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1 HEC-SSP Examples Introduction

Welcome to the U.S. Army Corps of Engineers, Hydrologic Engineering Center's (HEC) Statistical Software
Package (HEC-SSP). HEC-SSP software allows users to perform statistical analyses of hydrologic data. The
purpose of this guide is to illustrate the input and output results for 35 example problems. The example
problems are provided to illustrate the use of specific options in HEC-SSP and to assist in verifying the
correct execution of the HEC-SSP software. The HEC-SSP Examples guide provides a brief description of
each example.

Out of the 35 example problems, the first six examples are the same examples described in the HEC-FFA'
(Hydrologic Engineering Center's Flood Frequency Analysis) software user's manual. Furthermore, a
comparison between the HEC-FFA and HEC-SSP results verifies that the HEC-SSP software produces the
same results as HEC-FFA for these six data sets. The first six examples were analyzed in HEC-SSP with both
Bulletin 17 and General Frequency Analysis; however, this guide displays only the results obtained using a
Bulletin 17 Analysis. Full results for both analyses are included in the SSP_Examples.ssp study and show that
the results are the same whether a Bulletin 17 or General Frequency Analysis was performed.

Within the first six examples, the weighted skew option was selected and a regional skew value was
entered from the generalized skew map of the United States provided within Bulletin 17B (Plate 1)2.

1.1 Overview of Example Problems

Example Problem Title SSP_Examples.ssp

Analysis Name Data Record Name

"(DU'BCZ(D'EBNXI‘H

1 https://www.hec.usace.army.mil/publications/ComputerProgramDocumentation/CPD-13.pdf
2 https://water.usgs.gov/osw/bulletin17b/d|_flow.pdf
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1 Fitting the Log-Pearson Type Il Distribution FFA Test 1 Fishkill Creek-Beacon,
(s NY
&2
p
a
g
@
1
2)
2| Analysis with High Outliers FFA Test 2 Floyd River-James |IA
(s
2
p
a
g
e
1
9)
3 | Testing and Adjusting for a Low Outlier FFA Test 3 Back Creek-Jones
Springs
4 | Zero Flood Years FFA Test 4 Orestimba Creek-
Newman, CA
5 | Confidence Limits and Low Threshold Discharge FFA Test 5 Kaskaskia River-
Vandalia, IL
6 | Use of Historic Data FFA Test 6 Ridley Creek-Moylan,
PA
7 | Analyzing Stage Data Stage Analysis Test | Reservoir Stage
7
8 | Using User-Adjusted Statistics Local Runoff at Alb Rio Grande at Alb Local
Test 8 Runoff
9 | General Frequency - Graphical Analysis Reg Flow Rio Rio Grande at Alb Reg
Grande Test 9 Flow
1 | Volume Frequency Analysis, Maximum Flows Unreg Flow Rio Rio Grande at Alb
0 Grande Test 10 Unreg Daily
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Volume Frequency Analysis, Minimum Flows

Low Flow Analysis
Test 11

Chattahoochee River

Duration Analysis, Bin (STATS) Method

Fishkill Creek Test
12

Fishkill Creek-Daily
Flow

Duration Analysis, Rank All Data Method

Duration Curve Test
13

Wondering River-
Franklin

Duration Analysis, Manual Entry

Manual Duration
Curve Test 14

Not Applicable

Coincident Frequency Analysis, A and B can be
Assumed Independent

Coincident Freq
Test 15

Not Applicable

Coincident Frequency Analysis, A and B cannot be
Assumed Independent

Coincident Freq
Test 16

Not Applicable

Balanced Hydrograph Analysis, Using an
Historical Event Hydrograph

Balanced
Hydrograph Test 17

Sinnemahoning Creek-
Hourly

Balanced Hydrograph Analysis, Using a
Triangular-shaped Hydrograph

Balanced
Hydrograph Test
178

Sinnemahoning Creek-
Triangular

Curve Combination Analysis, Combining Multiple
Frequency Curves using Graphical Techniques

Curve Combination
Test 19

Not Applicable

Distribution Fitting, Analyzing Model Uncertainty
Using a Time Series of Annual Maximum
Streamflow

Distribution Fitting
Test 20

Potomac River-Flow-
Annual Peak

Distribution Fitting, Analyzing a Time Series of
Daily Average Flow Using Time Window, Seasonal,
and Annual Maxima Filtering

Distribution Fitting
Test 21

Sinnemahoning Creek-
Daily

Distribution Fitting, Analyzing a Time Series of
Daily Average Flow Using Time Window, Seasonal,
and Peaks Over Threshold Filtering

Distribution Fitting
Test 22

Sinnemahoning Creek-
Daily
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2 | Distribution Fitting, Analyzing a Time Series of Distribution Fitting Hawley 1 E PA-Daily-
3 | Daily Precipitation Accumulation Using Peaks Test 23 Precip-Inc
Over Threshold Filtering
2 | Distribution Fitting, Analyzing a Time Series of Distribution Fitting Little Meadows-SWE
4 | Daily Average Snow Water Equivalent Using Test 24
Annual Maxima Filtering
2 | Distribution Fitting, Analyzing a Time Series of Distribution Fitting South Fork Shoshone
5 | Daily Average Flow to Estimate Flood Seasonality | Test 25 River-Daily
2 | Distribution Fitting, Analyzing a Paired Data Distribution Fitting MCMC OUTPUT-TC
6 | Record of Hydrologic Model Output Test 26
2 | Mixed Population, Combining Two Frequency Mixed Population Kettle Creek-Summer-
7 | Curves using the Probability of Union Concept Test 27 Flow-Annual Peak
Kettle Creek-Winter-
Flow-Annual Peak
2 | Mixed Population, Combining Three Frequency Mixed Population Not Applicable
8 | Curves using the Probability of Union Concept Test 28
2 | General Frequency, Fitting a Log Pearson Type Il General Frequency South Fork Shoshone
9 | Distribution using the Expected Moments EMA Test River-Flow-Annual Peak
Algorithm
3 | General Frequency, Fitting an Analytical General Frequency Hawley 1E PA-3DAY-
0 | Distributionto a Precipitation Time Series Precip Test Precip-AMS
3 | Volume Frequency, Fitting a Family of Log Sinnemahoning_Vol | Sinnemahoning Creek-
1 | Pearson Type Il Distributions to Volume-Duration | umeFrequency Daily
Data using the Expected Moments Algorithm
3 | Data Filtering, Extracting an Annual Maximum Jamestown-Daily Max
2 | Series Temp
3 | Data Filtering, Extracting a Partial Duration Series Miami Beach-Daily
3 Precip
3 | Data Filtering, Using Multiple Filters Palisades Dam-Daily
4 Inflow
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Data Filtering, Starting Pool/Elevation Filtering Sayers Dam-Daily
Elevation

g w

1.2 Installing HEC-SSP Example Data

To install this study on your computer open the HEC-SSP software and select the Help | Install Example Data
menu command. After the install is complete, open the SSP_Examples.ssp study and the HEC-SSP main
window will appear as shown in Figure 1.

] HEC-SSP 23-beta.3 - SSP EXAMPLES - x
File Edit View Maps Data Analysis Results Tools Window Help

BFaEds e s BRDS A

|5 B Beseviep =
& || Analysis N ~
& Bulletin 17
BI7 FFATest 1 @
BIT FFA Test 2
BIT FFATest 3 an

BIT FFATest 4

BT FFATest 5

BIT FFATest 6

B17 Sinnemahoning_B17C

BA7 KettleCreek_Summer_B17C
BI7 KettleCreek_Winter_B17C
BT Bushkill_WovingWindow

B17 Bushkill_ExpandingWindow
General Frequency

GF General Frequency FFATest 1
GF General Frequency FFA Test2
GF General Frequency FFA Test3
GF General Frequency FFATest4
GF General Frequency FFATest5
GF General Frequency FFATest§ EEL F-SCOTIA CA-FLEREANNUAL PE

ettopstone Fi¥krfSianey MTFLOW

GF Stage Analysis TestT WF EEL RO RIDS G FLOW-ANNUA
GF Local Runoff at Alb Test8 %
GF Reg Flow Rio Grande Testd

GF General Frequency ENA Test

GF General Frequency Precip Test

= || Volume Frequency

VF Unreg Flow Rio Grande Test 10

VF Low Flow Analysis Test 11

VF Sinnemahoning_VolumeFrequency
Duration

D Fishiill Creek Test 12

D Duration Curve Test 13

D anual Duration Curve Test 14
Coincident Frequency

CF Coincident Freq Test 15

CF Coincident Freq Test 16

rantis at Ab| Unreg Daity

< >

CIL NGRS sy il aty racy

SSPEXAMPLES
® Study File:C:Projects\SSPv2.3-b.3_Testingl_ExamplesiSSP_ExamplesiSs
# Unit SystemEnglish
® CreatedBy.

<

Loading Data RANDOM-CE DOCTORATES-COUNT-DOCTORATES ~
Loading Data RANDOM-CS DOCTORATES-COUNT-DOCTORATES

Loading Data RANDOM-PC CHEESE-COUNT-CHEESE

Opened Study SSP EXAMPLES from directory C:\Projects\SSPW2.3-b.3_Testing\ Examples\SSP_Examples

Disolay Unit Svstem set to Enalish(Watershed) ]
Study Maps Files Messages

< >

Coordinates: 124 east, 20 north

1 Figure 1. HEC-SSP Example Studies

After opening the SSP_Examples.ssp study for the first time on your computer, you must
compute each example before viewing tabular and graphical results.

