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A NEW EVALUATION OF THE USGS STREAMGAGING
NETWORK

INTRODUCTION

Since 1889, the U.S. Geological Survey (USGS) has operated a streamgaging network to
collect information about the Nation's water resources. It is a multipurpose network funded by
the USGS and many other Federal, State and local agencies. Individual streamgaging stations
are supported for specific purposes such as water allocation, reservoir operations, or regulating
permit requirements, but the data are used by others for many purposes. Collectively, the USGS
streamgaging network produces valuable data that are used for current forecasting and
operational decisions as well as long-term resource planning, infrastructure design, and flood
hazard mitigation. The guiding principles of the network are:

— Streamgaging stations are funded by the USGS and many agencies to achieve the
Federal mission goals of the USGS and the individual goals of the funding agencies.

— Data are freely available to the public and all partners.

— USGS operates the network on behalf of all partners, which achieves economies
because it eliminates the need for multiple infrastructures for testing equipment,
providing training to staff, developing and maintaining the communications and data-
base systems, and conducting quality assurance.

— USGS brings the capability of its national staff to bear on challenging problems such as
responding to catastrophic floods or finding solutions to unique streamgaging
conditions.

This report has been prepared in response to a request from the U.S. House of
Representatives Subcommittee on Interior Appropriations in its report to accompany H.R. 4193.

PURPOSES OF THE STREAMGAGING NETWORK

Long-Term Uses

Streamgaging became an organized part of the USGS in 1889 when John Wesley Powell,
the second Director of the USGS, requested that streamflow be monitored in eight river basins
in the arid West. The purpose of the initial stations was very specific: to appraise the water
resources of these rivers to determine the potential for irrigation development, which was vital
to the economic development and settlement of the region. Streamgaging expanded rapidly into
a nationwide network in recognition that streamflow information was vital to the development
not only of agriculture, but of industry, urban water supplies, and navigation.

Introduction 1



In parallel with the gswing needs for streanoilv information for
wata-supply planning and design was a need for information about
floods. [evastating floods such as the Flood of 1913 in the MianemR
Valley of Ohio, the Mississippi Rer Flood of 1927, and a series of

USGS streamgaging massve floods in the eastern United States during the 1930's increased
'“format'fm servesma ny - theawareness of the need for flood hazard information and spurred the
2OCEIE S Federal Gvernment into action with programs tepent or mitigate the

impacts of floods, including tHauilding of flood-control damsgVees,
ST [0, e and flood walls The management of economiciaittes within flood-
multiple funding sources to  ProNe areas became an important part of rood-damag_e mitigation, and
operate a data network that  the National Flood Insuraeé\ct of 1968 created the National Flood

produces much more than if Insurance Program.

the network were funded and . . .
operated by mmay separate Recenty, especially since the passage of the Endangered Species

entities...The unbiased and AcCt in 1973, streamdlv records Bve been used tevaluate theiverine
consistent manner in which the @nd riparian habitat and conditions needed to maintain or enhance
data are collected extremely populations of birds, fish, and otheganisms that depend on those
important to advities such as rivers These analyses obfly conditions are used to set instreaowvfl
diversion accounting between requirements. Scientists and citizens alelbecome more conscious
states andegions, settling of the potential for human aeity to change theegional andeven the
multistate water disputes,  global @wironment A baseline national network of streamgaging
analysis of long term trends in stations povides an initial measure for detecting changes in the

stream ibw, etc” [Russell L. - o irgnment that will #ect future generations (Glees, 1998).
Fuhrman, Major General, U.S.

Army, Director of Gvil
Works, written comm., 1996]

“The USGS in its

Data for Current Uses

“The U.S. Geological Suey While the streamgaging network ges future and long-term
stream gaging network is vital N€€dS, it also sees day-to-day needs of decisionmakers who want data
to the NationeWeather that are current to within @& minutes or houtsThe USGS has

Services iiver forecastand  responded to this need bypanding the use of satellite telemetry to
warning program and the goal relay data from streamgaging stations to US@iSes and the primary
to reduce flood damages and users of streantv data The number of stations equipped with satellite

loss of life Without the data  telemetry increased from 14 percent in 1983 to 64 percent in 1997
from this network, this nation (fig.1).
would experience increased

losses from floods of both life One of the most important current users of real-time streamfl
and property” [ElberW. data is the NationdVeather Service (NWS), of the National Oceanic
Friday, J., Assistant and Atmosphert Administration (NDAA). The NWS has responsibility

Administrator fo Weather to make the streanaflv forecasts for the Nation's/ers; tley use
Services, NationaVeather  \yeather conditions and streaoil data to forecast watéevel and
Service, written commun.,  stregmfibw for more than 4,000 locations along the Natioivers,
January 19, 1995] lakes, and reseoirs.

