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Techniques for estimating peak flow on small streams in Minnesota

by D.L. Lorenz, G.H. Carlson, and C.A. Sanocki

ABSTRACT

Two statistically-derived techniques, regional regression equation and region of influence regression,
that estimate peak flow on small, ungaged streams in Minnesota were developed. Both techniques relate
physical and climatic characteristics to peak flow for 2-, 5-, 10-, 25-, 50-, and 100-year recurrence

intervals.

Regional regression equations were developed for each recurrence interval in each of six regions in
Minnesota. The region of influence regression technique dynamically selects stations with characteristics
similar to a site of interest. Thus, the region of influence regression technique allows use of a potentially
unique set of stations for estimating peak flow at each site of interest. Two methods of selecting
streamflow gaging stations, similarity and proximity, are recommended for use in the region of influence

regression technique.

The regional regression equation technique is recommended as a first estimate of peak flow in regions C,
E, and F. The similarity method of the region of influence regression technique should be used as a first
estimate in regions A and D. The proximity method should be used as a first estimate in region B.

Tables showing the peak-flow-frequency data and basin characteristics for streamflow gaging stations,
and regional peak-flow prediction equations, are documented.

INTRODUCTION

Knowledge of the peak flow of floods of a given
recurrence interval is essential for regulation and
planning of water resources and bridge, culvert,
and dam design along Minnesota’s rivers and
streams. Techniques are needed to estimate peak
flow at ungaged sites because long-term
streamflow records are available at relatively few
places.

This report is one of a series of reports prepared
in cooperation with the Minnesota Department of
Transportation that discuss peak-flow frequency on
small streams. This report supersedes previous
reports by Prior (1949), Prior and Hess (1961),
Wiitala (1965), Patterson and Gamble (1968),
Guetzkow (1977), and Jacques and Lorenz (1987);
all of which dealt with techniques for estimating
peak flow in Minnesota. Analysis of annual peak-
flow records for the first of these reports that
employed the Log Pearson Type III method of
analysis (Guetzkow, 1977) may not have included
historical flood information in the analysis, and the
period of record for many small streams was very
short from the standpoint of flood history. Most of
the long-term record stations included the low
annual peaks from the 1930’s drought and high
annual peaks during the 1950’s and 1960’s.

Historical flood information was incorporated in
the analysis done by Jacques and Lorenz (1987).
Jacques and Lorenz (1987) also used fewer regions
than Guetzkow (1977), which resulted in larger
standard errors of estimate for the regional
equations.

Background

Continuous daily records for streamflow gaging
stations in Minnesota span a relatively short time
period. The longest record is for the Mississippi
River at St. Paul, which is continuous from 1867 to
present, except for 1871. Gaging of several
streams to obtain daily streamflow records was
started about 1909. The number of streamflow
gaging stations decreased between 1912 and 1920.
During the late 1920’ and early 1930’, the number
of streamflow gaging stations increased. Many of
those streamflow gaging stations presently are in
operation. Over the years, streamflow gaging
stations were added where flow information was
needed, and other stations were discontinued
where additional data were not needed. Streamflow
gaging stations operated to obtain daily records
generally are located on streams that drain areas
greater than 300 mi® and flow continuously.



In the 1950’, planners for the interstate highway
system learned that little information was available
about peak flow on small streams. This
information was needed for determining the
necessary size of bridges and culverts at road
crossings. As a result of this need, small-stream
flood investigation projects were initiated
nationwide. The program in Minnesota began in
1958 and over the next 6 years about 150
streamflow gaging stations were established to
determine annual peak flow and stage on streams
draining about 60 mi? or less. Most of those
stations were operated through the 1970’s. In the
1980’s, gaging for annual peak flow and stage for
most of the drainage basins of less than 10 mi® was
discontinued. Some new peak-flow gaging
stations recently were established on streams
draining areas from 10 mi? to several hundred
square miles.

Purpose and scope

This report (1) documents the analytical
techniques used for annual series peak-flow-
frequency computations, basin characterization,
regionalization, and development of equations for
estimating peak flow on small drainage basins; (2)
presents peak-flow data and basin characteristics at
streamflow gaging stations; and (3) discusses
techniques for estimating peak flow at ungaged
sites on small, unregulated streams in Minnesota.

Streamflow gaging stations on the Red Lake,
Minnesota, Mississippi, Rainy, St. Louis, and Red
River of the North Rivers that have drainage areas
greater than 5,000 mi2, were not included in this
analysis. Other streamflow gaging stations that
were not included in this analysis had peak flows
that were affected by controlled storage or
regulated releases.
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ANALYTICAL TECHNIQUES

This section describes the analytical techniques
and adjustments to analyses that were required to

develop the techniques for estimating the peak
flow on small streams. It also presents preliminary
computations required for regression analysis.

Frequency analysis of annual peak flow
data at streamflow gaging stations

An annual series peak-flow-frequency analysis
at each streamflow gaging station (fig. 1) was
prepared according to the procedures outlined in
Bulletin 17B (U.S. Water Resources Council,
1982).

Many more streamflow gaging stations that have
at least 25 years of record are available now than
when the skew map of Bulletin 17B (U.S. Water
Resources Council, 1982) was developed.
Therefore, before computations of peak-flow
frequency were begun, stations with 25 or more
years of record in and near Minnesota were
analyzed to determine the station skew coefficient
and an updated generalized skew coefficient map
was prepared and published (Lorenz, 1997). The
resultant generalized skew coefficients were used
in the Log-Pearson Type III peak-flow-frequency
analysis used for this report.

Treatment of discontinuous periods of record
(also called broken record) and the occurrence of
large floods either within or outside the period of
record, and considered "historic", are described
below.

1. Where the record is not continuous and there
is no indication of a historic flood, the record has
been treated as though it was a continuous
homogeneous record.

2. Where the flow of a large flood that occurred
several years before the start of the record of
annual peak flows is known, and that flood flow
has not been exceeded, a historic period extending
from the year of the large flood to 1995, or to the
end of annual peak data, was used in the peak-flow
frequency computation. For some streams where
the record ended prior to 1995, and the large,
historic flood flow has not been exceeded since the
end of the record, the historic period was extended
to 1995, if that extension improved the agreement
between the observed peaks and the peak-flow-
frequency analysis.

3. Where a large flood occurred before the start
of the record of annual peak flows, but the flow is
not known, the record was analyzed with a
corresponding historic period if the record















because of the difference in record length. Cross
correlation is the correlation between peak flow at
two different streamflow gaging stations as a result
of similar weather patterns affecting those stations.
In ordinary least squares regression, cross-
correlated peak-flow data decrease the effective
amount of information in an analysis and can
contribute to errors in predictive precision (model
error) and errors in determination of the
coefficients of the independent variables
(Stedinger and Tasker, 1985).

The GLS technique requires a reasonable
estimate of the cross correlation between flows at
every pair of stations (Tasker and Stedinger, 1989).
An estimate based on the measured flows is not
reliable because of the short concurrent records
usually encountered in peak-flow data. Therefore,
sample cross correlations are estimated by relating
the distance between each pair of stations to the
correlation between peak flows. Stations with at
least 25 years of record were selected for the
analysis of cross correlation and distance. From
these stations, there were 9,735 pairs of
correlations where there were at least 25 years of
concurrent record. These 9,735 data pairs were
reduced to 152 using the following two steps. First,
the data were sorted by distance. Second, the mean
distance and mean correlation, both weighted by
concurrent record length, were computed for each
sequential group of 64 data points. These 152 pairs
of reduced data were used in a nonlinear regression
analysis to relate cross correlation to distance.
These data are shown in figure 3. These data
summarize the trend of the entire data set, but do
not represent the true scatter of the original data.
The nonlinear regression equation relating cross
correlation to distance is as follows:

p(i,j) =0.6314 - 0.4062 * atan (dist (i,j) /92.27),

where

p(i,j) = the estimated cross correlation between
stations i and j,

atan(x) = the arctangent of x, and

dist(Z,j) = the distance, in miles, between stations i
andj.

The equation is valid for i not equal to j; for i equal
to j, the cross correlation is 1.

Step-backward selection is used for selecting
variables in the regression models. The selection
process begins by calculating statistics for all

independent variables. Then variables are deleted
from the model if the coefficient has the incorrect

sign or if the T-score is less than 1.7. At each step,
the variable having the lowest T-score is deleted.

Regional analysis

The regions for estimating peak flow shown on
figure 1 were modified from those in Jacques and
Lorenz (1987). The regions defined in that report
formed the basis for formation of new regions
described in this report. Regional regression
equations were developed for the regions defined
by Jacques and Lorenz (1987). The residuals of
peak-flow values associated with the regressions
were examined in a two-step process. In the first
step, the residuals from each regional regression
were examined for a subregional pattern. If a
subregional pattern was evident, that subregion
was removed from the original region. In the
second step, the residuals were examined to verify
a normal, homoscedastic distribution. If the
residuals were approximately normally distributed
and homoscedastic, the region was accepted;
otherwise, the region was subdivided again and the
second step was repeated from this two-step
process, two new regions, E and F, were identified
and regions B and C were slightly modified. The
average standard error of the estimate (SEE),
discussed in the Accuracy and Limitations of the
Estimating Techniques section, decreased from 51
percent for old region D to an average 47 percent
for new regions D, E, and F.

Regional boundaries are shown on figure 1.
Table 3 includes the number of streamflow gaging
stations in each region. The regional boundaries
follow drainage divides so that the drainage basin
of a small stream will not overlap two regions,
making interpretation easier for all small streams.

TECHNIQUES FOR ESTIMATING PEAK
FLOW ON SMALL STREAMS IN
MINNESOTA

This section presents two statistically-derived
techniques for estimating peak flows on small,
ungaged streams in Minnesota. Both of the
techniques relate physical and climatic
characteristics to peak flows for 2-, 5-, 10-, 25-,
50-, and 100-year recurrence intervals.
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Figure 3. Distance between streamflow gaging stations and peak-flow
cross correlation in Minnesota.

Regional regression equation technique

Regression equations were developed for each
recurrence interval and for each region shown on
figure 1. Table 3 presents those equations, the SEE
and the equivalent years of record discussed in the
Accuracy and Limitations of the Estimating
Techniques section. The SEE is included for
comparison to previous regional regression
equations.

Region of influence regression technique

The fundamental premise of the region of
influence regression (ROI) technique is that there
is no need for distinct boundaries between regions
(Burn, 1990). Each region is defined by selecting
streamflow gaging stations with characteristics
that are similar to the site of interest. Thus, the
ROI technique allows use of a potentially unique
set of streamflow gaging stations for each site of
interest. Two methods are available for this
technique. The similarity method selects
streamflow gaging stations that have similar
characteristics (variables). The proximity
method selects streamflow gaging stations that
are nearby.

The ROI technique requires the selection of a
distance metric defining the similarity of each
streamflow gaging station to the site of interest.
Similarity is defined in terms of shortest distance.
An appropriate metric is the weighted Euclidean
distance in M-dimensional space (Burn, 1990).
The distance metric is defined:

M 2
D@y = | 3 [W(m)x(X(m,i)-X(m))],
m=1

where

D(i) = the distance from station i to the site of
interest,

W(m) = the weight applied to variable m,

X(m,i) = the value of attribute m for station i, and
X(m) = the value of the attribute for the site of
interest.

In most cases, the weight for each attribute is the
reciprocal of the variance of the attribute,
computed from the values at all streamflow gaging
stations. This technique selects a certain number,
36 for this study, of streamflow gaging stations



Table 3.--Regression equations, standard errors of the estimate, and the equivalent years of record.
[SEE, standard error of the estimate; EY, equivalent years of record; DA, drainage area, in square miles; ST, storage, in percent of
drainage area; LK, area covered by lakes, in percent of drainage area; RO, generalized runoff, in inches; SL, slope, in feet per mile.
Number in parentheses following region is number of streamflow gaging stations used to develop the equation.]

SEE
Regression equation (percent) EY
REGION A (42)
Q2 =22.2 DA %667 (§T4+1) 0076 (1 K4.1) 0121 40 4.7
Q5 = 49.7 DA %680 (§T1) 0136 (1 K 4 1) 0-186 36 7.5
Q10 = 75.2 DA 0682 (gT41) 0168 (1 K1) -0-208 37 9.9
Q25 = 116. DA 9681 (sT41) 0205 ( K 41) 0223 39 12.4
Q50 = 154. DA 9678 (gT41) 0230 (1 K41 0228 41 13.6
Q100 = 197. DA %675 (ST+1) 0252 (LK +1) 0-231 44 14.5
REGION B (59)
Q2 =5.16 DA 9820 (§T41) 0136 ([ g, 1) 0400 g 0.859 38 2.8
Q5 = 15.2 DA %818 (§T4.1) 0170 ( K4 1) 0479 g 0-667 41 3.4
Q10 = 26.0 DA 9818 (§T+1) 0195 (LK +1) 0515 R 0590 43 4.1
Q25 = 44.9 DA 9818 (§T4.1) 0228 (1 K4 1) 0550 o 0523 45 52
Q50 = 63.2 DA 0818 (§T41) 0252 ( K41) 0570 R 0489 47 6.0
Q100 = 85.4 DA 9818 (§T+1) 0276 (LK +1) 0-587 Rp 0464 49 6.7
REGION C (29)
Q2 = 34.6 DA %91 g, 0359 (§T41) 0532 (1 K4.1) 0280 33 32
Q5 = 64.5 DA %928 g1, 0-387 (§T41) 0361 (LK 1) 0314 37 3.6
Q10 = 81.4 DA 9913 L 0425 (ST, 1) 0567 (LK +1) 0328 39 44
Q25 =97.6 DA 0898 g, 0481 (g, 1) 0569 (1 g, 1) 0-342 2 54
Q50 = 106. DA 9890 g1, 0527 (§T41) “0-569 (1 K4 1) 0350 44 6.0
Q100 = 112. DA 0883 g, 0574 (§T4.1) -0567 (L K+1) 0356 47 6.5
REGION D (126)
Q2 =7.15 DA %796 g, 0449 (1 K1) 0401 49 34
Q5 = 14.1 DA 0796 g, 0475 (1 K41) 0411 44 5.7
Q10 =19.8 DA 0794 g 0488 (1 g, 1) 0414 45 75
Q25 = 28.2 DA 9792 g1, 0503 ( K1) 0416 47 9.3
Q50 = 35.1 DA 0791 g1, 0513 (1 K41) 0416 50 10.3
Q100 = 42.5 DA 0790 g 0522 (1 g4 1) 0416 54 10.9
REGION E (36)
Q2 =1.84 DA 0848 g 0.758 R 0.690 62 5.0
Q5= 6.12 DA 9826 g1, 0.721 g 0-647 48 10.8
Q10 =10.8 DA 0821 g1 0.706 g 0.644 42 18.4
Q25 = 18.4 DA 9823 g 0698 R 0:655 36 33.7
Q50 = 25.0 DA 0828 g1 0.697 g 0.670 32 50.4
Q100 = 32.2 DA 0834 g, 0.699 g 0.686 30 71.8
REGION F (36)
Q2=137.6DA 712 gL 0223 38 5.3
Q5 =55.3 DA %718 g 0317 32 10.1
Q10 = 66.7 DA 0721 g 0.367 30 152
Q25=179.7 DA 0723 g 0425 30 21.4
Q50 = 87.9 DA 0724 g1 0466 31 24.6
Q100 = 94.9 DA 0725 g1 0505 33 26.3




closest to the site of interest to represent the region.
For this study, slope, percent storage, percent lake
area, and generalized runoff were used to define
the region of influence for the similarity method.
These variables vary regionally across Minnesota
to a certain extent. Drainage area is not included in
the selection variables because the correlation
between drainage area, slope, percent storage and
percent lakes does restrict the range of drainage
basin areas when the other variables are included.

An alternative to the similarity method is the
proximity method, in which the distance metric is
defined as the actual distance, in miles for
example, between the site of interest and
streamflow gaging stations. In the proximity
method, the weight of variables is not considered.
This method assumes that the region of influence is
determined from a gradient of climatic and
physiographic factors that are best represented by
location and that those factors are not necessarily
limited to the independent variables selected for
this analysis.

