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EFFECTIVENESS OF THE STREAMFLOW-GAGING NETWORK IN KENTUCKY
IN PROVIDING REGIONAL STREAMFLOW INFORMATION

By Kevin J. Ruhl

ABSTRACT

This report describes the results of an analysis of the effectiveness of
the streamflow-gaging network in Kentucky in providing regional streamflow
information. The data available for analysis included streamflow-gaging
stations in Kentucky and selected stations in adjacent States. One phase of
the analysis determined the increased effectiveness of the network if
hypothetical new stations were added. The analysis was based on the
principles of generalized least squares regression. Regional regression
equations were developed and the regression coefficients were estimated by
considering the time-sampling error in streamflow characteristics and the
cross-correlation between stations. The average variance of prediction
consists of model error and sampling error. Each gaging station in the
network was then evaluated on the basis of how much the data from that station
affected the sampling-error component of the regression equations. The
potential effects of data from proposed new gaging stations on the sampling-
error component of the regression equations also was evaluated.

Data from streamflow-gaging stations in Kentucky and selected stations in
adjoining States were used to develop regression equations for selected
mean-flow, low-flow, and high-flow statistics. The unregulated periods of
record for all active and discontinued gaging stations with 5 or more years of
unregulated record were used to develop the regression equations. Physical
and climatic basin characteristics used to develop the regression equations
were selected on the basis of regionalization equations previously developed
for Kentucky streams. Gaging station records for development of the
regression equations included records for currently regulated streams prior to
regulation and records from discontinued stations. Only active gaging
stations on unregulated streams were included in the network analysis because
only these stations can be used in regionalizing streamflow statistics.

Regression analyses were done to determine the average mean-square error,
or error variance, associated with each regional estimating equation for the
three flow statistics for current (1989) conditions. This condition would be
as if the entire network were discontinued, therefore, no further data would
be collected. The error can be divided into a model-error component and a
sampling-error component. In network analysis routines, the sampling-error
component is the means of evaluating which gaging station records are
contributing most to a regional estimating equation. The network analysis was
then done to evaluate the effect of each gaging station record on the average
sampling-error variance associated with each regional estimating equation if
5 years and 20 years of additional data, beyond current conditions, were
collected. As the stations are operated for a longer period, the sampling-
error variance decreases relative to current conditions.



If the current network were continued and if no new stations were added,
the greatest reduction in average sampling-error variance for the regional
estimating equations with the addition of 5 years and 20 years of new data was
found for the mean-flow and low-flow statistics. Without the addition of new
gages, there was little improvement in regional information for peak flows.
With the addition of the hypothetical new gages, the greatest improvement in
the effectiveness of the network was for mean flows and peak flows. The
results indicated that the addition of new stations whose drainage areas are
less than 100 square miles would produce the greatest reduction in average
sampling-error variance from current conditions in the mean-flow analysis.
New stations having small drainage areas (less than 100 square miles) and
fairly steep slopes (greater than 25 feet per mile) would make the greatest
improvements in peak-flow information. Only new stations with drainage areas
ranging from 200 to 450 square miles produced a significant reduction in
average sampling-error variance on the low-flow analysis.

INTRODUCTION

The U.S. Geological Survey (USGS) has operated continuous-record
streamflow-gaging stations in Kentucky since 1907. Since that time, many
stations have been operated and subsequently discontinued after data were
collected for various lengths of time. Several agencies have cooperated with
the USGS in collecting surface-water data. In 1988, the Kentucky Natural
Resources and Environmental Protection Cabinet, Division of Water (DOW) and
the USGS began a cooperative study to improve the use of available resources
in the collection of streamflow data.

Many streamflow-gaging stations in a surface-water-data network are
established primarily to provide information on current streamflow conditions
at particular locations. This information is useful for water-management
decisions concerning water supply or waste-disposal monitoring. However, data
from these "project operation" gaging stations may have limited transfer wvalue
and, therefore, are not usable in regional analyses if the streamflow is
regulated by human activities.

The statistical characteristics of streamflow have become increasingly
important to designers and planners of water-related facilities and to the
permitting of discharges from those facilities. Consequently,
streamflow-gaging stations for "regional hydrology"™ have been established
primarily to estimate a probability of occurrence (exceedance or
non-exceedance) of certain flow in any year, rather than to collect data on
specific hydrologic events. Data from such stations can be used in the design
of water-treatment facilities and highway structures and in water-supply
planning. Data collected at these stations on natural-flow streams are
transferable to other streams in the region through an empirical functional
relation (usually a regression model) developed between streamflow
characteristics and selected basin characteristics. This procedure is
commonly referred to as "regionalization."



Placement of streamflow-gaging stations used in regiomalization should
provide spatial coverage of a region or area and should provide information
for a range of basin and streamflow characteristics. Considered together, the
group of stations and their characteristics make up a data-collection
"network" suitable for providing regional information.

The agencies that operate data-collection networks need to know which
streamflow-gaging stations in a regional network are providing cost-effective
information and at what point in time additional data collection can be
stopped. The network analysis technique described by Tasker (1987) and
Moss and Tasker (1990) was used in this study to obtain answers to these
questions for the streamflow-gaging network in Kentucky.

Purpose_and Scope

This report identifies the contribution of each active streamflow-gaging
station in Kentucky to the knowledge of regional streamflow characteristics.
This contribution is expressed in terms of a reduction of the average
sampling-error variance associated with a regional regression equation. The
analysis is done assuming that the network will continue to be operated for a
specific number of years. The analysis can be extended to estimate the
contribution of proposed new gaging stations in reducing this sampling error.

Specifically, this report (1) identifies the streamflow-gaging stations
in Kentucky, and selected stations in adjacent States, whose periods of
unregulated streamflow record are 5 or more years; (2) describes the
development of regional regression equations--derived from generalized least
squares regression--for estimation of selected mean-flow, low-flow, and
high-flow statistics; (3) identifies which active stations will provide the
most cost-effective regional streamflow information for selected future times
(termed planning horizons); and (4) identifies proposed new stations whose
basin characteristics would improve regional streamflow information for
selected future times.

Previous Studies

Certain components of the surface-water data-collection program in
Kentucky are described in reports by Beaber (1970) and Ruhl (1989). Beaber
defined the purpose(s) each active gaging station (in 1970) served, and
proposed general locations for new gaging stations throughout the State. Most
of the proposed stations were distributed throughout Kentucky on streams
draining small areas (less than 200 mi2?). The stations were recommended for
operation for approximately 25 years to provide temporal and spatial data for
regional analyses, and to function as index stations for correlation with
nearby ungaged streams. Many of the stations proposed by Beaber (1970) were
established within several years after publication of that report. More
recently, Ruhl (1989) presented the results of a cost-effectiveness assessment
of the operation of the streamflow-gaging network (in 1987) in Kentucky and
described the purpose(s) of each active gaging station in the network.



NETWORK-ANALYSIS TECHNIQUE

The network-analysis technique used in this study is based on generalized
least squares (GLS) regression (Tasker, 1986; Tasker, 1987). This method,
Network Analysis Using Generalized Least Squares (NAUGLS), evolved from
Network Analysis for Regional Information (NARI) described by Moss and others
(1982). NARI is based on the regional regression approach (Benson and
Matalas, 1967) and is an evaluation of the likelihood of improving the
regression relation by the collection of additional data. The NARI
methodology, in which ordinary least squares (OLS) is used to calibrate the
regression model, is based on results of simulations by means of stochastic
hydrology. 1In the NAUGLS methodology, GLS regression is used. GLS regression
(Stedinger and Tasker, 1985 and 1986) allows adjustments to be made for the
cross correlation in concurrent record (where the values of a streamflow
statistic are not independently distributed) and for various lengths of record
among stations. In a comparison of the two methodologies, Moss and
Tasker (1990) found that, for the design experiments, the NAUGLS method
provided a better estimate of the value of additional streamflow data than did
the NARI method.

