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CONVERSION FACTORS AND VERTICAL DATUM
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Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD 
of 1929) a geodetic datum derived from a general adjustment of the first-order level nets of both 
the United States and Canada, formerly called Sea Level Datum of 1929.
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Analysis of the Streamflow-Gaging Station Network in Ohio for 
Effectiveness in Providing Regional Streamflow Information

By David E. Straub

ABSTRACT

The streamflow-gaging station network in 
Ohio was evaluated for its effectiveness in provid­ 
ing regional streamflow information. The analysis 
involved application of the principles of general­ 
ized least squares regression between streamflow 
and climatic and basin characteristics. Regression 
equations were developed for three flow character­ 
istics: (1) the instantaneous peak flow with a 
100-year recurrence interval (P|oo)> (2) the mean 
annual flow (Qa), and (3) the 7-day, 10-year low 
flow (7Q|0). All active and discontinued gaging 
stations with 5 or more years of unregulated- 
streamflow data with respect to each flow charac­ 
teristic were used to develop the regression equa­ 
tions. The gaging-station network was evaluated 
for the current (1996) condition of the network and 
estimated conditions of various network strategies 
if an additional 5 and 20 years of streamflow data 
were collected. Any active or discontinued gaging 
station with (1) less than 5 years of unregulated- 
streamflow record, (2) previously defined basin 
and climatic characteristics, and (3) the potential 
for collection of more unrcgulated-streamflow 
record were included in the network strategies 
involving the additional 5 and 20 years of data. 
The network analysis involved use of the regres­ 
sion equations, in combination with location, 
period of record, and cost of operation, to deter­ 
mine the contribution of the data for each gaging 
station to regional streamflow information. The 
contribution of each gaging station was based on a 
cost-weighted reduction of the mean square error 
(average sampling-error variance) associated with

each regional estimating equation. All gaging sta­ 
tions included in the network analysis were then 
ranked according to their contribution to the 
regional information for each flow characteristic.

The predictive ability of the regression 
equations developed from the gaging station 
network could be improved for all three flow 
characteristics with the collection of additional 
streamflow data. The addition of new gaging 
stations to the network would result in an even 
greater improvement of the accuracy of the 
regional regression equations. Typically, continued 
data collection at stations with unregulated 
streamflow for all flow conditions that had less than 
11 years of record with drainage areas smaller than 
200 square miles contributed the largest cost- 
weighted reduction to the average sampling-error 
variance of the regional estimating equations. The 
results of the network analyses can be used to 
prioritize the continued operation of active gaging 
stations or the reactivation of discontinued gaging 
stations if the objective is to maximize the regional 
information content in the streamflow-gaging 
station network.

INTRODUCTION

The U.S. Geological Survey (USGS) has oper­ 
ated continuous-record streamflow-gaging stations in 
Ohio since 1898. Over the years, data collected at these 
gaging stations have provided water-resources person­ 
nel with current streamflow or stage conditions. Flood 
forecasters rely, in part, on streamflow or stage data to 
issue flood watches and warnings. Water managers use 
streamflow data to assist in the operation of hydraulic
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structures, to conduct specific short-term projects, or to 
perform long-term trend analyses. The Streamflow at 
some of these gaging stations is regulated to control 
floods or to augment low flow during dry periods. At 
other gaging stations, where human influence on the 
streams is negligible, the Streamflow is considered to 
be unregulated. Data from gaging stations on unregu­ 
lated streams can be used to estimate the probability of 
occurrence of selected Streamflow characteristics in 
any given year. These estimates can be used to aid in 
the design of hydraulic structures such as culverts, 
bridges, dams, reservoirs, and water-supply and waste- 
disposal facilities.

Streamflow data are usually not available at sites 
where these facilities or structures need to be con­ 
structed. Therefore, estimating techniques, usually 
based on regional regression equations (referred to as 
regionalization) of selected basin and Streamflow char­ 
acteristics of gaging stations with unregulated stream- 
flow, are frequently used to estimate the needed 
Streamflow characteristics. Accurate estimates of the 
desired Streamflow characteristics reduce the cost of 
over-designing hydraulic structures while providing 
reasonable factors of safety.