The SSP_Examples.ssp study includes, nine Bulletin 17B analyses, eleven General Frequency analyses, three
Volume Frequency analyses, three Duration analyses, two Coincidence Frequency analyses, one Curve
Combination analysis, two Balanced Hydrograph analyses, seven Distribution Fitting analyses, and two Mixed
Population analyses in this study. The following sections document each of the example data sets. HEC-SSP

Bulletin 17C Examples® details ten additional examples which make use of the Expected Moments Algorithm
and Bulletin 17C procedures.

3 https://www.hec.usace.army.mil/confluence/display/SSPDocs/HEC-SSP+Bulletin+17C+Examples
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2 Bulletin 17B Examples

2.1 Example 1. Fitting the Log-Pearson Type Il Distribution

In the SSP_Examples.ssp study, the input data for the Bulletin 17 analysis, FFA Test 1, is the same as that for
Example 1 in Appendix 12, Guidelines for Determining Flood Flow Frequency, Water Resources Council
(WRC) Bulletin 17B*. Example 1 illustrates the routine computation of a frequency curve by the Bulletin 17B
methodology.

This example uses Bulletin 17B procedures (Interagency Advisory Committee on Water Data,
1982°). Current Federal flood frequency guidance directs analysts to use Bulletin 17C
procedures (England, et al., 2019%). Bulletin 17C examples can be found here (see page 57).

The data for this example is from Fishkill Creek in Beacon, New York. The period of record used for this
example is from 1945 to 1968. To view the data from HEC-SSP, right-click on the data record labeled "Fishkill
Creek-Beacon, NY" in the study explorer and then select Tabulate. The data will appear as shown in Figure 1.

4 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf
5 https://water.usgs.gov/osw/bulletin17b/d|_flow.pdf
6 https://pubs.er.usgs.gov/publication/tm4B5
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A /FISHKILLC.. — O )
File Edit View

BEACOM

Ordinate Date Time FLOW

0BS
Units cfs
Type INST-VAL
1| 05 Mar 1945 12:00 2,290
2| 27 Dec 1945 12:00 1,470
3| 14 Mar 1947 24:00 2,220
4| 18 Mar 1948 2400 2,870
5 01Jan 1949 2400 3,020
G| 09 Mar 1950 12:00 1,210
7| 01 Apr1951 12:00 2,480
8| 12 Mar 1952 12:00 3,170
9| 25Jan 1953 12:00 3,220
10| 13 Sep 1954 12:00 1,760
11| 20 Aug 1955 12.00 8,800
12| 16 Oct 1955 12:00 8,280
13| 10 Apr 1957 12:00 1,310
14| 21 Dec 1957 12:00 2,500
15| 11 Feb 1959 12:00 1,960
16| 06 Apr 1960 12.00 2,140
17| 26 Feb 1961 12:00 4,340
18| 13 Mar 1962 12:00 3,060
19| 28 Mar 1963 12:00 1,780
20| 26 Jan 1964 12:00 1,380
21| 09 Feb 1965 12:00 980
22| 15Feb 1966 12:00 1,040
23| 30 Mar 1967 12:00 1,580
24| 19 Mar 1968 12:00 3,630

2 Figure 1. Tabulation of the Peak Flow Data for Fishkill Creek

HEC-SSP Examples — HEC-SSP Examples

To plot the data for this example, right-click on the data record again and then select Plot. A plot of the data

will appear as shown in Figure 2.

Bulletin 17B Examples — 13
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[ Fishkill Creek-Beacon, NY
File Edit View

9,000

Q 8,000+

7,000+

6,000

5,000

4,000+

Flom {ofs)

3,000+ o0

2,000+

1,000+

T T T T T T T T T T T T T T T T T T T T T 1
1946 1948 1950 1952 1954 1956 1958 1960 1962 1964 1966 1968

<  BEACON OBS FLOW

3 Figure 2. Bulletin 17 Analysis Editor with FFA Test 1 Data Set

A Bulletin 17 and a General Frequency analysis have been developed for this example. To open the Bulletin
17 Editor analysis editor for Example 1, either double-click on the analysis labeled FFA Test 1 from the Study
Explorer, or from the Analysis menu select open, then select FFA Test 1 from the list of available analyses.
When FFA Test 1 is selected, the Bulletin 17 analysis editor will appear as shown in Figure 3.

Bulletin 17B Examples — 14
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4 Bulletin 17 Editor - FFA Test 1 - O X
MName: FFATest 1
Description WRC Appendix 12, Example 1- Fitting the Log-Pearson Type Il Distribution .
Flow Data Set: Fishkill Creek-Beacon, NY o u %
DSS File Name: | C:/ProjectsiSSPTest!SSP_Examples/SSP_EXAMPLES.dss .. l
Report File: C:\Projects\35P\TestiSSP_Examples\Bulletin17Results\FFA_Test_1\FFA_Test_1.rpt
General Options Tabular Results
Methad for Computing Statistics and Confidence Limits Low Outlier Test Confidence Limits
() 17C EMA Multiple Grubbs-Becl @ Defaults (0.05, 0.95)
@ 17B Methods (@ Single Grubbs-Beck () User Entered Values
Generalized Skew Plotiing Position UnperLin e
(21 Use Station Skew (7)) Weibull (4 and B =0} Lower Limit:
(® Median (AandB=0.3)
(@ Use Weighted Skew
() Hazen (Aand B =0.5) Time Window Modification
(2 Use OMLY Regional Skew R
Fecional i HirschiStedinger DSS Range is
egional Skew: 0.6 i
0 () Other (Specity A, B) [ Start Date 010ct1945
Reg. Skew MSE: 0. 30
L iy 0.302 rl-:ttml-; position computed using [JEndDate 20Sep1968).
ormula
Expected Probablity Curve (m-AY(n+1-AB)
() Do Not Compute Expected Probability Curve Where:
m=Rank, 1=Largest
@ Compute Expected Probability Curve using B17B Procedures n=Number of Years
AB=Constants
Compute Expected Probability Curve using Mumerical Integration (EMA) A
B:
Compute Plot Curve ;m\«’iew Report Print OK Cancel Appl

4 Figure 3. Bulletin 17 Analysis Editor with FFA Test 1 Data Set

Shown in Figure 3 are the general settings that were used to perform this frequency analysis. As shown, the
Skew option was set to use the Weighted Skew. To use the weighted skew option, the user must enter a
value for the Regional Skew and the Regional Skew MSE. This selection requires the user to either look up a
value from the generalized skew map of the United States, which is provided with Bulletin 17B, or develop a
value from a regional analysis of nearby gages. In this example a value of 0.6 was taken from the generalized
skew map of the U.S. from Bulletin 17B. Bulletin 17B suggests using a Regional Skew MSE of 0.302
whenever regional skew values are taken from the map.

The recommended procedure for estimating regional skew in Bulletin 17C is the Bayesian
generalized least squares (B-GLS) method. Regional skew studies are available for many states
t’hrough the Advisory Committee on Water Information, Subcommittee on Hydrology, Hydrologic
Frequency Analysis Working Group website®. Regional skew values presented in these reports
supersede the values from the Bulletin 17B generalized skew map.

7 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
8 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
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Also for this example, the Expected Probability Curve option was selected to be computed in addition to the
Log Pearson Ill computed curve. The Median plotting position method was selected, as well as the default

Confidence Limits.

Shown in Figure 4 is the Bulletin 17 editor with the Options Tab selected. As shown in Figure 4, none of the
available options for modifying the frequency analysis were selected for this example. These options include
changing the Low Outlier Threshold and using Historic Data. Additionally, the option to override the default
Frequency Ordinates was not selected.

4 Bulletin 17 Editor - FFA Test 1 - O X
MName: FFATest 1
Description WRC Appendix 12, Example 1- Fitting the Log-Pearson Type Il Distribution .
Flow Data Set: Fishkill Creek-Beacon, NY o u %
DSS File Name: | C:/ProjectsiSSPTest!SSP_Examples/SSP_EXAMPLES.dss .. l
Report File: C:\Projects\35P\TestiSSP_Examples\Bulletin17Results\FFA_Test_1\FFA_Test_1.rpt
General Options Tabular Results
Low Outlier Threshold Historic Period Data (only used with B17B procedures) Output Frequency Ordinates
[] override Low Qutlier Threshold [] Use Historic Data [] Use Values from Table Below
Value Historic Period Frequency in Percent
Start Year: 0.2
Variable Time Window 05
End Year: 10
® Do Not Compute Using =
Variable Time Window Override High Outlier Threshold: 5'0
. . . 10.0
(2) Compute Using Moving Window Historic Events 0
Window Length - Water Year Peak 50.0
(years) - 80.0
" 90.0
g
:.I:::tr!w.crement 1 950
R 99.0
(7 Compute Using Expanding Window
Initial Window Length o
(years) ==
Expansion Increment
(years) =
Compute Plot Curve ;m\u'lew Report Print OK Cancel Apply