Description of Technigue

Continued operation of active gaging stations is likely to enhance the
predictive ability of a regional regression model by reducing the sampling
errors in the flow statistics at the gaging station. The addition of new
stations to a network is likely to enhance the predictive ability of a
regional regression model by increasing the number of observation points. 1In
either case, the additional data collected would increase the accuracy of the
estimated regression coefficients. The network-analysis problem is whether to
spend the limited resources available on collecting additional data at active
sites, adding new sites, or doing both. One objective method of determining
the best "trade off" between extending records at existing stations and
establishing additional stations is to maximize the regional regression
model’s predictive capability, expressed as the inverse of the average
variance of prediction of the model. The average variance of prediction is
the variances of prediction averaged over a representative set of streamflow
sites in a region. In this case, the representative set of sites is taken to
be a set of streamflow sites with the same basin characteristics as the active
gaged sites. The wvariance of prediction at a site is made up of two
independent parts--the part due to model error, which can be improved only by
choosing a better form of the model, and the part due to sampling error, which
can be improved by collecting additional data. If the model error is assumed
to be constant, then the network-analysis problem can be addressed as one of
minimizing average sampling-error variance. Tasker and Stedinger (1989), and
Tasker (1986) present a mathematical formulation of the network-analysis
problem. The average sampling-error variance is a measure of the error in the
average regression prediction in a region due to estimating with sample
estimates of the regression coefficients. It is a function of not only how
long the streamflow-gaging stations used in estimating regression coefficients
have been operated, but also where the gages are in relation to each other and
what values of basin characteristics are used in the regression. These
properties make the average sampling-error variance a good criterion by which



to evaluate the trade off between extended records and additiomal stations in
a network analysis. The method has previously been applied in evaluating the
streamflow-gaging network in Kansas (Medina, 1987).

Application of Technique to Kentucky'’s Streamflow-Gaging Network

Selected statistical parameters related to mean flow, low flow, and high
flow were chosen for evaluation of the streamflow-gaging network in Kentucky.
Use of regression equations previously developed for Kentucky streams also was
desirable because the network would be evaluated on the basis of information
currently in use. The statistics chosen were the mean annual flow (Q ); the
7-day, 2-year, low flow (7Q2); and the 100-year peak flow (Q The flow
statistics were chosen to represent a broad range in flow ané go allow the
inclusion of as many stations as possible in the analysis. Available
regression equations for these flow statistics include basin characteristics
as the explanatory variables needed to produce an estimate. The equation for
Q is given by Beaber (1970), the equation for 7Q, is given by Ruhl and
Mirtin (1991), and the equation for Q100 is given by Choquette (1988).

Streamflow-gaging stations with 5 or more years of continuous,
unregulated record were considered appropriate for use in the analysis. These
stations are listed in table 1 (at the back of the report) and the locations
are shown in figure 1. For the Qa regression equation, all stations (178)
were considered to be usable. For the 7Q regression equation, stations whose
drainage areas were greater than 1,500 mi?, 7Q,'s were zero, or flows were
subject to local diversion were excluded from %he analysis resulting in
113 stations being used. For the Q analysis, stations whose drainage areas
were greater than 1,000 mi? were exc?uded from the analysis resulting in
169 stations being used. These guidelines were consistent with guidelines
used to develop the regional regression equations.

Mean- and low-flow regional regression equations for Kentucky were
developed for use on streams statewide; however, the peak-flow regression
consists of separate equations for each of seven hydrologic regions within
Kentucky (fig. 2). These seven regions represent areas whose flood response
characteristics are homogeneous. Initially, separate regression and
network-analysis runs were made for each of the seven regions. The results
from these analyses did not fully identify which stations were providing the
most cost-effective information because each of the seven regions contained
too few stations. Therefore, regions were combined, and the original seven
regions were reduced to three areas. These areas consisted of (1) regions 1
and 2, (2) regions 3, 4, and 5, and (3) regions 6 and 7. Area 1 had
65 stations, area 2 had 54 stations, and area 3 had 50 stations available for
analysis. Explanatory variables in the regression equations for each of the
regions that were combined may have differed; therefore, the explanatory
variables used to develop the regression equations for each of the new areas
consisted of the combination of the variables used in the individual
equations. In area 1, therefore, all explanatory variables in the regional
regression equations for regions 1 and 2 (Choquette, 1988) were used to









develop the regression equation for area 1. If the regression analysis
indicated that certain variables were insignificant, they were excluded, and
the regression was rerun. This procedure was repeated for areas 2 and 3.

The GLS regression equation for estimating mean annual flow was of the
same form (logarithmic, base 10) as the OLS regression equation presented by
Beaber (1970). Both the GLS and OLS equations contained total drainage area,
mean basin elevation, and the maximum 24-hour, 2-year rainfall intensity.
Area of lakes and ponds was excluded as a variable from the GLS equation
because Beaber stated that excluding area of lakes and ponds increased the
standard error by only 0.2 percent. The respective variable-exponent values
for the two equations were within 15 percent. The GLS regression equation for
estimating 7Q, was of the same form (logarithmic, base 10) as that given by
Ruhl and Martin (1991), and the respective variable-exponent values were
within 3 percent. The three GLS regression equations developed for estimating
Q10 were the result of combining information from the seven regions presented
by 8hoquette (1988) and are of the same form (logarithmic, base 10).
Information from regions 1 and 2 (fig. 2) was combined, and all explanatory
variables in equations for regions 1 and 2 were used to generate the GLS
regression equation. Explanatory variables that were not significant at the
10-percent level in the initial regression run were omitted, and the
regression was rerun. The insignificant variables were basin-shape index (BS)
and main-channel sinuosity (S ). The variables used in the final GLS
regression equation were contributing-drainage area (A ) and main-channel
slope (S ). The resulting linear regression equation fit the observed data
closely. Equations for regions 3, 4, and 5 each contained A _, and the
equation for region 3 also contained S . In the initial regfession analysis,
S, was not significant at the 10-perceﬁt level and was omitted from the final
analysis leaving A as the only variable. The exponent for A in the GLS
equation differed ﬁy less than 10 percent from the exponents for A in the
equations for the three regions given by Choquette (1988). The aréa 3
analysis for regions 6 and 7 was similar to that for area 1. B_and S_ were

. e e s . s s s
determined to be insignificant at the 10-percent significance level, and only
A and S were included in the final regression equation. The resulting
1¥near rggression equation fit the observed data closely.

After an appropriate GLS regression model was developed for the mean- and
low-flow statistics and for each of the three high-flow areas, the network
analysis was then undertaken. The first step was to select appropriate future
times for which the effects of network-management strategies could be
determined; these future times are referred to as "planning horizons". The
network was evaluated with reference to each flow statistic for (1) a zero-
year planning horizon, (2) a 5-year planning horizon, and (3) a 20-year
planning horizon. An ‘x’'-year planning horizon refers to conditions at the
end of that year. Therefore, a zero-year planning horizon represents current
conditions (1989 in this analysis), a 5-year horizon represents operation of
the network for short-term information needs, and a 20-year horizon represents
operation of the network for long-term information needs. An operation and
maintenance cost also was assigned to each gaging station included in the
analysis. A cost equal to one unit was used for each gage because all gages
operated as part of the network are assigned the same base cost of operation
even though certain gages may cost slightly more or less than the base or
average cost. Regulated stations, discontinued stations, or stations subject



to local diversion that would affect a particular flow statistic were omitted
from the network analysis because only active, unregulated stations can
contribute additional regional information. The network analysis consisted of
two parts; one for active stations and one for active stations plus a set of
hypothetical new stations.

EFFECTIVENESS OF THE STREAMFLOW-GAGING NETWORK

The network analysis, as stated previously, is based on the effect that
each active unregulated-gaging station has on reducing the average
sampling-error variance associated with a regional regression equation. GLS
regression was used to develop the models, the form of which was based on
previous studies. The resulting regression equations were also similar to
those given in the previous studies. Average sampling-error variance is
expressed in base 10 logarithmic units squared.