The trade-off between the similarity method and
the proximity method is in the cross correlation
between the streamflow gaging stations selected in
the region of influence. Stations selected using the
proximity method probably will have a higher
cross correlation than stations selected using the
similarity method. The higher cross correlation
reduces the effective amount of information for the
region and can make the regression equations
appear more accurate than they are when
comparing predicted and measured peak flows.
The average cross-correlation coefficient was (.09
for the similarity method and 0.13 for the
proximity method in Minnesota. These average
cross-correlation coefficient values for the two
methods were not substantially different.

Comparison of regional
regression equation and region of influence
regression techniques

One method for comparing the regional
regression equation technique and the region of
influence regression technique is to use the
PRESS/n statistic, which is the mean Prediction
Error Sum of Squares. The PRESS/n statistic is
determined by removing each site (of n sites) from
the analysis, re-developing the prediction
equations, and comparing the predicted peak-flow
value to the measured value for that site in a
region. The differences between the predicted and
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measured values are squared and the mean for all
sites is computed. That way, n analyses are made
without the predicted site being included. Itis a
reasonably unbiased comparison if the sites are not
highly cross correlated.

Table 4 is a listing of the PRESS/n statistics for
each region and recurrence interval. The minimum
mean PRESS/n statistic indicates the preferred
technique for each region. However, for region C,
because the difference between the PRESS/n for
the regional regression equation and the proximity
method of ROI is only 0.0001 and the individual
PRESS/n statistics for each recurrence interval
greater than 5 years is less for the regional
regression equation; that technique is preferred for
that region. For the other regions, the proximity
method is preferred for region B, the similarity
method for regions A and D, the regional
regression equations for regions E and F.

Regional regression appears strongly preferable
for region E because the mean PRESS/n statistics
for the ROI methods are so much higher than those
for the regional regression equation. For the other
regions, all methods might be given some
consideration in evaluating the peak flow for a
given recurrence interval.

Software

A software packet is included with this report.
It is a 3.5-inch floppy disk that contains the
program and data files to run the regional
regression equations and the region of influence
regression techniques. The program is for use on
an MSDOS operating system (version 3.0 or
higher) and requires a math co-processor.

The software can be installed on any computer
system using the MSDOS operating system. The
steps for installing the software are as follows.

1. Open a MSDOS window if using any window
system.

2. Insert the floppy disk into drive a:.

3. Type "a:install c:\peakflow", where
c:\peakflow is the desired directory to install the
software.

4. Two versions of the executable are included.
The version called pf16.exe will run on any
MSDOS computer. The version called pf32.exe
will only run on a computer that supports a 32-bit
operating system (Windows 95 or newer).



5. To run the program, change directory to
c:\peakflow and type pf32 or pf16,whichever is
appropriate for the system.

The program requires the user to enter an output
file name; select a technique, either RRE for
regional regression equations or ROl for region of
influence regression; enter a site identifier; and
enter the necessary basin characteristics. For the
RRE technique, only those basin characteristics
necessary for the equation are entered. For the
ROI1 technique, drainage area, main-channel slope,
area of storage, area of lakes, and generalized
runoff must be entered. For the RO1 technique, the
user must specify a selection method, usually P
for proximity or S for similarity. Multiple
analyses for any number of stations or
techniques can be performed during a single
session.

An example of the dialogue from the program is
shown in the Supplemental Information section,
with informative messages in normal font, program
prompts in italics, and user input in bold. The
dialogue includes an example of both the RRE and
ROI techniques, and the similarity and proximity
method for the ROl technique. The method of
selecting stations by list is not shown in the
dialogue because it is a specialized method and
should be used only when the user does not get a
satisfactory result from the ROl technique (see
discussion of output) and the user elects not to use
the regional regression equation. The list method is
used by selecting G as the option for selecting
stations, then entering the number of stations to use
and the eight-digit station number for each station,
one to a line.

The example site is Judicial Ditch 11 in Sibley
County, at the crossing of County Road 51, 3 miles
south of Buffalo Lake. The relevant basin
characteristics are:

Drainage area: 15.0 mi2,
Main-channel slope: 2.6 ft/mi,
Storage: 0.0 percent,

Lake area: 0.0 percent,
Generalized runoff: 4.0 in./yr,
Latitude: 44° 41°22", and
Longitude: 94° 37" 10".

The example site is in region D, where the
recommended technique is ROI using the
similarity method. RRE and ROI using the
proximity method are also shown as an example.
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Table 4.--PRESS/n statistics for each region and

recurrence interval.
[ROI, region of influence regression]

PRESS/m
Recurrence  Proximity  Similarity
Region interval method method Regional
identifier (years) ROI ROI regression
A 2 0.0431 0.0425 0.0358
A 5 .0411 .0369 0411
A 10 .0402 0350 0401
A 25 .0439 0392 0442
A 50 .0458 .0436 0534
A 100 .0498 .0493 0628
A(mean) .0440 0411 0462
B 2 .0362 .0360 0337
B .0413 .0423 0430
B 10 .0447 .0507 0445
B 25 .0488 .0603 0510
B 50 .0516 .0682 0546
B 100 .0543 .0770 0598
B (mean) .0462 .0558 0478
C 2 .0232 .0344 .0318
C 0314 0404 0339
C 10 .0385 .0429 0383
C 25 .0466 .0561 0445
C 50 .0532 .0630 0496
C 100 .0599 .0685 0549
C (mean) 0421 .0509 0422
D 2 .0453 .0449 0498
D 0442 .0421 0435
D 10 .0528 .0466 0473
D 25 .0705 0560 0566
D 50 .0828 .0649 0654
D 100 .0957 .0747 .0752
D (mean) 0652 0549 0563
E 0856 0594 0809
E 0734 .0538 0578
E 10 0778 .0591 0550
E 25 .0903 .0729 .0582
E 50 1074 .0838 0638
E 100 1204 .1004 0713
E (mean) 0925 0716 0645
F 2 .0423 .0485 0348
F 5 .0315 .0428 0301
F 10 0297 .0457 0312
F 25 0332 0527 0350
F 50 .0384 .0545 0392
F 100 .0432 .0605 0443
F mean .0364 .0508 0358




The dialogue lists the peak flow, standard error
of prediction (SEP) (discussed in the Accuracy and
Limitations of Estimating Techniques section),
equivalent years of record, and the lower and
upper flow values of the 90-percent prediction
interval. The SEP for the RRE will always be
equal to or larger than the value of the SEE in
table 3.

The output file from the regional regression
equation technique reiterates the screen output and
is not shown in this report. The output from the
region of influence regression technique contains
additional diagnostics about the regressions. A
section of the output file is shown in the
Supplemental Information section. The basic form
of the output is repeated for each recurrence
interval.

The output file presents information about the
regression analysis. First, the results of the step-
backward selection of independent variables are
shown. Second, the residuals and influence
statistics are listed. Third, the estimated peak flow
and statistics are shown.

The output from the step-backward selection
process shows the coefficients and their statistics,
the variable to be deleted, and the reason for
deletion for each of the steps. If the variable is
forced out of the analysis, the coefficients and
statistics are not shown.

The residuals and influence list includes the
stations used in the analysis, the base-10 logarithm
of the observed peak, the base-10 logarithm of the
predicted peak, the studentized residual, the
leverage, and Cook’s D for each station. The
studentized residual is the computed residual
divided by the estimated standard deviation of that
residual. Leverage is a measure of the distance
from the observation to the mean of all
observations. The leverage statistic can identify
stations that are potentially influential because of
their location in independent-variable space.
Cook’s D is a measure of influence that uses the
studentized residual and leverage. Cook’s D
reveals which observations are influential in
affecting the coefficients of the regression
equation. Stations with values of the studentized
residual, leverage, and Cook’s D that are
substantially larger than any other of the respective
values could be considered for deletion. If basin
characteristics of a particular station are
substantially different from the remaining stations
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and the site in question, it could be deleted from
the analysis and the remaining stations used in the
ROI technique, using the list method.

Two statistics are printed at the bottom of the
list. They are the mean sampling error variance
and the mean model error variance. The mean
sampling error variance is the portion of the
average prediction error that is caused by
estimation errors in the regression coefficients as
opposed to the model error. The mean model error
variance is the error caused by an imperfect model
(lack of fit). The sum of these numbers is the mean
prediction error variance. Hodge and Tasker
(1995) describe the development of these statistics.

The predicted peak flow and statistics reiterate
the information shown on the screen. The statistics
include the percent standard error of prediction, the
equivalent years of record, and the upper and lower
90-percent prediction interval. These statistics are
explained in the Accuracy and Limitations of the
Estimating Techniques section. The output on the
screen will include a caution statement if the
predicted value for a peak is smaller than the
predicted value for a shorter recurrence interval.

The program will make a second pass through
all regressions to construct a set of equations for
estimating peak-flow that are based on a consistent
set of independent variables. Independent variables
that are used in at least three of the peak-flow
estimates are included in that consistent set.
Predicted peak flows based on a consistent set of
independent variables may be desirable in all cases
and should eliminate the occurrence of smaller
predicted values at longer recurrence intervals.

ACCURACY AND LIMITATIONS OF THE
ESTIMATING TECHNIQUES

The accuracy of a statistically derived equation
is measured by the closeness of the estimated value
to the true value. Regression analyses give an
unbiased estimate of the true value and statistics to
assess the accuracy of the estimate.

The standard error of the estimate (SEE) is a
measure of the fit of the observed data about the
regression surface. The SEE is expressed as a
percentage of the estimated value. It has
traditionally been used for comparing the relative
accuracy of the equations, although it is less useful
for GLS regressions.

The standard error of prediction (SEP) is an
estimate of the accuracy of the result of applying a



regression equation to a set of independent
variables. It accounts for the regression error and
the uncertainty of the coefficients of the
independent variables. It varies from site to site
because it is a function of the basin characteristics
at a site.

Hardison (1971) presented an equation that
defines the equivalent years of record (EY)
represented by the regression equation. The EY is
the ratio of the mean variance of the logarithms of
the annual peak to the mean square error of
prediction, multiplied by a factor dependent on the
recurrence interval. It is an estimate of the number
of years of record that would be needed at a site to
compute a peak flow at that recurrence interval
with the same confidence interval.

The 90 percent confidence interval is another
measure of the uncertainty of the predicted value.
It is the estimated value multiplied or divided by a
factor that is dependent on the mean SEP and the
critical value of the t-distribution for a particular
model. The information necessary to compute
prediction intervals are in the file predict.dat on the
disk included with this report.

The accuracy of the estimating equation is
limited by the variance and bias of the input data.
Variance is a measure of the random variation
about the true value, and bias is the consistent
deviation of the value from the true value.

The accuracy of the regression estimate is
affected by errors in the independent variables.
Errors in quantifying the drainage-basin
characteristics result from an inability to
completely describe the effect of those
characteristics. For example, the effects of
wetlands and lakes depend on their size and
location in the basin and in the stream channels,
but the independent variable storage is simply
expressed as a percentage of total drainage area
without regard to size or location.

Bias of an estimate can result from systematic
errors in the computation of the dependent
variable. Bias in the computation of the dependent
variable is probably the result of collecting peak-
flow data over a period of time that does not reflect
the long-term population of peak flows. Most
short-term records at streamflow gaging stations
used in this analysis were from the 1960-85 and
current (through 1995) periods. The derived peak-
flow statistics reflect those periods, which may not
be representative of the long-term conditions.
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The accuracy of an estimate made using the
techniques presented in this report can also be
affected by the user. Each user will make certain
decisions based on his or her best judgement about
the actual outline of the drainage basin, the path of
the main channel, interpolation of generalized
runoff, and the source of lake and wetland data.
These individual sources of error can be reduced
by use of shared computer data sets that are
updated as improved information becomes
available and the use of geographic information
systems that provide consistent results.

The accuracy of peak-flow estimates made at
sites immediately downstream of a lake or ponding
area where the storage capacity could substantially
alter peak-flow characteristics can be improved by
arouting adjustment. In such places, the frequency
relations could be used as an aid in developing a
hydrograph of the inflow and then a simulation of
that flow can be routed through the lake to
determine the peak of the outflow.

The values of the independent variables used in
this analysis were all computed from consistent
data sets using a GIS or spatial interpolation
software. It is expected that careful analysis using
7 1/2-minute USGS topographic maps should
provide accurate estimates of drainage area, main-
channel slope, percent storage, and percent lake.
Interpolation of generalized runoff from figure 2
can be improved by using runoff data from table 2
in conjunction with data for nearby streamflow
gaging stations.

Multi-collinearity among the independent
variables can have adverse effects on the accuracy
of coefficients of those variables in the regression
equation (Helsel and Hirsch, 1992). Freund and
Minton (1979) indicated that predictions from
regressions where the independent variables
exhibit multi-collinearity are reliable where the
correlation structure of the predicted site is similar
to that of the data used to construct the regression
equation. This condition likely is true for any site
in Minnesota using any of the techniques for
predicting peak flow described herein.

Collinearity can be intrinsic in the data, such as
the relation between main-channel slope and
drainage area, or introduced in the computation of
variables, such as percent storage and percent lake.
The correlation (a measure of collinearity) between
slope and drainage area is about -.85 for regions in
Minnesota. The correlation between percent
storage and percent lake is less than 0.6 for regions
in Minnesota. A measure of multi-collinearity is



the variance inflation factor (VIF). Helsel and
Hirsch (1992) stated that VIFs of less than 10 were
not a concern in multiple linear regression
analyses. The VIF for each independent variable
in each regional regression equation in this study
was less than 8.

Peak-flow-frequency equations presented in this
report can be used to estimate the peak flows of
several recurrence intervals on most small streams
in Minnesota. The applicability and accuracy of
these relations depend partly on whether the basin
characteristics of the site are within the range of the
characteristics used to define the peak-flow
equations. The range in sampled basin
characteristics is large enough to allow the
application of the equations at most sites where
streamflow is not affected by regulation, diversion,
or urbanization. The upper and lower value and
geometric mean for each basin characteristic for
each region are listed in table 5.

Table 5.--Upper and lower values and geometric
mean of the independent variables used in the

regional regression analysis for each region.
[mi2, square miles; ft/mi, feet per mile]

Main-
Drainage channel
area slope Storage Lake
(rni2) (ft/mi)  (percent) (percent)
REGION A
Upper 1560 36.7 72 10
Mean 82 6.2 17 T
Lower 1.2 1.3 0.1
REGION B
Upper 1680 251 95 26
Mean 66 5.9 26 2.2
Lower 4 4 1.7 .0
REGION C
Upper 609 214 46 21
Mean 19 33 18 14
Lower 5 4.5 0.8 .0
REGION D
Upper 2640 219 44 23
Mean 26 9.6 4.8 9
Lower 1 9 .0
REGIONE
Upper 790 122 5.7 2.4
Mean 14 16 .8 .1
Lower 2 4.0 .0 .0
REGIONF
Upper 1540 237 4.1 i
Mean 25 20 1.1 .
Lower .1 3.1 .0 .0
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The geometric mean is included because it best
represents the mean of the data. Where runoff is
included as an independent variable, the range of
those data is sufficient to ensure that any value in
that region is within the range. The program will
issue a warning message if the predicted peak flow
is an extrapolation beyond the data on which the
prediction is based

SUMMARY

This report (1) documents the analytical
techniques used for annual series peak-flow-
frequency computations, basin characterization,
regionalization, and development of equations for
estimating peak flows on small drainage basins; (2)
presents peak-flow data and basin characteristics at
streamflow gaging stations; and (3) discusses
techniques for estimating peak flow at ungaged
sites on small, unregulated streams in Minnesota.

Two statistically derived techniques, regional
regression equation and region of influence
regression, for estimating peak flow on small,
ungaged streams in Minnesota were developed.
Both of the techniques relate physical and climatic
characteristics to peak flows for 2-, 5-, 10-, 25-,
50-, and 100-year recurrence intervals. Regional
regression equations were developed for each
recurrence interval in each of the six regions in
Minnesota. The region of influence regression
technique dynamically selects stations with
characteristics similar to site of interest. Two
methods of selecting streamflow gaging stations,
similarity and proximity, can be used in the region
of influence regression technique. Thus, the region
of influence regression technique allows use of a
potentially unique set of stations for estimating
peak flow at each site of interest.

