected areas to verify that the instru-
ments were working properly, to make repairs as
needed, and to make direct measurements of the
streamflow. Data from these stations were provided
continuously to the NWS and the COE and formed the
basis for flood forecasts that allowed people to be
evacuated from areas about to be inundated. Tt= COE
and local agencies used the streamflow information to
protect lives and property and to focus flood-fighting
activities where they were most needed. As a national
organization, the USGS was able to move staff from
other offices into the disaster areas. Because th=se
hydrologists and technicians were already familiar
with the equipment and procedures, they could begin
to work immediately upon arrival in the area. This
same experience with the realtime use of USGS

Overview of the Stream-Gaging Program 5



streamflow data is repeated several times each year as
catastrophic floods strike various sections of the
Nation.

Data for Future or Long-Term Needs

The collection of data to meet future needs often
represents a larger challenge than does collection of
data for current needs because the future needs are sel-
dom known precisely and, in fact, may be impossible
to anticipate. Because operating stations at all points
on all streams is physically and economically impossi-
ble, mechanisms must be available to transfer stream-
flow information from stations to points where there
are no streamflow data (ungaged sites).

Transfer of streamflow information for unregulated
streams may be accomplished in many ways, ranging
from the simple to the complex. Simple methods are
interpolation between or extrapolation from gaging
points on the same stream on the basis of drainage-
area size. More complex methods may involve trans-
ferring information from basins with similar hydro-
logic characteristics, mapping station data to define
approximate lines of equal runoff values, or correlat-
ing short records with long records. A statistical tech-
nique known as multiple-regression analysis has
proven to be effective for defining equations (mathe-
matical models) that relate streamflow characteristics
to the basin and climatic characteristics that affect
streamflow. The resulting equations usually are
referred to as "regional relations" because they can be
applied to ungaged streams within a defined hydro-
logic area or region. An example of a regional relation
for estimating flood discharges for central Ohio is as
follows (Koltun and Roberts, 1989):

Qs0 = 148 A0‘757 SO.276 (St+1)-0'355,

where

Qs is the 50-year flood discharge, in cubic feet per
second, that has 1 chance in 50 (0.02 probability)
of being exceeded in any given year;

A is the drainage area (or size of the watershed), in
square miles;

S is the main-channel slope, in feet per mile; and

St is the percentage of the watershed occupied by
lakes, ponds, and swamps.

The above equation was computed by using values
of Osp. A, S, and St at 180 stations in central Ohio. The
streamflow characteristic, Osq, was computed at each
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station by using streamflow records, and tt= basin
characteristics A, §, and St were measured from topo-
graphic maps. To estimate Qs at an ungaged site, the
user determines the values of A, S and St fc- a specific
site of interest from a topographic map and substitutes
the values in the above equation. A compilation of
regional relations for estimating flood discharges (like
Qs for rural and urban streams throughout the United
States was given by Jennings and others (1994).

Studies of the uncertainties of these regional rela-
tions have been used to guide the USGS arA its coop-
erators in determining how to change the s‘ream-gag-
ing program to reduce the uncertainty in estimates of
streamflow characteristics. These studies p=rmit the
analyst to evaluate ways of reducing the un-ertainty in
the regional relations by adding new stations with cer-
tain ranges of basin characteristics, continving opera-
tion of existing stations, or some combinat‘on of both
approaches (Medina, 1987).

Regardless of the methods used to transfer informa-
tion, actual streamflow data are required. The stations
that supply these data must be representative of the
streams in the region. The data provided serve as the
basis for defining and calibrating the equations (mod-
els) that serve as the transfer mechanism.

A modeling approach does not decrease
the amount of data required; in fact, it increases
it. Modeling is not a replacement for obse-vation
[National Research Council, 1992, p. 14].

Some applications of data require long-te~m records
to achieve a specified accuracy. The nature! variation
that is inherent in the flow of rivers produces uncer-
tainty in estimates of the characteristics of those flows.
The uncertainty is dependent on the variab‘lity of
streamflow in the region and the length of streamflow
record; uncertainty decreases as the record length
increases. This is true no matter what is be*ng dis-
cussed; for example, flood characteristics or the long-
term average flow of the river. The relation between
the standard error of estimate (a measure of uncer-
tainty) and the record length for the mean-annual flow
and the 50-year flood for Minnesota is shov'n in figure
4. If errors are normally distributed, then tt = standard
error of estimate is the error to be expected for about
two-thirds of the streamflow estimates.