Results are presented in table 2 and in a series of graphs for each flow
statistic analyzed. The table and each graph show the average sampling-error
variances associated with (1) the current (1989) condition of the network,

(2) the 5-year planning horizon, and (3) the 20-year planning horizon. The
pair of graphs in each figure represents conditions excluding and including
proposed new stations. The graphical presentation is similar to that shown in
figure 3. The triangle on the ordinate represents current conditions
(zero-year planning horizon), or the average sampling-error variance if no
stations were continued and no new stations were added. This is the average
sampling-error variance associated with the GLS regression equation. Each
circle or square represents an estimate of the smallest average sampling-error
variance that can be achieved for the indicated network operation cost. The
circles represent the reduction in sampling-error variance associated with
stations operated for a 5-year planning horizon, whereas the squares show an
even greater reduction in sampling-error variance for a 20-year planning
horizon because of the increased record length. The marginal decrease in
sampling-error variance for a particular station is indicated by the slope of
the graph at that point. The gap shown by the arrows represents the gaging
stations that are considered mandatory in operating the network. The cost and
sampling-error variance associated with these mandatory stations is not shown
directly in the graph so as to give emphasis to them. This category could
include any station usable for regionalization (unregulated and not affected
by local diversion) that must necessarily be operated indefinitely. Examples
are gaging stations operated to fulfill a legal requirement (such as
monitoring for water supply), for project operation (monitoring inflow to a
reservoir), or to define long-term flow trends. 1In this report, only three
stations are classified as mandatory (table 1). The data from these stations
are primarily used by the U.S. Army Corps of Engineers (COE) to monitor
unregulated streams that affect the operation of COE flood control projects in
the State. As previously stated, all stations were assigned the same cost
because, except in rare cases, an average cost per gage is used by USGS
offices in Kentucky.



Table 2. Average sampling-error variance for selected network strategies
used in the study

[logl units?, base 10 logarithmic units squared; variances shown for the
5- ang 20-year planning horizons are the lowest obtained for that analysis]

Average sampling-error variance (lo units)?
Planning
Type of horizon Excluding Including

analysis (years) new stations new stations
Mean flow 0 0.00050 0.00050
5 .00045 .00041
20 .00039 .00032
Low flow 0 .00385 .00385
5 .00364 .00330
20 .00325 .00279
High flow 0 .00250 .00250
(Area 1) 5 .00232 .00205
' 20 .00208 .00167
High flow 0 .00230 .00230
(Area 2) 5 .00220 .00186
20 .00205 .00154
High flow 0 .00274 .00274
(Area 3) 5 .00263 .00219
20 .00247 .00183

The results from the mean-flow analysis are given in table 2 and in
figure 4. If no new stations are added to the network, the average
sampling-error variance from current conditions is reduced by about 10 percent
(from 0.00050 to 0.00045) for the 5-year planning horizon and by about
22 percent (from 0.00050 to 0.00039) for the 20-year planning horizon. The
addition of selected new stations to the network would reduce the sampling-
error variance by almost twofold--18 and 36 percent (from 0.00050 to 0.00041
and from 0.00050 to 0.00032), respectively, for the two planning horizons.

The ‘new’ stations used in the analysis consisted of recently installed
stations (1990-91) and discontinued stations. The effect of data provided by
the hypothetical stations was most pronounced for the stations whose drainage
areas were less than 100 mi?. The effect of data provided by the new stations
decreased as the size of drainage area increased.
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The results from the low-flow analysis are given in table 2 and in
figure 5. If no new stations are added to the network, average sampling-error
variance from current conditions is reduced by about 6 and 16 percent (from
0.00385 to 0.00364 and from 0.00385 to 0.00325) for the 5-year and 20-year
planning horizons, respectively. The addition of selected new stations would
reduce the variance by 14 and 28 percent (from 0.00385 to 0.00330 and from
0.00385 to 0.00279) from current conditions, respectively, for the two
planning horizons. Unlike the mean-flow analysis, where almost all reduction
in sampling-error variance was associated with the addition of new stations,
the results from the low-flow analysis indicate that only certain stations
produced a significant reduction in sampling-error variance from current
conditions. The two best stations had drainage areas of 196 and 437 mi? and
were in the central part of the State. Drainage areas of two of the next
three new stations providing the greatest reduction in sampling-error variance
were less than 150 mi?, and that of the third was greater than 500 mi?. All
three hypothetical stations were in eastern Kentucky. Overall, the new
stations contributed more to the reduction of average sampling-error variance
from current conditions for the 5-year planning horizon than for the 20-year
horizon. This finding indicates that many active stations should be continued
long-term. For both planning horizons, the new stations would supplement the
network of active stations in contrast to the general overhaul indicated by
the mean-flow analysis.

Results from the high-flow analysis are given in table 2 and in figures 6
through 8. For all three areas, the percentage reduction in average
sampling-error variance from current conditions without the addition of new
stations was less than that for the mean-flow and low-flow analyses. The
reduction in average sampling-error variance from current conditions for
areas 1, 2, and 3 was approximately 7 and 17 percent (from 0.00250 to 0.00232
and from 0.00250 to 0.00208), 4 and 11 percent (from 0.00230 to 0.00220 and
from 0.00230 to 0.00205), and 4 and 10 percent (from 0.00274 to 0.00263 and
from 0.00274 to 0.00247) for the 5-year and 20-year planning horizons,
respectively. The reduction in average sampling-error variance from current
conditions for the three areas when new stations were added was 18 and
33 percent (from 0.00250 to 0.00205 and from 0.00250 to 0.00167), 19 and
33 percent (from 0.00230 to 0.00186 and from 0.00230 to 0.00154), and 20 and
33 percent (from 0.00274 to 0.00219 and from 0.00274 to 0.00183) respectively,
for the 5-year and 20-year planning horizons. As indicated in the graphs, the
reduction was greatest when new stations were added to the network, especially
for areas 2 and 3. Similar to the low-flow analysis, the reduction in error
in area 1 1is largely associated with four of the new stations, particularly
for the 20-year planning horizon (fig. 6). Area 1, which consists of
hydrologic regions 1 and 2 (fig. 2) extends from southeastern to north-central
Kentucky. Drainage basins of these proposed stations all have small areas
(less than 100 mi?) and slopes greater than 25 ft/mi. The stations are spread
throughout area 1. Results of the analysis indicate that emphasis should be
on adding stations at stream locations having basins with small drainage areas
and moderately steep slopes. The analysis for the other two areas indicated a
need for stations at stream locations having basins with a variable range in
drainage area and slope.
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Information resulting from the mean-flow, low-flow, and high-flow
analyses is listed in table 3. An attempt has been made to rank the stations
by the contribution they make in reducing the average sampling-error wvariance
from current conditions associated with the regional regression relations
(Medina, 1987). As many as three stations in the high-flow rankings may have
identical values because of the three different areas used in the analysis.
These identical markings will not affect the composite ranking of the stations
made for the 20-year planning horizon shown in the extreme right-hand column
of table 3. Overall, new stations will provide the greatest reduction in
average sampling-error variance from current conditions for the regression
relations developed; however, continuation of many active stations will
improve regional information. The fact that certain active stations provide
better information for selected types of analysis than do others should be
recognized. This is also true of the new stations (see ranking for the
different flow types shown in table 3).

APPLICATIONS AND LIMITATIONS OF THE ANALYSIS

A method was needed to facilitate continuous review of the streamflow-
gaging station network in Kentucky. By use of the results from NAUGLS,
specific stream-basin types and locations where additional information is
needed can be identified. Conversely, gaging stations that provide little new
information to a regional analysis can be considered for discontinuation so
that resources available for data collection can be used more efficiently.