Other agencies needing data for current purposes are those with
responsibility for operating water resources systems such as dams,
locks, dversions, and conjunige ground-water and surface-water
supply systemsThese agencies include the UASmy Corps of
Engineers, Bureau of ReclamatjdiennesseValley Authority, and a
wide range of local, Stateggional, and interstate water authorities, as
well as pivate firms thabwn and operate water resources systems.
Various @ganizations and indiduals also are using real-time
streamfbw data for decisions about recreationahates.
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USGS Streamgaging Stations
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Figure 1 .—Graph showing the increase in the use of satellite telemetry at the USGS
streamgaging stations.

A recent development in the use of streamflow data is the advent of the internet as a means
of disseminating current streamflow data to a wide range of interested users (fig. 2). Presently,
there are about 4,000 streamgaging stations for which near real-time data can be rapidly and
freely obtained from USGS web-servers by anyone with internet access.
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Figure 2 —Real-time hydrograph, or plot of streamflow vs. time, served on the World
Wide Web shortly after the passage of Hurricane Bonnie in August 1998. Each
month, USGS provides more than 250,000 plots like this via the internet to users in
government and the private sector.
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The Geospatial Data
Infrastructure

Over the past two decades, the
USGS has continued to build
the Nation's archives of digital
spatial data. Some of the data
sets used for this network
analysis include:

- Traces of 60,000 stream
segments which constitute
a total of about 1 million
kilometers of rivers.

Boundaries of 329 river
basins that cover the
conterminous United
States. These are
subdivided into 2100
watersheds.

Locations of 15 million
people in areas at risk
from riverine flooding.

Locations of 18,000
streamgaging stations
that have ever been
operated by the USGS
within the conterminous
United States, of which
6,600 were in operation in
1996 (the current end-
point of this analysis).

NETWORK EVALUATION

Any program of long standing, such as the streamgaging
network, should be reexamined periodically, if not continuously.
A 1970 nationwide evaluation (Benson and Carter, 1973), for
example, used statistical methods to test our ability to transfer
information from gaged to ungaged sites. As a result, and in
recognition that the funds for streamgaging were limited, some
longer record stations (greater than 25-30 years) were
discontinued in order to redirect those funds to stations that filled
voids in the network.

Another evaluation spanned the period 1983-88 and
evaluated the utility of using less-costly alternative methods, such
as hydrologic or statistical models, to provide the needed
streamflow information, and analyzed the relationship between
operating budgets and accuracy of the records. These earlier
studies have formed the basis of a number of recent efforts in
individual USGS Offices to better define a minimum
streamgaging network for their States, including lowa (Fischer,
1996), Maryland (Preston, 1997), Wisconsin (team for evaluating
the Wisconsin water-monitoring network, 1998).

However, changes in technology, particularly the
availability of geographic information systems (GIS) affords
opportunities to examine networks in a different manner. Starting
in March 1998 the USGS began a new approach to network
evaluation, using the geospatial infrastructure of the national
network of rivers and their watersheds. The streamgaging
network analysis tool simulates the expert knowledge of
hydrologists and applies it to a GIS data base to determine how
well the network meets specified goals. What follows is a
discussion of how well the streamgaging network meets
important Federal goals. Although still a work in progress—many
more enhancements are planned—the network analysis tool is
sufficiently developed to provide a preliminary assessment of the
network.

Scope and Approach

The evaluation starts with the definition of some key
Federal goals for the network and establishes a set of quantitative
metrics that define the extent to which the goal is being achieved.
These metrics are applied to the network to determine past and
present levels of attainment of the goals. In the future, the metrics
will be used to assess the value of particular incremental changes
in the network. At present, the evaluation has only been
implemented for the 48 conterminous United States. The
geospatial infrastructure does not currently exist for Alaska,
Hawaii and Puerto Rico, however, work is currently underway to
resolve this deficiency.