5 Figure 4. Bulletin 17 Editor with Options Tab Selected for FFA Test 1

Once all of the General and Optional settings are set or selected, the user can press the Compute button to
perform the analysis. Once the computations have been completed, a message window will open stating
Compute Complete. Close this window and then select the Tabular Results tab. The analysis window should

resemble Figure 5.
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4 Bulletin 17 Editor - FFA Test 1 - O X
MName: FFATest 1
Description WRC Appendix 12, Example 1- Fitting the Log-Pearson Type Il Distribution
Flow Data Set: Fishkill Creek-Beacon, NY o u %
DSS File Name: | C:/ProjectsiSSPTest!SSP_Examples/SSP_EXAMPLES.dss L
Report File: C\Projects\3SP\TestiS5P_Examples\Bulletin17Resulis\FFA_Test_1\FFA_Test_1.rpt
General Options Tabular Results
Frequency Curve for: Fishkill Creek-Beacon, MY
. o 3 i . Confidence Limits
ercent Chance omputed Curve pected Prob. )
Exceedance Flow in cfs Flow In cfs Flowin cfs
0.05 0.95
0.2 18828.3 274943 38020.6 12103.2
0.5 142151 18603.3 26365.4 9605.0
1.0 11387.8 13909.9 19772.8 7994.9
20 9030.6 10419.0 14655.7 6589.2
5.0 6506.1 7058.0 9635.2 49934
10.0 4953.9 5206.3 6847.3 39457
20.0 3657.1 37432 4721.0 2996.4
50.0 21938 21938 26595 1795.6
80.0 1438.3 1417.8 1760.0 1106.2
90.0 1192.2 1162.9 1484.6 880.2
95.0 10376 999.6 13133 T407
99.0 829.6 778.3 1082.5 558.6
Distribution Parameters e
Parameter value e e HumBey -
istoric Events
Mean 3.368 n -
Standard Dev 0.245 ["ghg“&“efs g
Station Skew 0.730| [CEMDUETE 5
Regional Skew 0.500 £ro or ~_Is;mgt 51
Weighted Skew oggs| [TEETEE ":” S
Adopted Skew 0.668 E'S _°”|° f;" e
EMA Estimate of MSE (G at-site) uiAEntEeeordBenoRiETE)
Grubbs-Beck Critical Value
Compute Plot Curve View Report Print OK Cancel Apply

6 Figure 5. Bulletin 17 Analysis Window with Results Tab Shown for FFA Test 1

As shown in Figure 5, the Frequency Curve table contains the following results:

« Percent Chance Exceedance
+ Computed Curve

+ Expected Probability Curve

+ Confidence Limits

On the bottom, left side of the results tab is a table of Statistics for the observed station data (mean,
standard deviation, station skew) and regional adjustment (regional skew, weighted skew, and adopted
skew). Also on the bottom, right side of the results tab is a Number of Events table showing the number of
historic events used in the analysis, number of high outliers found, number of low outliers, number of zero or
missing data years, number of systematic events in the gage record, and the historic record length (if historic
data was entered). In addition to the tabular results, a graphical plot of the computed frequency curves can
be obtained by pressing the Plot Curve button at the bottom of the analysis window. A plot of the results for
this example is shown in Figure 6.
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&4 Bulletin 17 Plot for FFA Test 1 — O Y
File Edit View Window

Bulletin 17 Plot for FFA Test 1
Return Period
1.0 1.1 2 5 10 50 10 500 10000
100.000 1 1 1 1 1 1 1 1 1 1 1
/
e
PR
e
-
10,000
)
L
=
[=]
[
1,0004 Computed 25Jul2022 13:04
R ——— by HEC-SEP v2.3-beta.3
- Analysis Peripd 1945 - 1888
Mean 3.368
Standard Dev 0.245
Station Skew 0.730
Regional Skew 0.600
Adopted Skew 0.668
Systematic Events 24
100 T T T T T T T T 1 T 1 1
0.9999 0999 0.99 0.9 05 02 01 0.02 0005 0.001 0.0001
Probability
—— Computed Cure  aeaees Expected Probability Curve
——= 5 Percent Confidence Limit ——= 95 Percent Confidence Limit
< Observed Events (Median plotting positions)

7 Figure 6. Plotted Frequency Curves for FFA Test 1

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the
analysis window. When this button is selected a text viewer will open the report file and display it on the
screen. Shown in Figure 7 is the report file for FFA Test 1. The report file contains a listing of the input data,
preliminary results, outlier and historical data tests, additional calculations needed, and the final frequency
curve results. Different types and amounts of information will show up in the report file depending on the
data and the options that have been selected for the analysis. The user should review the report file to
understand how HEC-SSP performed the Bulletin 17 frequency curve calculations.
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B FRA_Test_1.rpt - O %
File Edit Search Format
File: C\Projects\S5P\TestiSSP_Examples\Bulletin17Results\FFA_Test 1\FFA_Test_1.rpt
1 ~
2 Bulletin 17B Frequency Rnalysis
3 25 Jul 2022 01:04 FM
4 Computed By: HEC-55F Version 2.3-beta.3d
& --- Input Data ---
10 Analysis Name: FFA Test 1
11 Description: WRC RAppendix 12, Example 1 - Fitting the Log-Pearson Type III Distribution
12 Fishkill Creesk at Beacon, NY
14 Data Set Nams: Fishkill Creek-Beacon, NY
15 D55 File Name: C:\Projects\55P\Test\55P_Examples\55F_EXRAMPLES .dss
1¢ D55 Pathname : /FISHKILL CREEEK/BEACON/FLOW/01janl900/IR-CENTIURY/OBS/
15 Report File Name: C:\Projects\55P\Test\55P_Examples‘Bulletinl7Results\FFA Test 1\FFA Test l.rpt
1% ¥ML File Name: C:\Projects\55P\Test\55P_Examples‘\Bulletinl7Results‘\FFA Test_ I\FFA Test_l.xml
20 Qutput D55 File Name: C:/Projects/55F/Test/55P_Examples/S55P_EXRMPLES .dss
22 5tart Date: 01 Oct 1945
23 End Date: 30 S5=p 1968
25 Skew Option: Use Weighted Skew
2¢ Regional Skew: 0.8
27 Regional Skew MSE: 0.302
29 Plotting Position Type: Median
31 Compute Expected Probability Curve using B17B Procedurs
33 Upper Confidence Lewel: 0.05
34 Lower Confidence ILewel: 0.855
3¢ Display ordinate walues using 1 digits in fraction part of value
3% -—- End of Input Data ---
43 << High Outlier Test >>
45 Based on 24 events, 10 percent cutlier test deviate K(N) = 2.487
ig Computed high cutlier test wvalue = 9,424.96
43 0 high cutlier(s) identified above test value of 9,424.96
4% v
07/25/2022 13:04 PM 1111 1:1

8 Figure 7. FFA Test 1 Report File

2.2 Example 2. Analysis with High Outliers

In the SSP_Examples.ssp study, the input data for the Bulletin 17 analysis, FFA Test 2, is the same as that for
Example 2 in Appendix 12, Guidelines for Determining Flood Flow Frequency, Water Resources Council
(WRC) Bulletin 17B°. FFA Test 2 illustrates the application to data with a high outlier.

£, This example uses Bulletin 17B procedures (Interagency Advisory Committee on Water Data,
198219). Current Federal flood frequency guidance directs analysts to use Bulletin 17C
procedures (England, et al., 2019™"). Bulletin 17C examples can be found here (see page 57).

9 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf
10 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf
11 https://pubs.er.usgs.gov/publication/tm4B5

Bulletin 17B Examples — 19


https://water.usgs.gov/osw/bulletin17b/dl_flow.pdf
https://water.usgs.gov/osw/bulletin17b/dl_flow.pdf
https://pubs.er.usgs.gov/publication/tm4B5
https://water.usgs.gov/osw/bulletin17b/dl_flow.pdf
https://water.usgs.gov/osw/bulletin17b/dl_flow.pdf
https://pubs.er.usgs.gov/publication/tm4B5

HEC-SSP Examples — HEC-SSP Examples

The data for this example is from Floyd River in James, lowa. The period of record used is from 1935 to
1973. To view the data from HEC-SSP, right-click on the data record labeled "Floyd River-James IA" in the
study explorer and then select Tabulate. The data will appear as shown in Figure 1 (see page 20).

A /FLOYDRIV.. — O pd
File Edit View
JAMES A
Ordin... Date Time FLOW
0BS
Units CF3| A
Type INST-VAL
1| 28 Jun 1935 12:00 1,460
2| 10 Mar 1836 12:00 4 050
3| 27 May 1937 12:00 3570
4|15 5ep 1938 12:00 2,060
5] 12 Mar 1939 12:00 1,300
G| 05 Jun 1940 12:00 1,390
7 11 Mar 1941 12:00 1,720
8| 04 Jun 1942 12:00 6,280
9] 17 Jun 1943 12:00 1,360
10( 13 May 1944 12:00 7,440
11 12 Mar 1945 12:00 5,320
12| 01 Mar 1946 12:00 1,400
13| 25 Jun 1947 12:00 3,240
14| 17 Mar 1948 12:00 2710
15| 05 Mar 1949 12:00 4520
16| 19 Jun 1950 12:00 4 840
17| 28 Mar 1951 12:00 8,320
18| 31 Mar 1952 12:00 13,900
19 08 Jun 1953 12:00 71,600
20| 22 Jun 1954 12:00 §,250
21 10 Jul 1955 12:00 2 260
22 13 Jul 1956 12:00 318
23 05 Jul 1957 12:00 1,330
24| 01 Jul 1958 12:00 970
25| 01 Jun 1959 12:00 1,920
26| 29 Mar 1960 12:00 15,100
27| 02 Mar 1961 12:00 2870w

9 Figure 1. Tabulation of the Peak Flow Data for the Floyd River

To plot the data for this example, right-click on the data record and then select Plot. A plot of the data will
appear as shown in Figure 2 (see page 20).
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B4 Floyd River-James 1A
File Edit View
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10 Figure 2. Plot of Floyd River Data