Other considerations also are involved in decisions to add or discontinue
stations. A station needed for project operations or for legal reasons
(mandatory stations) cannot be discontinued. Stations being operated as long-
term index or trend sites or that are useful in correlating streamflow
information with partial-record stations would be given greater consideration
for continuation than might be indicated by the network analysis alone. Even
though other factors are involved, the network analysis is a wvaluable tool for
evaluating active and potential new stations for regional information.

Other factors concerning the location and selected basin characteristics
represented by new stations also must be taken into consideration. Even
though the analysis may indicate that a new site having specific basin
characteristics is desirable, such a site may be difficult to locate. Factors
that must be considered in locating a gaging station are the hydraulic
conditions at the site, including approach flow conditions and the stability
of the natural control that creates the pool where stage information is
collected, accessibility to the stream, and human activities in the basin that
may influence streamflow characteristics.
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SUMMARY AND CONCLUSION

The effectiveness of the streamflow-gaging network in Kentucky in
providing regional-streamflow information was analyzed by the use of the
Network Analysis Using Generalized Least Squares (NAUGLS) technique.
Streamflow-gaging stations for which 5 or more years of unregulated record was
available, in Kentucky and nearby in adjacent States, were used to develop
regional regression equations by means of Generalized Least Squares (GLS)
regression. For the mean-flow and low-flow analysis, 178 and 113 stations,
respectively, were used. For the high-flow analysis, 65 stations were used
for area 1, 54 stations were used for area 2, and 50 stations were used for
area 3. GLS regression allows for the adjustment of the cross correlation in
concurrent record and for different record lengths between gaging stations.
Regional regression equations were developed for mean flow, 7Q,, and Q 0o °0
the basis of attributes from previously published equations for Kentucky
streams. Certain limitations, which corresponded to the development of the
previously published equations, were also placed on the data sets used in this
report.

The network analysis was then done for each of the three flow statistics.
Two network-management strategies were selected--one in which new stations
were excluded and one in which hypothetical new stations were included. For
each strategy, the network was analyzed under current (a zero-year planning
horizon) conditions, a 5-year planning horizon, and a 20-year planning
horizon. Results are presented in tabular form and as a series of graphs of
average sampling-error variance of a regional regression equation plotted
against network-operation cost for each of the flow statistics and for each
strategy. The slope of the graphs at a point represent the marginal decrease
in average sampling-error variance associated with the operation of a
particular station (including new stations) used in the network analysis.

Without the addition of new stations, the greatest reduction in average
sampling-error variance for the 5-year and 20-year planning horizons was found
in the mean-flow and low-flow analyses. Improvement in the regional
information for the peak flows was slight without the addition of new gages.
When new gages were added in the analysis, however, the greatest improvement
in the effectiveness of the network was found for mean flows and peak flows.
The results indicate that new stations having small drainage areas (less than
100 mi?) produced the greatest reduction in average sampling-error variance
from current conditions in the mean-flow analysis. Only certain stations
produced a significant effect for the low-flow analysis. These were stations
for which drainage areas range from 200 to 450 mi2. The results indicated
that new stations having small drainage areas (less than 100 mi2?) and fairly
steep slopes (greater than 25 ft/mi) would provide the greatest peak-flow
information.

Evaluation of the effectiveness of Kentucky's streamflow-gaging network
in providing regional streamflow information should be a dynamic process. If
additional funding is available for the network, the results from the analysis
will be used in deciding where to locate new stations. Conversely, if
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funding declines, the results from the analysis will be used in deciding which
stations to discontinue. Even though many factors are involved in network
evaluation, the NAUGLS technique is a means for deciding how best to use
network resources for short- and long-term planning.

21



REFERENCES CITED

Beaber, H.C., 1970, A proposed streamflow program for Kentucky:
U.S. Geological Survey Open-File Report, 70 p.

Benson, M.A., and Matalas, N.C., 1967, Synthetic hydrology based on regional
statistical parameters: Water Resources Research, v. 3, no. 4,
p. 931-935.

Choquette, A.F., 1988, Regionalization of peak discharges for streams in
Kentucky: U.S. Geological Survey Water-Resources Investigations Report
87-4209, 105 p., 1 pl.

Medina, K.D., 1987, Analysis of surface-water data network in Kansas for
effectiveness in providing regional streamflow information:
U.S. Geological Survey Water-Supply Paper 2303, 28 p.

Moss, M.E., Gilroy, E.J., Tasker, G.D., and Karlinger, M.R., 1982, Design of
surface-water data networks for regional information: U.S. Geological
Survey Water-Supply Paper 2178, 33 p.

Moss, M.E., and Tasker, G.D., 1990, Manual for comparing methods of designing
hydrologic-data-collection networks: U.S. Geological Survey Open-File
Report 90-389, 103 p.

Ruhl, K.J., 1989, Cost-effectiveness of the stream-gaging program in Kentucky:
U.S. Geological Survey Water-Resources Investigations Report 89-4067,
57 p.

Ruhl, K.J., and Martin, G.R., 1991, Low-flow characteristics of Kentucky
streams: U.S. Geological Survey Water-Resources Investigations Report
91-4097, 50 p.

Stedinger, J.R., and Tasker, G.D., 1985, Regional hydrologic analysis,
1. Ordinary, weighted, and generalized least squares compared:
Water Resources Research, v. 21, no. 9, p. 1421-1432,

1986, Regional hydrologic analysis, 2. Model-error estimators,
estimation of sigma and Log-Pearson Type 3 distributions: Water
Resources Research, v. 22, no. 10, p. 1487-1499.

Tasker, G.D., 1986, Generating efficient gaging plans for regional
information, in Moss, M.E., ed., Integrated design of hydrologic
networks: International Association of Hydrological Sciences, no. 158,
P. 269-281.

1987, Theory and application of GLS, in Medina, K.D., Analysis of
surface-water data network in Kansas for effectiveness in providing
regional streamflow information: U.S. Geological Survey Water-Supply
Paper 2303, p. 24-26.

Tasker, G.D., and Stedinger, J.R., 1989, An operational GLS model for
hydrologic regression: Journal of Hydrology, v. 111, p. 361-375.