4 A New Evaluation of the USGS Streamgaging Network



The technical details of how the network analysis tool operates are beyond the scope of
this report. Simply stated, the tool uses GIS data to identify locations where streamflow
information is needed to meet goals. Then, for each of these locations, it looks at the existing
network of streamgaging stations and applies hydrologic expert rules to see if one or more
stations provide the needed information. (An analysis of this type is, by its nature, only
provisional. On-site conditions should always be checked before making a decision
concerning a particular gage.) It tallies the met and unmet needs to give an overall measure
of success in meeting goals.

Federal Interests

For this analysis we will focus on five key categories of Federal purposes of the
streamgaging network, recognizing that others exist and will be considered later. These
purposes are:

eInterstate and international transfers
*Water budgets

*Flooding

*Water-quality

sLong-term changes.

Other Federal functions not addressed here include: supporting Wild and Scenic Rivers;
supporting interstate compacts, court decrees, and international treaties; guiding the operation
of large Federal reservoirs; managing critical habitat for threatened and endangered species;
and defining hydrologic characteristics for designing federally-funded roads, bridges, and
water-related infrastructure. Each of the next five sections will describe a particular goal,
define the metric to be used, evaluate past and present attainment, make a few observations
that interpret the results for that goal, and define the potential use of the results.

Interstate and International Transfers

The interstate and international transfers goal measures the ability of the network to
provide accepted, neutral data for the States to use in the allocation of interstate waters. It
requires computing amounts of water transferred across State lines or international borders.
The metric was defined in the following manner: Every river reach that crosses a State line or
international border and has a drainage area of at least 500 square miles at the crossing point
was identified. There are 331 such reaches. The metric is the number of such crossing points
that are considered "gaged.”

As of 1996, 186 of these 331 crossing points were adequately gaged, for a 56-percent
attainment of the goal (fig. 3). Overall, there has been relatively little change for three
decades. Attainment of a full 100 percent coverage may not be an appropriate target level for
this goal; some of the crossing points are on streams where there is little interstate conflict
over the streamflow. Identification of the points not adequately gaged, however, will be useful
information in the design discussions that are frequently held between the USGS and the
States.

Network Evaluation 5
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Figure 3 .— Results of analysis for State and international boundaries. A. Graph
showing percentage of state or international crossing points adequately gaged,
1921-1996. B. Map showing, in cyan, State or international crossing points that
were adequately gaged in 1996. Points not adequately gaged are shown in
magenta.

Water Budgets

The goal is to be able to account for the contribution of water from each major river basin
to the next downstream basin or the ocean, estuary or the Great Lakes. Long-term, nationally-
consistent data on the outflows of the major river basins plays a fundamental role in national
water policies and planning. The metric is the number of basins that are adequately gaged out
of the 329 basins that cover the conterminous United States.

6 A New Evaluation of the USGS Streamgaging Network



Currently, 252 of the 329 basins (or 77 percent) are adequately gaged for water budget
accounting purposes (fig. 4). The gaps are almost exclusively in smaller coastal basins and in
arid regions where there may be no basin outflow at all. In these basins, it is quite difficult to
attain adequate coverage because there is no single river that is the outflow point, rather, there
are a multitude of smaller streams that drain the basin. Thus, fully 100 percent attainment of
this metric is not necessarily a realistic goal, but examination of the areas where it is not
achieved is warranted. Vigilance that current levels of attainment are not lost is vital for
preserving our ability to define the availability of streamflow and to implement effective water
policies.

A 100

Percent of basins
o
o
L

Basins
Gaged
Not gaged

Figure 4 .—Results of analysis for water budgets. A. Graph showing
percentage of basins that were adequately gaged, 1921-1996. B. Map
showing, in cyan, basins that were adequately gaged in 1996. Basins not
adequately gaged are shown in magenta.
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Some feedback from users...