Streamflow-gaging stations have been operated 
in Ohio for various reasons and for various periods of 
record. They are rarely established to exclusively col­ 
lect Streamflow data for the sole purpose of providing 
regional information. Generally, a specific need for the 
Streamflow data is required to warrant the installation 
and operation of a gaging station. If the Streamflow is 
unregulated, however, data from the station can be used 
for regional regression information. Given recent 
trends of declining funds for water-data collection net­ 
works, it has become increasingly important to deter­ 
mine the most cost-effective manner to collect 
Streamflow data for specific needs and still provide 
effective regional Streamflow coverage. An effective 
regional network would include Streamflow data from 
gaging stations that spatially cover the region of inter­ 
est, have an adequate period of record, and provide a 
range of basin and Streamflow characteristics. There­ 
fore, understanding the relative contribution of each 
gaging station in the network in providing regional 
information is important for the continued operation of 
an effective Streamflow network. Water managers can 
use this information to maximize the data-collection 
efforts during times of static or declining budgets. For 
these reasons, the USGS, in cooperation with the Ohio 
Department of Natural Resources, Division of Water, 
analyzed the streamflow-gaging station network in

Ohio with respect to regional information and cost of 
operation.

Purpose and Scope

This report presents the results of the analysis of 
the streamflow-gaging station network in Ohio for pro­ 
viding regional Streamflow information. The network 
analysis provides a quantitative measure of the impor­ 
tance of each active and discontinued streamflow-gag­ 
ing station in providing regional information. The 
streamflow-gaging station network was analyzed for 
the current (1996) conditions as well as for a short-term 
and a long-term planning horizon. Each gaging station 
was analyzed and then ranked according to the poten­ 
tial cost-weighted reduction of the mean square error of 
the regional regression equations developed for a high- 
flow, a mean-flow, and a low-flow characteristic. A 
combined rank based on an average of the individual 
ranks of the three flow characteristics also was com­ 
puted. Only unregulated Streamflow data from gaging 
stations within the state of Ohio were used in the net­ 
work analysis.

Previous Studies

The network-analysis method was previously 
applied in Kansas (Medina, 1987) and Kentucky 
(Ruhl, 1993) to evaluate the effectiveness of the 
streamflow-gaging station network in those states in 
providing regional information. The investigators used 
data from existing stations plus combinations of hypo­ 
thetical new stations to evaluate current and potentially 
new networks on the basis of budgetary requirements 
for various planning horizons.
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NETWORK-ANALYSIS METHOD

The network-analysis method is a set of tech­ 
niques used either to maximize the regional informa­ 
tion for a given set of budgetary and time constraints or 
to provide insight into the potential effect of an 
increase or reduction in budget. The need for a network 
analysis was first highlighted by a national study of the 
USGS streamflow data-collection program by Benson 
and Carter (1973). The Network Analysis for Regional 
Information (NARI) method described by Moss and 
others (1982) was developed to fulfill the need for a 
quantitative network-analysis framework. NARI, 
based on the regional regression approach by Benson 
and Matalas (1967), is an evaluation of the likelihood 
of improving the regression relation between stream- 
flow and basin characteristics by the collection of addi­ 
tional streamflow data. The NARI method, in which 
ordinary least squares (OLS) is used to calibrate the 
regression model, is based on the result of the simula­ 
tions by means of stochastic hydrology. According to 
Stedinger and Tasker (1985, 1986) and Tasker (1987), 
generalized least squares (GLS) regression analysis 
provides better estimates than OLS does because GLS 
allows adjustments to be made for the cross correlation 
in the concurrent streamflow records at the various 
gaging stations and for their variety of record lengths. 
Therefore, Network Analysis Using Generalized Least 
Square (NAUGLS) was developed to replace NARI. A 
comparison of the two methods by Moss and Tasker 
(1990) indicates that the NAUGLS method conveys 
more information than the NARI method to the net­ 
work designer interested in maximizing regional infor­ 
mation subject to budget constraints. Eventually, the 
network-analysis method was refined to the model used 
in this study, called Generalized Least Squares NET- 
work (GLSNET).