22



41-6261 68-5261 ,
9LY 9LY %S ‘ZL-SL6L  "LL-SL6)L L SALIJY  HO "UMOJULUIDd JB3U JDALY lweli 31337 X4 3 006.%2£0
94-1961  ,%.-1961 .
182 182 8l .mm-mmmw Mm-mmmw panutiuodsi@ HO ‘Bunqswet|]iM 39 JOALY lwell 913317 34 3 00$9%2£0
0 - -
8l2 8lc 9 ‘GE-926L  'SE-9261 al 3ALIOY HO ‘uMO3aBJ089 Jesu 33842 }BO3ILYM 00$8E£2E0
\ {4 v 22 2l 68-2261 68-2261 n 9ALIOV A ‘oJdogsaliol J93u 4] Ulqed 006.£2£0
68-0761 68-0%61
18¢ 8¢ 85 'eE-9261  ‘S£-9261 n ALV HO ‘uotun 3SaM Jedu }394J ysnag OLYo 00S/£2€0
el 2 el 92 68-£961 68-£961 n 3ALIY HO “MEYOW 1B §334) UIML J3ddn (82.£2£0
A4 A4 6% 68-0Y6L  68-0%61 @1 9AL3JY A ‘dnusaJy Jeau 33843 s3JeBAL  000/12£0
9°6S 9°6S 2g 68-2561 68-1561 n ALY AX “11tH 9AL1Q 3B ¥93.4] siueBAL  008912£0
s} 22l 2l 68-£261 68-£261 n SALIOY AN ‘Bungs)ied 433U JaALy Apues 811317 A4 3 0959120
00% 00% 0g 29-8£61 68-8£61 d ALY M com>mgc 38 JaAly Apues 313311 00591250
86¢ 1174 9 ho-moop 08-2961 4 panutjuolstg AN ‘u0al je JaAty Apuas 3133t1 00%912£0
6.-8E61 G.-8£61
12 212 0% ‘gL-S16L  ‘8L-Sl6l n panuLjuodsig A '9111Asa3B)A 39 3334) aule18  0055L2E0
9£6 9£6 44 68-8961 68-8961 n ALY AL 'uoswel|)iM 38 )Jo4 BNl 00251250
£01 £01 4 6.-0561 6.-0S61 n psnutjuodsig AX "311lAspJojjeys e J33J] Juied 000212€0
902 902 1]} 6%7-0%61 68-0%61 3 BALIIY AN "Je3] UBA Jeau )34 suyor (00SLLZE0
£°96 £°96 8y 68-1%61 68-1%61 n AJoyepuen Al “BISW JBIU ¥394] Suyor 000012£0
2§2°) 252’1 px4 ¥9-8E61 68-8£61 L ALY AN T9111A9%Ld 39 X404 BSLAST 00560220
6'99 S°99 9 68-9961 68-%961 n ALY VA ‘pOOMIUL|D JBBU J3ALY ISSN S3UBJY  0G6B0ZE0
98¢ 982 £9 68-9261 68-9261 n ALY , VA ‘1sAeH 3B Y404 119sSnY (0SB0ZE0
26¢ 26 0g 89-8£61 68-8£61 4 ALV A “wed dediysi4 Mo1ag 3404 BSLA3T 00080ZE0
0c°9 02°9 6 ¢8-9.61 28-7.61 n panuijuodsig M ‘st11A4d Jeau 3. suiAadeds  $96/02£0
a8’ c8’ 6 %8-6261 ¥8-6261 n panutjuodstq AX SL114Aud 3e Y404 SYILQ 29620Z£0
18-9861 18-9861 s
134 1374 og '91-2961  '92-2%61 n panutjuodsia VA ‘ApunJg J4asu ¥u404 BSLAST (0050250
99-2%61 99,2961
, 686l ,  T6£6l
L£-8261 L£-8261 .
162 162 2 '22-9161  ‘22-9161 4 psnuljuodsig AW ‘sudem e )98.4) 310dsAlaML 0002020
S"8¢ G"8g T4 68-5961 68-5961 n SALI0Y  AM ‘MOIUNG JB3U §3347 9)0d3A]IML YJod 3ISBI  00990ZE£0
962 962 rA 08-8L6L 08-8£61 n panutiuoadstq JAM TUOIYLN JeSU JIALY PN 00S%70250
£¢8 £8 Sl 12-£961 68-£961 4 panutuoodsig AM ‘ugBoq 3B JaALY 33l0puBAng  Q09L0ZED
85 8S2 £f 29-6261 29-6261 ¥ panutjuodstg , AM ‘uei 1B JaALlY d330puBAng  000£0Z£0
90¢ 90¢ (¥4 68-8961 68-8961 n ALY AM ‘3111ASA31138 JBIU JaALY 3330puBAng  (0%¥202£0
T Buijnqlijuo) )B30] StsAjeue  (J@dk (Jesk”  uoiye) sSn3jels GUBU UO(363§ Joquinu
(591 me:me ui JaieM) Jajem)  -nbay uoiiels
eaJe abeuedqg pJodad pJ0od3J pPJ023J
J0 Altlep Altep
sJBaA paie|n J0
-BaJaun potJad
}0 potJtad

[yysou ‘N yediopunu ‘uny a)pplu ‘W IYInos ‘s IuotsJaaalp 18201 ‘@1 4o ‘34 3sad ‘3 Ipajeinbad ‘Y pajyeynbasun ‘n)

Apn3s 8yl ul pasn suotieys ButBEB-MO|JWRIIIS PJOISJ-SNONULIUOD S JOJ UOLIEWIOUL PIIID|3s

"l 9198l

23



8 <0l ] 68-286L  68-286L Q1 aALIOY Al ‘AeMplW JedU 333D UJOYX]13 YINOS  00£682€0
0712 0°%e 6 68-0S6L  68-086L N aAL30Y A ‘Butads 3404 3B 3334D UJOYN]3 YINOS  000682£0
£6°1 £6°2 0e 2l-£S61  2l-£S61 N panutjuodstq ,..__AX ‘Bulids 3do4 Jedu %3343 2AB]  (00S8BZE0
Ll 6L1 Y€ £8-0561  £8-0S61 N panuijuodsiqg A ‘uM0336403D JB3U ¥334) UJOUY13 YIJON 000882£0
6L S6¢ £l 22-606L  ¢2-606L N Ppanuljuodstq A ‘upbang Jeau JIALY X1Q  005582£0
8lg 8lg LY 68-£%61  68-£%6L N aAL3oY , AN '9111AuUBQ 3B J2ALY X1 00058250
6°01 0Ll 0l ¥8-9.61  ¥8-9l6L Q1 P3NULIUOISLQ A ‘uMoisauop 38 }334) UBUXYILH ISSM 0SSPSO
9°82 9°82 9l €8-896L  £8-896l @1 PanuLjuodsig A ‘uojsBul) Jesu 3343 J2AYLS  00£Y82£0
68-8¢61  ,68-8£61 ,
29¢ 29¢ 2s ‘2e-1g6l  ‘eg-lgbl M 3ALIIY AN ‘A310 Ae13 3B J9ALY PRY  00SE82£0
0°%2 0°%2 6l £2-9561  £1-9561 N panuiIuodsta AX '4231BM]] 135 1B X334) JIIBMI1LIS  000£82E0
8°59 8°59 33 68-9561  68-9561 n 3AL39V AX ‘usaJp 13zey Jeau JAALY P3Y  005282£0
,68-0%61 ,68-0%61 .
ezl 22l 9¢ L£-S26L  “LE-S26l n 3AL30Y AN ‘3111A%u00g 3 AYonjusy 3404 YInos  00S1B2ZE0
£91 £91 2 68-996L  68-5961 n 3A130Y AN ‘433s3ydUBH 3B 324D 3500 00 L8B2E0
sS1 ssl Ll 68-2261  68-2261 n 3ALIOY M 3342 619 Jeau JaALY PJ1IG PAY  0%0182£0
,09-0%61  68-0%61 ,
255 L£S 44 ee-1e6l  ‘eg-lg6l y SALIOV AN "eBajiel 38 J3ALY AYOnIUS) 04 IPPIN  000182€0
€19 £°19 2 68-8561  68-856l n 3AL3OY , A _‘uojoom 3B Y3349 ULYSIN 00208250
202 202 (43 68-856L  68-856L a1 9ALIOV AN ‘USPAH Jeau JaALy AYdnjua) JJ04 AIPPIN  009082£0
SL-8E61  68-8£61
oL ‘1 oLt oY ‘1£-8261  ‘lE-8261 3 FALIOV AN ‘uosyoer 3e JaALY ANONIud) (404 YIJON 00008250
L ] L€ 18-056L  18-0561 N panuijuodsiqg AX ‘919ON JB3U Y234) SWOSA|gnOJL 005822S0
le-e 1272 8l £2-6661  £2-9S61 N panuijuodsiqg Ai_'81qoN Jdedu youesg Jeag 00082250
99% 999 33 S2-0%61  68-0%61 3 SALIOY AN ' pJezeH 1B J3ALY AYOnjus) Y404 YIJON 005.22£0
9709 9°09 el S2-%96L  68-9961 3 aALIoy A) ‘seajesses Jeau yJo4 JJe)  0S¥1/2£0
6:0Y 60y 0l ¥2-6961  94-G96L N panutjuodstq , . Ad 'Asieq 3e 3334 pooMJay3eaT 00%2.250
9°€l 9°€1 9 £8-8961  €8-8961 N panutjuodsig Al ‘Jauld J8dU X234) ASSBJY Ad0J YIJON 00%9S2E0
519 129 1S 68-8£61  68-8£61 @0 9AL130Y AN “euBlyjuAd 3B JaALY BuLID1] Y404 YINOS  0052S2E0
6§2 652 9¢ 68-€561  68-¢56L Q@ aALIOV , A _’Staed 3e 3¥234) J3U0IS  0002S2E0
6L1 61 £y 68-9%6L  68-9%6L n 3AL30Y AN ‘BungsiMal Jeau JaAty Butjdl NJo4 YIJON  0001S2£0
10y 10°Y 6 28-£261  28-£261 N panupjuodsiq , AN ‘Aaddeys JBau 324 Y211 A0y 02E0S2E0
L8 L8 24 68-296L  68-2961 n 3A130V  AY ‘pesyaJoN Jeau Y884) 338)diJl 404 YIJON 00L0S2E0
§lYy $°ly 6% 08-1%6L  08-1%6L @1 Panuiluodsiq AX ‘peayaJol 1e 39343 332)d1ul 00005250
28 L28 33 €2-8£6  68-8%6l d aALIOY Al ‘sdawdey 3 JaALY BUINILY 00569250
0yl ol 1S 68-6£61  68-6£61 n aAL3ayY A '8111AsJ9418S Jeau JaAlY BuLYOLY  0058%2€0
But3ngilajuo 8301 sSisAjeug  (Jeak (desk uotie) snye3s SWeu Uo13els JOCNU
S9) 1W aJenbs ut Jaiem) JoleM) -nbay uoijels
gaue abeuteaqg pJooad pJooad pJ0oad
J0 A1tep A1 1ep
SJeaA paieln J0
-6aJun poluad
40 potJad