“Your site has been the best source
river information we have ever been
able to obtain to make rescue and
evacuation decisions. ...Your work arn
site is much appreciated and invalual
to us!!! Thanks from the citizens in
Hays County."—Emergency
Management Official, Texas

“Thisis notarequest. It'sacomplime
Congratulations on putting together &
excellent and useful source of
information on the web. I've used ita
in the last few weeks. ... | have foun
that by checking the flows ... | can
anticipate increases here and make
necessary repairs to dikes and levee
My thanks to you."—Farmer, Texas

“Itis 4 AM in the morning. | am right ir
the middle of the flood on the Snake
River. ... The water is now 3 inches
the top of my foundation. | just wante
to let you know that the information |
can get off this web page has been
invaluable. Thank you so much. No
other source of information | can get i
been as current or accurate as you
wonderful people.”-Homeowner,
Idaho

“FYI: Your hydrograph and station
descriptions for the Neuse River Basi
have been extremely helpful in our
Emergency Management planning
during the recent and continued
flooding in Craven County. We now &
able to predict when evacuations of |
lying areas are needed and have on h
historical information to support our
requests. Thank you, once again for
your services.” -Emergency
Management Official, North Carolina

Flooding

The goal is to provide streamflow information for

f populations at risk from flooding. Long-term records are

needed to estimate the flood risk for design of bridges and
q other structures and to develop accurate flood insurance
hgate and flood zoning maps. Real-time information is
also needed to provide current streamflow conditions to
guide emergency decisions and to provide the NWS with
streamflow information critical to producing accurate
and timely flood forecasts. Two metrics are used for this
goal. The firstis related directly to populations at risk
from flooding. The second relates to support of the NWS

otforecast function.
i

t
an

=

There are 18,000 communities that participate in
the National Flood Insurance Program (NFIP), and the
s. population at risk within these communities is about 15
million. The metric is the population living on the
floodplain in these NFIP-participating communities,
near reaches that are adequately gaged. Coverage of the
o population (fig. 5) is currently at about 42 percent and has
d declined from 51 percent in 1980.

These results are much more problematic than

those for the first two metrics. Recent history of flood
adosses in the Nation indicate that flood damages are not
decreasing and that re-examination of flood risks may be
needed (Western Governor's Association, 1997) given
new knowledge of long-term climate variability,
additional data collected in recent years, and the impacts
_of land-use changes on flood characteristics. In addition,
streamgaging stations now have increased utility to
communities at risk of flooding because of the real-time
capability. Local governments, citizens, and businesses
)r\f"vcan monitor changing conditions at nearby and upstream
ar@ges and can rely on NWS forecasts and warnings based
on the same real-time reports. This type of analysis can
provide a basis for discussion with communities that may
not be adequately covered by streamgaging stations at the
present time.

8 A New Evaluation of the USGS Streamgaging
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Figure 5 .—Results of analysis for floodplain population. A. Graph showing percentage of
the (1996) floodplain population on reaches that were adequately gaged, 1921-1996.

B. Map showing, in cyan, reaches with floodplain populations that were adequately gaged
in 1996. Reaches not adequately gaged are shown in magenta.

Streamflow records are used by the NWS to calibrate river forecasting models. NWS
service locations are specific points on rivers for which the NWS delivers forecasts. The goal is
to provide real-time water level and streamflow data at the 2,929 NWS service locations on
rivers in the conterminous United States. (There are another 466 service locations located on
reservoirs, where only stage is required.) Currently, the USGS provides streamflow data for
2,124 of these 2,929 locations or 73 percent of the total (fig. 6).

NWS figures show flood losses for the 50-year period, 1947-96, average $3.5 billion per
year (constant 1997 dollars); average flood losses for the 5-year period, 1992-96, was $6.5
billion per year (National Weather Service, 1998). The gages are becoming increasingly useful
in preventing losses (due to real-time capability), and yet the population served and forecast
points served have been decreasing. The analysis provides the means to determine key locations
where gages need to be placed or reactivated if money became available for meeting this goal.
It also provides a basis for examining how stations could be deployed to better meet this goal
while also enhancing (or at least not harming) the other Federal goals.

Network Evaluation 9



Percent of service locations

>’“§
7=
X
>
>
P
1.
o>
/ >
Sl
e
N
-

o st
x

>
'3
= s

Gaged
A Not gaged

Figure 6 .—Results of analysis for NWS Service Locations. A. Graph showing percentage
of (1996) NWS Service Locations that were adequately supported by gages, 1921-1996.
B. Map showing, in cyan, NWS Service Locations that were adequately gaged in 1996.
NWS Service Locations not adequately supported by gages are shown in magenta.