The relation in figure 4 shows that given a 20-year
record at a station, the 50-year flood can be estimated
for that site with a standard error of about 35 percent.
As the record length increases, the standard error or
uncertainty in the 50-year-flood estimate d=creases.
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record length for Minnesota (from Benson and Carter,
1973).

When streamflow characteristics from stations are
used to define a regional relation for use at ungaged
sites, the error in the streamflow characteristics is a
part of the total error in the regional relation. For
example, note the scatter around the regional (regres-
sion) relation between the 50-year flood and the drain-
age area for rural streams in eastern Massachusetts
(Wandle, 1983) (fig. 5). The scatter about the regional
relation includes the error that results when drainage
area alone is used to estimate the 50-year flood, as
well as the error in estimates of the 50-year flood at
the individual stations. Thus, it is imperative that the
data used in defining the equations be as accurate as
possible, and that can be achieved only with long
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Figure 5. Relation between drainage area and 50-year
flood for small rural streams in eastern Massachusetts (from
Wandle, 1983).

records. Note in figure 5 that a tenfold increase in
drainage area results in about a fivefold increa-e in
flood size. This is typical for flood characteris‘ics,
although the specific relation varies with hydrologic
region.

Trend analysis is another application that requires
long records. Concern is widespread that increased
greenhouse-gas concentrations in the atmosph-=re are
affecting the climate and the hydrology of the Earth.
Analysts have used actual streamflow records to deter-
mine whether streamflows are beginning to change as
aresult of human activities or global warming. Natural
climatic episodes of wetter or dryer than normal and
lasting longer than a decade have been observed.
Given the occurrence of such episodes and the inher-
ent variability of streamflow, record lengths of more
than 50 years are essential if real trends are to be
detected. Slack and Landwehr (1992) reviewe the
USGS data base to identify streamflow record- that
reflected natural conditions and could be useful in
trend analysis. They identified 1,659 stations that
could be used for this purpose in the United States and
its possessions. The distribution of record lengths for
these stations is shown in figure 6. More than 500 sta-
tions identified by Slack and Landwehr (1992) have
record lengths in excess of 50 years.

Detection of hydrologic change requires a
committed, international, long-term effort and
requires also that the data meet rigorous stan-
dards for accuracy [National Research Council,
1991, p. 220].

Specific Categories of Use

A recent nationwide evaluation of the USGS
stream-gaging program identified uses of the data for
individual stations in the program (Thomas and Wahl,
1993). Between 1983 and 1988, uses of data were
defined for 6,238 of the approximately 7,000 stations
then operated by the USGS. Individual stations were
identified as belonging to one or more of nine catego-
ries on the basis of the principal uses made of the data.
The uses of data were determined through a survey of
cooperators and other known users of the data. These
users were recognized as representing only a limited
sampling of all users of streamflow data. Many other
organizations and individuals use data from tke
stream-gaging program, but these uses cannot be eas-
ily documented. Many times those users (and uses)
become known only when a station is discont'nued.

Overview of the Stream-Gaging Proniram 7
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tions (from Slack and Landwehr, 1992).

The station on the Green River at Warren
Bridge, near Daniel, Wyoming, was started in
1932. It was funded under the Cooperative Pro-
gram with the Wyoming State Engineer, but
because of funding cuts by the Wyoming legisla-
ture, it was discontinued, along with several
other key stations, in 1992. That station, how-
ever, was also used by numerous other agen-
cies: Bureau of Reclamation for planning
reservoir operations downstream, both the
National Weather Service and the Natural
Resources Conservation Service in flood and
water-supply forecasting, several researchers
for trend studies, and it was identified as part of
the USGS Hydro-Climatic Data Network by
Slack and Landwehr (1992). The station was
restarted in 1994 and is presently funded by the
Bureau of Reclamation [Joel Schuetz, U.S. Geo-
logical Survey, oral commun., January 1995].

* Hydrologic systems.—One of the more common uses

of streamflow data is to account for and monitor
the flow through a river basin or to define the
general hydrologic conditions in the basin.
Development of water resources has so altered
the hydrology of some streams that station data
at a given point primarily reflects the human
manipulations. Data from about 4,200 stations
operated by the USGS are used to understand
and evaluate the resource, diversions, and return
flows (water that has been used for some applica-
tion and is being returned to the stream) that
must be accounted for. Data from these stations
also are useful in estimating hydraulic character-
istics of aquifers, ground-water recharge, and
evapotranspiration and in calibrating ground-

Stream-Gaging Program of the U.S. Geological Survey

water models. At State and interstate levels,
many of the stations serve a key role in the pro-
cess of allocating and regulating wate~ rights.
These stations provide data to satisfy current and
future needs.