The regional regression equation technique is
preferable as a first estimate of peak flow in
regions C, E, and F. The similarity method of the
region of influence regression technique is
preferable as a first estimate in regions A and D.
The proximity method should be used as a first
estimate in region B.

Tables showing the peak-flow-frequency data
and basin characteristics for streamflow gaging
stations, and regional peak-flow prediction
equations are documented in the report and in the
Supplemental Information section.



SELECTED REFERENCES

Akima, H., 1978, Bivariate interpolation and smooth
surface fitting for irregularly distributed data
points: Association for Computing Machinery,
Transactions on Mathematical Software, v. 4, no.
2, p. 160-164.

Burn, D.H., 1990, Evaluation of regional flood
frequency analysis with a region of influence

approach: Water Resources Research, v. 26, no.
10, p. 149-165.

Freund, R.J. and Minton, P.D., 1979, Regression
methods, a tool for data analysis: Marcel Dekker,
Inc. New York, 261 p.

Gebert, W.A,, Graczyk, K.J., and Krug, W.R., 1985,
Average annual runoff in the United States, 1951-
80: U.S. Geological Survey Open-File Report 85-
627, 1 sheet, scale 1:2,000,000.

Guetzkow, L.C., 1977, Techniques for estimating
magnitude and frequency of floods in Minnesota:
U.S. Geological Survey Water-Resources
Investigations 77-31, 33 p.

Hardison, C.H., 1971, Predicion of error of regressioin
estimates of streamflow characteristics at gaged
sites: U.S. Geolgical Survey Professional Paper
750-C, p. C228-C236.

Helsel, D.R. and Hirsch, R.M., 1992, Statistical methods
in water resources: Elsevier, Amsterdam, The
Netherlands, 522 p.

Hodge, S.A. and Tasker, G.D., 1995, Magnitude and
frequency of floods in Arkansas: U.S. Geological
Survey Water-Resources Investigations Report 95-
4224,275 p.

Jacques, J.E. and Lorenz, D.L., 1987, Techniques for
estimating the magnitude and frequency of floods
in Minnesota: U.S. Geological Survey Water-
Resources Investigations Report 87-4170, 48 p.

Lorenz, D.L., 1997, Generalized skew coefficients for
flood-frequency analysis in Minnesota: U.S.
Geological Survey Open-File Report 97-4089,
15 p.

Lorenz, D.L., and Payne, G.A., 1989, Selected data
describing stream subbasins in the Redwood River
Basin, southwestern Minnesota: U.S. Geological

15

Survey Open-File Report 8§9-405, 5 p., 1 plate,
scale 1:100,000.

__ 19914, Selected data for stream subbasins in the Le
Sueur River Basin, south-central Minnesota: U.S.
Geological Survey Open-File Report 91-62, 8 p., 1
plate, scale 1:100,000.

___ 19910, Selected data for stream subbasins in the
Watonwan River Basin, south-central Minnesota:
U.S. Geological Survey Open-File Report 91-61, 7
p-» 1 plate, scale 1:100,000.

___ 1992, Physical characteristics of stream subbasins
in the Blue Earth River Basin, south-central
Minnesota and north-central Iowa: U.S. Geological
Survey Open-File Report 91-512, 10 p., 1 plate,
scale 1:100,000.

___ 1994, Physical characteristics of stream subbasins
in the Pomme de Terre River Basin, west-central
Minnesota: U.S. Geological Survey Open-File
Report 93-47, 8 p., 1 plate, scale 1:100,000.

Lorenz, D.L., Sanocki, C.A., and Winterstein, T.A.,
1994, Physical characteristics of stream subbasins
in the Lac qui Parle River Basin, southwestern
Minnesota and eastern South Dakota: U.S.
Geological Survey Open-File Report 93-46, 12 p.,
1 plate, scale 1:100,000.

Minnesota Department of Transportation, 1997,
Basemap 97: Office of Land Management,
Surveying and Mapping Section, 1 compact disk.

Patterson, J.L., and Gambel, G.R., 1968, Magnitude and
frequency of floods in the United States, Part 5:
U.S. Geological Survey Water-Supply Paper 1678,
546 p.

Prior, C.H., 1949, Magnitude and frequency of floods in
Minnesota: Minnesota Department of
Conservation, Division of Waters Bulletin 1,

128 p.

Prior, C.H. and Hess, J.H., 1961, Floods in Minnesota--
Magnitude and frequency: Minnesota Department
of Conservation, Division of Waters Bulletin 12,
142 p.

Sanocki, C.A., 1995a, Physical characteristics of stream
subbasins in the Cottonwood River Basin,
southwestern Minnesota: U.S. Geological Survey



Open-File Report 95-333, 14 p., 1 plate, scale
1:100,000.

Sanocki, C.A., 1995b, Physical characteristics of stream
subbasins in the Upper Minnesota River Basin,
west-central Minnesota, northeastern South
Dakota, and southeastern North Dakota: U.S.
Geological Survey Open-File Report 95-162, 16
p., 1 plate, scale 1:100,000.

Sanocki, C.A., 1996a, Physical characteristics of stream
subbasins in the Middle Minnesota-Little
Cottonwood River Basin, south-central Minnesota:
U.S. Geological Survey Open-File Report 96-631,
13 p., 1 plate, scale 1:100,000.

Sanocki, C.A., 1996b, Physical characteristics of stream
subbasins in the Hawk Creek-Yellow Medicine
River Basin, southwestern Minnesota and Eastern
South Dakota: U.S. Geological Survey Open-File
Report 96-632, 21 p., 1 plate, scale 1:100,000.

Sanocki, C.A., 1997a, Physical characteristics of stream
subbasins in the Lower Minnesota River Basin,
south-central Minnesota: U.S. Geological Survey
Open-File Report 97-205, 16 p., 1 plate, scale
1:100,000.

Sanocki, C.A., in press, Physical characteristics of
stream subbasins in the North Fork Crow River
Basin, south-central Minnesota: U.S. Geological
Survey Open-File Report.

Sanocki, C.A., in press, Physical characteristics of
stream subbasins in the South Fork Crow River
Basin, south-central Minnesota: U.S. Geological
Survey Open-File Report.

Sanocki, C.A., and Krumrie, J.R., 1994, Physical
characteristics of stream subbasins in the
Chippewa River Basin, west-central Minnesota:
U.S. Geological Survey Open-File Report 94-488,
16 p., 1 plate, scale 1:100,000.

Stedinger, J.D., 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.

Tasker, G.D., Eychaner, J.H., and Stedinger, J.R., 1986,
Application of generalized least squares in
hydrologic regression analysis, in Selected Papers

16

in the Hydrologic Sciences: U.S. Geological
Survey Water-Supply Paper 2310, p. 107-115.

Tasker, G.D., and Stedinger, J.D., 1989, An operational
GLS model for hydrologic regression: Journal of
Hydrology, v. 111, no. xx, p 361-375.

U.S. Water Resources Council, 1982, Guidelines for
determining flood flow frequency, revised
September 1981, Editorial corrections March
1982: Hydrology Committee Bulletin 17B,
Washington, D.C., 190 p., 1 plate.

Wiitala, S.W., 1965, Magnitude and frequency of floods
in the United States, Part 4: U.S. Geological
Survey Water-Supply Paper 1677, 357 p.



Supplemental Information

17



+8



19v (1184 PLE 60€ 94 691 BJOSIUUTIA] ‘SINBT] JI0HI(] FaU JIATY [IB [, 1910 0000£0S0 dq £e
060¢ 0€9¢ 00¢c 0891 09¢1 orL BIOSSUUL ‘@0 A[OH 183U J0ATY HpeuwroN 104 ymos 00T 010 o) [4%
611 I's6 YL 0'1¢ 6°S¢ 81 BIOSAUUT ‘JOOUR{Oe[g Jedu ATeInqiiy, 931D 00y 01 1¥20¥0 0) 1€
orve 0102 0191 0SII 18 9474 BIOSIUUIA ‘JOOUOR[g JTesU Y1) Yooy 001+20¥0 J 0¢
061¢ 0ere 0081 0ST1 oL 09¢ BIOSOUUTIAL ‘OYOA[OH TeaU joar) 199(] 860t70¥0 J 6T
000¢ 08¢y 06LE 050¢ 00S¢ 0cLl BIOSAUUTIA] “O)OA[OH Teau JoATY UpeuwraN $60tC0¥0 J 8¢
0091 08¢l 0811 0€6 SSL 549 BIOSAUUT ‘TWITO], JESU IATY Jonbol) 069170¥0 q Lz
69 8¢9 09¢ 69% L6t L8T BIOSAUUTIA ‘Me(S Je Y321 Sng 00L020+0 dq 9T
LI8 CL9 134 6¢ 16T L91 EJOSOUUIIA] ‘SYUBQITE] JEU JOATY Q0BJAYM YOouelg YHON 08+02010 q Y4
08¢¢ 00¢c 010¢ 0SLI 0esT 0811 BJOSOUULIAl ‘B[OAIO], JEAU JOARY UBMS 1SBY 005610+0 dq ¥C
OLYL 0zel OLTT 996 66L 1949 EJOSSUUTA] ‘UOOUN( UOI] JEIU JOARY OM], ISOM 000610+0 q £C
86 €L8 €L L19 208 ree BJOSIUUII ‘UOTIOUN[ UOI] JEIU JOATY OM], I58H 00681010 q (44
9Tl 144! 01 LS8 0'cL 8¢S BIOSOUUIIA ‘BIUISIIA 18 ATRINQUI], 19ATY OM [, ISt 00881010 q ¥4
STL 665 (414 I've v [ ©I0SOUUIIA ‘K[UYOP e AreInqri], oxe ] AU 00LLT1OY0 dq 0¢
099¢ 0cee 0c8l oeel 66 0LS BIOSQUUIA ‘SSelieqUIF 1B AR Sselrequiy 000L10¥0 q 61
09LY 060t (7523 00LT 091¢ (34 BJOSSUUIIA ‘BIOINY JBIU JALY SINOT 1§ 005910%0 q 81
096¢ OLeE 018¢ 0rI1e 0191 6£6 BIOSOUUIA] ‘BIOINY TedU IOARY 28 pLed 000910+0 dq L1
S0¢ 0Le LET 961 6591 (4! BJOSSUUIIA ‘BIOINY JEIU YI31) PUOIIS 00SS10%0 q 91
LSL 099 L9S Lyy LSE 1€¢ BIOSQUUIN “YIN[N( 18 391D IS 00+S10+0 q SI
(11841 [RA! 798 86¢ (437 Lye BIOSSUUTIA ‘N0 Je JIATY d3pewe], 0LESTOTO 0) 14!
0s91 0611 £E8 L6V Sle vl BIOSOUUIIN “IOATY YoudL] Je Z# Aremnqu], ouadng oyer] 09€S10+0 J el
4%} 06¢EL 0€£€9 020¢ 060t 0582 BIOSAUUIA ‘SIOQIBH OM ], JeaUl I0ATY SJIuy] 0€€S 1010 o) 4!
129 (1748 (0154 9c¢ 98¢ 691 BJOSSUUIIA ‘SIOQIEH OM [ JeaUu JOALY LeM3IS ST 00€S1010 0) It
01z 0SLIT 00¢l 98 6LS 00¢€ BJOSIUU ‘SIOQIEH OM, Jeau ATeInqLL], 331D IA[IS 05ZS10+0 0) 01
Y0t 8¢C 691 601 0'sL 1'oy BJOSIUUIIN 31D IOAJIS TedU A1) mO1) 0S1S10+0 J 6
00901 0L98 0869 080§ 068¢ 08¢€¢ elosouuly ‘Aeq I1oAroq Iedu ATy wishdeq 005+ 1010 o) 8
096¢ 066¢ 0cee (V94! 0001 Ips BIOSIUUTIA] ‘STRIRIA S[NI] 83U JIATY nOqLre) 002E10v0 J L
656 L9 19% L9t L91 6'vL BIOSOUUTN ‘J0QIeH 9)[U0dR ], Teau Areinqriy, 1otrodng e | 001€10t0 J 9
09¢e 0bLT 09¢c OILIT orel $98 LIOSQUUTIN ‘USSITY] Je JOATY Jejdod 0051010 J S
0691 (159 orel oIl 816 CIL BJOSIUUIN ‘SIBIR]N PUBID) Te3U QALY SPBISE)) 066110t0 9] 14
9CI €76 99 60v 8'9¢ 8¢l BIOSOUUT ‘STRIEJA PUBID) Teau ATeinqui], JoATy YorLL [IAS( ML) 06€110+0 J €
99 6vS Ly Lee 9 14! BJOSQUUIIA] ‘STRIBJA] PUBID) JEQU JOARY NOBIL [1AS( SMI'T 0LETTO00 o) [
00611 00701 0606 06¢€L 0€19 09¢edy ©10SouUl ]y ‘25110 PURIL) IEAU S[[e] APPIA JE J0ATY U0aT1d 005010t0 0] I
1e24-001 Ie34-QG Iedk-G7 3401 Ie24-G Teak-7 QuIeU UOTIEIS qunu I NUIPI (1 21n31y)