Water Quality

The water-quality goal is to provide streamflow information to guide the efforts to improve
water quality in those watersheds that are known to have degraded water quality. The Index of
Watershed Indicators (IWI) published by the U.S. Environmental Protection Agency (EPA) in
1998, defined the watersheds determined by the States to have less than 50 percent of their
assessed rivers that meet all designated uses (as established by the relevant State or tribal water-
guality standards). The set of degraded watersheds is 677 out of a total of 2,079 possible
watersheds in the conterminous United States.

The metric used is the number of these 677 watersheds which are adequately gaged. The
metric relates only to the availability of the needed streamflow information and not to the water
chemistry or biological data needs. Currently, the level of this metric is that 573 (85 percent)

10 A New Evaluation of the USGS Streamgaging Network



watersheds are adequately gaged. The percentage has continued to rise over time (fig. 7). The
USGS will work with State agencies towards a more detailed, reach-by-reach definition suitable
for evaluating specific locations known to be degraded and for which Total Maximum Daily
Loads (TMDL) are going to be evaluated under the provisions of the Clean Water Act.
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Figure 7 .—Results of analysis for water quality. A. Graph showing percentage of (1996)
degraded watersheds that were adequately gaged, 1921-1996. B. Map showing, in cyan,
degraded watersheds that were adequately gaged in 1996. Degraded watersheds not
adequately gaged are shown in magenta.

Long-Term Changes

The goal that is defined here is to monitor and characterize trends in streamflow in
representative streams within each of the Nation's ecoregions. The ecoregions are used, rather
than river basins, because they define areas of somewhat homogeneous landscape, elevation,
climate and land cover, whereas river basins typically cut across many different natural regions.
The term "representative streams" refers to streams whose watershed lies entirely within the
ecoregion (as opposed to streams that may simply flow through the ecoregion). These

Network Evaluation 11



representative streams are required to be free of significant regulation or diversion which can
distort the results of any analysis of trends in streamflow. The metric is intended to focus on
changes in streamflow that would result from changes in climate, changes in land-use practices,
or changes in ground-water withdrawals. The metric is the number of ecoregions with a
streamgaging station in at least 50 percent of the river basins in the ecoregion.

The results of this analysis show that the metric has declined from 86 percent at its peak
in 1976 to a level of 76 percent in 1996 (fig. 8). Given the national concern over long-term
environmental change, as driven by potential global climate change and regional land use
change, this trend in the streamgaging network is a matter of significant concern.
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Figure 8 .—Results of analysis for long-term changes. A. Graph showing
percentage of ecoregions that were adequately gaged, 1921-1996. B. Map
showing, in cyan, ecoregions that were adequately gaged in 1996.
Ecoregions not adequately gaged are shown in magenta.
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Other Measures of the Loss of Information Needed to Evaluate Environmental
Change

The issue of streamgaging stations that can be used as indicators of long-term variation
and change needs examination from some other perspectives beyond what can be seen from
the long-term change metric above. One of these perspectives is simply to look at the changing
population of long-term stations that are operated in any given year. In general, records of more

than 30 years begin to be suitable for asking questions about trends in flow or in the variability
of flows.

Figure 9 shows the number of long-record stations that have been discontinued in each
year since 1921. Up through 1965, the number was generally no more than about 20 per year
(typically about 1 percent of the total number of long-record stations). Since then, there have
been three periods during which discontinuation of stations has accelerated. The losses in the
middle 1990's show about 4 percent of the long-record streamgaging stations being
discontinued each year. Much of the loss of long-term stations in recent years is attributable
to the need for funding agencies to support current-use stations instead of long-term stations
and the inability of the USGS to fund those stations with solely Federal appropriations

180
160 -
140 -
120 -
100 -

1921 1931 1941 1951 1961 1971 1981 1991

Figure 9 .—Graph showing number of stations with 30 or more years
of record discontinued each year, 1921-1995.

Still another way to look at the issue of information availability for long-term analysis is
to consider a special subset of all USGS streamgaging stations: the Hydroclimatic Data
Network (HCDN). This network was defined in 1988 and described in Slack and Landwehr
(1993) and Slack and others (1993). The stations in this network have certain very specific
gualities. They have all been gaged at least 20 years, and are subject to little or no flow
regulation or diversion. They all represent sites, that if gaged for a sufficiently long period of
time, provide data that are valuable for the study of the relationships between climate, land-
use, and streamflow.