A Bulletin 17 and General Frequency analysis have been developed for this example. To open the Bulletin 17
analysis editor for FFA Test 2, double-click on the analysis labeled FFA Test 2 from the HEC-SSP main
window, from the Study Pane. Alternatively, from the Analysis menu select Open and then select FFA Test 2
from the list of available analyses in the Open Analysis dialog box. When FFA Test 2 is opened, the Bulletin

17 Editor will appear as shown in Figure 3 (see page 21).
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|
| Name: FFA Test2 |
Description WRC Appendix 12, Example 2 - Adjusting for a high outlier
Flow Data Set: Floyd River-James |A o u %
DSS File Name: | C:/ProjectsiSSPTest!SSP_Examples/SSP_EXAMPLES.dss l
Report File: C\Projects\35P\TestiSSP_Examples\Bulletin17Results\FFA_Test_2\FFA_Test_2.rpt
General Options Tabular Results
Methad for Computing Statistics and Confidence Limits Low Outlier Test Confidence Limits
() 17C EMA Multiple Grubbs-Becl @ Defaults (0.05, 0.95)
@ 17B Methods (@ Single Grubbs-Beck () User Entered Values
Generalized Skew Plotiing Position UnperLin e
(21 Use Station Skew (7)) Weibull (4 and B =0} Lower Limit:
(® Median (AandB=0.3)
(@ Use Weighted Skew
(J)Hazen (A and B = 0.5) Time Window Modification
(2 Use OMLY Regional Skew R
Fecional i HirschiStedinger DSS Range is
egional Skew: 0. :
0 () Other (Specity A, B) [] Start Date 010ct1935
Reg. Skew MSE: 0. 30
L iy 0.302 rl-:ttml-; position computed using [JEndDate 20Sep1973)
ormula
Expected Probablity Curve (m-AY(n+1-AB)
() Do Not Compute Expected Probability Curve Where:
m=Rank, 1=Largest
@ Compute Expected Probability Curve using B17B Procedures n=Number of Years
AB=Constants
Compute Expected Probability Curve using Mumerical Integration (EMA) A
B:

Compute Plot Curve View Report Print OK Cancel Appl

11 Figure 3. Bulletin 17 Analysis Editor with FFA Test 2 Data Set

Shown in Figure 3 (see page 21) are the general settings that were used to perform this frequency analysis. As
shown, the Skew option was set to use the Weighted Skew. To use the weighted skew option, the user must
enter a value for the Regional Skew and the Regional Skew MSE. This selection requires the user to either
look up a value from the generalized skew map of the United States, which is provided with Bulletin 17B
(Plate 1)'?, or develop a value from a regional analysis of nearby gages. In this example a value of -0.3 was
taken from the generalized skew map of the U.S. from Bulletin 17B. Bulletin 17B suggests using a Regional
Skew MSE of 0.302 whenever regional skew values are taken from the map.

The recommended procedure for estimating regional skew in Bulletin 17C is the Bayesian
generalized least squares (B-GLS) method. Regional skew studies are available for many states
t"3hrough the Advisory Committee on Water Information, Subcommittee on Hydrology,
Hydrologic Frequency Analysis Working Group website'. Regional skew values presented in
these reports supersede the values from the Bulletin 17B generalized skew map.

12 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf
13 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
14 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
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Also for this example, the Expected Probability Curve option was selected to be computed in addition to the
Log Pearson Ill computed curve. The Median plotting position method was selected, as well as the default
Confidence Limits.

Shown in Figure 4 (see page 23) is the Bulletin 17 editor with the Options tab selected. As shown in Figure

4 (see page 23), the Historic Period Data option has been selected to reflect the fact that the 1953 flood peak of
71,500 cfs is known to be the largest flood since 1892. When the analysis was originally performed on this
data set, the 1953 event was found to be a high outlier.

@ The reader may replicate this result by un-checking the "Use Historic Data" box, hitting the
Compute button, and reviewing the Tabular Results tab. High outliers should not be eliminated
from an analysis, as they are valuable pieces of the flow record. However, when a high outlier is
found in a data set, it suggests that the event might actually be the largest in a much longer
period of record. The user should always try to locate and incorporate historic information to
define a longer record and improve the quality of the frequency analysis.

Since it was known that the 1953 event was the largest value since 1892, the year 1892 is entered as the
Start Year for the historic period. Additionally, an Override High Threshold Value of 70,000 cfs was entered.
By entering the High Threshold Value of 70,000 cfs, the 1953 flood of 71,500 cfs was removed from the
systematic record and treated as a historic data value during the historic data adjustment calculations
performed by HEC-SSP and outlined in Bulletin 17B, Appendix 6'°. Since no End Year was entered for the
historic period, the last year of the systematic data set will be used as the End Year. Other features on this
tab include the Low Outlier Threshold and the option to override the default Frequency Ordinates, neither of
which are selected in this example.

15 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf

Bulletin 17B Examples — 23


https://water.usgs.gov/osw/bulletin17b/dl_flow.pdf
https://water.usgs.gov/osw/bulletin17b/dl_flow.pdf

HEC-SSP Examples — HEC-SSP Examples

4 Bulletin 17 Editor - FFA Test 2 - O X
MName: FFATest2
Description WRC Appendix 12, Example 2 - Adjusting for a high outlier
Flow Data Set: Floyd River-James |A o u %
DSS File Name: | C:/ProjectsiSSPTest!SSP_Examples/SSP_EXAMPLES.dss L
Report File: C\Projects\35P\TestiSSP_Examples\Bulletin17Results\FFA_Test_2\FFA_Test_2.rpt
General Options Tabular Results
Low Outlier Threshold Historic Period Data (only used with B17B procedures) Output Frequency Ordinates
[] Override Low Outlier Threshold Use Historic Data [] Use Values from Table Below
Value 0 Historic Period Frequency in Percent
Start Year: 1892 0.2
Variable Time Window 05
End Year: 10
® Do Not Compute Using =
Variable Time Window Override High Outlier Threshold: 20000 =
. . . 10.0
(C) Compute Using Moving Window Historic Events 0
Window Length . Water Year Peak 50.0
(years = 80.0
90.0
g
:,:\:rlgcremem 1 950
e 99.0
(C) Compute Using Expanding Window
Initial Window Length o
(years) =
Expansion Increment I
(years)
Compute "F‘\ot Curve View Report Print OK Cancel Apply

12 Figure 4. Bulletin 17 Editor with Options Tab Selected for FFA Test 2

Once all of the General and Optional settings are set or selected, the user can press the Compute button to
perform the analysis. Once the computations have been completed, a message window will open stating
Compute Complete. Close this window and then select the Tabular Results tab. The analysis window should
resemble Figure 5 (see page 24).

Bulletin 17B Examples - 24



HEC-SSP Examples — HEC-SSP Examples

& Bulletin 17 Editor - FFA Test 2 - O x
| Name: FFATest 2
Description: WRC Appendix 12, Example 2 - Adjusting for a high outlier
Flow Data Set: Floyd River-James IA bd u % ‘
DSS File Name: | C:/Projects/SSP/Test/SSP_Examples/SSP_EXAMPLES dss - l
Report File: C:\Projects\SSP\Test\SSP_Examples\Bulletin1 7Results\FFA_Test 2\FFA_Test_2.rpt
General Options Tabular Resuilts
Frequency Curve for: Floyd River-James |1A
Confidence Limits
Percent Chance Computed Curve Expected Prob. Errnas
Exceedance Flow in cfs Flow in cfs
0.05 0.85
02 68690.4 87683.6 146181.2 40256.7
0.5 49599.7 59583.3 98491.6 30412.8
| 1.0 37980.6 43795.7 713343 241415
| 20 284248 316139 50326.8 18760.4
| 5.0 18469.9 19724.8 30067.9 12842.5
| 10.0 126375 13167.0 19214.6 91485
| 20.0! 80179 8188.9 113543 60259
50.0! 34039 3403.9 4458.3 25966
| 80.0! 1470.9 1441.7 1958.1 1037.6
90.0! 9553 9196 13176 6301
95.0! 671.4 632.0 960.9 4157
99.0! 349.4 308.0 541.8 190.3
Distribution Parameters [EETs
Parameter Value EEL RLTLEET
Mean asa| Hsiorc Bvents .
Standard Dev 0.438 1gh Outliers
Low Outliers o| |
Station Skew 0.165
Zero Or Missing 0
Regional Skew -0.300
Systematic Events 39
Weighted Skew 0.075
‘Adopted Skew 0.075 Historic Period 82
_p—EMA Estimate of MSE (G al-site) Equivalent Record Length (years)
Grubbs-Beck Critical Value
Compute Plot Curve View Report Print OK Cancel Apply

13 Figure 5. Bulletin 17 Editor with Results Tab Selected for FFA Test 2

As shown in Figure 5 (see page 24), the Frequency Curve table contains the following results:

+ Percent Chance Exceedance

+ Computed Curve
+ Expected Probability Curve
+ Confidence Limits

On the bottom left-hand side of the Tabular Results tab is the Distribution Parameters (statistics) table
displaying the observed station data (mean, standard deviation, station skew) and regional adjustment
(regional skew, weighted skew, and adopted skew). Also on the bottom right-hand side of the Tabular
Results tab is the number of Events table showing the number of historic events used in the analysis,
number of high outliers found, number of low outliers, number of zero or missing data years, number of
systematic events in the gage record, and the historic record length (if historic data was entered).