uonels uoioy  Jequinu AI§

$/)3 UT ‘S[EAIRIUL 20URLINOAI PaY1oads 1 o[y Jead

[puooss Jad 198} 21gNn9 s/,

)|
‘suone;s buibeb mojwesns 10} elep >oco:«omc Mojj-yead--'| eigeL

19



009% 0e0v ovve 0v9¢ 0107 0111 RIOSIUULA] ‘33P0 T8 19ATY 1507] 0€78L0SO v 99
[4¢4 681 861 1zl 9°¢6 Svs BIOSSUUTIA] “YOO0IqIes[)) Te ATeingLL], 31D I9A[IS 00T8L0S0 A4 SY
0ic L81 €91 8¢C1 986 'ss RIOSOUUTIA] YOOJQIe3[D) JB3U Y01 IOATIS 0818L0S0 v 9
vLY a7 9LE P0¢ e 0S1 BJOSQUUIIA] YOIAUOD T8 IOATY 1507] 0018L0S0 v €9
001¢ (ra47 0SLE 0067 09¢7 0LET PIOSOUUTA “ToWun|d 18 DALY L1emIed]) 0008L050 \4 9
s 96V (%44 §9¢ 66T €61 BJOSOUUIIA] “YOTAUOD) Jeau JooIg Ajyny 00LLLOSO v 19
9T 6CC 961 €Sl 121 6 VL BIOSOUUTIA] ‘S[[e] IOATY JOTY] Jeau AreInqLiL oAy oxe] poy 0099L0S0 A4 09
0zss 0L6Y 0sey 0zre 0€9¢ ozvl RIOSQUULIA ‘S[[B] JOATY JOIU ], JBSU I9ATY JOIY ], 0009L0S0 \4 65
0181 0591 08¥1 0TI 0901 €CL RIOSQUUTIA] “B[SA1D) JeoU IATY PRI 00LSL0SO v 8¢
Svl YTl SOl 9'6L 609 £'6¢ BIOSIUUIJN ‘SHOOYS JESU 931D ALIdg 008€L0S0 \4 LS
6L9 Y49 S6¢ 96¢ 1L1 608 RIOSOUUIA “Yonpyjoe[g Teau Joo1) Fuuds 0SLELOSO A4 96
81 vl €Tl ¥'66 L08 £'es BJOSQUULIA ‘QWIOYUON 1B IOATY 9)Ieq Yourlg inos 009€L050 \4 99
0r09 0r0S 060V 0167 0L0T 0€01 RIOSSUUIIN ‘XBWI[D 18 I9ATY [[TH PuBS 00069050 \4 129
0L99 019¢ 09y 061¢ 061T £66 BjosouuIjy ‘A[[9YS IEU JOATY YSIEA 005.9050 A4 €S
00111 09v6 006L 016S 09vy (VA4 RJOSOUUTIA| “WIIPUSH I8 I9ATY 901 PIIM 000¥9050 A4 [4Y
341 0€1 L1T SL6 I'18 L'vS elosouuly ‘ewegQ seou Axeynquy, yoar) Suuds  00TEY0S0 v Is
069t 008¢ 0967 0¢61 (74 Ly 2IOSOUUIIA] ‘AS[[EA UM ], JESU J301)) U00D) 00879050 A4 0S
ovy 6LE 81¢ LET SLI S 06 BIOSOUUTIA] ‘AS[[EA UIM, Jeou A1eInqgui], J0ATY 901 PIIM 00L29050 A4 6v
086L 0v99 08¢S 018¢ 00LC 0gel BIOSOUUTIA] ‘AS[[E A UIM, 18 JOATY 901y PIIM 00579050 A4 8y
00L 685 18¥% vre e 811 BIOSOUUTIA “USWOUTERIA] Jeou AFeIngILy, Yoor) ysie 0LYT9050 v Ly
9l LTl LO1 708 8°6S 8'I¢ ejosauury ‘AojFeq reau Y1) ojmnbsoy 08779050 \4 9
00021 0Ev6 OLIL 099% 080¢ 0LET RIOSOUUTIAL “YHOM[I( TeIU JOATY O[eng 00079050 A4 Sy
0vL8 0869 00vS 08s¢ 00vT 0L01 RIOSIUUTIN ‘UIqRS 1B I9ARY O[RIng youelg ymnog 00519050 A4 124
00TI1 96L 01S 19¢ 44! 0Ly BIOSOUUIA ‘IoUMO(] 240QV 931D Sunudg 00719050 A4 34
66L LS9 LTS vLE 1L St1 RJOSSUUIIA] ‘B[[IASIUIEE T8 JooID) AXSTYM 00719050 \4 (44
001¢ 099¢C 0cee 0591 0€et 099 BIOSOUUTIA] ‘AS[MEBH Teau 19ATY o[ejjng 00019050 A4 1v
0911 686 078 09 9474 SeT BIOSOUUTIAL ‘A ME[[ED) TEOU JOATY OfRFINg 00809050 A4 ot
0LST 0617 0081 0l¢l 0S6 LLY RIOSOUUIIAL “BNYSBN Jeou ALY 11qqey 00L05050 q 6¢
088 ovve 00¢T 0IcCI 124] 6L1 BJOSSUUTIN ‘UOJBIYM TESU Y331 ST UeaIySTyg 0026¥050 q 8¢
00611 0906 0€99 086¢ 00t¢C 178 RIOSOUUIIA] ‘UOTBIY M SAOQR JIALY BYUTISON 0006¥050 q LE
e 19¢ [49! 611 V'SL 9'1¢ BIOSOUUTIA] *3[[IASRIY) Teou ATEINQLLL, JOATY BNUDSOIA YOourIg 159 M 00LLY0SO q 9¢
0601 9¢6 68L L09 SLY 66¢ EIOSSUUTIA ‘S[[B] SNIS TeOU JIOALY URDI[O] 0050¥050 q S¢
86¢ LT 6t¢C v1T 981 6¢€1 BIOSOUUITA ‘SO)ET 11013(J Jeau JOARY URdI[3] 0000¥050 q 123
Ie0A-001 1a4-06 1B24-G7 k-0 1.94-G Ie9A-7 sureu uoneIS Ioquinu Iagnuapt (1 2an31y)
uoneIg uordoy oqunu 31§

$/c1J UI ‘S[EAIOIUT S0UALINGAY PAJIoads 18 MO[J Jead

‘suonels Buibeb mojjweadis 1o} elep Aouan

[puooss iad 188} 21qn2 .w\mw:
91 MOY-3ead--| 9jqel

20



S8L LS9 (339 L6t 867 €LT BIOSOUUIA] “W]OYSIYD) 183U JoaI) umiog 00€£0€T1S0 q 66
Ly 0Ty 76¢ I'se L'1E 86T PIOSIUUIA ‘NUY Jeau Y331 uosuyof 0IL6TZ1S0 dq 86
092C 0L81 (391 ocll 868 LTS BIOSSUUIA| YOOD) & I9ATY Y10 M 05962150 q L6
(499 0£0¢ oISy 008¢ 0eTe oret BJOSOUUIAl ‘9 ] QURI) JeoU JIATY UOHIULII A SI16TIS0 q 96
008¢ 0167 0€CT 081 (29} 0801 RIOSQUUIIA] “I9MO, TedU Y] UOHTULISA MO[q J9ATY UOI[IUIS A 00062150 q S6
9¢1 9¢1 911 16 8°CL Ly BI0SQUUIN ‘UAIS[Ue A U ATRINGIIL, JOATY OXid 00L8TIS0 q v6
0€0¢ 0ZsT 0L0T (1149 0811 yCL PIOSQUUIIA ‘SSeLIRqUIH 189U 19ATY Yid 00682150 q €6
€01 ['68 1'69 §0¢s 08¢ L'e RIOSQUUIIA “HAQIID 183U IOATY id 00€8C1S0 q 6
088 S 2Y (4514 182 I81 '8 ©I0SOUUTN ‘AH Teau Y1) ofing 0TTLTISO q 16
98T (144 yIT Ll 84} $'86 £jOSUUIA ‘A[g IeaUl Y01 JJ01sFu0] SIZLTISO q 06
191 124! €Tl 0°L6 8L 8¢S - rlosauuIpy ‘A 1eau yea1) Fuonsuury 0I2LTISO q 68
S3Y 98% 8¢y €LE (443 e vl0soUUI ‘AT TeoU JOARY pisiuing SOTLTISO q 88
16S £eS SLy S6¢ (433 gee £j0SQUUIIN “A[e Teaul J9ATRY PUBS] e 00692150 q L8
0611 0101 8¥8 0s9 (1189 9z¢ P1OSIUUIA ‘1IqQRg Tedu 19ARY exung 00092150 q 98
0L8T 0€ST 00¢¢ 08LI (A4t 0201 2I0SUUII “TqQed Teau 10ATY Auolg 086STISO dq €8
08T¢ 09LT 08¢C 0ILI o1¢l L0O8 RIOSAUUIIA ‘BJ[2GES] JEAU JOATY AUOIS 00552150 dq ¥8
0069 016§ 0L6Y 08¢ 0667 0881 RIOSIUUIIA “B[[2qBS] 189U I9ATY B[[9qes] 00S¥TIS0 q €8
00TT 010t 0781 0SSI 0cel 186 LIOSIUUI *AH JeaU JOARY IMIYSIMEY] 08¥¥C1S0 q 8
019¢ 09¢¢ 060¢ 099¢ 08¢C 0091 BJOSQUUIA ‘NOQLIR]) TBaU | € YONi(] 91eIS MO[af I9ATY NBISOY 000CT1S0 v 18
0re9 09¢¢ 09Ly 089¢ 0¢8T 0291 BIOSQUUIA ‘SSOY I8 JOATY 0BISOY 00SL0TSO v 08
0811 001 668 L69 €es £6¢ BIOSSUULA] “Y331D) UL Ieau }331]) duld 000L01S0 v 6L
0987 067 0607 0SST 0€TT 6vS epeue)) ‘eqolluey ‘ongelds tesu yoea1d onferds  00090IS0  V 8L
0Z8L 0189 09LS (11854 OLIE 0681 B10SQUUTA ‘SUN[EA] 1EAU Y10 (INOS MO[R{ IOATY NEASOY 0050150 v LL
0£87 0I+T 0861 ir44t L66 1394 RIOSIUUI ‘SUR[RIN JEU JIARY Ne3soy YIo4 yinog 000+0150 v 9L
868 LeL ELS y6¢t SLT 9¢l BJOSUUITA] “191SBOURT] 13U Cgy Yo el 00596050 v SL
0811 616 689 61y (34 6’8 BJOSQUUITA] “19)SBIURT] JBOU SI9ARY OM [, Yourlq YUON 00096050 v YL
098¥y 0siy (11843 0€8T 0581 o BIOSSUUIA] “YOO[[BH MO SI2AIY OM ], 00556050 v €L
0gss 008y 0L0Y 060¢ 05¢T 01¢€l BIOSUUIIA] “UOSUOIE 3BT JB SI9ATY OM [, Youelg Yinog 000¥6050 v L
0yov 066¢ 0ree 00%¢ 00LT £8L RIOSOUULIA ‘9] KBV 1e JOATY SPPIN 005.80S0 v 1L
(11441 0611 196 €L9 0Ly (a4é BJOSQUUIIA ‘USP[OJMIN] 183U 19ATY I[PPIA 00698050 v oL
(0944 0I¢¢ 0L9¢ 00LI 0801 17y B1OSIUUTA “U0ISH00I)) JBaU YI21)) Weyuing 1066L0S0 A4 69
00LCI 00601 0126 0869 00¢s 020¢ PIOSIUULIA] ‘S[[B] e] PAY 18 I9ALY 1ajemIed[) 0058L0S0 v 89
LOE (44 10T 1§41 101 g1g BJOSOUUIA “IOUWNLN[J Jeou Areingu], ALY 1emIea]) 00¥8L0S0 v L9
Ieak-001 89K-0G 18oA-G7  Ieak-Q] 184G 1894-7 swreu uonel§ oquinu Iaynuapl (1 am3y)
uonels uoifoy  Iloqunu AN§

S/} UL ‘S[EAIDIUE 9IUILINDAI PAL10ads 18 mo[J Yead

[puooes sed 198} 01GND ‘s/,

ul
‘suonels buibeb mojwealls 10} ejep >o:0:w9,, MO}}-qead--'| 9|gel

21



0LST 09€1 0S11 988 789 sor elosouuly ‘Aojdry 1oq mojag reany 1ddiseyoN  0TSI9TSO 4 o€l
YLy Y6€ 1z€ €€T TLl $'S6 ©I0SUUIIA “JoSe[|1d Teau JoAUD) J[MUUIAJS  008SHTSO g 6T1
001¢ 019¢ 0L1T 0€91 0sc1 9L BIOSIUULIN ‘SLIRIJ SUOT 8 JOATY dLIreld Suo 00164250 q 8¢C1
0S8L 0€99 oLYS 0v0y 020¢ 00L1 RIOSUUIAL “YOUP[Y JBAU I0ATY Jed] ovyy2so q Lel
YLL ¥S9 849 €0¥ Y0€ 9LT RIOSSUUIA ‘POTWIN IBU IARY 18D 00THPTSO g 9z1
£€9 LTS 987 L8T 0T Y01 RIOSOUUIAL ‘BYIGRS JeaU YRUD Uanry]  001¥¥2S0 q STl
oroy ocse 0£0¢ 01ve ov6l 0LTI BIOSQUUIIA] ‘POWIN J& JOATY SUIM M01D  000HZSO d 144!
901 £'68 €EL L'ES 8'6¢ 0T RJOSIUUIIA ‘AQS01) Tedu JIATY 1qqey 00S1+2S0 q 1 X4
0191 (441 0921 0€01 LS8 865 BIOSSUUTN “JOATY Ul JBaU JSATY Ul 0S¥622S0 4 (44}
088Y ozey 0LLE 0€0¢ 0S¥z 0091 BJOSIUUTIA ‘OPBSHRJ MO[og 1A MO[[IM  0TOTTTSO g 121
081 0ST (441 9L8 6'¢€9 £ye PIOSAUUIIA ‘UOSQOOR[ Feau 331D jynig 00LLITSO 4 0zl
0T8T 0912 0€81 ocvl ovII €SL BIOSSUULIN ‘BQIE A\ JBOU JOAR] UBMS  (000L1TSO g 611
201 76 618 S'L9 LSS y'LE RIOSIUUTIN ‘BQIR A 18 ATRINQILY, AT UBMS (8691750 g 811
Wl €€l 74! 601 TL6 L9L BIOSQUUI YNRAMUSEN Jesu Ya21) udug, 0 00L9T12S0 q LTT
(U4 09y 0L8E 0762 0€cT 0zel RIOSSUUTIA 91IUODR], JeaU I9ARY] QLRI 00LTITSO q 911
819 16¥ 6LE 1394 IL1 L'6L Bl0SOUUTI ‘AID [[TH FeaU Y3aID PIuIs  00Z01ZS0 q SII
0111 L6 [44] 0L9 6€S 0S¢ RIOSIUUIIA oWy Jesu 1Ay Aog  00ZS0TSO g vII
0L61 0691 (1341 ottt 598 ovs ©josouuty ‘Ifprwag 1e oAy IdIssISSIN  Spp00zS0 € €11
96¢ L6T 1544 6L1 Sel T6L BIOSSUUIA ‘BpIORg Jeau YoarD) uidouusy  00T00ZSO g (41!
ovLl 06¥%1 orel 806 799 9¢€ BIOSOUUIIA] ‘PROLIEA JBSU ISATY PeOLe M UOURIG IS8 00SO¥ IS0 g 111
€66 Sy8 €69 061 9€e (44! BIOSOUUT ‘PROLIE M Tedu uny Sopling  0000¥1S0 | or1
o11g 0992 0122 0291 0811 109 BJOSSUUI ‘PROLIE A JBOU ISATY PBOLIRA,  (0S6E1SO g 601
ozee 0L61 0€91 0611 €98 6€Y BIOSSUUIN ‘ONopneg 18U ALY PROY IIWIM  000LELSO | 801
0$L6 0898  08SL 0509 008¥ 0€62 EI0SIUUIIN ‘Spopneg Jeou 1A pidey  00THEISO 8 LOT
0051 ozel ov1l $68 00L LY BJOSQUUITA ‘0)1apheq Jeau 19ATy prdey youelg WION  001H€1S0 g 901
00181 00651 00LET 00801 0858 ores vlosauulpy ‘s[fed Sig 18 10ATY o4 81g  0002€ISO d S0t
0c11 156 €8L LLS €34 24 BIOSQUUIA ‘D[[IASIRID) Jeau Yoouq ueuLamog  8L81€1S0 | Y01
0rv0¢ 0LLT 06¥C 0012 08LI 0LZ1 RIOSIUUT “YI0J31g JeaU 19ATY o] Sig 0SLIEISO < | €01
006LC 00¢ve 0011¢ 00691 00LET 0206 RJOSIUUIIA “NIOJI[NIT I8 J9ARY JI04 api] 00S1E€1S0 dq 201
00€1 0601 168 199 £0S LOE RIOSUUIA, ‘WOYSIY) TBIU JIATY Q. 000TEISO d 101
01¢e 098¢ ovye 0161 0€ST 0101 ©IOSQUUIIA “‘W[OYSIYD) JeaU IDATY U0agIng 00S0€1S0 d 001
123K-001 Ieak-0¢ IRoK-GZ  IBAK-Q] IRIA-G 1894-7 JuwiRl UONIRIS Ioquinu pelinliai (1 am3yy)
uonelg uoiday Isqunu g