Figure 10 shows how the number of active HCDN stations in the network has changed
over time. HCDN stations peaked in 1971 at 1,497 and has steadily declined since then to
1,161, a decrease of 22 percent. These declines are disturbing in terms of the potential for
understanding long-term changes taking place in the environment.

Network Evaluation 13
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Figure 10 .—A. Graph showing number of HCDN stations that were active, 1921-
1996. B. Map showing, in cyan, HCDN stations active in 1996. HCDN stations
inactive in 1996 are shown in magenta.

Summary of Network Analysis

Taking the Federal network goals togetlvee see a general pattern. In most cases the
level of attainment of the metrics, as measures of the goals, typically rose steadily through the
1960's or 1970's and theavie either éveled df or declined. Some goals arewless well

The level of attainment supported than in the 1950's and 1960%s raises concerns
of Federal goals typically for two reasonsThe first is that theslel of intensity of
rose steadily though competition for the fw of the Nation'sivers and streams
the 1960's or 1970's and has continued to increase while teeel of information
about the resource is decreasiiige increased competition
reflects the may new demands that our society and our
system ofdws and egulations are placing on the resources.

then leveled off or
declined.

14 A New Evaluation of the USGS Streamgaging Network



We have increasing
demands for
information and

yet the infrastructure
to supply the
information is
declining.

A few decades ago the information needs focused on withdrawal uses,
navigation, hydropower production, and flood risk estimation and flood
mitigation projects. Today, it continues to involve all of these needs, but
the needs have expanded to include water quality, aquatic and riparian
habitat, and recreation. The second reason for concern is that
streamgaging stations have now become significantly more useful
through the use of modern technology. They not only fulfill their long-
term future uses but also fulfill important current uses by providing real-
time information needed to optimize water-resources operations and to
provide flood warnings. So, we have increasing demands for
information and yet the infrastructure to supply the information is
declining.

EVOLUTION OF FUNDING

One of the major virtues of the streamgaging network is its shared
funding arrangement. The USGS partners with more than 800 Federal,
State, and local agencies through the Federal-State Cooperative Water
Program (Water Coop Program). The Water Coop Program was
formalized in appropriations law in 1929 and has been reaffirmed by the
Congress every year since. Programmatically, the Water Coop Program
provides the majority of funds for operating streamgaging
stations—about two-thirds of the total (fig. 11). Other Federal agencies
provide 28 percent and the USGS Federal Program provides the
remaining 6 percent.

Fiscal Year 1998 Funding Sourcesfor USGS
Streamgaging Networ k

Corpsof Engineers
$16 Million

USGS Federal Program
$5 Million

Other Federal
USGS Federal Agencies
Match Cooperative $9 Million
Program
$24 Million

Total State and L ocal Agencies

$89 Million $35 Million

Figure 11 .—Diagram showing the distribution of funding for the streamgaging network
in 1998.
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Real resources
available to
operate the
streamgaging
network have
remained static
and the USGS
share of this
funding has
been declining in
recent years.

The smaller the
share of the total
funds that the
USGS can bring
to negotiations,
the poorer will
be the bargain-
ing position of
the USGS to
achieve the
Federal goals.

Over the longer term, the USGS Federal Program as a percentage of the
total funds supporting stations also has declined (fig. 12). In 1974, the first
year for which detailed funding data are available, the USGS Federal Program
provided 11 percent of the total funds supporting the network. In 1998, this
Program provided less than 6 percent, thereby reducing its relative influence
by half. During this same period, the unmatched part of the Water Coop
Program increased from less than 1 percent to its current level of 13 percent.
Proportional funding from other Federal agencies increased slightly, from 25
percent to 28 percent, during this period.

$50

OOther Federal Agencies
$40 +— M State/L ocal

BUSGS Matching

E Federal Program

$30

$20

Millions (1974 dollars)

$10 1

$0 A

PSS AN CRRC I SR SR SR S SR
S TS F FFFF T F S

Figure 12 .— Graph showing annual distribution of funding for the streamgaging network,
1974-1998. (Adjusted to 1974 using the GDP Product Index of Non-Defense Government
Expenditures by Fiscal Year. Source: Bureau of Economic analysis, Department of
Commerce.)

The real resources available to operate the streamgaging network (funds
from all sources, adjusted for inflation) have been relatively static,
particularly since 1992. We also have been investing in new technology to
replace outdated equipment and to meet the demand for real-time data. The
net result is a decline in the total number of stations and a commensurate
decline in the attainment for the Federal goals.