[yzdou ‘N fNnediotunu ‘uny la1ppiw ‘W JYInos ‘S IUOISJIALP 1B820] ‘@7 404 4 fisea ‘3 Ipajeinbad ‘Y lpajeynBasun ‘n)

PaNuUIU0)--APN3IS 2Y3 UL Pasn Suolle}S BULBEB-MO)JWEJ}S PJOIFJI-SNONULIUOD Y} 4O} UOLIBwWJOjUl Pa}Ia|as

"| 9)qeL

24



%22 VA 44 22 ¢2-1661 €2-1661 n psnuijuoosiqg >M fABuu {NOW Jeau JaAly uldadd 000SOEE0
ViS4 91°2 0¢ 12-1561 LZ-1S6L n panuLluoastqg AN "A3UULYOW Jeau 33Jd) S)11L192H  00SH0££0
982 o8°2 02 68-6961 68-6961 n AALJIY NI ‘snej) ejues Jeau 334) paxnooJd (Q0Y£OEE0

Y82 QLY 65 68-1%61 68-1261 n ALY .z~ ‘PNOYD 331YM Jeau JaALY an)g 000£0£E0
1°91 1°9l L2 68-6961 68-6961 n 9A 130V NI “euajej Jeau 33347 uelpui 313311 00£20£€0
1°4¢ 2’9 02 68-0461 68-0261 n SALJVY NI c:owodvvmz MaN Jeau %33aJd) Jong (02220££0
0°%9_, 0°Y9_, Y 68-%%61 68-9%61 al DALY Ad “3])11ASinoT Jesu 33aJg puod 00020££0

6621 66271 LS 68-826l 68-9%61 n AALJIY AN "Uolsog Jeau XJog Bui)10¥ 00SLOLE0

699 699 11 %2-0%61 %.-0%61 n panutuodsiqg A ~c:0umv;cm e XYJod4 yoosg Q00L0£Lo

9ty 9tY ll 68-2461 68-2.61 n ALY . AN ‘pnel e 3u04 yYoa98 Q0%00£L0
6°S8 6°S8 0¢ 2.-2661 2l-2S61 n panuLiuodsLyg Al v_mmmmc_uam Jeau 3404 yoaag 00000£E0
6£C, 65, LS 68-8261L 68-8¢61 n QALY Al “uoueqan Jeau Jdod B6ul)108  000662£0

261 26lL°1) %y 28-9¢61l 68-8¢61 Y ALY AN '9)1lAspdaydays e JaAlY 3188 00S962£0

g¢el gtl SY 68-9%61L 68-%%61 n BAL Y A .u_~_>gcsm_m e }Jod SpAotd 00086250

179 179 oL 68-0861 68-0861 n ALY A)_"pOOM3S3J) 3€ §J404 spAold  G§%8/62£0

g°ie g it 02 Y2-9%561 %2-9661 n panuliuoasig A “pJojuajed je 3aau) wnid 00S.62£0
Gl g GlL°S y 19-%661 19-9661 n panuiiuodsig Iy | .vgo+¢ouc3 JE3U }3aJd) wnid 913317 000.62£0

L°61 L* 61 2 19-%561 19-9961 n panuljuoastLg Al T31711AU0S| M Jeau 3Iv4) WN1d 009596250

65¢ 652 g 68-1861 68-1861 n AJojepuey A ~m~_m>mgod>mh 18 3aaJ] sJeaysedq 068956250

26l 961 Vol 28-65£61 28-6£61 n panuljuoosiy A) ‘uaJng uep Jeau JOALY J1eS  00SS62£0
2" 6¢ vl s 12 €2-2561 ¢€2-2G61 n panuijuoosiq >M BangspoJJdel Jeau JaAlY 11eS  000562€0

681 681 Gt 68-6561 68-5561 n ALY ... NI 6anqsJa)jas Jeau 38aJd] JaALlS  000Y62£0
¥°8l 6°8l SY 68-9%61 68-%%61 a ALY Ad T9)1IASLNOY Je §234) sseJdbieag Nu0d W 00086250

,68-9861 ,68-8861

,£8-0261 ,£8-0261

.No.mmop ,C9-5561

G496l  “£G-96l ,
24l 2°41 4 0%-6261 0Y-6£61 a ALY AX ‘81)11ASIN0T 3B 3aau) ssedbieag X404 § 006262£0
L°%e L°%2 12 68-8961 68-8961 n ALY A ‘oBuedge Jeau X§334) Spoddel (9Y262E0

,LL-8861L  11-9%61

'1£-826L  ‘1€-8261 ,

28y 289 Gy 8L-Slél 8L-Sl6l n panuiiuodsig AN ‘802u219 3e ¥8aJ) 31683 00GL62£0
6°2% W4 s 6l-1%61 Sl-1%61 n panuiuoasiq A no-w>w_vam 18 )334) 3)1be3 (0Q0L62£0

£€9°S £€9°S 02 L2-2561 L2-2S61 n panuijuoosig A T3Jdojyuedd Jeau §3IJ] 14 000062£0
,68-8861 ,68-8861
'€8-0%6L  '£8-0%61 ,
¢oYy €LY 8y gL-Slé6l gL-siél al QALY A Tldopjuedyd Jeau }IAJ4) ULOYY13  006682£0
BULINgLJ3u0) 1301 SisAjeue  (Jeak (Jeak uoi3e) snjess Weu uol3els Jo0MNU
(Se) 1w ogo:me ui Ja3eM) JajeM) -n6ay uojiels
eaJe abeuledq p402ad pJ02a.l pJ0o2aJ
30 Aylep Ayiep
sJea) pajein J0
-BaJun poiJdad
30 Po14dd

[yagou ‘N jediotunu ‘uny ‘aipptw ‘W fyinos ‘s JUOLSJIALP €207 ‘@1 04 ‘34 I3sea ‘3 Ipajeinbad 'y IpajrejnBaaun ‘n)

panuijuol--Apn3s ayl Ul pasn suolle}s Bulbeb-MO)WBa}S PJ0IaJ-SNONULIUCD By} JOj UOIJBWIOjUl Palda|as