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Curve button (Figure 5 (see page 24)) at the bottom of the Bulletin 17 Editor. A plot of the
results for this example is shown in Figure 6 (see page 25).
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&4 Bulletin 17 Plot for FFA Test 2 — O *
File Edit View Window
Bulletin 17 Plot for FFA Test 2
Return Period
Q 1.0 1.1 2 5 10 50100 500 10000
-1 DDD DDD | 1 | | | 1 | 1 | 1 1
/
100,000 S
[
o
‘; 10,0004
(=]
o
Computed 25Jul2022 14:29
by HEC-S5P v2.3-beta. 3
1,000 Analysis Period 1892 - 1873
Mean 3.537
Standard Dev 0433
T Station Skew 0185
- Regional Skew -0.300
- Adopted Skew 0.075
Systematic Events 39
100 | I | | | I | I | [ [}
09999 0989 0.99 049 05 02 01 002 0.005 0.001 00001
Probability
Computed Curve === Expected Probability Curve
— —= 5 Percent Confidence Limit —=—= 95 Percent Confidence Limit
(] Observed Events (Median plotting positions) O High Qutlier

14 Figure 6. Plotted Frequency Curves for FFA Test 2

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the
Bulletin 17 Editor (Figure 5 (see page 0)). The View Report button opens a text viewer window displaying the
report file (e.g., FFA_Test_2.rpt). Shown in Figure 7 (see page 26) is the report file for FFA Test 2. The report file
contains a listing of the input data, preliminary results, outlier and historical data tests, additional
calculations needed, and the final frequency curve results. Different types and amounts of information will
show up in the report file depending on the data and the options that have been selected for the analysis.
The user should review the report file to understand how HEC-SSP performed the frequency curve

calculations.
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B FRA_Test_2.rpt
File Edit Search Format

File: | C:\Projects\SSPITestiSSP_Examples\Bulletin17Results\FFA_Test_2\FFA_Test_2.rpt

2 Bulletin 17B Frequency Rnalysis
3 25 Jul 2022 02:29 PM
Computed By: HEC-55F Version 2.3-beta.3

-—- Input Data --—-

10 Analysis Name: FFA Test 2
11 Description: WRC Appendix 12, Example 2 - Rdjusting for a high ocutlier
Floyd Riwver at James, IR

Data Set Name: Floyd River-James I&
D55 File Wame: C:\Projects\55P\Test\55P_Examples\S55F_EXAMPLES .dss
- D55 Pathname : /FLOYD RIVER/JRMES IA/FLOW/0ljanl800 /IR-CENTURY/OBS/

Start Date: 01 Oct 19335
End Date: 30 S=p 1873

Skew Option: Use Weighted Skew
Regional Skew: -0.3
Regional Skew MSE: 0.302

Plotting Position Type: Median

Compute Expected Probability Curve using B17B Procedurs
Upper Confidence Lewvel: 0.05

Lower Confidence Lewvel: 0.85

Use High Cutlier Threshold

High Cutlier Threshold: 70000.0

Use Historic Data

Historic Period Start Year: 1852

Historic Pericd End Year: --—-

Display ordinate walues using 1 digits in fraction part of walue

-—— End of Input Data --—-

-—- Preliminary Results ---

43 << Plotting Positions >>

% Report File Name: C:\Projects‘\55P\Test\55F Examples‘\Bulletinl7Results\FFA Test 2\FFA Test Z2.rpt
¥ML File Name: C:\Projects‘\55P\Test\55F_Examples\Bulletinl7Results\FFA_Test_ 2\FFA Test_2.xml
Qutput D55 File Name: C:/Projects/55P/Test/55P_Examples/55P_EXAMPLES .dss

072512022 1429 PN

1111 11

15 Figure 7. FFA Test 2 Report File

2.3 Example 3. Testing and Adjusting for a Low Outlier

In the SSP_Examples.ssp study, the input data for the FFA Test 3 Bulletin 17 analysis is the same as that for
Example 3 in Appendix 12, Guidelines for Determining Flood Flow Frequency, Water Resources Council
(WRC) Bulletin 17B'S. FFA Test 3 illustrates the application to data with a low outlier.

16 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf
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£\ This example uses Bulletin 17B procedures (Interagency Advisory Committee on Water Data,
1982'7). Current Federal flood frequency guidance directs analysts to use Bulletin 17C
procedures (England, et al., 2019'®). Bulletin 17C examples can be found here (see page 57).

() Note

HEC-SSP automatically screens for low outliers and, if low outliers are found, outputs the
preliminary results in the report file in order to allow for comparison with the final results.

The data for this example is from Back Creek in Jones Springs, West Virginia. The period of record used for
this example is from 1929 to 1973. To view the data in HEC-SSP, under the Data folder in the Study Pane,
right-click on the data record labeled "Back Creek-Jones Springs" and click Tabulate. The data will appear as
shown in Figure 1 (see page 28).

17 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf
18 https://pubs.er.usgs.gov/publication/tm4B5
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A /BACK CREE.. — O e
File Edit View

JOMES SP...

Ordin... Date Time FLOWY

0BS
Units CF3
Type INST-VAL
1| 17 Apr 1929 12:00 8,750
2| 23 0ct 1929 12:00 15,500
3| 08 May 1931 12:00 4,060
4| 04 Feb 1939 12:00 5,300
5| 20 Apr 1940 12:00 3,130
6| 06 Apr 1941 12:00 4,160
7| 22 May 1942 12:00 §,700
8| 15 Oct 1942 12:00 22 400
9| 24 Mar 1944 12:00 3,880
10| 18 Sep 1945 12:00 8,050
11| 03 Jun 1946 12:00 4,020
12| 15 Mar 1947 12:00 1,600
13| 14 Apr 1948 12:00 4 460
14| 31 Dec 1948 12:00 4,230
15| 02 Feb 1950 12:00 3,010
16| 05 Dec 1950 12:00 9,150
17| 28 Apr1952 12:00 5,100
18| 22 Nov 1952 12:00 9,820
19| 02 Mar 1954 12:00 £,200
20| 19 Aug 1955 12:00 10,700
21| 15 Mar 1956 12:00 3,880
22| 10 Feb 1957 12:00 3,420
23| 27 Mar 1958 12:00 3,240
24| 02 Jun 1959 12:00 5,200
25| 09 May 1960 12:00 3,740
26| 19 Feb 1961 12:00 4,700
27| 22 Mar 1962 12:00 4,380

16 Figure 1. Tabulation of the Peak Flow Data for Back Creek
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To plot the data for this example, right-click on the data record and click Plot. A plot of the data will appear
as shown in Figure 2 (see page 29).
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File Edit View

4 Back Creek-Jones Springs

20,000+

o
15,000+
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17 Figure 2. Plot of Back Creek Data

A Bulletin 17 and General Frequency analysis have been developed for this example and can be viewed in
HEC-SSP; however, this example only displays the results of the Bulletin 17 analysis. To open the Bulletin 17
Editor for FFA Test 3, from the Study Pane under the Bulletin 17 Analysis folder, double-click on the FFA Test
3 analysis. Alternatively, from the Analysis menu select Open and then select FFA Test 3 from the list of
available analyses in the Open Analysis dialog box. When FFA Test 3 is opened, the Bulletin 17 Editor - FFA

Test 3 will appear as shown in Figure 3 (see page 30).
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&
| MName: FFATest3
Description WRC Appendix 12, Example 3 - Testing and adjusting for a low outlier
Flow Data Set: Back Creek-Jones Springs o u %
DSS File Name: | C:/ProjectsiSSPTest!SSP_Examples/SSP_EXAMPLES.dss l
Report File: C:\Projects\35P\TestiSSP_Examples\Bulletin17Results\FFA_Test_3\FFA_Test_3.rpt
General Options Tabular Results
Methad for Computing Statistics and Confidence Limits Low Outlier Test Confidence Limits
() 17C EMA Multiple Grubbs-Becl @ Defaults (0.05, 0.95)
@ 17B Methods (@ Single Grubbs-Beck () User Entered Values
Generalized Skew Plotiing Position UnperLin e
(21 Use Station Skew (7)) Weibull (4 and B =0} Lower Limit:
(® Median (AandB=0.3)
(@ Use Weighted Skew
(J)Hazen (A and B = 0.5) Time Window Modification
(2 Use OMLY Regional Skew T e
Fecional i HirschiStedinger DSS Range is
egional Skew: q :
0.3 O Other (Specify A, B) [ stant Date
Reg. Skew MSE: 0.302 T . ~
Plotting pesition computed using [JEndDate
formula
Expected Probablity Curve (m-AY(n+1-AB)
() Do Not Compute Expected Probability Curve Where:
m=Rank, 1=Largest
@ Compute Expected Probability Curve using B17B Procedures n=Number of Years
AB=Constants
Compute Expected Probability Curve using Mumerical Integration (EMA) A
B:
Compute Plot Curve View Report Print OK Cancel Appl

18 Figure 3. Bulletin 17 Analysis Editor with FFA Test 3 Data Set

Figure 3 (see page 30) displays the settings entered in the General tab that were used to perform this frequency
analysis. As shown, the Generalized Skew option was set to use Weighted Skew. To use the weighted skew
option, the user must enter a value for the Regional Skew and the Regional Skew MSE. This selection
requires the user to either look up a value from the generalized skew map of the United States, which is
provided with Bulletin 17B'°, or develop a value from a regional analysis of nearby gages. In this example, a
value of 0.5 was taken from the generalized skew map of the U.S. from Bulletin 17B. Bulletin 17B suggests
using a Regional Skew MSE of 0.302 whenever regional skew values are taken from the map.

The recommended procedure for estimating regional skew in Bulletin 17C is the Bayesian
generalized least squares (B-GLS) method. Regional skew studies are available for many states
t?®hrough the Advisory Committee on Water Information, Subcommittee on Hydrology,
Hydrologic Frequency Analysis Working Group website?'. Regional skew values presented in
these reports supersede the values from the Bulletin 17B generalized skew map.