$/) UI ‘S[EAIOIUY 0USLINDGAT POYI0ads 18 MO[J Jead

[puooes 1ad 108} 2i1GN2 ‘s),

]
‘suoliels Buibeb mojweslss 10 elEp >ocm:$w: MOjj-3ead--| ajqel

22



L8¢E 90¢ LET 091 ITT 98 BIOSOUUIIA ‘BIRUQ Teu ATelnquU JoARY wny 079+82S0 a 191
8SY £6¢ LTE vz 9Ll 8'88 BIOSSUUTIA ‘BIWIBUQ) JeAU J0OIq uosulqoy 009¥8CS0 a 091
<01 €8 Y9 %4 L'6T 8¢l BIOSOUUIIA ‘POOMUI[BIM Teou ATeinqri], oY sou] I 001+82S0 a 661
£ee 8¢ 6L1 o1t 0L 8°0¢ BIOSQUUTIA ‘[PRUDIIN IS U ATeInqLL], a1 93] [00ydS 00€08TS0 a 8S1T
00¥61 00€9T1 00vel 0896 0669 0rse BIOSOUUTIA ‘PIOFYO0Y I8 IOARY MOID) 00008250 a LST
00¥¥1 00LTT 0626 00+9 09y oric £10SUUTJ “IOARIA] JEAU JOATH MOX) FIO] (0§ 0006L2S0 a 961
0919 0cIs OLTY 020¢ 01ce (Urat RIOSIUUIIAL “900US[D) 183U JRID) ofeyng 0£68LTS0 a sel
eLT 941 811 098 e9 re BIOSOUUTIA] “UOJUMOXY JeaU ATeingLiy, y991)) o[eyyng 0588LTSO a 129!
86 798 SyvL L'8S ¥'or L'8¢ ©IOSOUUIIA ‘QUIRL] 1o}sT Jeau ATenguiy, 991D N0 06L8LCSO a €Sl
Y0L LS 1354 SIE (444 el BIOSIUUTIA] “QUTRIJ 19}SO7] Teau Y1) W0 00L8LTSO a (4!
06€£C 0681 09v1 986 89 6et BIOSSUUIIA] ‘SOWISO)) 12 IATY MOLD) Y10 InOS 0068LTS0 a 161
P81 9¢1 1€l 6'66 8L L0S BIOSSUUIIA] ‘ISOLUOJA JEIU J331)) UIRIUNO] 05€8LTSO a 0ST
000TT 0606 00€L 00I¢ 0LSE OILT BIOSOUUIIA] “UOISTUTY TeaU JOARY M0ID) Y10 YUON 0C18LTS0 a 6v1
€SL 99 LS Lyv Lye €0¢ RIOSOUUTA] ‘1001d§ EOU ISATY MOI) Y104 A[PPIN 0008LTSO a 81
0s¢ce 000¢ 061C 0681 06¢eT I6L BIOSOUUTIA ‘Q[[1ASIUAR JB JOATY MOX) JI0 YUON 0079L2S0 a Lyl
101 0'¥8 6L9 L8y gge el BIOSSUUTIA ‘Q[[IASUAR] JedU ATEINGLLY, DALY MOL) YO YHON 0019L2S0 a 4!
019¢ 06cc 0L6l 0961 0scI 918 BIOSQUUTIA ‘[28Y 1EAU IIATY MOID) Y10 YUON 0009L2S0 a 94!
09cL 06¢9 o1es 066¢ 0867 08S1 ©l0SUUIIA ‘93er] S1q Jesu 1oAY Y[H 0005L2SO a 124!
e 69¢ 0Ic wl 996 Sy losouuljy ‘A9[o4 Ieau Aresnqui], Yooiq Auolg 00CrLTSO a 1341
81y 937 §6¢ 61¢ 91 e'l6 2JOSAUUIN ‘08081() 189U %021)) 039810 00L£LTSO a (44!
1124 0881 08¥1 66 699 967 BIOSIUUIIA ‘USARH YINOS 183U I9ATY 10JRMIBI[) 0S6TLTSO a 4}
081 08¥1 0811 618 08¢ S6¢ BIOSOUUTIA| ‘BISNSNY IS Tedu joa1) uosuyor 00€TLTSO a orl
IS¢ 66¢ 0s¢ 881 24! '8 £J0SOUUTN ‘visnNyY “1§ Ieou Ty AreIngUY Y3a1) uosuyof 000TLTS0 a 6¢€l
10T 91 LTl 0'88 979 cee zlosauUIA] “SInquiexnr Je AIejnguiy, Yoo1D uosuyop 0081L2S0 a 8€1
0L89 06LS 08LY 0€se 0r9¢ 06¥1 BJOSAUUIA] ‘PO “IS TRU LAY Jnes 00£0L2S0 a LET
€8y 0ge 61¢ 811 0'89 0S¢ BIOSSUUIIN ‘TR IS Teau Z# AIEINQULY JOATY Jnes 01£0L2S0 a 9¢1
091 00IT 818 1549 £6¢ SLI glosauurpy ‘[ITH Surids e Arengu, 10Any ynes 00€0LTS0 a Sel
L66 8L8 86L L6S Iy 68¢ BI0SAUUIA ‘a1ud)) JNeS Teau Joar) AS[ysy 0610L2s0 a Pel
0s€es 0L9% 086¢ 0r0¢ 00€T 0scl BIOSIUUTA ‘UOYEAOY I¥ I9ATY aneld 00089250 a €l
0sPe 008¢C 00T¢ 08yl 866 8¢y PIOSQUUIIA “ZId1d 189U Y1) UBWI[TH 006L9¢S0 a (44!
STl 768 ¥'LO oey 6'LC 811 glosauuiy ‘dnise] reau Areinqriy, jear) Yuy Sig 008L92S0 a 1€l
189K-00T IBAK-(¢ Ieok-g7  Teak-Q] Ie9A-G Ieok-g el uonels Taquinu 191J3Uapt (1 am31y)

uonels uoidey  Iequinu 9§

8/} UT ‘S[EAIDIUT AOUSLINDAI POF10ads 1e mo[) Jead

[puooas Jad 188} 21gn0 ‘s/. ]

‘suone)s Buibeb mojwesns 1o} erep >oco:w9_ MOj-ead--"| ajqel

23



0z¢et 0r0¢ OLLT 001 0ZI1 8IL RIOSIUUTIA] “S[[E] 19A8BIY T8 YOI 19ABIg 0LE91ES0 a 161
yov 08¢ £0¢ 11e 6v1 LeL BIOSUUIAL “BIAN[Q JBIU Y1) I9ABI IO 1S9 M 0669150 a 061
00691 00921 0€76 [USYY 0S¢ee 0811 BIOSQUUTIA] ‘S[[B:] POOMPIY JBAU IOATY POOMPIY 00691¢50 a 681
ved 61 961 (28! 6'LL '8¢ BIOSQUUTIA ‘T[BYSIBA] JBSU SUIARY SLIRI] 00ZSTESO a 881
06L9 09¢S 080v 0¥9¢ 0ZLT L ©IOSIUUTN ‘[JRYSIRIA 18U I0AR] POOMPIY 000S1€S0 a L81
966 808 €9 ey 6LC LIT BIOSIUUIA “UOIYINY I8 OATY POOMPIY 0067150 a 981
029§ 088% oSy 0lce 00S¢ 0cST ©IOSOUUIIA ‘pIeuARIA 123U Y321D) YmeH 00S¥1€50 a 681
91 8¢l 141! 6'¢e8 9'19 [a4” LJOSAUUT ‘ISONWOE Jeau §T# Yol AUnoD) o Aipues| 008€1£50 a 81
00TLT 00vel 00001 0629 088¢ oerl BJOSSUUIIA] ‘S[[ SJUBIL) JEIU IIALY SUIDIPIN MO[[Q X 00SE1ES0 a €81
08€S 0ley ovee 01¢C OLvl1 LEY BJOSQUUIIA ‘BIOUUIIA] 18 JOATY SUISIPIN MO[[P A Youelg Ynog 00v11£S0 a 81
BIOSOUU AL
9LT we 01¢ 891 LeT 0'€6 ‘101104 TedU 7 ATeInqL], SUIIPIIN MO[[dX Youeld YuoN 00€11€S0 a 181
BJOSIUUTIA]

6'98 0OvL £'19 6V 8'Ce 691 ‘OUIAN Teal ATeInqui, I9ATY SUDIPIWN MO[[OX Youerg YUoN 051150 a 081
(184! 0L01 CLL vSy 89T 068 BIOSOUUIIN ‘S0YUBA] JBIU ISATY SUIIPIN MO[[PX Youelg YHON 00CI1ES0 a 6L1
0101 908 079 Sov L9C el ©J0SOUUIA] ‘03PIASIUOJA] Teau yoa1) Sundg 0025050 a 8LI
008s¢ 00591 00101 0cor 00¢e (459 RIOSOUUTIAL ‘UOSIEAR JeoU 19ATY emaddiy) 00050£50 a LLT
0oeel 00801 0968 088¢ 0601 0961 RIOSOUUIAL VBTN JeoU 10ATY emdddiy) 00S¥0£S0 a 9LI
00501 086L 018S 061t 0CIe SoL BJOSOUUIIA ‘UOSUag Teau Y2217 sadoxeys 000¥0£S0 a SLI
SLT (1 6L1 8¢CI 8'¢6 %Y BIOSIUUIA] ‘HIRIUO[) J83U YOI [9SSEH 0SHe0eS0 a Ll

£99 £PS I'ey 86T L0T 01 LIOSOUUTIAL “YINQIEIS Jedu AXeInguL, ¥321D 19pn0 0L620£50 a €Ll
£9¢ X4 8¢ 97T 181 418! RIOSQUUI “NONQIeI§ Teau ATy emaddiy) omrg 00S20£S0 a Ll
€1T 4! 966 L8y LY 69 ©IOSIUTIA] ‘0IPIAUON 183U AIRINGULT, TIATY EIOSIUUTIN 0021050 a IL1
000S1 00LTI 0888 0cLS 0SLe 0291 VIOSAUUIIA ‘O[Fed INQ) 9B7] JaU I9ATY] dpied Q) se'] 00000€S0 a 0oLt
0zl SL6 8YL 8LY 10€ I ©10SoUUIN ‘Aque)) Jedu ATeinqri], 321D snieze'y 00166250 a 691
0ces 00Ty 08¢¢ 0£TT 0est 6CL el0sauUIA ‘u0d[ddy 18 J2ARY AURT, o] dwwog 000¥6250 a 891
0r66 OLI8 06¥9 0lvy 0L6C oLel BIOSIUUIAL “BSSIPQ) 183U ISATY Yureg MO[[d X 000£6CS0 a L91
00yl 00€TI 0198 005S 0OLvE 06¢CI as ‘A1) 2uorg Sig TeaN IATY U0ISIAY M 00016250 a 991
0808 0029 009t 088¢ ov8I oLL S “19A33d TN IOATY BIOSIUUTIA 9pI] 00006250 a g9l
08L 09 1194 6LC Ll LS9 ©IOSIUUTA “S[ITAL BYUOIOUUTIA 18 YIIID) BYRYIUUIA 00568250 a 91
0col 906 VYL Sy (V17 1¥¢ Ljosouurjy ‘ulpdurey reau j021) wig 068L8C50 a €91
061 6S1 0tl LA L'89 09¢ eIosoUUA ‘Ae( 1edU Lreingui], Y221 pyYoueIs 026¥82S0 a 91

189A-001 Teok-Qg IeA-G7 eok-0 Ie0A-G 18947 Qwreu uonelg Ioquinu I20Jnuapt (1 2m31y)
uonels uoidoy oquinu 91§

$/¢ 3 UL ‘S[EAIOIUT OUALINDI PAYIoads & O] Nedd

[puooss 1ad 198y 21GN9 ‘s/.Y]

'suonels Buibeb mojweadss 10y ejep >ocm:Wmt MOjj-3ead--| a|qel

24



9CL 109 687 66¢ TLe 91 BIOSIUUTIN ‘andeld MON Feau Weallg UdALy youelq iseq 05S0€ES0 a e
ocet 0011 968 919 Ly 65¢ LIOSOUUIA ‘OnJeld moN Jeau Y3ar) pueg 00£0€€50 a IT¢
£CC 681 8G1 811 ¥'88 6°6v ejosauUry ‘AToWOSIUO Jeau Arenqri], oxe] 201y 0020££50 a 0te
Lyl 8¢9 L'ES Iy £'ee 90T rjosauUIN ‘A1owoZojuoy 1eau Arejnqui], ¥9ar) pues 0ST0EESO a 61¢
068¢ 06¢€ 088¢ 00¢C 0L91 9€6 BJOSOUUTJA] ‘UOSIOPUSH Tedu 301D puels] YSIH 000LTES0 a 8I¢
0cel 00L1 OLYE 0S11 906 5149 BIOSOUUIJA] ‘PIOJARD IBAU ISATY Ysny Youerq S[ppIA 00192¢€50 a LIT
01Vl L6 99 Lve S61 0'L9 BJ0SQUUIA ‘OJe{URA YLON Jedu AXeInqLL], 1941 BJ0SSUUIA] 00152es0 a 91¢
001+¢ ooLet 0081 00¢TIL 0108 0611 210SoUUIA ‘UepIdey JEoU IOATY Mang o] 0050T€S0 a S1T
016¢ 000§ oLy 01LE 080¢ 080¢ ElosoUULIy ‘Uepldey Jeou IoATY S[de 08+0T£S0 a vI¢
L8 90L LLS Y44 LIg €81 BJOSOUUTIA] ‘AOQUIV TeaU G4 YII( Jeroipnf 0ry0Teso a £1C
0L81 09¢T1 £96 L9S 8ye orl 210SUUTN ‘U0)d[dey Jeau Areinqii], 1oAry S[deN 00¥0CeS0 a (44
096 1Ly 06¢ 16¢ e X glosauur N ‘uoje[dey Tesu ATeingli], I19ARY 490D 00£0¢es0 a I1e
9LT 961 GEl 8'LL e'Ly g6l LI0SQUUIIA] ‘OB Teau AIeINgIL], IATY Mong 7] 00202eSO a 01¢
00Sce 00¢Le 00£cC 00291 00811 00¢9 ©l0SOUUIA ‘UepIdey Jesu IATY Yureq onfd 00002£S0 a 60¢
00¥91 002el 00¥01 0ecL 091¢ 0SLT BjosauUl ‘A1) USPIeEL) IEU JOATY UBMUOIEAN 00S61£S0 a 80¢
00811 00£01 08L8 0789 ores 08¢¢ RIOSOUUIIN “AI[D) USPIEL) SA0QY IOATY UBMUOJEM 06¥61£50 a L0¢
029¢ 016c 0LTC ({1441 0201 oSy LIOSOUUTI “AQSULID TESU ISATY UeMUOJ AL YIO] YInoS L6881£S0 a 90¢
0£9C 06L1 OLIIT 909 62¢ 01 BJOSAUUIIAL ‘Y[ TBaU JOATY UBMUOTE A\ 00€£81€50 a 114
8 ¢89 999 86¢ 88¢C IS1 RIOSOUUTI| ‘YHeH an[g Jeau Arenqui], I9ATY ey anjg youerg isey 00181€£S0 a 0¢
0cee 0981 0161 0L0T 19L €LE BJOSUUTIA] ‘UAJaILIg JealU JOATY Yurey an[g youelq jseq 00081¢£50 a £0C
88¢ 8¢¢ 88¢ 61T 991 £'06 BJOSUUTIA] “USPTY Jeau Y331 131S04 0S8LIESO a 20¢
$89 9 Y65 LTS 89 69¢ BIOSQUUTIA ‘SISI[EAL JBOU JOATY Yireq ang youelg iseq SP8LIESO a 10¢
oree 0L9¢ 060¢ 0evl 0001 806 RIOSUUTIAL ‘PUB[IINO) JBIU ISALY POOMUONOD) ST 00CLIESO a 00¢
00£9¢ 0050¢ 009S1 00201 0889 0gce BJOSSUUIIA] “WI[] MIN TBIU ISARY POOMHONO)) 000L1€SO a 661
00081 00LYI 00LTT 0¢I18 0ELS 0L8¢ LJOSAUUIA ‘ploySulIdS Teau IATY poomuono)) 05691£50 a 861
34 10¢ €61 966 v's9 1'8C RJOSOUUTN “UIOQUES TedU ATEINQUL, ISATY POOMUONOD) 02691¢£50 a L61
0cTT 768 £89 144 86T eel BJOSIUUIIA] ‘SIajjaf Teau Y01 A1] 00691€50 a 961
({143 I¥C 691 1'S6 %Y oLl RIOSUUIIA “[[RYSIZJA] JEAU AIejngli], Yaar) Mopespy 05891£50 a S61
L89 80¢ 65¢ ¥0¢ L1 8°9¢ RIOSOUUIN ‘Uole[eg Teou ATEINQLLL, IOATY POOMUONO) 00891¢50 a ¥61
09€1 0111 6.8 909 Xa4 90T elosauuy ‘ohg Adeals teou yoor) Sunds  00L91€50 €61
8¢CC 061 12} 011 £8L 0'6¢ vlosouUIN ok Kdoag 1eau Arenqu, yea1) Juudg 06991€50 a 61
1834-001 Te3k-0S 189K-G7 I3k 1e94-¢ IB2A-7 Jwreu uonels Iaqunu helanilieTold (1 am3y)