*| @19ey

25



1£°6 l£°6 8-6961 8-6961 n panutjuods:a NI ‘uosipey Jeau Ya3J) S3IJUaqJaH 00299££0
,. 6861 686l
JB8-y861L |, 98-Y861 ,
£°91 19 2 21 28-2.61 28-2261 n SALIDY A) ‘UopAJo] 433U YaaJ] WEPISAIIY  (9£22£€0
104 144 44 28-1961 28-1961 n panuijuossiq . NI ‘811lAsueA3 39 X8au) uoabid (0122££0
2°8s ' 8s Sl £8-8961 £8-8961 n panutluoastq A 91 11ASaILYM 433U X334] JAYUId Ad0d S 0SELEEEO
961 %61 6y 68-0%61 68-0%61 n SALIOY A ‘xody Jeau JaAry puod 00502££0
129 P17 174 65-0%61 68-0%61 y ALY A ‘93punq J43su JaAly ybnoy (0061£€0
92l v 4} %) 68-1961 68-2661 n 3AL3JY Al n:ucw;m 9SJON Joau %9343 Asued (008B8LEL0
Y6¢ %0S L 65-6%61 68-6%61 d 9AL3DY A ‘yBnoy jo syjed e JaAly ybnoy (0S8LEEO
(174 1°0¢ Sl 14-2S61 12-2961 n panutiuodsiq M “cwmn Uud 19 Jeau F384] YO17 204 0028lE£L0
9e 589 Ll 96-0%61 95-0%61 al panutljuoasiq A ‘yBnoy jo s)jBd JBaU J3ALY ybnoy (008LEEO
9°22 0°2% 61 £2-9%561 £2-9561 n panutuodsiq AN ‘M3IAISOM JaBU JUSALY yBnoy Nu04 YIdoN 00SLLEE0
8sl T4 0¢ 65-8£61 65-8€61 n panutiuoasiq >¥..nmgnw: Jeau J4aAly ysnoy 00021£50
8°08 S$°06 £s 22-0%61 eL-0%61 n panutiuoasiq A, BunqsiMa Jeau JaAty POW  00091£€0
119 BLY 4y Li-0%61 L2-0%61 n panutjuodsiq A) ‘uojeAlY Jesu 3934) s3324d 000%1€£0
0°L6 oLl 14 68-8961 68-8961 A ALY M .cmdxcw¢m Jeau 3a34) s3)dJQ NJdod IsaM  00LELEC0
A M2 FA NP ac el-1861 2l-1561 n panutjuodsiq AN '9111A833008 e yJo4 sAag ISaM  00SELEEO
J9-1961  ,68-1961 .
S98 296 2l 05-2%61 06-2%61 d ALY Al ‘Asuuly ueau JaAly uadJef (QOELSEO
918 L€S e £9-6£61 €9-6¢€61 n panutiuodsiqa >¥..mddw>mmaa Jedu JOALY usaJdeg (0selEco
g 0¢ 8°0¢ 44 12-0861 12-0861 n panutjuodsiqg M TP1313yd3laT Jeau youelg 4338  00021£€0
6°0L 6701 Ll 68-£261 68-£261 n ALY Al "3poyy e 93J) wepJdasedg (09LLEL0
,89-1961L | 68-1961
,06-6861 | 06-6%61 .
08y £02 21 ce-1g6l 2e-1861 d ALY M xum;>g 19 JBALY ULION (000L1ESO
8¢ 009 92 29-4%61 29-2£61 n panutjuodsta AN "XeM 3B J3ALY ULION (0SOLESO
v°9s %°68 0t 68-0961 68-0961 n ALY M ‘8111A3314d Jeau 334y uodeq (00Y0LESO
452 28§ 0¢ 68-0961 68-0961 n 9A LIy . AN “ST)IW 931yM 3B JSALY ULION (00EOLEE0
9°6¢ °9¢ 4% ¢2-1%61 £-1961 n panutiuoasiq Al ‘91)11AUSBPOK 1B JAALY UL)ON 3404 Y3JON (0001£€0
ve°s 'S 8l 12-€S61 12-€£961 n panutjuodsiqg o M 91 }Ausbpol Jeau %334) 1B6NO@IN  00S60£E0
¢ 8l £°8l 1€ 2l-1Y61 2i-1%61 n PaNULIUCDSIE  A) “UOjUOWP3 1B JIALY udJJleq 313317 JJod S 00SL0£€0
9% 69¢ Lt 6L-5961 Sl-9961 n psnuiiuodsta Al “weysauy Jadu }934] 113ssny  00L20€¢20
£l g8l 0S 68-0%61 68-0%61 n AJolapuey Al .mwnssﬁou Jeau }3a4) 119ssny  00020££0
62L 9¢l 6¢ 89-6€61 Gl-6%61 d psnuljuodsta Al TBUNqsusadg 32 J9ALY UALY  00590££0
,89-9961  ,68-%961 ,
289 289 9 2e-1¢61 2e-1£61 Y ALY M o-w>mddonaswu Jeau JIALlY uddJ9  00090££0
£°9¢ £°9¢ 8 19-956L 19-%s6l n panutjuodsiq Al ‘waies JUNOW J33U JIALY UsaJD 00S990£E0
BUl siskjeue  (J89k (Jedk uon|) snyeys 3WeU Uo13831s J5Gunu
S§9] W sJenbs ut J93eM) JajeM) -nbay uoriels
eaue abeuiauq pJ0dad pJodad pJ402sd
jo Aytep Ay tep
SJeaA pajein o
-BbaJaun poldad
40 potJad

[yadou ’N yediounu ‘uny !81ppiw ‘W 24inos ‘S IUOLSJALP 1990) ‘@1 403 ‘I4 ‘ised ‘3 Ipajeinbaa ‘Y !pajejynBaaun ‘nj

paNUju0)--ApN3s 3yl U}l pasn suoljers Buibeb.Mo)jwea.uIS PJOI3U-SNONULIUOD AU} JOJ UoLleindojul palddlas *| ajqel