19 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf
20 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
21 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
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Also for this example, the Expected Probability Curve option was selected to be computed in addition to the
Log Pearson Ill computed curve. The Median plotting position method was selected, as well as the default
Confidence Limits.

Figure 4 (see page 32) displays the Bulletin 17 Editor with the Options tab selected. As shown in Figure 4 (see
page 32), none of the available options for modifying the frequency curve were selected from the Options tab
for this test example. These options include the Low Outlier Threshold and Historic Period Data.
Additionally, the option to override the default Frequency Ordinates was not selected.

4 Bulletin 17 Editor - FFA Test 3 - O X
Name: FFA Test 3|
Description WRC Appendix 12, Example 3 - Testing and adjusting for a low outlier
Flow Data Set: Back Creek-Jones Springs o u %
DSS File Name: | C:/ProjectsiSSPTest!SSP_Examples/SSP_EXAMPLES.dss l
Report File: C:\Projects\35P\TestiSSP_Examples\Bulletin17Results\FFA_Test_3\FFA_Test_3.rpt
General Options Tabular Results
Low Outlier Threshold Historic Period Data (only used with B17B procedures) Output Frequency Ordinates
[] Override Low Outlier Threshold [] Use Historic Data [J Use Values from Table Below
Value 0 Historic Period Frequency in Percent
Start Year: 0.2
Variable Time Window 05
End Year 10
® Do Not Compute Using =
Variable Time Window Override High Qutlier Threshold: 5'0
. . = 10.0
(C) Compute Using Moving Window Historic Events or
Window Length - Water Year Peak 50.0
(years = 80.0
90.0
g
:..\;Ztrlsl1crem9|wt 1 950
o 99.0
(C) Compute Using Expanding Window
Initial Window Length .
(years) =
Expansion Increment .
(years) =
Compute Plot Curve View Report Print OK Cancel Apply

19 Figure 4. Bulletin 17 Editor with the Options Tab Selected for FFA Test 3

Once all of the General and Optional settings are set or selected, the user can press the Compute button
(from any tab) to perform the analysis. Once the computations have been completed a message window will
open stating Compute Complete. Close this window and select the Tabular Results tab. The analysis results
should resemble Figure 5 (see page 32).
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4 Bulletin 17 Editor - FFA Test 3 - O X
Name: FFA Test 3|
Description WRC Appendix 12, Example 3 - Testing and adjusting for a low outlier
Flow Data Set: Back Creek-Jones Springs o u %
DSS File Name: | C:/ProjectsiSSPTest!SSP_Examples/SSP_EXAMPLES.dss L
Report File: C:\Projects\35P\TestiSSP_Examples\Bulletin17Results\FFA_Test_3\FFA_Test_3.rpt
General Options Tabular Results
Frequency Curve for: Back Creek-Jones Springs
. o 3 i . Confidence Limits
ercent Chance omputed Curve xpected Prob. )
Exceedance Flow in cfs Flow In cfs Flowin cfs
0.05 0.95
0.2 37158.6 453533 59927.7 26631.6
0.5 289338 334448 441467 21506.5
1.0 237258.9 26456.6 34675.8 181404
2.0 19265.6 208404 269335 15153.9
5.0 143223 149891 188523 116987
10.0 11181.4 11483.2 14053.3 93871
20.0 8449.0 8562.6 10156.9 7260.0
50.0 52375 52375 6044 6 45207
80.0 34904 3459.8 4069.8 28914
90.0 2901.0 2856.5 34337 23345
95.0 25237 24655 30291 1981.6
99.0 2004.4 1923.8 2470.7 1505.9
Distribution Parameters e
Parameter value e e HumBey -
istoric Events
Mean ENES n -
Standard Dev 0.231 ["ghg“&“e‘s 3
Station Skew n.52¢| [COMDUETE 3
Regional Skew 0.500 Ero Lr ~_Is;mgt =
Weighted Skew 0577| (SR V;” s
Adopted Skew 0577| e
EMA Estimate of MSE (G at-site) uiAEntEeeordBenoRiETE)
Grubbs-Beck Critical Value
Compute Plot Curve View Report Print OK Cancel Apply

20 Figure 5. Bulletin 17 Editor with the Results Tab Selected for FFA Test 3

As shown in Figure 5 (see page 32), the Frequency Curve table contains the following results:

« Percent Chance Exceedance
+ Computed Curve

+ Expected Probability Curve

+ Confidence Limits

On the bottom left-hand side of the Tabular Results tab is the Distribution Parameters table of Statistics for
the observed station data (mean, standard deviation, station skew) and regional adjustment (regional skew,
weighted skew, and adopted skew). Also on the bottom right-hand side of the Tabular Results tab is the
number of Events table showing the number of historic events used in the analysis, number of high outliers
found, number of low outliers, number of zero or missing data years, number of systematic events in the
gage record, and the historic record length (if historic data was entered). In this analysis, the software
detected one low outlier in the systematic record. As recommended in Bulletin 17B, if a low outlier is
detected, then that data point will be removed and the Conditional Probability Adjustment will be used to
recalculate the frequency curve and then the statistics without that point. Review the report file to see the
original statistics, computed curves, the low outlier test, and recomputed curves.

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Curve button at the bottom of the analysis window. A plot of the results for this example is
shown in Figure 6 (see page 33).
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& Bulletin 17 Plot for FFA Test 3 - *
File Edit View Window
Bulietin 17 Plot for FFA Test 3
Retumn Period
Q 1.0 1.1 2z il 10 50 100 D00
100,000 1 1 1 1 1 1 L1
’ma
Pl
10,000
= Computed 25Jul2022 14:57
£ by HEC-55P v2.3-beta.3
...E_ =5 Analysis Period 1925 - 1573
I Mean 3741
000, Standard Dev 0.231
O Station Skew 0.5624
Regional Skew 0.500
Adopted Skew 0577
Systematic Events 38
iy T T T T T L:Jw Outhe:'s T T _ 1 1 ! |
0.55650 0550 059 [} 0.5 oz 01 002 0.005 0.001 0.0001
Probahility
Computed Corwe aaaaaa Expected Probability Curve
e == = & Percent Confidence Limit — = 35 Percent Confidence Limit
0 Observed Events (Medizn plotting positions) O Low Outlier

21 Figure 6. Pot for FFA Test 3

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the
analysis window. When this button is selected a text viewer will open the report file and display it on the
screen. Shown in Figure 7 (see page 34) is the report file for FFA Test 3. The report file contains a listing of the
input data, preliminary results, outlier and historical data tests, additional calculations needed, and the final
frequency curve results. Different types and amounts of information will show up in the report file depending

on the data and the options that have been selected for the analysis.
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B FRA_Test_3.rpt - O %
File Edit Search Format
File: C\Projects\S5P\TestiSSP_Examples\Bulletin17Results\FFA_Test 3\FFA_Test_3.rpt
1 ~
2 Bulletin 17B Frequency Rnalysis
3 25 Jul 2022 02:57 BM
4 Computed By: HEC-55F Version 2.3-beta.3d
2 --- Input Data ---
10 Analysis Name: FFA Test 3
11 Description: WRC RAppendix 12, Example 3 - Testing and adjusting for a low outlier
12 Back Creek near Jones Spring, WV
14 Data Set Name: Back Creek-Jones Springs
15 D55 File Name: C:\Projects\55P\Test\55P_Examples\55F_EXRAMPLES .dss
1¢ D55 Pathname : /BRCK CREEK/JONES SPRINGS, WV/FLOW/01janl900/IR-CENTURY/OBS/
15 Report File Name: C:\Projects\55P\Test\55P_Examples‘\Bulletinl7Results\FFA Test 3\FFA Test 3.rpt
1% ¥ML File Name: C:\Projects\55P\Test\55P_Examples‘\Bulletinl7Results‘\FFA Test_ 3\FFA Test_3.xml
20 Qutput D55 File Name: C:/Projects/55F/Test/55P_Examples/S55P_EXRMPLES .dss
22 5tart Date: 01 Oct 1323
23 End Date: 30 S=p 1873
25 Skew Option: Use Weighted Skew
2¢ Regional Skew: 0.5
27 Regional Skew MSE: 0.302
29 Plotting Position Type: Median
31 Compute Expected Probability Curve using B17B Procedurs
33 Upper Confidence Lewel: 0.05
34 Lower Confidence ILewel: 0.855
3¢ Display ordinate walues using 1 digits in fraction part of value
3% -—- End of Input Data ---
41 --- Preliminary Results ---
44 << Skew Weighting >>
46 Based on 38 events, mean-sguare error of station skew = 0.197
47 Mean-sguare error of regional skew = 0.302
4% v
07/25/2022 1457 PM 1111 1:1

22 Figure 7. Report File for FFA Test 3

2.4 Example 4. Zero-Flood Years

In the SSP_Examples.ssp study, the input data for the FFA Test 4 Bulletin 17 analysis is the same as that for
Example 4 in Appendix 12, Guidelines for Determining Flood Flow Frequency, Water Resources Council
(WRC) Bulletin 17B%2. FFA Test 4 illustrates the application to data that includes several zero flow years.

£, This example uses Bulletin 17B procedures (Interagency Advisory Committee on Water Data,
19822%). Current Federal flood frequency guidance directs analysts to use Bulletin 17C
procedures (England, et al., 2019%%). Bulletin 17C examples can be found here (see page 57).