I am writing you on behalf of the Missouri
River Basin Association, a coalition of eight
states and twenty-eight Indian Tribes in th2 Mis-
souri basin. For years, we have been working
closely with the federal agencies that have juris-
diction in the basin to improve management of
the basin’s water resources. As you know' from
your years with USGS, good water manage-
ment depends upon good data. An important
source of good data has been USGS'’s Coop
Program [Excerpt of letter from J. Edwarc'
Brown, President, Missouri River Basin Associ-
ation, to Gordon P. Eaton, Director, U.S. Geo-
logical Survey, February 14, 1994].

* Regional hydrology.—Stations supplying data that

are largely unaffected by manmade storage or
diversion furnish much of the data ne=ded for
future or long-term needs. Because they provide
data that reflect natural conditions, these stations
serve as the basis for defining the characteristics
of streamflow and for developing the regional
relations described in a previous section of this
report. Data from about 3,800 stations operated
by the USGS can be used for this purnose.
Designers and planners of water-cont-ol and
water-related facilities increasingly use the sta-
tistical characteristics of streamflow rather than
the flow for specific periods in the pa-t. For
example, many highway bridges are cesigned on



























during the year and the record is refined or
recomputed as necessary. This record is then
passed through a rigorous review process and,
once approved, the data are considered final and
are placed in the archives and published.

Data Collected by Other Agencies

Other agencies, most notably State agencies, collect
some streamflow data, as do a number of cities, local
governments, and other Federal agencies. The primary
differences between the USGS networks and those of
the other agencies are the purposes for which the data
are collected. Other agencies, whether they are Fed-
eral, State, or local, often collect only those parts of
the data needed for a specific mission or task. For
example, data collected by other agencies to fulfill
permitting requirements associated with wastewater or
treated water commonly do not include the full range
of flows. These data, while vital for that specific mis-
sion, generally have little transfer value and are, there-
fore, of limited value in addressing issues of national
and regional scope (Hren and others, 1987; Childress
and others, 1989). Consequently, these data are not
usually placed in accessible archives and made readily
available to others.

Some data collected by other agencies, however,
have value beyond the specific purpose for which the
data were collected. Data from stations operated by
other agencies are reviewed by the USGS, published
in the annual State Water Data Reports series com-
piled by the USGS and entered in the USGS data base
(see fig. 9). In 1990, data from about 400 stations were
provided to the USGS by other agencies.

Dissemination of Data

Currently, daily-discharge data are published on a
water-year basis for each State in the USGS report
series Water Resources Data—[State Name]. A water
year is the 12-month period from October 1 through
September 30 and is designated by the calendar year in
which it ends. Thus, the 1994 water year ends Septem-
ber 30, 1994. Because of the need for review of the
completed computations, these reports generally are
published from 6 months to 1 year after the end of the
water year. The present report series, in which the data
are released on a state-boundary basis, began with the
1971 water year.

Before the introduction of the present publ‘~ation
series, water-resources data were published ir USGS
Water-Supply Papers. Before September 1960, data
for each major river basin were published in annual
Water-Supply Papers. From 1961 through 1970, the
data for the major river basins were publishe1 in 5-
year summaries.

Many streamflow-data users must make op-=rational
decisions daily. For these users, streamflow records
are computed and made available on a provisional
basis. Today, more than one-half of the currently oper-
ating stations have equipment that permits immediate
transmission of data by means of satellite from the
data-collection site. By using the telemetry, d>ta are
transmitted around the clock by means of twc geosta-
tionary operations environmental satellites (GOES)
that are positioned above the Earth at an altitcde
22,300 miles above the Equator over the eastern
Pacific Ocean and Brazil. The satellites are operated
by the National Oceanic and Atmospheric Ad™inistra-
tion. These data then are retransmitted by means of a
domestic satellite, and the resulting signal is received
by the USGS and other users (fig. 13). The transmis-
sion and receipt of the signals are automated, as are the
provisional discharge computations that are available
for meeting current data needs.

Automated telemetry provides the water-data users
with provisional stage and discharge information in a
timeframe that meets water-management neecds. This
technology permits the USGS field offices to monitor
the operation of the hydrologic stations contiruously,
time visits to stations to coincide with times cf maxi-
mum need for data (such as during floods), ar to ser-
vice equipment at the stations.