The declining relative share of USGS funding also has an impact. The
USGS staff annually engages all potential funding agencies in discussions of
possible network changes based on changing needs and changing availability
of funds on all sides. The role of the USGS in these negotiations is to foster
the Federal goals and apply the USGS funds towards the furtherance of these
goals. The best outcome of these negotiations is a network configuration that
satisfies the Federal goals and the goals of the funding partners. However, the
smaller the share of the total funds that the USGS can bring to those
negotiations, the poorer will be the bargaining position of the USGS to
achieve the Federal goals.
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The streamgaging
network is part way
through a
transformation, from a
system designed for
long-term use to one
designed for a
combination of long-
term and reliable real-
time use.

Modernization
Needs

flood proofing
extending streamflow
ratings

adding raingages
backup systems
technology review

MODERNIZATION

In addition to the network evaluation described above, we have
been examining and making investments in operational modern-
ization of the stations and information delivery systems. These
systems must be upgraded to accommodate new uses of the infor-
mation and to take advantage of new technological capabilities.

The purposes of the streamgaging network have expanded
significantly over its lifetime. The network infrastructure that
exists today was largely funded and built to satisfy resource
assessment, design and long-term planning goals. Capabilities to
satisfy real-time data uses have been added in recent years, and yet
additional investments are needed to allow the existing network to
achieve the level of usefulness and reliability that is technically
feasible today. These include floodproofing of stations, extending
streamflow ratings, adding raingages to streamgaging stations,
adding backup systems for data transmission, and research and
development for enhanced streamgaging capabilities.

By their very nature, streamgaging stations are vulnerable to
flood damages. They must be constructed near the river and
shelters and instruments can be inundated, damaged or destroyed
by flood-waters and flood-born debris. These risks can be
minimized by incurring additional costs to make the structures
taller (place critical electronic or mechanical components above
potential high water), use stronger construction materials, or build
the stations farther from the river channel and run longer
connections to the river.

Extending streamflow ratings to levels higher than have
been directly observed at stations will provide an invaluable
service to the NWS and other organizations that need time-critical
streamflow data during floods. Theoretical ratings based on labor-
intensive hydraulic surveys will provide real-time estimates of
flood discharges for virtually any flood that could be anticipated
at a streamgaging station.

Installing real-time rain gages at streamgaging stations with
real-time telemetry is another cost-effective investment to support
the Nation's flood forecasting capabilities. A major feature of the
NWS modernization has been the deployment of 164 Doppler
radar systems covering virtually the entire Nation. One weakness
of the Doppler radar systems is that, although they do an excellent
job of indicating the relative intensity of precipitation around a
region, they are less successful at determining the actual quantity
of rain. Additional real-time rainfall data would help them
calibrate the radar data in each storm event, thus providing more
accurate spatial distributions of rainfall to drive their flood-
forecast models.
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Delivering of current streamflow data to end users
consists of many steps, each of which has some risk of failure.
The i - Achieving the full benefit of these current uses depends on
e longstanding programs of the ; ; okl ;
USGS to collect and publish basic haylng_a hlgh Ievel_of system reliability. One way to improve

important information to a broad and dissemination to end users.
community of water users and water

management organizations. ....The The streamgaging network is part way through a
Commission received considerable v ansformation, from a system designed for long-term use to
comment about the need to maintain . L .

and ensure the continuity in this basicOne designed for a combination of Iong_—term a_n_d reliable real-
data collection program. Steps shouldime use. For the past several years this transition has been
ggetﬁ('ig‘stgn%e(‘:’ggoppe?;{‘;fs‘gatgfan ., funded by increasing the unit cost of individual stations. The
this program that results in greater steps described here are co_stly and attempts to fund thgm more
financial and programmatic stability, rapidly out of current operating funds could cause additional

and this plan should be presented to jncreases in station costs and would result in withdrawal of
tnheeeggggEs\ijsft%rrr?%sgt'grﬂgﬁgyd'”g " some funding support from other agencies and discontinuation
ReviewAdvisory Commission, June Of stations. The USGS has proposed plans to modernize the
1998] streamgaging network for real-time data processing. We will
We believe the U.S.G.S. basic water Y€ these plans and a vigorous program of research and
quantity data collection activities are d€velopment to identify new technologies for transforming the

essential, because the value of network in a manner that does not cause further harm to Federal
hydrologic data increases with both npetwork goals.