22 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf
23 https://water.usgs.gov/osw/bulletin17b/d|_flow.pdf
24 https://pubs.er.usgs.gov/publication/tm4B5
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The data for this example is from Orestimba Creek in Newman, California. The period of record used for this
example is from 1932 to 1973. To view the data in HEC-SSP, under the Data folder in the Study Pane, right-
click on the data record labeled "Orestimba Creek-Newman, CA" and select Tabulate. The data will appear as
shown in Figure 1 (see page 36).

A /ORESTIMB.. — O X
File Edit View
MEWMAN, ..
Ordin... Date Time FLOW
0B3
Units CF3| A
Type INST-VAL
1] 08 Feb 1932 12:00 4,260
2| 29 Jan 1833 12:00 345
3 01.Jan 1934 12:00 516
4| 08 Apr1935 12:00 1,320
5[ 13 Feb 1936 12:00 1,200
6 13 Feb 1937 12:00 2,180
7| 11 Feb 1938 12:00 3,230
8[ 09 Mar 1939 12:00 115
9] 27 Feb 1940 12:00 3,440
10| 04 Apr1a41 12:00 3,070
11] 24 Jan 1942 12:00 1,880
12| 21.Jan 1843 12:00 6,450
13| 29 Feb 1944 12:00 1,290
14| 02 Feb 1945 12:00 5970
15|25 Dec 1945 12:00 782
16| 30 Sep 1947 12:00 0
17| 30 Sep 1948 12:00 ]
18| 12 Mar 1949 12:00 335
19| 05 Feb 1950 12:00 175
20| 03 Dec 1830 12:00 2,920
21| 12 .Jan 1952 12:00 3,660
22| 07 Dec 1852 12:00 147
23| 30 Sep 1954 12:00 o
24| 19 Jan 1955 12:00 16
25| 23 Dec 1835 12:00 5,620
26| 24 Feb 1857 12:00 1,440
27| 02 Apr 1858 12:00 10,200| v

23 Figure 1. Tabulation of the Peak Flow Data for Orestimba Creek

To plot the data for this example, right-click on the data record and then select Plot. A plot of the data will
appear as shown in Figure 2 (see page 36). The years with peak flows measuring zero are visible.
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[ Orestimba Creek-Newman, CA
File Edit View
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10,000+
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24 Figure 2. Plot of Orestimba Creek Data

A Bulletin 17 and General Frequency analysis have been developed for this example and can be viewed in
HEC-SSP; however, this example only displays the results of the Bulletin 17 analysis. To open the Bulletin 17
Editor for FFA Test 4, from the Study Pane under the Bulletin 17 Analysis folder, double-click on the FFA Test
4 analysis. Alternatively, from the Analysis menu select Open and then select FFA Test 4 from the list of
available analyses in the Open Analysis dialog box. When FFA Test 4 is opened, the Bulletin 17 Editor - FFA

Test 4 will appear as shown in Figure 3 (see page 37).
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(4] Bulletin 17 Editor - FFA Test 4 - [m) X
Name FFATestd|
Description: WRC Appendix 12, Example 4 - Zera flood years
Flow Data Set. | Orestimba Creek-Newman, CA v L4 =
DSS File Name: | CuiProjects/SSP/Test/SSP_Examples/SSP_EXAMPLES.dss =\
Report File CA\Proj TestSSP_| ulletin \_Test_4\FFA_Test_d.mpt
General Options Tabular Results
Method for Computing Statistics and Confidence Limits Low Outlier Test Confidence Limits
O 17CEMA Multiple Grubbs-Becl @ Defaults (0.05, 0.95)
@® 178 Methods (® single Grubbs-Beck (O User Entered Values
Generalized Skew Plotting Position LA
(2) Use Station Skew (O Weibull (Aand B = 0) Lower Limit
@ Median (Aand B =0.3)
® Use Weighted Skew
(7) Hazen (A and B = 0.5} Time Window Modification
(1 Use ONLY Regional Skew .
. e Hirschistedinger DSS Range is
egional Skew. -
0.3 (2) Other (Specify A, B) [ Start Date
(ESSEES 0.302 Platting position computed using formula T EndDate
(m-A)/(n+1-A-B)

Expected Probablity Cunve Where

(7) Do Not Compute Expected Probability Curve m=Ranl|

@ Compute Expected Probability Curve using 8178 Procedures

Compute Expected Probability Curve using Numerical Integration (EMA)

Compute Plot Curve iew Report Print oK Cancel Appl

25 Figure 3. Bulletin 17 Analysis Editor with FFA Test 4 Data Set

Figure 3 (see page 37) displays the settings entered in the General tab that were used to perform this frequency
analysis. As shown, the Generalized Skew option was set to use the Weighted Skew. To use the weighted
skew option, the user must enter a value for the Regional Skew and the Regional Skew MSE. This selection
requires the user to either look up a value from the generalized skew map of the United States, which is
provided with Bulletin 17B2®, or develop a value from a regional analysis of nearby gages. In this example a
value of -0.3 was taken from the generalized skew map of the U.S. from Bulletin 17B. Bulletin 17B suggests
using a Regional Skew MSE of 0.302 whenever regional skew values are taken from the map.

The recommended procedure for estimating regional skew in Bulletin 17C is the Bayesian
generalized least squares (B-GLS) method. Regional skew studies are available for many states
t?®hrough the Advisory Committee on Water Information, Subcommittee on Hydrology,
Hydrologic Frequency Analysis Working Group website?’. Regional skew values presented in
these reports supersede the values from the Bulletin 17B generalized skew map.

Also for this example, the Expected Probability Curve option was selected to be computed in addition to the
Log Pearson lll computed curve. The Median plotting position method was selected, as well as the default
Confidence Limits.

25 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf
26 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
27 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
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Shown in Figure 4 (see page 39) is the Bulletin 17 Editor with the Options tab selected. As shown in Figure
4 (see page 39), none of the available options for modifying the frequency curve were selected for this test

example. These options include the Low Outlier Threshold and Historic Period Data. Additionally, the option
to override the default Frequency Ordinates was not selected.

(4] Bulletin 17 Editor - FFA Test 4 - [m) X
Name [FraTest4
Description 'WRC Appendix 12, Example 4 - Zera flood years
Flow Data Set | Orestimba Creek-Newman, CA V| [Ld| =
DSS File Name: | CuiProjects/SSP/Test/SSP_Examples/SSP_EXAMPLES.dss =\
Report File CProj TestSSP_| lletin17Results\FFA_Test_4\FFA_Test 4 .rpt
General Options Tabular Results
Low Outlier Threshold Historic Period Data (only used with B178 procedures) Output Frequency Ordinates
[ override Low Qutiier Threshold [ use Historic Data [ use values from Table Below
Value o Historic Period Frequency In Percent
Start Year: 0.2
Variable Time Window 05
End Year: 10
Do Not Compute Using
Variable Time Window Override High Outlier Threshold:
3
O Compute Using Moving Window T :
dow Length - Water Year Peak 50
ye: - 80,
90
s
:\:I;l[!u:remem 1 95.0
a 99.0
) Compute Using Expanding Window
Initial Window Length 20
(vears) =
Expansion Increment B
(years)
Compute Plot Curve iew Report Print oK Cancel Appl

26 Figure 4. Bulletin 17 Editor with the Options Tab Selected for FFA Test 4

Once all of the General and Optional settings are set or selected, the user can press the Compute button
(from any tab) to perform the analysis. Once the computations have been completed a message window will

open stating Compute Complete. Close this window and then select the Tabular Results tab. The analysis
window should resemble Figure 5 (see page 39).
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(] Bulletin 17 Editor - FFA Test 4 - [m] X
Name: FFATest4|
Description WRC Appendix 12, Example 4 - Zero flood years
Flow Data Set | Orestimba Creek-Newman, CA ~||Ld| =
DSSFile Name: | CProjects/SSP/Test'SSP_Examples/SSP_EXAMPLES.dss 2|
Report File Ci\Projects\S5P\Tes!\S5P_Examples\Bulletin17Results\FFA_Test_4\FFA_Test_4.rpt
General Options Tabular Resuits
Frequency Curve for: Orestimba Creek-Newman, CA
3 & @ @ T Confidence Limits
‘ercent Chance omputed Curve xpected Pro
Exceedance Flow in cfs Flow in cfs Flow in fs
0.05 085
2 544. 40277 0008.5 16880,
5 623. 29221 7347 4/ 13227
0 29 222 2004 7 10678
0 57. 163 0753, 8334
0 28 100: 8092, 5582
100 04 63! 0955. 3787
200 345 35 5761.9 22601
50.0 10425 10 1558.7 i)
80.0 i} 2! 4035 16
90.0 2 1 1958 B!
950 609 533 108.0 290
990 153 "2 316 56

Distribution Parameters Events
Event Mumber

Parameter Value

Histaric Events
High Outliers
Low Qutliers

Mean
Standard Dev
Station Skew

=1

Regional Skew 2 Zero Or Missing
Weighted Skew 473 |Systematic Events 2
Adopted Skew _0.473| |HistoricPeriod
EMA Estimate of MSE (G at-site) Equivalent Record Length (years)
Grubbs-Beck Critical Value
Compute Plot Curve View Report Print 0K Cancel Appl

27 Figure 5. Bulletin 17 Editor with the Results Tab Selected for FFA Test 4

As shown in Figure 5 (see page 39), the Frequency Curve table contains the following results:

+ Percent Chance Exceedance
+ Computed Curve

+ Expected Probability Curve

+ Confidence Limits

On the bottom left-hand side of the Tabular Results tab is the Distribution Parameters table of Statistics for
the observed station data (mean, standard deviation, station skew) and regional adjustment (regional skew,
weighted skew, and adopted skew). Also on the bottom right-hand side of the Tabular Results tab is the
number of Events table showing the number of historic events used in the analysis, number of high outliers
found, number of low outliers, number of zero or missing data years, number of systematic events in the
gage record, and the historic record length (if historic data was entered). As noted earlier, there were six
zero values in this record, and also a low outlier. A zero value causes difficulty because the first step in fitting
a Log Pearson lll distribution is computing the base-10 log of each flow value, which is undefined for zero.
Bulletin 17B recommends removing the zero values (and the low outlier) from the systematic record to
compute a preliminary frequency curve, and then adjusting that curve with the Conditional Probability
Adjustment. The final frequency curve and statistics are shown in the table, and the preliminary calculations
can be reviewed in the report file.