Description of the Method

GLSNET uses a GLS regression to provide a 
reliable estimate of the prediction mean square error at 
each station for selected flow characteristics. The pre­ 
diction mean square error for a given site consists of 
two parts: the model error, which can be improved by 
selecting a better model, and the sampling error, which 
can be improved by collecting additional streamflow 
data. For a given regression model and planning hori­

zon, the network-analysis method can be used to 
improve the regional information by minimizing the 
average sampling-error variance of the gaging-station 
network subject to budgetary constraints. The average 
sampling-error variance is computed by averaging the 
sampling-error variances for each site in the network. 
The continued operation of an active gaging station is 
likely to improve the accuracy of the regression model 
for predicting streamflow characteristics by reducing 
the sampling error at that gaging station. The accuracy 
of the regression model is also likely to be improved by 
the addition of new stations or reestablishing discontin­ 
ued stations. In either case, the additional streamflow 
data collected would increase the reliability of the esti­ 
mated regression coefficients by reducing the average 
sampling-error variance of the regression equations. 
The cost-weighted contribution of each gaging station 
to the reduction in average sampling-error variance can 
therefore be used to address the problem of whether to 
spend the limited resources available to collect addi­ 
tional data for specific planning horizons at active gag­ 
ing stations, reestablished discontinued stations, or 
newly established stations.

Tasker (1986) and Tasker and Stedinger (1989) 
present the mathematical formulation of the network 
analysis method used for this study. The method makes 
use of the following: (1) GLS regression models based 
on selected basin, climatic, and streamflow characteris­ 
tics, (2) the location of the gaging stations in relation to 
each other, (3) the number of years of unregulated 
streamflow record collected at each gaging station, and 
(4) the cost involved with the operation and mainte­ 
nance of each station. GLSNET is used to determine 
the relative contribution of each gaging station in pro­ 
viding the regional streamflow information if addi­ 
tional streamflow data are collected for a specified 
number of years. A step-backward algorithm is used to 
determine which gaging station provides the smallest 
cost-weighted reduction in the average sampling-error 
variance. Each gaging station is then incrementally 
removed from the network until no stations remain. 
Therefore, the last gaging station to be removed from 
the network contributes the largest cost-weighted 
reduction in average sampling-error variance. Conse­ 
quently, the order in which these stations are dropped 
from the network can be used to rank each station by its 
relative contribution to the regression information for 
each flow characteristic and each planning horizon.

Network-Analysis Method



Application of the Method to Ohio's 
Streamflow-Gaging Network

All gaging stations in Ohio with unregulated 
Streamflow with respect to each flow characteristic 
were included in the network analysis. A high flow, 
mean flow and low flow were chosen to represent a 
broad range in flow characteristics to evaluate the net­ 
work. The characteristics chosen were the instanta­ 
neous peak flow with a 100-year recurrence interval 
(PIOQ)' tne mean annual flow (Qa), and the 7-day, 
10-year low flow (7Qjo)- Separate regression models 
were developed for each of the three flow characteris­ 
tics by regressing them on a combination of basin and 
(or) climatic characteristics. Drainage area (square 
miles), main-channel slope (feet per mile), percent 
storage, and mean annual precipitation (inches) were 
used as explanatory variables in the regression for P100; 
drainage area and longitude of the gaging station were 
used in the regression for Qa ; and drainage area, main- 
channel slope, average basin elevation (feet above sea 
level, NGVD 1929), and mean annual precipitation 
were used in the regression for 7Q 10 . The P10o and 
7Qio regression models were similar in form to those 
previously published in Koltun and Roberts (1990) and 
Koltun and Schwartz (1987). The form of regression 
models used in this study differs from that of the previ­ 
ously published regression models primarily in that 
Ohio was not subdivided through use of indicator vari­ 
ables or through separate analyses of data from isolated 
regions in the State. Instead, data from all of the Ohio 
network stations were analyzed in aggregate to facili­ 
tate a statewide ranking process (to be discussed later); 
consequently, the terms "region" or "regional" used in 
this report refer to the entire state of Ohio.