In northeastern New Jersey, the USGS
operates 18 satellite data transmitters at sta-
tions as a part of the Passaic Flood Waming
System. The Passaic River Basin is one of th=
most flood-prone basins in the United States
with an estimated annual average flood dam-
age of 84 million dollars [Robert Schopp, U.&
Geological Survey, oral commun., January
1995].

In addition to the published record, the data col-
lected by the USGS are archived in the National Water
Data Storage and Retrieval System, which is a com-
puterized data base widely known by the acronym
WATSTORE (Hutchinson, 1975). The WATSTORE
system contains the data and a number of programs
that can be used to analyze and produce statis*ical
summaries of the data contained therein.

Data-Collection Proc~ss 17
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Beginning with the 1990 water year, Water Data
Reports also are available on Compact Disk—Read
Only Memory (CD-ROM). The Water-Supply Papers,
the Water Data Reports, and the CD-ROM’s are dis-
tributed to participating agencies and libraries; they
also are available for sale by the USGS Earth Science
Information Center, Denver, Colorado. The USGS
currently is developing procedures to allow access to
streamflow data by means of Internet. Historical mean
daily-discharge data for about 18,500 stations will
soon be available through this source. The USGS
"Home Page" on the World Wide Web is

http://www.usgs.gov.

EVALUATING THE PROGRAM

The stream-gaging program of the USGS is contin-
ually changing because the needs for data and the abil-
ities of the many entities to fund their components of
the program are changing. Any activity of long stand-
ing needs to be reexamined periodically to verify that
the program is keeping abreast of changes in objec-
tives, technology, and (or) external constraints. This is
especially true for the national stream-gaging program
because it also is an aggregation of many local or
regional programs that have a variety of primary
objectives.

18 Stream-Gaging Program of the U.S. Geological Survey

The USGS has a long history of analyzint and eval-
uating the stream-gaging program. The first known
nationwide review of the stream-gaging program was
conducted between 1953 and 1958. The purpose of the
review was to design a hydrologic network of stations
in accordance with principles described by Langbein
(1954). During this review, stations were classified
according to the primary uses of the data as either
water management or hydrologic network (regional
hydrology). Within the hydrologic network, the con-
cept of primary and secondary stations was developed.
The primary stations were used for long-term sam-
pling of streamflow, and the secondary stations, which
were operated for 5 to 10 years, were used to obtain
geographic coverage of streamflow characteristics.
Estimation of long-term statistics at the secondary sta-
tions was based on the correlation of monthly flows
with the long-term primary stations. Recommenda-
tions were made for improving the stream-gaging pro-
gram.

The second national study of the streamf ow data-
collection program was conducted in 1969-70. The
stations were classified on the basis of the principal
uses of data as providing data for current us~ (water
management), planning and design (regional hydrol-
ogy), and defining long-term trends and the stream
environment. The goals of the program for planning
and design data were to provide informatior that is



equivalent to 25 years of record for principal streams
(which drain 500 square miles or more) and 10 years
for minor streams (which drain less than 500 square
miles) (Carter and Benson, 1969). These data were to
be provided by either a gaged record or equations that
relate streamflow characteristics to basin characteris-
tics. In general, these goals were met only in the
humid Eastern United States. The results are described
in a series of statewide reports entitled "A Proposed
Streamflow Program for [State Name]." A summary of
the nationwide study, including recommendations for
improving the program, is provided by Benson and
Carter (1973).

The most recent nationwide evaluation was con-
ducted during the mid-1980’s to define the cost effec-
tiveness of the operation of the stream-gaging program
(Thomas and Wahl, 1993). The objective of the
nationwide study was to define and document the most
cost-effective methods of furnishing streamflow infor-
mation. The study involved the following phases: an
analysis of the data uses and availability and docu-
mentation of the sources of funding for each station;
an evaluation of the utility of using less costly alterna-
tive methods, such as hydrologic-flowrouting models
and statistical methods, to provide the needed stream-
flow information; and an analysis of the cost-effective
operation of the stream-gaging program that relates
the accuracy of the streamflow records to various
operating budgets. A prototype study for the nation-
wide analysis was described by Fontaine and others
(1984). Statewide analyses were performed by hydrol-
ogists in the USGS State Offices. The reports that
described the analyses for the individual States were
summarized and referenced in Thomas and Wahl
(1993).