uonels uoidoy  Ioquinu 9IS

$/¢)J UT *S[EAID)UT SOUDLINOAI PaLJIoads 1e MO[J Yead

[puooas Jad jaa) 01qn9 ‘s/,

yl
‘suonels Buibeb mojwesdis 10} elep >o_._w=w®: MOjj-ead--'| 9jgel

25



01se 08LC (U414 ira 41 1$6 Iey Tl0SaUUIN ‘O3utureue A Teau ya1) Suudg 00LELESO d 1354
62T 81 341 9v6 ¥'v9 1'0e el0soumfA ‘K011 In0§ Jesu Arepngquy, 19ATY oxquing 0S€ELESO d (444
V68 €08 0IL £86 08y 1343 BJOSAUUL ‘PIOOUOD) JeU YaRID) USYHTIN 080€LESO d 1s¢
0z6T 0E¥T 0861 ovvi 0901 8LS RIOSQUUIIA] “193SIY00Y 18 J3RID) Iprdse) 066TLESO d 0S¢
0ozeL 060¢ 09v¢ 0961 00Tt 1289 BIOSIUULIN “19ISAYO0Y Te 331D IA[IS 056TLESO d 6¥C
0050t 088L 0SLS 009¢ 09¢€T (7481 BIOSIUUIA “19)SAYI0Y 18 331D Jedy 0€62LESO d 8¥C
006ct 00101 0618 089¢ 0s0¥ orie BIOSIUUNA] “JAISIYO0Y 18 UL )3 UQ I9ATY 0IqUINZ Y104 YInos 008CLESO d Lye
8¢l €Tt 206 £'79 (A4 £'0C BIOSIUUTIAL ‘YOI M, 18U ATeInqU, JOATY Uouue) 0£TSSESO a 9vC
0080¢ 00€ST 00€0Z 00s¥1 00901 0T6¢ RIOSIUUTIA ‘YIS M, 18 JOATY Uouue)) 00TEEESO a 974
oeect 066 VLL 81¢ 6¥¢ 149! LIOSIUUIN “S{{e] UoUUe)) Jeau Y3217 sulg 0S1SSES0 a Yve
00v1 o111 198 CLS 98¢ LY Tl0S3UUI ‘U0AUIY] TeaU ATeINqLLY, IAATY UoUUE)) MY 00155€50 a Ve
oosct 00Ztl 0.86 086L 0ey9 090¥ BIOSIUUTIA ‘PIOYYUON Je 19ATY uouue) U393y a (444
01v8 0esL 0€99 08¢s oLey 0¥8¢ E10SaUUI I[NEQUE, Jeau 19ATY 1YSTenS 008€SES0 a e
8¢ (a4 8¢¢ LST 981 L6 BIOSIUUIIA] ‘JOIUI)) 9[39)§ Jeau ArenqLiy ¥3a1D) spung, 008TSESO a ove
g8¢ 91¢ 1sT VLI i741 8'9¢ RIOSAUUT ‘Neld Teat Z# ATeInqLiy, 931D aping, 00LZSES0 a 6£C
626 108 LL9 8IS 10% (444 ©l0SOUUT ‘AUUI[LY Jeau e 2Iqeg MO[ag JIATY uouue) 05S8YeS0 a 8¢C
184! £68 939 0¥2 (43! LSt 2)0SoUUIJA ‘SBUNSEH 1eau AXeingLi], JIATY UON[IULID A 0065YES0 a LET
0Lyl 059¢ 091y 0192 00LT 9L ©10SIUNT ‘DIIdUIE Jeau I9ATY UOT[IUID A 0005¥£S0 a 9¢T
(44 918 TiL CLS 15%)4 80¢ EI0SIUUIIA] ‘£OR]S JEAU IOATY ISLEIUNS 0000t£S0 a Sec
689 865 90¢ £8¢ 88¢C LST BIOSIUUTIA “SLIBH 18 Y231 3500D LYL6EESO a 1474
00€St 009¢1 00611 0LS6 0L9L 0z8y el0sauUIpy ‘A1) duld Jeau I9ATY axeug 00S8€€S0 a €eT
iLe gee 002 391 et 0€L 210SoUUI ‘A[OULH 183U Y01 UOISSI 00T8EESO a [£X4
00€0T 00081 00LS1 0092t 0010t 0Ts9 BJOSIUUIIA] ‘QUOISPURS MO[I( JIATY INIY 00L9€€S0 a Iee
LOT 1’88 90L 414 yve 183! €J0SIUUT ‘SUO0ISPUES 1e ATEINGUT, JOARY MY 0099€€50 a 0ec
44 9¢¢ 8LC 981 4! RS BJ0SOUUIA ‘FUOISPUBS Jeau ATenqLiy, 9217 JIOM 0S59¢€€50 a 6TC
861 86¢ (1183 01c 4! gcL ©10SIUUTIA] ‘3] 9S00JA e ATeInqLLT, I9ATY SO0 00£9€€S0 a 8¢C
0e91 00¥1 0811 006 P69 Siv BIOSIUUTA] TOATY 9[IaY] Jeau Joorg AqsterD 0029€£50 a Lee
092¢ 0€LT 0zee 0091 0911 865 B10sduU ‘A[YOulY Jedu Y1) paxoor) 0L15€€S0 a 92T
99 (419 10¢ S6¢ 1453 861 £)0S3UUTIA] ‘u0iSUIWoo|q Je }331D) SN UIN 0060£€50 a Y44
gec 91c 961 L91 144! 901 BOSQUUYA] ‘9LITeld UIPH 1e }231D) Alojeding 0080€£S0 a (4
68¢ 667 vee 341 VL6 oLy RIOSSUUIIA ‘UepIOf TdU Z# AreInglIL, YooID pues 0090€€50 a €T
180K-001 eak-0g Ieok-G7  IB9k-Q Ie94-G Ieak-7 uIeu uorne)§ Iaquinu ISTJTIUaPL (1 2m31y)
uonel§ uorday  Ioquinu I

$/¢1j UL ‘S[EAII)UL 30UDLINODI PaL109ds 1e MOy Jedd

‘suonejs buibeb mojwesu)s 104 ejep Aouan

[puosaes iad 198) 21gNd .w\ﬂb
81} MOJj-Yead--'| 8|qeL

26



0€C L61 991 Y4} 6 6°CS BJOSOUULA ‘UOJARB]S 2A0QV ATeINgLI], Yaa1)) 1oArag 09LYLYSO a 8¢
Ive 88¢C 8¢C LLT Sel 0'6L BIOSOUUIIA ‘UOIAR]S IeaUl 74 ATEINqUIL, Yao1)) IoArag 0SLYLYSO a €8¢
9¢6 208 L9 ers S6¢ LET BJOSUUIIN ‘}joIoueq Je Yoa1) yoloueqg 0968550 d 8¢
00¢¢ 09y 086¢ 001¢ (a4 (11241 RIOSOUUIIA ‘SINQSUYO[ Teall JOATY Iepa) oI 8LLLSYSO d 18¢
099 LTS Iy 08¢ 961 866 BIOSQUUIN “JoIxa(] IeaU ATEINGULL, 921D 350y 080LS¥S0 d 08¢
(L4} 00821 00211 0988 0£69 0£0Y BIOSSUUT ‘UBSTY JeSU JSARY JBP3)D) 000LSYS0 d 6LC
Olvy orye 065C 0v91 0501 (Y44 ©10SaUUIJN ‘8IMQasl] 18 jaa1) paxoor) 0€0L8¢S0 d 8LC
002es 008vY 00LLE 00L8¢C 002cC oovel BJOSOUUIJA ‘U0)STIOH TedU }10, YINOS MOJag ISARY 100y 00098€£S0 d LLT
00181 00v¥1L 00CT11 0LYL 001¢ (V7444 BJOSSUULN ‘UOISNOH IBaU JIALY 100y 0] yinog 00558¢S0 d 9LT
0058¢ 00S€€ 0098¢ 0002¢C 000LI 0166 BJOSIUUIA ‘UOISNOH IBU JOALY 100y 00058€S0 d SLT
008¢S1 00yl 02L6 05S9 09vy 090C BJOSSUUIA ‘PIOJYSTY JB3U 331D Ysny 005¥8£S0 d pLC
0919 080¢S 090t 08LC 0681 €78 BJOSSUUIIA] ‘[ePUSIY 183U Y331 Suid 00v¥8¢£S0 d €LT
008¢¢ 00L61 00L91 00621 0010I 0L29 BIOSIUUIIN ‘PIOJYSTY 8 JOAR] 100y 0Se¥8€S0 d ZLe
62T ILT 4! €L 'Sy 8Ll BIOSSUUTJA] ‘[YEpURIY Teau ¥oa1) s3uudg Sig 00£¥8£S0 d 1.2
0r68 0£59 009 089¢ 0191 019 BJOSSUUIAL “US[BY A JBSU }Io1D) UsqquD) 002¥8€S0 d 0LT
Ire 4 €Ll LOT VL9 9LT BIOSQUUIIA ‘UR[EYAM, TeoU ATe)nqli], I0ATY 100y 0S118€S0 d 69¢
0sLe 060¢ 0csl ST6 69S 1414 B)OSOUUIA ‘0JOQsaUe Jeau Jaa1) 3yosn( 00118¢S0 | 89¢C
00¥8¢ 006¥C 0ovic 00L91 000€1 008L BJOSSUUIJA] ‘0JOQSSURT IB3U JOALY 100y 000¥8¢£€0 d L9T
099 0ELE 016z 0861 08€1 €89 BJOSSUUIA ‘MOPBIJA| PUBID T83U }33I)) 1eag Y104 InoS 068¢£8¢€S0 d 99¢
02s6 0SyL 00LS 018¢ 0597 09¢1 ©JOSOUUTIA ‘P[olIRYD) Jeau Y331) [T 0ZLE8ESO d 9T
0ell 0101 688 €CL S6S SOy RIOSAUUI] ‘P[eLIEY) Teau Aremnqu, Yeo1D) TN 00L£8€S0 d $9C
09 Ly 86¢ (454 121 89 RIOSOUUTIA] “O[[IAMEM)S JESU ATRINQILL, I0ARY 100y YoueIg YHON 009€8€S0 d £9¢
008¢ orey 0562 0891 766 1232 BJOSSUUIIA] ‘BUOUIM JB Y3017 SIOWID 0006L£S0 d 9T
01LC oviC 0€91 0s0T L9 892 BIOSAUUIA ‘QU0ISTUI[[0Y Jeau YooID) AS[leA 1YSeNS  00€8LESO A 19¢
0050¢ 00691 009¢T 0156 0699 092¢ BJOSOUUIA] ‘I9ARD TBIU JIATY JOJBMIANIYM 0089L£S0 d 092
0818 010L 0£8¢ 08¢y 001¢ (U29} BIOSSUUIA ‘BINI[Y TedU JOATY ISJBMIIYM Y10 Yimos 0069L£S0 d (34
00L91 00LTY 0re6 09LS 0v9¢ 08v1 BIOSSUUIIA ‘BqIH TedU I9ATY ISIBMIUY M Y10 YUON 0009LESO 4 86T
0ovee 0000¢ 0099¢ 00612 00081 002Z1 BJOSOUUIA ‘UBWI[ISY, J8 19ARY 0IqQuing 00SPLESO d LST
0011 206 vZL ¢ls 0OLE 961 BJOSQUUIN “Wepsiod Teau ysa1) Suo 00v¥LESO d 14
000S¢ 00Z1¢ 002LZ 00L1T 001LI 00101 BJOSSUUIA ‘S[[B,] 0IQUINYZ 1B ISATY o1quinZ 000¥LESO d 154
80L LyS ey 0.2 ¥81 ¥'06 BJOSOUUTJA] ‘20YpooL) reau Arejnqui], yooig ynoif, 006£LE£SO d 1474
1824-001 1B24-0C IBA-GZ  Tedk-Qf 1894-G Ie0A-7 swed UoteIS Iaquinu Belapilieio (1 2m31y)
uoneyg uoiday Iaquinu g

§/¢) UI ‘S[BAIS)UT 9DUBLINOAI PaLy1oads 18 mo[y Yeod

[puooes Jad 198} 01GN0 ‘s,

Hl
‘suonels buibeb mojwesns 10} ejep >ocm:w9_v_ MoO|}-ead--'| a|gel

27



1549 wy (453 881 (41! VLE RIOSOUUIIN “YOIMPIeH Je ATeInqii], }ooI) punop 09678Y90 q Sle
629 8St 1ce ¥81 601 T'6¢ RJOSIUUIIAL “YOIMPIeH JBAU Y331 PUNON 05678Y90 q 1483
0081 08yl OLIT 96L 8¢S (34 2JOSAUUIN ‘UOLIOSPH 183U J30I) IqUILIEURY)) £€678190 q ele
611 6’86 €08 98¢ Ley 0'sC Bl0e( oS ‘uojue)) reau Areinquy, Yoar) 1aaeag Iy 0L8T8Y90 q (443
009¢C 00661 005V 0168 099¢ 06£T BIONE( YINOS UOSIOD 18 Y221 F20Y 1dg 01928¥90 q 11¢
0¢CC 0CLT 0921 ShL gey Pel 2I00E(] YINOS ‘UOSIALED) TedU Arejngriy, joa1) auosadid 159 00928190 q 01¢
091 4| 1’26 09¢ I've e BIONR( YINOS “YHIOMIUSAY Tedll A1eInqli], joor) Iojatoey 0CLO8Y90 q 60¢
0oy 058¢ 06ct 01s¢ 0681 0z01 BI0YE(] [INOS ‘NBAIPUE] SAOQE Y331 NBAIPUBL] 05908¥90 q 80¢
oriL 00s¢S 080¥ 0Tse 0LS1 86S IONE(] YINOS ‘NedIpue]q 1edl ypa1) Suudg 00%08+¥90 q L0€
06€9 0c1s 066¢ 099T 06L1 w08 ejoNe( YINOS ‘s3unjoorq 1eau J2I1) Arepajy 0866L1Y90 q 90¢
091¢T 0zst 0101 S0s 05¢ g'ss ZloYe( NS ‘sSUNoOIg Ieal 3001 19a(] 0566LY90 q So¢
0081 (V7491 0s¢l 06 59 0ge B103E(] YOS ‘STUINOOIE Teal 001D A[IWXIS 0166L¥90 q Y0t
065¢ 0CsT 0891 ¢98 Ly 41! eloNe( Ynog ‘sfunjoorq reau Arenquy, }09x) S[IUXIg 0066LY90 q £0¢
6SS 96¢ 89C 144! VoL 1974 ejo)e( nog ‘sgurjoorg 1eau AreInqu, Y221 199 YHON 0186LY90 q 0¢
0L88 085S ocee 00S1 1L 11 RIONE(] [INOS “QUI[[ISY JeU J331)) 13 YHON 0086L190 Hq 10¢€
086¢ 090¢ (Ggad orel €6L 65T BjOYe( YINOS ‘uI[[aIsy Jedu uny Aunjy Soq 0SL6LY90 q 00¢
00€T1 0016 089 0€8¢ 0reT S06 BIONR( NOS ‘QUI[AISH IeU J3AI) POOMIPIH 0¥96.L¥90 q 66¢
00zel 0996 06L9 0l6¢ 01¢e (4% 210y PNOS ‘POOMISE) TEAU 021D ISI0Y Aeng 6CS6LY90 q 86T
0618 oveo 06SY 0¢8¢ OLLY 869 2103 YINOS ‘UMOLISTE A JB3U 31D MO[[IM S1S6LV90 q L6C
ySL ss 88¢ (444 621 144 ©loXe(] YOS ‘AI0YS Ynog Teau Areinguy, yeoI1) 0og 0S€6LP90 Hq 96T
0lel orvi o0l 166 1€ 8°¢6 £JOYE( YINOS JIUING eaU ¢ ON AIeIngLiy, ATy Xnoig §ig 0926L¥90 q S6¢
€Cl 1'¢6 $'L9 yoy 74 6’8 BloYE( YINOS JIUING 18aU 7 ON AIeInqLi], 1ATY Xnolg S1g 0bT6LY90 q ¥6C
096% 078¢ 06LC 0591 956 6T BIOYR( (PNOS ‘dUIOL] TedU YHATH XNOIS Jig S126L¥90 q €67
0rsT 0s1T 0LLY 00¢€l 096 L1g BJOSOUUT ‘UOJAR)) JEOU JOATY SAUIOJN S 10 152 6869LYS0 a 6e
05¢C 0081 0eEl 0£8 1€6 €T BJOSQUUIA ‘[[UUN(] Je3U Y1) 1Mo 0069LYSO a 162
0oLy 0r8¢ 010¢ 00T 06¢l 99 wl0SOUUA] ‘1nqs1alad Teau Joorq AIoig 0019L¥SO a 06T
09t¢ 0v9T 0961 orel L08 6S¢ RIOSQUUIN ‘UOSHOR( T8 YAIID) UOS[AN 0109LYSO a 68T
00921 00101 0S8L 06Cs 0£9¢ 0ILt RJOSIUUTIA] ‘UOSOR( 18 JOATY SIUIOIN Sa(] 0009L¥SO a 88¢
86T 9CC y6l €Sl i14} LeEL BJOSAUUIIA ‘P[OYJoNeT] Teau 7y AIenqLi], JATY SSUIOI Sa(q 006SLYSO a L8CT
1391 9Z1 101 oL Sov I've BIOSOUUIN ‘UOSHOB[ Jeaul ATEINqLL], JOATY SAUIOIN ST 008SLYSO a 98T
349 96¢ 08T 991 €01 44 BIOSUUTAL ‘WOPUI M 120U ATejnqui], 9e'] UaLre py 00¥SLYSO a 1$:14
134-001 1834-0G Ieak-G7  1eL-Q1 Teah-g Iedk-7 JuIeU UOTIRIS JTaquinu IOTJIUAPL (1 am3y)
uonelg uoidey  Joquunu g