the length and continuity of the record;

the logical responsibility of the

Federal Government, . . . . cost-

effective, because coordinated water FUTURE DIRECTIONS—NATIONAL STREAMFLOW
data collection eliminates overlappingJNFOR MATION PROGRAM

and duplicative efforts. These data ar
critical to a wide range of activities, . . ] )
.. How can engineers devise optimum The results of the streamgaging network evaluation

rt?fSp?.nse]cs, {ilr:.d de_?it%n thﬁ most cost-indicate an obvious decline in the ability of the network to meet
errective racilites, 1 ey nave : :
e ATE TR ETEE hydrologicsome Federal_goals, especially those related 'Fo rood_lng and
data? [comments by William J. long-term environmental change. The USGS is now in a much
Carroll, President-Elect of the better position to explain, in quantitative terms, how additional
American Society of Civil Engineers, rag0yrces would enhance the national streamgaging network as
to the Subcommittee on Interior and I L il the eff f . in th
Related Agencies, March 10, 108g] Well as describe in more detail the effects of reductions in these
resources. We anticipate that this process will greatly improve
The USGSd Strea|mgagk')r|]g “F—‘tWOfk]jS &he dialogue about how to enhance streamflow information for
unique and irreplaceanle source o . . :
primary data supporting planning, all the various stakehqlders and ultimately re_sult in a more
research, and management for useful and cost-effective network for the Nation. The network
hydrologic hazards. [Water Science evaluation tool provides a basis for a planning effort now
and Technology Board, National \ndepway within the USGS. This planning effort is aimed at
Research Council, 1998] L. " . . "
defining a "National Streamflow Information Program" (NSIP)
that encompasses not only the stations themselves but the full
suite of products that the program should produce, the delivery
mechanisms for these products (e.g., World Wide Web), the
needed modernization of the system, and a long-term research
and development component for continually improving the

program's effectiveness and efficiency.
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The network evaluation outlined in this report and the NSIP planning process will continue
to involve the Streamgaging Task Force of the Advisory Committee on Water Information
(ACWI). The ACWI is chartered under Office of Management and Budget Memorandum 92-01
following the procedures of the Federal Advisory Committee Act. Committee members include
representatives of Federal, State, and local agencies, universities, the private sector, and
nongovernmental organizations. We also will be sharing this report widely with interested
parties in order to gain their reactions to the principles that we will be applying to the program's
design.

The USGS planning team will integrate the feedback from the Streamgaging Task Force
and other stakeholders as they design NSIP. We expect to have the key elements of the NSIP
defined by March 1999. The development of NSIP plans aligns with the Department of the
Interior's Government Performance and Results Act (GPRA) goal to “Provide science for a
changing world.” It further supports both GPRA goals of the USGS: 1) “Ensure the continued
transfer of data, risk assessments, and disaster scenarios needed by our customers before,
during, and after natural disasters;” and 2) “Ensure the continued availability of long-term
environmental and natural resource information and systematic analysis and investigations
needed by our customers.” The metrics used in the network analysis are ideal for the ongoing
tracking of these GPRA goals.

CONCLUSIONS

A few decades ago the information needs for streamgaging focused on withdrawal uses,
navigation, hydropower production, flood risk estimation and mitigation projects, and flood
forecasting. Those needs continue today, but they have expanded to include water quality,
aguatic and riparian habitat, and recreation.

We have increasing demands for information and yet the infrastructure to supply the
information is declining. For most Federal goals, the level of attainment of metrics typically rose
steadily through the 1960's or 1970's, and then leveled off or declined since then. Some goals
are now less well supported than in the 1960's. These declines are disturbing in terms of the
ability to use long-term and current information to mitigate flood damages, and in terms of the
potential for understanding long-term changes taking place in the environment.

Real resources available to operate the streamgaging network have remained static. The
USGS relative share of this funding has been declining significantly and modernization needs
remain unfulfilled. The smaller the share of the total funds that USGS can bring to negotiations,
the poorer will be the bargaining position of the USGS to achieve Federal goals for the
streamgaging network. The needs for information continue to grow but current funding levels
and arrangements will not provide the means for the USGS to enhance or even maintain current
levels of attainment of Federal mission goals.
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