As previously mentioned, the average sampling- 
error variance for a regression model developed for a 
Streamflow network is expected to decrease over time 
as additional data are collected. At a given station, the 
reduction in sampling-error variance resulting from the 
collection of additional data will, in part, be a function 
of how many years of data have already been collected 
at the station and the number of additional years of data 
that will be collected. The length of time over which 
additional data are to be collected is referred to as the 
"planning horizon." The reduction in average sam­ 
pling-error variance is the estimated condition of the 
network after that many additional years of data are 
collected for each planning horizon. In general, with 
the collection of additional data the largest relative 
decrease in sampling-error variance tends to corre­

spond to the stations with the fewest years of record. 
Three planning horizons were considered in this study: 
0 years (no additional data collection) to represent cur­ 
rent conditions, 5 years to represent the short term, and 
20 years to represent the long term.

All streamflow-gaging stations used in this anal­ 
ysis were selected from previously established gaging 
stations. Any active and discontinued gaging stations 
with 5 or more years of continuous, unregulated 
Streamflow record were used to develop the regression 
models. If the Streamflow at a gaging station were sub­ 
ject to regulation, the data gathered after regulation 
began were not used in the network analysis. Some 
streamflow-gaging stations can be considered to be 
regulated for one flow characteristic and not for others. 
For example, a flood-control reservoir is designed to 
attenuate flood peaks. Stations downstream from these 
reservoirs, although regulated with respect to high 
flow, may not be regulated with respect to mean or low 
flow. Consequently, some stations may not have been 
used in the GLSNET analysis for some flow character­ 
istics but were included in others. Any active or discon­ 
tinued gaging station with less than 5 years of 
unregulated record that was anticipated to have unreg­ 
ulated Streamflow for the entire planning horizon was 
classified as a "new" site in the network analysis. This 
was done because even though insufficient data had 
been collected to compute Streamflow characteristics, 
these stations would provide data for the subsequent 
planning horizon. In all, 270 gaging stations with 5 or 
more years of unregulated Streamflow data were used 
to develop the regression model for the mean-flow 
characteristic. Of these 270 gaging stations, 188 were 
used for the high-flow and 157 were used for the low- 
flow regression models. A total of 42, 28, and 27 gag­ 
ing stations were classified as new stations in the net­ 
work analysis for the high-, mean-, and low-flow 
characteristic, respectively. Selected information about 
all the stations used in this study is listed in table 1 (at 
the back of this report). The locations of all the cur­ 
rently active gaging stations are shown in figure 1, and 
the discontinued stations are shown in figure 2.

The GLSNET analysis requires that a cost be 
assigned to all gaging stations in the network. The 
assigned cost for a particular station might vary 
depending on the Streamflow characteristic and plan­ 
ning horizon being considered. The costs assigned to 
the streamflow-gaging stations for the 0-year planning 
horizon consisted of two categories: active or discon­ 
tinued. Most of the streamflow-gaging stations within 
Ohio have nearly equal standard operation and mainte-

Analysis of the Streamflow-Gaging Station Network in Ohio for Effectiveness in Providing Regional Streamflow Information
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Figure 1. Locations of active continuous-record streamflow-gaging stations used in the Ohio network 
analysis (active as of 1996).
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Figure 2. Locations of discontinued continuous-record streamflow-gaging stations used in the Ohio 
network analysis (discontinued on or before 1996).
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nance cost. Therefore, the active gaging stations were 
assigned an identical cost in GLSNET. The discontin­ 
ued gaging stations were assigned a cost that was sig­ 
nificantly higher than the cost of any active 
streamflow-gaging station, effectively making these 
stations inconsequential in the network analysis. This 
cost structure made the cost-weighted sampling-error 
variance associated with discontinued stations very 
small, thereby forcing them to be removed from the 
network prior to the removal of any active stations. 
Therefore, the analysis with the 0-year planning hori­ 
zon can be used to indicate which currently active gag­ 
ing station provided the largest contribution to the 
regional information. The analysis for the 0-year plan­ 
ning horizon also provides an indication of the average 
sampling-error variance of the current streamflow-gag­ 
ing station network in Ohio.