The results of the poll on data uses are summarized
in figures 14 and 15. The categories were described
earlier in this report in the section on "Uses of Stream-
flow Data." The percentages in figure 14 total more
than 100 percent because data uses for a given station
may be included in more than one category.

Although stations usually are established for a spe-
cific reason, the data collected are useful for many
purposes. On average, there are more than two catego-
ries of data use per station. The uses of data from only
about 20 percent of the stations fall into a single data-
use category. The greatest number of the stations in
only a single data-use category are in regional hydrol-
ogy (34.4 percent) and hydrologic systems (30.2 per-
cent). More than 1,500 stations (25 percent) have four
or more data-use categories.
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Figure 14. Percentages of stations by category of use
(from Thomas and Wahl, 1993).

The nationwide analysis documented that multiple
uses were being made of data collected at stations in
the stream-gaging program, simulated flows from
hydrologic-flow-routing models and statistical meth-
ods generally were not of sufficient accuracy for most
uses, and the program was being operated in an effi-
cient and cost-effective manner (Thomas and Wabhl,
1993). Network analyses and program evaluation will
continue to play a prominent role in the mana~ement
of the program. Future directions will likely involve
the development of techniques for a more cocrdinated
analysis of water-quality, ground-water, and stream-
flow networks.
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Figure 15. Distribution of stations as a function of the num-
ber of data-use categories (from Thomas and Wah'. 1993).
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The existing data networks should be
viewed by hydrologic scientists as opportunities
upon which they can build. To optimize these
opportunities, it is first necessary to define the
characteristics of the data sets that hydrologic
scientists need. These characteristics include
the variables to be measured and the locations,
frequencies, durations, and accuracies of the
measurements. They should be derived from
knowledge about the hydrologic phenomena to
be explored and from the hypotheses to be
tested [National Research Council, 1991,

p. 221].

CHALLENGES FOR THE FUTURE

As we approach the 21st century, the limited water
supply and established water storage and distribution
systems must be managed effectively to meet increas-
ing demands. Evidence abounds, however, that the era
of building large dams and conveyance systems has
ended. Thus, "new" future supplies likely will come
from conservation, reuse, and improved water-use
efficiency rather than from ambitious water-supply
projects. The Governors of the Western States issued a
policy statement that called for sharply enhanced effi-
ciency in water use; and the President signed into law
the Energy Policy Act of 1992 (Public Law 102-486),
which calls for government agencies to take the lead in
water-use efficiency measures and sets new standards
for water-conserving plumbing fixtures. A supply that
has ecological and economic limits cannot be continu-
ously expanded to try to meet insatiable demands.
Comprehensive streamflow data are needed to account
for the water in the Nation’s hydrologic systems and to
quantify the stress on existing supplies. Just as manag-
ers needed supply information during the dam-build-
ing era, they now need more comprehensive stream-
flow data to assess the effectiveness of various
management options and to monitor mandated
instream flows.

Water management will be increasingly
looking for flexible policies which can quickly
adapt to a variable climate. Such policies
require comprehensive monitoring of changing
drought conditions to provide lead-time to water
managers [National Science Foundation,

1990].

Perhaps the biggest challenge that confronts the
stream-gaging program, and indeed of the hydrologic
community, is that of maintaining long-term and con-
sistent nationwide data sets. Agreement is widespread
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about the need for such data sets. Because of the man-
ner in which the data program is funded, th= networks
of stations are dynamic. Interest in and the need for
hydrologic information vary in time and space. This
variation of interest, coupled with the budg=t limita-
tions, means that all needs simply cannot b= met. In
some instances, monitoring activities at a particular
site are discontinued because the needs of the support-
ing agencies have been met. In other cases, even
though the needs have not yet been met, bu-iget alloca-
tions dictate reductions for hydrologic data-collection
activities. Since the late 1960’s, reductions have been
sharp in the number of stations that provide data that
are appropriate for studies of climate variability (fig.
16). This is but one striking example of how budget
constraints have caused a reduction in the availability
of the streamflow data needed to address an important
current issue.

The U.S.G.S. basic water data collection
program is of vital importance to water
resource planning, design, and operation in the
United States. Reductions in surface water
data collection will have long-term advers=2
effects on the efficiency and certainty of plan-
ning, design, construction, and operation of
projects. Civil engineers rely on surface vrater
data for numerous projects, including flood con-
trol, pollution control, transportation, and navi-
gation. Of particular concern is the need to
maintain the length and continuity of the Fvdro-
logic data record, because interruptions in data
collection can cause extreme hydrologica'
events to go unrecorded” [From Americar Soci-
ety of Civil Engineers Policy Statement on Sur-
face-Water Data Collection, October 24, 1993].
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Figure 16. Number of stations in a given year \ith accept-
able data for studying climate fluctuations (from Slack and
Landwehr, 1992).