$/c) UT ‘STEAIRIUT 2DUALINOAI PYy1oads I mo[} Yeod

[puooas sad 1994 01qno ‘s/,

ul
‘suonels Buibeb moyweasls 1o} elep >oc®:w§ MOj-Head--"| 8|qel

28



010€ orve 0061 0gcl LIS 87¢ BMO] ‘J9dURdS Jedl YaolI) okl 0¥£50990 q 8T¢
0¢1¢ 0£9¢ 08tC 0LET 06L 9LT B10SIUUTIA ‘PIOJJedS TBQU 19ARY XNOIS SN 0€5€0990 q LTE
K49 16¢ ¥8¢C VLI 1101 1’9y BIOSOUUTIA ‘plojyedg Jeau A1enquiy, 8g4# Yo [ermpnf 02€€0990 Hq 9T¢
0CLT 01LT 0101 444 €0¢ L'ey ©IOSOUUII ‘P[aJANET Teall [ [# Y93I Auno)) uosyoef 00££0990 q Y43
098¢ 0981 0STI 1SS 9LT geL BIOSUUITA ‘P[OYANT JBAU JOATY XNOIS [T 000€0990 q yee
009v1 00€TI 0£66 0569 018t 0912 EMO] ‘9[qNI§ Jeall J0ATY PAOL] Youelg 1o M 00£00990 q €Ce
00SLC 00t0¢ 009V 1 09¢8 00I1¢ 0181 BMO] ‘UONY I8 I3ATY PAO[] 00100990 q (443
008¢1 00TTT OLYL (V884 09¢T 0v8 BMO] ‘UOIYSY TBU ¥RI) 11O 09¥£8t90 q Ice
005€€ 00¥92 00?07 00cel 05L8 058¢ eMo] ‘sprdey Yooy Je 10ATY YO0y 0LT€8190 q 0ce
0821 0201 L8L 01¢ 87¢ 8CI BIOSQUUTIAL ‘JUOWIIAN 189U T# ATenquy, 3091)) Izuereuey] 012E8Y90 q 61¢
Sov |887 vee IvC LLT L'96 BJOSQUUIIA ‘QIOWSI Jeal AreInqi, 3991 1Zuereues| 0028190 q 81¢
109 1944 (453 6L1 P01 vve BIOSQUUIY ‘OUIRAIYT Teou KIeIngriy, 19AR] Yooy 050€£8¥90 q L1g
00061 00¥¥1 00901 0049 oLey 0961 BJOSQUUTAL ‘QUIDANT JB JIATY 00y 000€8%90 q 91¢
1e24-001 T82A-0G I1B9A-G7  IBIA-QI Ieak-G Ieak-7 Wkl UOTIR)S Joquinu IoYnUapI (1 2mn31))
uonelg uoigay Rqunu NG

$/¢13 UL ‘S[EAJOIUT 20USXINOAT Paf10ads 18 mo[f Yeod

[puooss sad je8) o1gno ‘s,

]
‘'suoljels Buibeb mojjuresuls 104 eyep >oc®:w9_ MO|}-3ead--| 9|gel

29



Table 2.--Basin characteristics for streamflow gaging stations.
[mi?, square miles; ft/mi, feet per mile; in., inches; in./yr, inches per year]

Storage Lake
Site number Drainage Main-channel (percentage of (percentage of ~ Mean annual runoff
(figure 1) area slope drainage area) drainage area) (in./yr)

1 609 11.2 19.3 11.6 11.7
2 6.97 55.2 21.8 3.0 12.2
3 0.47 127 17.0 .0 12.2
4 87.6 26.5 272 55 12.2
5 114 20.9 274 7.3 12.7
6 1.58 214 16.6 .0 13.2
7 22.6 56.4 15.1 0 134
8 137 44.7 294 0.7 13.9
9 1.04 111 25.8 0.0 14.2
10 3.62 145 0.8 0.0 14.6
11 4.96 56.2 13.0 0.0 14.6
12 83.6 39.1 17.6 0.0 14.2
13 1.44 144 3.1 0.0 14.4
14 5.86 85.1 12.9 0.0 14.4
15 4.91 25.9 18.3 0.0 12.5
16 234 79 17.7 1.6 10.2
17 159 7.8 334 27 10.2
18 293 7.2 43.1 3.2 10.0
19 95.4 3.6 37.7 2.8 10.1
20 0.37 251 4.7 0.0 9.0
21 4.46 23.7 89 12 8.6
22 40.9 6.4 17.8 2.6 8.3
23 67.3 8.7 18.7 34 8.3
24 131 6.7 31.4 1.6 8.4
25 17.1 7.3 479 0.3 12.2
26 24.8 12.0 30.5 0.0 9.3
27 40.8 16.7 54.8 1.1 13.2
28 127 13.2 273 1.3 12.4
29 7.7 45.5 15.9 0.0 12.4
30 4.85 40.5 1.9 0.0 12.5
31 0.49 36.9 14.2 0.0 12.5
32 19.9 43.9 15.8 0.3 12.4
33 218 4.6 33.9 152 34
34 125 4.7 30.1 14.9 2.8
35 486 22 27.4 152 1.9
36 9.22 11.5 1.9 0.0 1.6
37 810 21 6.9 1.5 1.6
38 47.1 55 1.7 0.0 1.5
39 99.2 4.8 5.6 1.6 1.5
40 76.4 9.5 29.9 10.1 29
41 325 6.2 17.0 49 1.7
42 76.3 17.8 12.8 3.1 1.5
43 7.93 14.7 55 0.0 14
44 305 5.6 7.9 1.0 1.0
45 975 2.6 10.9 23 1.0
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Table 2.--Basin characteristics for streamflow gaging stations.
[mi2, square miles; ft/mi, fest per mile; in., inches; in./yr, inches per year]

Storage Lake
Site number Drainage Main-channel (percentage of (percentage of ~ Mean annual runoff
(figure 1) area slope drainage area) drainage area) (in./yr)
46 4.0 11.2 5.6 0.0 42
47 13.0 4.1 5.7 0.0 29
48 934 4.2 18.8 4.2 23
49 4.75 17.7 7.7 0.0 2.1
50 50.1 12.7 7.4 0.0 2.1
5t 4.99 3.0 21.7 0.0 29
52 1560 4.4 13.5 2.6 0.9
53 220 7.3 43 0.1 12
54 420 4.8 8.4 1.5 1.3
55 2.8 8.8 28.8 22 5.7
56 8.23 14.3 325 0.4 5.5
57 1.16 10.3 72.2 0.0 5.6
58 150 3.1 48.1 0.0 39
59 985 1.9 55.2 1.3 32
60 235 5.5 0.1 0.0 34
61 46.2 11 18.3 2.3 4.6
62 555 34 23.2 1.3 3.7
63 51.3 6.0 21.5 5.4 4.6
64 5.05 36.7 20.4 0.0 4.5
65 6.18 342 16.2 1.1 4.6
66 254 4.9 17.2 12 4.1
67 6.61 132 52 0.0 3.5
68 1380 53 18.9 2.0 3.1
69 134 11.1 133 0.1 1.7
70 88.8 9.3 14.6 0.0 2.9
71 255 4.3 11.3 0.0 1.9
72 422 4.0 134 0.2 24
73 637 43 12.7 0.1 2.0
74 383 39 17.9 0.0 24
75 92.8 1.7 437 0.0 24
76 219 33 36.8 0.0 34
77 424 33 48.6 0.2 33
78 176 5.1 15.8 0.0 32
79 83.0 13.2 7.2 0.0 3.1
80 1090 2.0 359 0.1 3.1
81 1420 1.3 36.7 0.2 2.6
82 254 7.3 27.0 11.4 11.3
83 339 7.3 29.9 4.7 11.6
84 214 7.8 46.4 35 11.8
85 215 9.8 46.3 35 11.6
86 55.1 13.0 36.7 0.3 11.3
87 65.6 4.5 37.9 9.0 10.9
88 68.9 13.3 319 21.4 10.5
89 5.99 45.1 29.4 0.0 10.5
90 8.6 28.2 303 9.0 10.6
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Table 2.--Basin characteristics for streamflow gaging stations.
[mi2, square miles; ft/mi, feet per mile; in., inches; in./yr, inches per year]

Storage Lake
Site number Drainage Main-channel (percentage of (percentage of  Mean annual runoff
(figure 1) area slope drainage area) drainage area) (in.fyr)
91 2.84 48.4 18.1 1.1 10.7
92 0.7 109 33 0.0 8.8
93 118 4.2 35.2 1.8 9.7
94 27 17.9 41.1 3.5 9.8
95 490 1.8 39.2 17.4 9.5
96 905 3.0 344 12.8 9.1
97 68.2 33 56.0 1.7 9.1
98 7.95 4.5 45.4 15.4 8.9
99 13.7 13.6 26.8 0.3 8.7
100 180 7.3 325 4.1 8.8
101 50.6 10.7 294 8.9 8.8
102 1680 1.7 40.0 20 7.7
103 606 0.4 450 9.0 6.7
104 25.7 11.0 38.7 0.0 6.9
105 1480 1.0 46.1 53 7.4
106 174 24 94.7 0.0 6.1
107 542 2.8 95.1 0.0 6.3
108 140 4.3 86.7 0.2 5.5
109 170 5.8 77.6 0.1 35
110 11.8 7.0 17.3 0.0 3.6
111 54.1 54 61.0 0.0 3.6
112 36.0 6.3 15.3 2.5 4.5
113 358 24 18.5 2.6 4.8
114 289 1.8 354 18.1 5.9
115 8.01 39.0 224 0.8 72
116 371 2.7 355 59 7.8
117 10.1 43.4 16.1 1.0 8.4
118 3.87 12.9 30.1 2.1 8.1
119 239 2.8 29.8 7.5 8.1
120 1.46 11.8 277 0.0 8.1
121 523 21 449 2.6 7.8
122 261 3.3 273 7.5 6.1
123 8.28 5.5 36.0 25.6 6.6
124 1030 29 21.1 6.1 5.7
125 18.9 14.1 20.2 0.5 5.2
126 57.1 6.3 29.4 0.2 5.6
127 870 1.5 23.3 1.1 5.9
128 434 1.2 254 10.7 54
129 20.1 14.8 15.0 0.1 6.0
130 193 2.1 28.2 4.6 6.2
131 1.31 23.2 19.1 0.0 6.6
132 45.0 8.2 29.7 0.0 6.5
133 432 4.0 274 2.0 5.8
134 119 4.0 14.1 1.9 4.9
135 7.11 16.1 4.8 0.0 4.7
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Table 2.--Basin characteristics for streamflow gaging stations.
[mi2, square miles; ft/mi, feet per mile; in., inches; in./yr, inches per year]

Storage Lake
Site number Drainage Main-channel (percentage of (percentage of ~ Mean annual runoff
(figure 1) area slope drainage area) drainage area) (in./yr)
136 0.26 77.5 1.0 0.0 4.8
137 1030 2.5 16.9 4.2 5.4
138 3.89 7.4 243 0.0 5.2
139 14.5 16.1 23.0 1.4 52
140 45.6 13.0 21.9 0.6 5.3
141 78.8 10.4 17.3 2.5 49
142 3.09 23.4 10.1 0.0 5.5
143 2.63 9.6 20.7 0.0 6.0
144 559 3.1 20.7 1.3 5.5
145 213 4.2 16.8 0.9 4.4
146 0.49 44.4 8.4 0.0 44
147 243 4.5 16.9 0.8 4.5
148 163 3.6 30.7 10.6 4.1
149 779 3.4 20.5 47 4.6
150 8.83 4.8 28.6 7.7 5.0
151 240 24 14.2 6.2 4.0
152 313 3.2 14.4 1.7 4.7
153 1.09 17.5 24 0.0 4.7
154 9.24 3.5 16.2 8.8 4.2
155 373 2.1 7.7 1.5 45
156 1160 1.8 11.7 3.2 49
157 2640 2.7 17.4 4.6 5.2
158 8.83 11.0 248 12.8 5.3
159 0.54 36.3 21.0 0.0 7.8
160 473 9.8 33.1 0.0 7.6
161 2.33 13.1 29.4 0.0 7.6
162 1.34 34.5 14.9 0.0 7.2
163 86.0 8.2 229 1.9 5.3
164 128 0.9 36.6 22.8 5.5
165 438 5.0 38 1.0 1.3
166 398 7.3 2.4 1.4 1.1
167 459 15.0 33 1.7 1.2
168 864 21 12.0 7.6 1.9
169 2.95 55.2 2.7 0.0 1.3
170 960 4.9 3.7 1.1 2.1
171 04 7.9 5.8 0.0 24
172 96.2 6.5 177 11.1 33
173 0.57 53.5 0.5 0.0 33
174 7.24 38.1 3.6 0.3 3.1
175 308 4.0 9.9 4.1 2.8
176 1880 3.0 12.5 5.5 2.4
177 2050 29 11.6 5.1 24
178 15.8 57 1.7 0.0 2.6
179 14.7 85 24 0.8 1.3
180 0.33 84.6 0.0 0.0 1.4
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Table 2.--Basin characteristics for streamflow gaging stations.
[mi2, square miles; f/mi, feet per mile; in., inches; in./yr, inches per year]

Storage Lake
Site number Drainage Main-channel (percentage of (percentage of ~ Mean annual runoff
(figure 1) area slope drainage area) drainage area) (in./yr)
181 372 29.9 0.6 0.0 1.4
182 115 12.3 2.7 0.9 2.0
183 664 8.4 23 0.9 3.0
184 0.83 15.6 0.0 0.0 3.6
185 315 2.5 6.6 3.6 3.1
186 6.43 233 0.1 0.0 1.9
187 259 9.4 44 2.9 24
188 5.56 11.6 0.9 0.0 2.5
189 629 7.0 2.7 1.6 35
190 8.75 43 6.8 1.0 37
191 191 3.6 0.9 0.1 3.7
192 4.13 7.7 0.0 0.0 39
193 328 27 0.0 0.0 39
194 0.9 34.8 0.0 0.0 22
195 0.47 54.9 0.0 0.0 2.7
196 3.16 47.2 0.0 0.0 3.6
197 0.38 442 0.1 0.1 37
198 777 6.0 1.5 0.7 3.7
199 1300 4.8 1.6 0.6 42
200 170 6.9 2.7 0.5 42
201 30.2 12.9 0.2 0.0 5.8
202 2.34 26.3 0.0 0.0 6.1
203 120 5.8 4.6 2.6 5.6
204 9.66 9.1 0.0 0.0 4.9
205 13.5 14.6 2.0 0.6 37
206 107 6.3 2.5 1.9 42
207 843 5.1 25 14 44
208 851 4.9 25 14 44
209 2410 22 2.0 1.3 4.5
210 0.06 103 0.0 0.0 4.8
211 8.21 7.9 0.0 0.0 4.9
212 5.74 10.0 0.1 0.0 4.8
213 19.0 9.6 0.7 0.2 4.6
214 338 2.7 3.0 22 4.7
215 1110 4.1 42 2.3 4.6
216 0.23 219 0.0 0.0 4.6
217 67.3 3.5 0.3 0.0 43
218 238 3.5 3.9 2.3 4.6
219 0.35 75.3 0.0 0.0 5.6
220 3.18 13.8 17.4 0.1 55
221 62.2 23 12.5 4.7 5.4
222 222 10.5 5.7 1.0 53
223 2.76 17.1 0.7 0.0 5.2
224 27.2 8.3 13.2 5.0 55
225 45.4 7.7 99 5.3 5.7
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Table 2.--Basin characteristics for streamflow gaging stations.
[mi2, square miles; ft/mi, feet per mile; in., inches; in./yr, inches per year]