The reader must exercise caution in interpreta­ 
tion of the results of the 0-year planning horizon anal­ 
ysis because flow at some of the active gaging stations 
is currently regulated. These stations could not be omit­ 
ted from the GLSNET analysis because the streamflow 
data from these stations collected prior to regulation 
was influential to the development of the regression 
equations. Although the current regulation prevents 
these stations from contributing any additional regional 
information on the flow characteristics) for which they 
are regulated, it does not affect the analysis for the 
0-year planning horizon because no additional data will 
be collected. However, data from these stations would 
influence the analyses for the 5- and 20-year planning 
horizons and therefore must not be included in these 
analyses.

The costs assigned to the streamflow-gaging sta­ 
tions for the 5- and 20-year planning horizons con­ 
sisted of three categories: active, discontinued, and 
regulated. Similar to the approach for the 0-year plan­ 
ning horizon, the active gaging stations were assigned 
an identical cost in GLSNET. The discontinued stream- 
flow-gaging stations that could provide unregulated 
streamflow record if reestablished were assigned a cost 
equal to the active streamflow-gaging stations plus the 
cost to reactivate the gage, which was amortized over 
the planning horizon. A significantly higher cost was 
assigned to gaging stations that historically provided 
unregulated streamflow record but were known to be or 
expected to become regulated with respect to one or 
more flow characteristics during the 5- and 20-year 
planning horizons. Consequently, this cost structure 
would remove regulated streamflow-gaging stations

from the network prior to removal of any unregulated 
stations.

New streamflow-gaging stations (previously 
established stations with less than 5 years of record) 
were included in some of the network-analysis strate­ 
gies for the 5- and 20-year planning horizon. New sta­ 
tions were not considered for the 0-year planning 
horizon because additional data collection does not 
influence the results of the analysis. Most of the new 
stations were in either the active or discontinued cost 
categories. A few of the new streamflow-gaging sta­ 
tions required a cost that was proportionally higher 
than that of a standard active streamflow-gaging sta­ 
tion. These new gaging stations use recently developed 
instrumentation that can monitor streamflow at sites 
where flow was previously unable to be gaged using 
standard streamflow-gaging methods.

For each planning horizon and flow characteris­ 
tic, unregulated stations were ranked in reverse order 
from the order in which the GLSNET model removed 
them from the network. Therefore, the station that was 
assigned a rank of 1 was the station that provided the 
largest cost-weighted reduction in average sampling- 
error variance. Stations that were regulated with 
respect to the flow characteristic of interest were all 
assigned a rank equal to N+l, where N equals the num­ 
ber of unregulated stations in the analysis for the given 
flow characteristic and planning horizon.

A composite rank also was determined for each 
planning horizon by summing the individual ranks for 
the high-, mean-, and low-flow characteristics for each 
station (total rank) and reranking the stations in ascend­ 
ing order. Consequently, the station with the lowest 
total rank for the three flow characteristics was 
assigned a composite rank of 1. The station with a com­ 
posite rank of 1 should therefore represent the station 
that (on average) contributes the most to the cost- 
weighted reduction in average sampling-error variance 
for the three flow characteristics. One outcome of this 
approach is that stations that are regulated with respect 
to one or more flow characteristic tend to have high 
composite ranks because of the influence of the high 
rank assigned for the regulated flow characteristic(s). 
This outcome is consistent with the intent of the com­ 
posite rank because regulation for one or more flow 
characteristics makes these stations, in general, less 
useful as providers of regional streamflow information. 
However, the reader is advised not to place too much 
weight on the composite ranking because a station with 
a relatively high composite rank could provide impor-
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tant regional information with respect to one or two 
individual flow characteristics.