Despite the increasingly recognized impor-
tance of data records of long duration, only a
few dedicated research organizations have suc-
cessfully maintained high-quality data collection
efforts over periods of 50 to 200 years. Further-
more, these organizations have experienced dif-
ficulty in committing limited research monies
year after year to an activity that is frequently
termed “monitoring,” often with pejorative over-
tones [National Research Council, 1991, p. 222].

Maintaining the stations and equipment needed to
gage the Nation’s streams also will pose a large chal-
lenge for the future. Of the 7,292 stations in operation
in 1994, many have been inplace for more than 20
years. Because of the streamside locations, the stations
and cableways, as well as the associated recorders and
equipment, require significant amounts of upkeep. In
addition, the changes in technology related to water-
level sensors and data recorders in recent years have
been phenomenal. Replacing existing sensors and
recorders with equipment based on the newer technol-
ogy will not only be costly, but will require fundamen-
tal changes in modes of operation. Past improvements
in sensors and recorders have increased the reliability
of the streamflow records (Thomas and Wahl, 1993)
and decreased the frequency of visits to the station for
equipment repair. Further improvements in technology
should result in savings in labor required to operate the
stream-gaging program and improved accuracy of
streamflow records. For example, the use of satellite
telemetry or cellular phone technology provides
USGS staff with knowledge of equipment failure and
unusual flow conditions so that costly field visits can
be scheduled when they are most needed, thereby
reducing the average number of visits to the station.

One of the most pressing and immediate challenges
relates to the mechanisms for releasing interim data.
Traditionally, the stream-gaging program has been ori-
ented towards producing data to be placed in the
archives for use in future analyses. Those persons or
agencies with an immediate need for data generally
participated in the collection of the data and, therefore,
had ready access to the interim data. With the advent
of data transmission by means of satellites, the needs
for and uses of realtime data have significantly
increased. Forecasters and managers now rely on
interim data received in near realtime to make opera-
tional decisions. The data upon which those decisions
are based must be the best that can possibly be pro-
duced in a short timeframe.

A related problem is that of access to the archived
data. Historically, data have been archived in the
WATSTORE data base. It evolved from the computer

technology of 20 to 30 years ago and was designed ini-
tially for experienced users of the data base. Irterest in
and need for access to that data base is much broader
than is possible through the WATSTORE sys*=m and
technology. As noted earlier, the USGS will snon
make the data accessible by means of Internet. When
that is accomplished, many potential users wold have
ready access to the archived data.

The immediate, unrefined products of
observation and experimentation are scientif'c
data. These are obviously available to those
who collect them, but their primary value is
often realized by others at a later date and ir a
quite different scientific context. For hydrologic
science to move forward it is essential that d~ta
sets, once acquired, be properly identified ard
described...be catalogued and archived (incl 1d-
ing archival maintenance), and be made ava™-
able to the scientific community at reasonable
cost and effort [National Research Council,
1991, p. 310].

Finally, operation of the stream-gaging program is
dependent on a committed and talented staff of
hydrologic technicians who maintain and service the
gages, make the measurements that define the rating
curves, and compute the discharges that compnse the
data base. Maintaining and training the skilled staff
necessary to do these tasks will be one of the largest
challenges

In the history of the hydrologic sciences as
in other sciences, most of the significant
advances have resulted from new measure-
ments. Yet today there is schism between deta
collectors and analysts. The pioneers of moc'-
ern hydrology were active observers and mea-
surers, yet now designing and executing data
programs, as distinct from experiments carried
out in a field setting with a specific research
question in mind, are too often viewed as mun-
dane or routine. It is therefore difficult for agen-
cies and individuals to be doggedly persistert
about the continuity of high-quality hydrologi=
data sets. In the excitement about glamorous
scientific and social issues, the scientific com-
munity tends to allow data-collection progrars
to erode [National Research Council, 1991, p.
214].

The USGS continues to be committed to collection
and dissemination of high-quality streamflow data as a
critical part of its overall mission of providing earth
science information for the wise management of the
Nation’s natural resources. The maintenance of a via-
ble stream-gaging program is an integral part of man-
aging these natural resources.
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