8-02 8-02 91 68-£261  68-£261 n 3AL30y AX ‘Jnowde]d Jaau %224) 1)imMJooddium  OYLSEYED
9715 L8, £y SL-£861  S2-££61 n panutjuodstq Nl WeyjtH Jeau JaAly BuilJaoy (00081%£0
901 901 Ly 68-€%61  68-£%61 n 3AL33Y N1 ‘UMO3SPJAg JB3U JBALY J10M  00091%E0
,18-0861  18-0861 ,
18 Sl L§ 12-2961  ‘LL-2%6% n panui3uoasta NL ‘auidiy Jeau JaAly ASqQ 3Jod 3SaM  000SLYE0
961 <0z A 68-£761 68-£%61 n ALY NL ‘uMolsauwar Jeau Jaaly AaqQ YJod 3sel (00SYLY€0
v ey 9 £y St £8-6961  £8-6961 n panutjuodsta AX '0113013UOW Jeau Ya3J] Jaaeag (0ZELYED
€1 €71 61 22-9561  2L-%S6l n panu{ju00sta AX ‘3assawos e )aduQ uewiid 00SZLYE0
598°Y 598°y  lf 05-9161  0S-%161 ) panuL3u0ds L AX ‘apisudng 32 JAALY puellaqun)  00Si1Y€0
56 456 2 68-£%6L  68-£961 n aA130V AX ‘susais 3e JaAly puejJaqun)  00SOLYE0
28€ 8¢ 3 68-9561  68-%£61 n 3A13Y NL ‘JaAid MIN 19 JaALY MAN 00580%€0
91 S91 LE 68-£561  68-£961 n aALIIY AX_“a))iadoys Jeau yaaug yong  (0SZ0%E0
s8* s8"* 8l Y2-956L  2-9561 n panuL 3u0IsiQg AX ‘poomuaauy Jeau Jg UOI13H 00EL0YEOD
. el h6L ,
29° 29" i 99-9561  ‘99-9561 n PanuL3U0IsLQ AX Jajeq stayed Jeau youelg ousd  00L20%£0
Y2 Y2 6 L€-2e6l  1£-2261 n PenuULjuoasig  AX ‘sBuiuds a13sed300Y 1B JAALY 313SBINOOY  000L0YED
%09 %09 £9 68-9861  68-9£61 n 3AL30V AN ‘sMO1118 je 3)3S32)20¥ 00S90%£0
68°¢ 68°¢ 8L bL-9561  LL-£S61 n panuL 3u0ds1g AX ‘uopuoq Jeau Yaaud pooM  00090%€0
EL-296L  £2-2%6) ,
102 102 £€ 92-2261  ‘%h2-€261 01 panutjuodstq AX ‘ulquo) je JaAlY j3Jne1  000SOYE0
8°£¢ 8°£5 91 68-9261  68-9.61 n 3AL Y ,.AX ‘urgJo) 3e ydad) due) UUAT  006Y0%E0
091 0%l 91 68-%261  68-961L Q1 aAL32Y AX ‘u1quo) 3e uieg UNW e JSALY )BJneT  (0Z8Y0%50
13 leg ¥4 68-896L  68-8961 n 3AL30VY AX ‘uoixes je yJoi Jea)d 016£0%£0
, , 68-SL61  ,68-5161 ,
1261 26,1 6L 2L-2061  '2L-2061 n aAL3dY AN 'S)1B4 puelJaqun) 3B JaAly pue)Jaqund  00SY0YE0
2091 209t 6g wm-mmmw ww-wmmw n aA Loy AX ‘Bunqswe1]}M 38 JaAly puejJaqund (0OY0YED
096 096 0s ‘1g-g261  'lg-g26L 01 3AL39Y M ‘a)1iadnoqueg 38 JaALY pue)laqun)  00SE0YE0
,68-0861  68-0861 ,
608 608 LY 6L-8£61  ‘Sl-8t6L Q1 3AL33Y AX ‘@])tAsuld Jeau JaAly puejlaqun)  000E0YE0
9°09 9°09 6y 68-0%6L  68-0%61 a1 ALY AX_‘0.J0gsa)ppLW 433U §33J) MOY13A  00020%£0
92§ Y28 &Y 68-0%61L  68-0%L a1 2AL30Y AX ‘UB)JBl JB3U JaALY pue)Jaqun)  000LOYED
858 8°9S ] 8-1261L  68-1261 ¥ 3AL30Y AN “Yrtus Jeau Jo4 suiidew (00800%£0
£28 £:28 6y 68-0%6L  68-0%61 n 2AL130V AX ‘pu@)Jaqung je o4 400d  00S00YE0
oi-2 oL'e 8l 0.-2561  0.-2561 n panuL3u0dsLq A ‘ogaN 3B 934 3s0¥  000Y8EE0
,68-Y86L  68-5861 ,
992 374 LYy £8-0%6!  '£8-0%61 n aAL33yY AX ‘A3U10 3B JOALY Jajemaped]l (00EBEE0
0L 01 ¥8-996L  ¥8-9961 n Panut3u0dsLqg NI ‘2)111AsapeM Jeau 39243 618 05SBLE£0
BU13INq1J3uo0 e sisKjeue  (aeak (Jesk uo13e) snye3s WeU uoi3e3s Joqunu
$9) (Uf 9Jenbs ul Jajem) Jajem) -n6ay uoljels
eaJe abeulaug puo2ad pJodaJ [NTe=EN]
30 A1tep A tep
sJeaj paiejn jo
~BaJdun potuad
10 poLJad

[yadou ‘N fyediatunw ‘uny lappu ‘W {Yynos ‘s fuolsdaAlp 1B20) ‘g1 INJoj ‘34 f3sea ‘3 Ipajeinbad ‘Y Ipajejnbauun ‘n)

panuljuo)--ApNis 3yl Ui Pasn suoj}lels BuiBaB-MO|jweadls PJodaJl-SNONULIUOD ayl JOj UOLJewJOjUl pa3dajas | aigel

27



oit 1] ae cl-1561 2l-156l n panujjuodstqg Nl ‘Banques Jeau )aau) 30041338 00592020
68-786  68-%86L ,
2789 289 ¥y ‘8L-0%6L  '8.-0%61 n 3AL30V A ‘uojuLY) Jeau usly) aQ uoAes (00092020
8°9¢ 8°9¢ ¥4 €2-166L £2-1661 n panuiluodsiq M ‘64nqsJoAdd 18 %3343 uolqo 00S£2020
cie cle ve c.l-8g6l 2.-8¢6l n panuljuoasiq AN “3111A30813A07 38 %334) P18tjABH  000£20.0
,2L-896L  21-896L ,
eL} el 8L §9-£56L  'S9-£S61 n panu13u0dsLq AN ‘p13ijhen Jesu 33343 Addad 00522020
991 9 41l 111 68-2.61 68-2.161 n SAL Y AX “ysonped Jesu X3sJ4) JesseW (092119£0
1789 1789 St £8-6961 £8-6961 n psnuiiuodsiq A ‘saamMaag 433U J3ALY SAJB1) AJO4 1S3H  SYS0L9£0
122 l2e St €2-8¢6l £2-8561 n panutjuoasiq A Tuoluag Jeau JaALY SyJe1)  00S019£0
el el 1 68-£861 68-£861 n SAL30Y A) OV 3B J3ALY SAJB1D  0020L9£0
1768 1768 02 12-2G6l 1L-2S6L n panuLiuodstqg A ‘Aeauni 33 a3ALY SAJE1D  000019£0
éLe 133 85 68-2¢61 68-2£61 n SALJY VA '3)111AS3UOP 433U JBALY 119MOd  00SLESE0
,18-626L  18-6261 ,
0°0L 0°0L ] 16-G%61 1S-S%61 n panui3uodstq VA ‘uolbuiuusd e J4SALY 113MOd 38 A4Od N 00S0£SE0
,8-626L ,18-6/61 ,
cLi 41 gl 65-5%61 65-S%61 n panutiuodstq VA ‘deg suols 618 33 JSALY 1]3MOd  00G625£0
S°0¢ S°0¢ 1 £8-8961 £8-8961 n panuluoosiq A% ‘US3INUBD JBIU JAALY 313317 AJ04 N 02082Y50
ost Y92 6% 68-0761 68-0%61 n SAL IY . Ad ‘Z1pe] Jeau JaAlY 313311 0008£Y£0
g£7ee S 9% %2 €2-0861 £€2-0S61 n panuUIiuodsSI@ AN ‘811 tAsulddoy 1B JIALY 213317 JJO4 YInos  00SLEYE0D
21 el X4 08-8561 08-8G61 n panutjuoasiqg , Nl "Yojlys Jesu 3asJ4) MOT194 00.9£%£0
91 981 IS 68-6261 68-6£61 n ALY NL "swiepy Jesau JaAlY Pay A4od Jnydins  0009£%£0
60¢ 904 éY 69-1261 69-1261 n panuijuoosiq Nl "swepy Jeau JaAlY Py 0065EY€0
UiINGiJ3uo] _je3o] siskjeus  (J3ak (333X uo138) snye3s auleu uor3e3s Jaqunu
(saytw oLo:me ut JajeM) J33aM)  -nbay uoL3ais
eaJd abeutedq pJ033J pJ0224 pPJ023d
jo Aylep AyLep
sJeaj pajejn 40
-6aJun polJdad
40 polJad

[yasou ‘N Jqjediotunw ‘uny 3)ppil ‘W YInos ‘S JUOLISJBALP 18I0) ‘@] yJoj ‘34 ‘isea ‘3 Ipajeinbad ‘y Ipajejnbasun ‘n)

panuLiuo)--Apnis ay3 Ul pasn Suol3els BulbE6-MO)JWEILIS PIOIDI-SNONULIUOD Y3 404 UOLIBWIOIUL P31I3)|3s

‘1l 293l

28