Results of the Network Analysis

GLSNET was used to determine the average 
sampling-error variance of the flow-characteristic 
regression equations developed from the current 
(1996) network. GLSNET was also used to determined 
estimates of the average sampling-error variances of 
various network strategies if additional streamflow 
data were collected at gaging stations in the network. 
The average sampling-error variances computed for 
the three flow characteristics considered in this study, 
as well as the estimated average sampling-error vari­ 
ances for the 5- and 20-year planning horizons with and 
without the addition of new gaging stations, are listed 
in table 2. The average sampling-error variances listed 
in table 2 are the results of the network analyses in 
which all available gaging stations with unregulated 
streamflow (active and discontinued) contribute to the 
regional information. A reduction in average sampling- 
error variances was expected with continued operation 
of the network. An even greater reduction was 
expected if the network was expanded through the 
addition of new stations. An illustration of the concepts 
summarized in table 2 is presented in figure 3 (for high 
flow only). However, the progression in average sam­ 
pling-error variances for each network strategy as a 
function of the number of stations being operated is 
also presented. As is evident in figure 3, the average 
sampling-error variances for a given planning horizon 
are expected to be reduced by addition of new sites to 
the network. The curves associated with each strategy, 
including or excluding new gaging stations, have dif­ 
ferent starting points (zero stations operated) because 
the average sampling-error variances are computed 
over different gaging station networks. Also apparent 
from figure 3, is that the operation of the first 40 sta­ 
tions (stations ranked 1^0) accounts for the largest 
percentage of the total reduction in average sampling- 
error variance. What figure 3 does not show is that the 
composition of the first 40 stations changes as a func­ 
tion of the planning horizon and network strategy. The 
mean-flow and low-flow characteristics are illustrated 
in figures 4 and 5, respectively.

Information on the rank order of all gaging sta­ 
tions is given in tables 3 and 4 (at back of report). 
Table 3 lists stations in downstream order, along with 
the individual rank for each flow characteristic and the

composite ranks for the 0-, 5-, and 20-year planning 
horizons; the ranks for the 5- and 20-year planning 
horizons are those for the network strategy with the 
addition of new stations. Table 4 lists the same infor­ 
mation, except that the table is organized by rank order 
instead of downstream order.

APPLICATION AND LIMITATIONS OF THE 
ANALYSIS

As evident from the preceding discussion, the 
greater the number of gaging stations in operation for 
each planning horizon, the greater the reduction to the 
average sampling error of the network (fig. 3). Because 
of budgetary constraints, the simultaneous operation of 
all active and discontinued streamflow-gaging stations 
with the ability to contribute to the regional informa­ 
tion is highly unlikely. Therefore, the results of the 
GLSNET analyses can be used to prioritize the opera­ 
tion of active and (or) reactivation and operation of dis­ 
continued gaging stations (on a cost-weighted basis) if 
the objective is to maximize the information content in 
the streamflow network with respect to reducing the 
error associated with equations used to predict regional 
streamflow characteristics at stream sites where little or 
no information is available. For the purposes of these 
analyses, maximization of the available information is 
assumed to be equivalent to minimization of the aver­ 
age sampling-error variance in generalized least- 
squared regression equations developed for high-, 
mean-, and low-flow characteristics.

Information contained in tables 3 and 4 can be 
used to guide the selection of gaging stations to be 
added or removed from the network (if, for example, 
budgetary conditions should precipitate a change). 
Gaging stations that are ranked closest to 1 would 
likely be given first consideration for addition to the 
network or continued operation. Conversely, gaging 
stations that have high rank numbers would likely be 
given low consideration for addition to the network or 
high consideration for removal. The preceding assump­ 
tions apply strictly within the context of providing 
information on equations to estimate regional stream- 
flow characteristics.