Storage Lake
Site number Drainage Main-channel (percentage of (percentage of ~ Mean annual runoff
(figure 1) area slope drainage area) drainage area) (in./yr)
226 94.4 12.1 31.6 1.0 11.0
227 27.0 12.2 435 0.0 9.6
228 1.45 255 20.6 0.0 9.6
229 4.02 8.6 16.0 0.0 10.0
230 0.55 24.2 18.7 0.0 10.0
231 868 5.9 357 1.6 10.0
232 4.12 22.9 26.7 0.0 9.6
233 974 4.4 30.6 1.2 9.2
234 473 2.8 33.7 52 7.5
235 163 2.2 38.9 7.1 6.7
236 129 8.2 11.6 1.3 59
237 15.5 6.8 0.5 0.0 5.9
238 87.9 1.9 20.7 6.5 5.5
239 1.26 35.6 1.3 0.0 6.5
240 5.0 15.3 0.2 0.0 6.5
241 435 3.4 4.0 0.6 6.3
242 929 4.2 9.6 34 6.0
243 2.12 49.2 2.2 0.0 6.1
244 20.5 12.6 0.8 0.0 6.0
245 1340 4.9 8.1 2.6 5.9
246 0.07 193 0.0 0.0 5.9
247 155 7.4 4.1 0.1 6.6
248 78.8 17.6 29 0.0 6.6
249 17.7 26.1 2.6 0.0 6.5
250 382 14.3 17 0.1 6.6
251 22.1 5.2 0.7 0.0 6.5
252 0.11 152 0.0 0.0 6.2
253 10.0 18.9 1.5 0.0 6.2
254 0.37 88.3 1.3 0.0 6.0
255 1150 6.8 24 0.2 6.0
256 4.44 44.0 0.0 0.0 59
257 1340 5.7 2.2 0.2 55
258 101 11.3 12 0.0 5.8
259 77.4 15.9 1.2 0.0 57
260 271 12.1 1.8 0.0 55
261 5.02 91.7 0.4 0.0 5.5
262 9.04 84.7 03 0.0 6.1
263 0.74 50.1 23 0.0 7.1
264 2.39 71.3 0.3 0.0 6.9
265 22.6 49.8 0.8 0.0 7.0
266 14.1 13.1 2.9 0.0 7.0
267 615 5.8 L5 0.0 7.4
268 3.86 18.6 0.3 0.0 7.6
269 0.09 237 0.0 0.0 7.5
270 7.78 73.7 0.2 0.0 7.6
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Table 2.--Basin characteristics for streamflow gaging stations.
[mi2, square miles; ft/mi, feet per mile; in., inches; in./yr, inches per year]

Storage Lake
Site number Drainage Main-channel (percentage of (percentage of  Mean annual runotf
(figure 1) area slope drainage area) drainage area) (in./yr)
271 0.15 82.9 0.0 0.0 7.1
272 992 5.6 14 0.0 7.5
273 28.2 16.1 0.2 0.0 7.0
274 132 20.1 0.4 0.0 7.2
275 1250 6.2 13 0.0 8.4
276 275 10.6 04 0.0 8.5
277 1540 6.2 1.2 0.0 8.6
278 44.8 44.4 0.7 0.1 8.8
279 399 3.1 23 0.7 6.9
280 1.13 38.0 2.3 0.0 7.0
281 45.8 104 2.7 0.0 6.9
282 28.7 6.5 0.5 0.0 6.5
283 5.01 25.9 3.7 23 2.7
284 2.22 354 0.6 0.0 2.7
285 3.29 24.0 0.1 0.0 3.8
286 1.45 20.3 3.8 0.0 39
287 5.1 13.5 0.3 0.0 39
288 1250 2.6 53 23 4.0
289 6.15 42.6 0.5 0.0 4.0
200 25.8 9.2 0.7 0.0 4.0
291 154 14.0 0.1 0.0 4.2
292 128 4.7 1.7 0.8 4.2
293 65.8 6.8 1.9 0.2 1.0
294 0.26 53.2 0.0 0.0 1.0
295 6.61 26.6 0.3 0.0 1.0
296 1.56 55.6 0.1 0.0 1.0
297 110 5.6 57 24 1.0
298 74.5 27.7 1.2 0.0 1.0
299 164 4.8 5.0 12 1.0
300 25.2 24.8 1.1 0.0 1.0
301 48.3 18.1 0.8 0.0 1.0
302 0.33 54.2 0.0 0.0 1.1
303 9.78 23.4 0.4 0.0 1.1
304 54.0 14.6 1.0 0.0 1.1
305 4.04 474 0.5 0.0 1.1
306 200 6.3 1.8 0.0 1.1
307 63.2 15.9 0.8 0.0 13
308 100 6.1 2.0 0.0 1.4
309 1.03 31.6 0.0 0.0 1.0
310 2.16 49.5 0.9 0.0 1.2
311 475 55 13 0.0 1.3
312 0.31 122 0.0 0.0 12
313 57.3 6.5 2.6 0.0 2.1
314 2.52 24.1 1.0 0.0 1.7
315 0.2 105 0.0 0.0 1.7
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Table 2.--Basin characteristics for streamflow gaging stations.
[mi2, square miles; ft/mi, feet per mile; in., inches; in./yr, inches per year]

Storage Lake
Site number Drainage Main-channel (percentage of (percentage of ~ Mean annual runoff
(figure 1) area slope drainage area) drainage area) (in./yr)
316 419 4.1 1.7 0.0 1.8
317 0.22 94.3 0.0 0.0 1.8
318 0.15 65.2 0.0 0.0 2.5
319 2.13 30.8 1.5 0.0 2.7
320 790 4.0 1.5 0.0 2.0
321 89.2 6.9 0.7 0.1 33
322 267 4.8 04 0.0 2.8
323 180 44 0.4 0.0 2.3
324 15.6 6.5 2.6 0.0 3.7
325 7.63 5.4 0.1 0.0 3.8
326 2.67 13.9 0.8 0.0 3.7
327 40.5 5.8 1.3 0.0 3.8
328 22.4 8.2 0.0 0.0 4.0
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This program computes estimates of 2-, 5-, 10-, 25-, 50-, and 100-year peak
flows for ungaged sites in Minnesota based on either a Regional Regression
Equation (RRE) method or a Region Of Influence (ROI) method. (see the report
"Techniques for Estimating Peak Flow on Small Streams in Minnesota" by Loren
Carlson, and Sanocki, USGS Water Resources Investigations Report 97-

* No warranty, expressed or implied, is made by the

* USGS as to the accuracy and functioning of this

* program and related program material.

)

ENTER name of output file
output
Use regional regression equations (RRE)
or region of influence method? (ROI)
rre
ENTER site id
Judicial Ditch 11
ENTER region where site is located:
A B C D E F
d
ENTER basin characteristics for site
Drainage area (sqg. mi.)

15.0

Main-channel slope (ft./mi.)
2.6

Lakes percent area + 1

1.0

Flood frequency estimates for
Judicial Ditch 11

Region D
RECURR. PEAK FLOW SEP (%) EQ. YRS. 90% PRED. INTERVAL
INTERVAL (cfs)
2 95. 52. 3.16 42. 212.
5 191. 46 . 5.18 92. 397.
10 271. 47 . 6.78 129. 570.
25 389. 50. 8.38 177. 855.
50 487. 54. 9.20 212. 1120.
100 593. 57. 9.75 245, 1430.

Do you want to perform another analysis (y or n)?
Y
Use regional regression equations (RRE)
or region of influence method? (ROI)
roi
ENTER indentifer for ungaged site
Judicial Ditch 11
ENTER basin characteristics for site
Drainage area (sqg. mi.)

15.0

Main-channel slope (ft./mi.)
2.6

Storage percent + 1
1.0

Lakes percent area + 1
1.0

Generalized runoff
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4.0

Enter option for selecting stations
List of gaging stations (G)
Proximity criterion (P)

Similarity criterion (S)

P

Enter the latitude of the site (ddmmss)
444122

Enter the longitude of the site (dddmmss)
0943710

Flood frequency estimates for
Judicial Ditch 11

RECURR. PEAK FLOW SEP (%) EQ. YRS. 90% PRED.
INTERVAL (cfs)

2-year 128. 46. 3.42 60.

5-year 230. 43. 5.28 114.
10-year 311. 44. 6.99 153.
25-year 424 . 45. 9.05 204.
50-year 516. 47. 10.33 241,
100-year 612. 49. 11.35 277.

Do you want to perform another analysis (y or n)?
Y
Use regional regression equations (RRE)
or region of influence method? (ROI)
roi
ENTER indentifer for ungaged site
Judicial Ditch 11
ENTER basin characteristics for site
Drainage area (sqg. mi.)
15.0
Main-channel slope (ft./mi.)
2.6
Storage percent + 1
1.0
Lakes percent area + 1
1.0
Generalized runoff
1.0
Enter option for selecting stations
List of gaging stations (G)
Proximity criterion (P)
Similarity criterion (S)
-]

Flood freguency estimates for
Judicial Ditch 11

RECURR. PEAK FLOW SEP (%) EQ. YRS. 90% PRED.
INTERVAL (cfs)
2-year 118. 68. 2.15 41.
5-year 362. 46. 5.89 174.
10-year 544. 43, 8.87 272.
25-year 824 . 45, 11.29 399.
50-year 1070. 49. 11.81 487 .
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INTERVAL

270.
464.
630.
884.
1100.
1350.

INTERVAL

335.
756.
1090.
1700.
2350.



100-year 1340. 54. 11.70 567. 3180.
The results above are based on an inconsistent
set of independent variables. The estimates
will be redone using the same independent
variables for each regression.

Flood frequency estimates for
Judicial Ditch 11

RECURR. PEAK FLOW SEP (%) EQ. YRS. 90% PRED. INTERVAL
INTERVAL (cts)
2-year 161. 61. 2.58 62. 419.
5-year 362. 46. 5.89 174. 756.
10-year 544. 43. 8.87 272. 1090.
25-year 824. 45. 11.29 399. 1700.
50-year 1070. 49. 11.81 487. 2350.
100-year 1340. 54. 11.70 567. 3180.

Do you want to perform another analysis (y or n)?
n
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REGION OF INFLUENCE ANALYSIS OF PEAK FLOW DATA FOR SITE Judicial Ditch 11
Basin characteristic data:

Drainage area

Main channel slope

Storage percent + 1

Lakes percent area
Generalized runoff(in./yr)

(sg. mi.)

(ft./mi.)

+ 1

STEP 1 regression coefficients:
Coefficient

Variable

Constant
log (DA)
log (SL)
log (ST)
log (LK)
log (RO)

Deleting variable:

O O O

0

.61422
.75374
.42451
-0.
-0.

26657
04523

.73404
log (LK)

Standard

O O O O O O

, T-score

STEP 2 regression coefficients:
Coefficient

Variable

Constant
log (DA)
log (SL)
log (ST)
log (RO)

Deleting variable:

O O O O O

.59563
.75285
.42856
.28958
.76109
log (RO)

Standard

O O O O O

, T-score

15.0000
2.60000
1.00000
1.00000
4.00000

error

.38234
.04108
.11144
.11679
.17081
.56706

0
0
0
0
0

T for HO:beta=0

1.60648
8.34867

3.80943

-2.28255

0.26482
1.29446

less than 1.7.

error

.37027
.04045
.10836
.07753
.55065

T for HO:beta=0

1.60865
8.61240
3.95498
3.73509
1.38217

less than 1.7.

Final regression statistics for Judicial Ditch 11

2-year peak

Regression coefficients:

Variable

Constant
log (DA)
log (SL)
log (ST)

Residuals and influence
Observed

Station
ID

05278850
05278500
05316700
05316690
05326100
05316570
05316550
05278930

W R NN RPN

Coefficient

peak

.53403
.525994
.31366
.59107
.73679
.85588
.86747
.08167

O O O B

.04533
.74722
.43872
.25140

Standard

O O O O

error

.17730
.04074
.10960
.07342

T for HO:beta=0

1

5.89592
8.33976
4.00301
3.42397

Prob

O O O O O

Prob

O O O O

>| Tl

.0001
.0006
.0297
.7930
.2054

>| T

.0001
.0004
.0008
.1768

Prob>ITI

0.
0.
0.

statistics for the logl0 transformed data:

Predicted
peak

NP NN NN

.69661
.69222
.36756
.89450
.62171
.92385
.80286
.87110

41

Studentized Leverage

residual

-1.03862
-0.94780
-0.37244
-1.91156
0.68460
~0.40408
0.39272
1.17193

O O O O O O O o

.15572
.08219
.25178
.14998
.12760
.07536
.10462
.04970

Cook’sD

O O O O O O O o

.06969
.02545
.01454
.23161
.02276
.00545
.00676
.03252

0001
0003
0017



05317000 3.50949 3.56785 -0.37756 0.12369 0.00635
05313800 1.50786 1.50831 -0.00263 0.13656 0.00000
05316500 3.07159 3.36391 -1.86984 0.10661 0.13194
05278750 1.45788 1.48492 -0.16629 0.08584 0.00111
05278700 2.05231 2.08270 -0.18783 0.09886 0.00152
05317200 2.70552 2.93639 -1.33240 0.03139 0.03419
05327000 2.97123 2.88720 0.48727 0.03127 0.00464
05278120 3.23216 3.10417 0.69726 0.07755 0.01482
05279000 3.33116 3.17161 1.00557 0.09114 0.03377
05316950 3.45797 3.44627 0.07015 0.08889 0.00018
05278350 1.70501 1.68274 0.14215 0.17099 0.00141
05278000 2.30685 2.56704 -1.65283 0.12732 0.13179
05325100 1.82607 1.59528 1.22965 0.23058 0.13022
05316920 1.44871 1.44281 0.03694 0.14487 0.00008
05314500 3.18301 2.86495 1.84783 0.05440 0.07802
05313500 3.15616 3.42916 -1.76749 0.13407 0.14438
05272950 2.47129 2.59120 -0.66121 0.10833 0.01632
05320000 3.79260 3.59834 1.26334 0.13533 0.07568
05276200 2.89840 2.80096 0.57833 0.07145 0.01011
05276000 2.91180 2.74267 0.91056 0.07334 0.01983
05316900 2.12385 2.15309 -0.18230 0.13674 0.00182
05319500 3.43889 3.39870 0.24245 0.07650 0.00180
05276100 1.28103 1.29184 -0.07052 0.20479 0.00041
05320500 3.62262 3.40783 1.34446 0.08127 0.05638
05319490 3.51574 3.40371 0.43945 0.03766 0.00253
05330600 1.67210 1.85768 -1.11415 0.06887 0.04062
05320200 1.28556 1.01541 1.80840 0.23682 0.32477
05330550 2.21352 2.29238 -0.46507 0.03791 0.00456

Mean sampling error variance: 0.0048

Mean model error variance: 0.0263

For Judicial Ditch 11

2-year peak

Predicted Std. Err. Equivalent 90% Prediction
flow prediction years interval
(cts) (percent) (cfs)

128. 46. 3.42 60. 270.

LR R R R R R R R R R R R R R R R R E R E R R R EEEE R E RS EEEEREEEEEEREEEREEEEREEREEEEE SRR

42

W U.S. GOVERNMENT PRINTING OFFICE: 1997 - 673-268 / 26503 REGION NO. 8