A number of other factors need to be considered 
prior to making modifications to the gaging network. 
Data from a streamflow gaging network are used for a 
variety of purposes in addition to providing informa­ 
tion with which to derive equations for estimating

8 Analysis of the Streamflow-Gaging Station Network in Ohio for Effectiveness in Providing Regional Streamflow Information



Table 2. Average sampling-error variance for selected network strategies used in the analysis of the 
streamflow-gaging station network in Ohio

Average mean-square error in log units (top number), number
of stations (middle number), and percentage reduction

from 0-year planning horizon (bottom number)

0-year 5-year 20-year
Flow 

characteristic

High flow

Mean flow

Low flow

0.00136 
188
0

0.00026
270
0

0.01335
157
0

Excluding 
new stations

0.00121
142
11.0

0.00018
270
30.8

0.01275
125
4.49

Including 
new stations

0.00100 
184
26.5

0.00014
298
46.2

0.01100
152
17.6

Excluding 
new stations

0.00100
142
26.5

0.00011
270
57.7

0.01223
125
8.39

Including 
new stations

0.00077 
184
43.4

0.00009
298
65.4

0.01042
152
21.9

regional streamflow characteristics. Examples of other 
potential uses of gaging-station data include (1) flood 
forecasting, (2) providing operational information for 
water-resource facilities, (3) assessing trends in flow 
and (or) chemical loading characteristics, (4) providing 
information on impending drought conditions, and 
(5) evaluating surface- and ground-water interactions. 
Of the gaging stations operated nationwide during 
1983-88, Thomas and Wahl (1993) found that about 
80 percent had more than one category of use and about 
50 percent had three or more uses. By design, the eval­ 
uation using the GLSNET model is that of prioritizing 
stations that provide regional streamflow information. 
Consequently, due consideration would need to be 
given to other uses of streamflow information obtained 
from a gaging station before making changes to the net­ 
work. Wahl and Crippen (1984) outlined a number of 
pragmatic factors that might be considered before mak­ 
ing network changes. Those factors include, but are not 
limited to, site characteristics, existing and potential 
beneficial uses of the water, magnitude of water- 
resource problems, data uses for planning and water- 
resource management, and economic considerations.

Composite ranks determined from results of 
GLSNET analyses on high-, mean-, and low-flow char­ 
acteristics provide a useful indicator of the overall con­ 
tribution of a gaging station to the regional streamflow 
information, but some caution in their interpretation is 
warranted. A gaging station that provides important

regional information on one or two flow characteristics 
may place low in the composite ranking if it is regu­ 
lated with respect to the remaining flow characteris­ 
tic^). Although this result is consistent with the intent 
of the composite rank, it points out the need for review 
of all information about the use or potential uses of data 
from a gaging station prior to making any changes to 
the network.

Although the GLSNET analysis facilitates the 
evaluation of existing or proposed networks, it does not 
directly identify station characteristics or geographic 
areas that should be targeted for inclusion in the net­ 
work. Even so, locating an accessible site for a gaging 
station in a desired geographical area, with the desired 
basin and (or) climatic characteristics, with adequate 
hydraulic conditions, and with negligible human influ­ 
ences on the streamflow can be difficult. However, fur­ 
ther analysis of GLSNET results indicates that the most 
important stations for providing regional streamflow 
information were typically stations without any form of 
streamflow regulation whose length of record was less 
than 11 years and whose drainage areas were less than 
200 square miles.

Some insight into potential geographic locations 
for new gaging stations can be gained by examining the 
areal distribution of gaging stations used in the network 
analysis. A map of all the gaging stations used in the 
network analysis with a 5-mile circular buffer zone 
drawn around each station is shown in figure 6. In areas

Application and Limitations of the Analysis
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0 10 20 30 40 MILES
hlllllll

0 10 20 30 40 KILOMETERS

EXPLANATION

U.S. Geological Survey active 
streamflow-gaging station identifier

U.S. Geological Survey discontinued 
streamflow-gaging station identifier

5-mile buffer zone surrounding 
each station

Figure 6. Locations of active and discontinued streamflow-gaging stations in Ohio, including a five-mile 
buffer zone surrounding each station.
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where gaging stations are closely spaced, the buffer 
zones overlap to form an irregular, filled space. Areas 
on the map that are not filled are areas where the dis­ 
tance to any streamflow-gaging station is greater than 
5 miles. Consequently, large unfilled areas, such as 
those in the south-central part of the State, represent 
areas that are lacking in measured daily streamflow 
data. The network could potentially benefit from instal­ 
lation and operation of new streamflow-gaging stations 
in these areas.

SUMMARY AND CONCLUSIONS

Continued operation of gaging stations in Ohio 
increases the accuracy of the regional regression equa­ 
tions for predicting streamflow characteristics. The 
addition of new stations to the existing streamflow- 
gaging station network would provide even greater 
accuracy in the regional information. This information 
is used to estimate values of selected streamflow char­ 
acteristics at sites where little or no information is 
available. Estimates of the streamflow characteristics 
are used to aid in the design of hydraulic structures, 
flood-plain management, and permitting for waste load 
allocation and water supply. Accurate streamflow esti­ 
mates help reduce the cost of over-designing hydraulic 
structures while providing reasonable factors of safety. 
The network analysis method used in this study, called 
Generalized Least Squares Network (GLSNET) is a 
technique that can be used to either optimize the 
regional information obtained from a gaging network 
for a given set of budgetary and time constraints or to 
provide information necessary to make network man­ 
agement decisions related to an increase or reduction in 
network funding. Given recent trends of declining 
funds for water-data networks, it has become increas­ 
ingly important to determine the most cost-effective 
approach to managing streamflow data collection net­ 
works both for specific needs and for providing effec­ 
tive regional streamflow coverage.

The network-analysis method makes use of 
(1) generalized least squares regression equations, (2) 
the location of each gaging stations, (3) the number of 
years of unregulated streamflow record, and (4) the 
cost associated with each station to determine a cost- 
weighted reduction to the sampling-error variance of 
each regression equation. Data from gaging stations 
with 5 or more years of unregulated streamflow record 
were used to develop regression equations for the 
100-year instantaneous peak flow (P]oo)>the rnean 
annual flow (Qa), and the 7-day, 10-year low flow

(7Q ]0)- The streamflow-gaging station network was 
analyzed using these equations for current (1996) con­ 
ditions and for hypothetical periods of data collection 
of 5 and 20 years and for the network strategies includ­ 
ing and excluding new stations. Generally, gaging sta­ 
tions with unregulated streamflow for all three flow 
characteristics tested, drainage areas less than 
200 square miles, and (or) less than 11 years of stream- 
flow record produced the greatest cost-weighted reduc­ 
tion in the average sampling-error variance of the 
regression equations. The relative contribution to the 
reduction of the average sampling-error variance of the 
regression equations was used to rank the gaging sta­ 
tions.

Results of the network-analysis method can be 
used to continually review the streamflow-gaging sta­ 
tion network in Ohio. The ranking can be used effec­ 
tively to assist in determining whether to continue 
operation of existing stations, reestablish discontinued 
stations, or add new stations. The rank of each station, 
however, is based solely on its contribution to regional 
streamflow information and would not be the only con­ 
sideration in the decisions concerning gaging-station 
operations. Gaging stations are rarely operated for the 
sole purpose of collecting streamflow data for regional 
information. Generally, the active gaging stations pro­ 
vide streamflow data necessary for flood forecasting, 
short-term projects, long-term trend analysis, correla­ 
tion with partial record stations, and operation of 
water-resource facilities. The use of the streamflow 
data for these other purposes increases the value of the 
gaging station and would give greater weight for con­ 
tinuation of the gaging station than might be indicated 
by the network analysis alone. Before an active station 
is discontinued because it contributes little regional 
information, the other uses of the streamflow data need 
to be considered. Conversely, before a new station is 
established or a discontinued station is reestablished, 
others uses of the streamflow data also need to be con­ 
sidered.
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