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Curve button at the bottom of the analysis window. A plot of the results for this example is
shown in Figure 6 (see page 0).
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LA Bulletin 17 Plot for FFA Test 4 — O >
File Edit View Window
Bulletin 1T Plot for FFA Test 4
Return Peniod
1.0 1.1 2 5 10 50 100 50D 10000
10,000 1 ] ] ] ] ] L1111
-
P
e
10,000
1,000
- Computed 25Jul2022 15:42
=2 by HEC-55P v2.3-beta.3
=
a Analyzis Period 1932 - 1973
100 Mean 2.966
Standard Dev 0.668
s O E-tﬂt!tll'l Skew -0.568
104 ‘/.f Regional Skew -0.300
Adopted Skew -0.473
Systematic Events 42
1 Low Outliers 1
I I I I T T 1T 1 1 1 |
0.995% 0.999 0.99 0.4 0.5 0z 01 0.02 0005 0.001 0.0001
Prohability
Computed Corwe aeaaaa Expected Probability Curve
— = = 5 Percent Confidence Limit — e = 35 Percent Confidence Limit
u) Observed Events (Median plotting positions) O Lo Owrtlier

28 Figure 6. Plot of FFA Test 4 Results

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the
Bulletin 17 Editor (Figure 5 (see page 39)). The View Report button opens a text viewer window displaying the
report file (e.g., FFA_Test_4.rpt). Shown in Figure 7 (see page 0) is the report file for FFA Test 4. The report file
contains a listing of the input data, preliminary results, outlier and historical data tests, additional

calculations needed, and the final frequency curve results.

Different types and amounts of information will

show up in the report file depending on the data and the options that have been selected for the analysis.
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[ FFA_Test_4.rpt — O »
File Edit Search Format

File: C\Projects\S5P\TestiSSP_Examples\Bulletin17Results\FFA_Test 4\FFA_Test_4.rpt

2 Bulletin 17B Frequency Rnalysis
3 25 Jul 2022 03:42 M
4 Computed By: HEC-55F Version 2.3-beta.3d

2 --- Input Data ---

10 Analysis Name: FFR Test 4
11 Description: WRC RAppendix 12, Example 4 - Zeroc flood years
12 Orestimba Creek near Newman, CR

4 Data Set Name: Orestimba Creek-Newman, CA
5 D55 File Name: C:\Projects\55P\Test\S55F_Examples\55F_EXAMPLES .dss
1¢ D55 Pathname : /ORESTIMBA CREEEK/NEWMAN, CA/FLOW/01janl800/IR-CENTURY/OBS/

2 Report File Name: C:\Projects‘\55P\Test\55F Examples‘\Bulletinl7Results \FFA Test 4\FFA Test 4.rpt
5 ¥ML File Name: C:\Projects\55P\Test\55P_Examples\Bulletinl7Results‘\FFA_Test_ 4\FFA_Test_4.xml
utput D55 File Name: C:/Projects/55F/Test/55P_Examples/S55P_EXRMPLES .dss

2 Start Date: 01 Oct 1932
nd Date: 30 S=p 1873

5 Skew Option: Use Weighted Skew
¢ Regional Skew: -0.3
7 Regicnal Skew MSE: 0.302

S Plotting Position Type: Median

ompute Expected Probability Curve using B17B Procedure

33 Upper Confidence Lewel: 0.05
i Lower Confidence Lewvel: 0.95

isplay ordinate walues using 1 digits in fraction part of value

—- End of Input Data ---

—- Preliminary Results ---

3 Note: Rdopted skew equals station skew and preliminary
regquency statistics are for the conditional frequency curve
ecause of zero or missing events.

49 <« Frequency curve >» v

072512022 15:42 PM 1111 11

29 Figure 7. Report File for FFA Test 4

2.5 Example 5. Confidence Limits and Low Threshold Discharge

In the SSP_Examples.ssp study, the FFA Test 5 Bulletin 17 example analysis illustrates the use of user-
entered confidence limits. Probabilities of 0.01 and 0.99 were entered for the computed confidence limit
curves. This data set also includes two very low values, the higher of which is just above the default low
outlier threshold. Therefore, this example also demonstrates the use of a user-entered low outlier threshold
set to be higher than both values.
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£ This example uses Bulletin 17B procedures (Interagency Advisory Committee on Water Data,
1982%8). Current Federal flood frequency guidance directs analysts to use Bulletin 17C
procedures (England, et al., 2019%°). Bulletin 17C examples can be found here (see page 57).

The data used for the FFA Test 5 example is from Kaskaskia River in Vandalia, Illinois. The period of record
used for this example is from 1908 to 1970. To view the data in HEC-SSP, under the Data folder in

the Study Pane, right-click on the data record labeled "Kaskaskia River-Vandalia, IL" and select Tabulate. The
data will appear as shown in Figure 1 (see page 43).

A /KASKASKL. — ] X
File Edit View
WANDALIA, ...
Ordin... Date Time FLOW
OBS
Units CFS| A
Type INST-VAL
1| 06 May 1908 12:00 7,870
2| 14 Apr1909 12:00 7,670
3| 01 Mar 1910 12:00 7,020
4| 01 May 1911 12:00 5670
5| 04 Oct 1911 12:00 13,000
6] 21Jul 1915 12:00 15,800
7| 31Jan 1916 12.00 14,400
8| 05 Jun 1917 12:00 16,800
9| 11 May 1918 12:00 8,880
10| 19 Mar 1919 12:00 11,000
11| 19 May 1920 12:00 12,600
12| 18 Apr 1922 12:00 18,800
13| 17 Mar 1923 12:00 14,300
14|15 Dec 1923 12:00 10,500
15| 16 Mar 1925 12:00 9,980
16| 17 Sep 1926 12:00 8,460
17| 20 Mar 1927 12:00 20,000
18| 01 Dec 1927 12.00 12,200
18| 14 May 1928 12:00 12,200
20| 14 Jan 1930 12:00 11,500
21|18 Sep 1931 12:00 1,270
22| 24 Jan 1932 12.00 5,550
23| 15 May 1933 12:00 17 500
24|19 Aug 1934 12:00 4.250| o

30 Figure 1. Tabulation of the Peak Flow Data for Kaskaskia River

To plot the data for this example, right-click on the data record and then select Plot. A plot of the data will
appear as shown in Figure 2 (see page 43).

28 https://water.usgs.gov/osw/bulletin17b/d|_flow.pdf
29 https://pubs.er.usgs.gov/publication/tm4B5
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4 Kaskaskia River-Vandalia, IL
File Edit View

e 70,000

60,000+
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T
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T
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T
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| @ WANDALLA, IL OBS FLOW

A Bulletin 17 and General Frequency analysis have been developed for this example; however, this example
only displays the results of the Bulletin 17 analysis. To open the Bulletin 17 Editor for FFA Test 5, from

the Study Pane under the Bulletin 17 Analysis folder, double-click on the FFA Test 5 analysis. Alternatively,
from the Analysis menu select Open and then select FFA Test 5 from the list of available analyses in

the Open Analysis dialog box. When FFA Test 5 is opened, the Bulletin 17 Editor - FFA Test 5 will appear as

shown in Figure 3 (see page 44).
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(4] Bulletin 17 Editor - FFA Test 5 - [m) x
Name FFA Tests|
Description: Example using other confidence limits and a base peak discharge
Flow Data Set  Kaskaskia River-Vandalia, IL v |Ld =
DSS File Name: | C/Projecis/SSPTestSSP_Examples/SSP_EXAMPLES. dss 'Y
Report File: @ TestSSP_E ulletin1 _Test_5\FFA_Test_5.rpt
General  Qptions Tabular Results
Method for Computing Statistics and Confidence Limits Low Outlier Test Confidence Limits
() 17C EMA Multiple Grubbs-Becl () Defaults (0.05, 0.95)
@ 178 Methods @ Single Grubbs-Beck @ User Entered Values
Generalized Skew Plotting Position Uz AT 0.01
(2 Use Station Skew (O Weibull (A and B = 0) Lower Limit 0.%9
(® Wedian (Aand B =0.3)
@ Use Weighted Skew
() Hazen (Aand B = 0.5} Time Window Modification
() Use ONLY Regional Skew HirschiStedinger D55 Range 1s
Regional Skew: 0.4 () Other (Specify A B) [ start Date
Reg. Skew MSE 0.302

puted using formula [ End Date
(m-A)/(n+1-A-B)
Expected Probablity Curve

() Do Not Compute Expected Prabability Curve

@ Compute Expected Probability Curve using B17B Procedures

Compute Expected Probability Curve using Mumerical Integration (EMA

Compute Plot Curve ew Report Print oK Cancel Apply

31 Figure 3. Bulletin 17 Analysis Editor for FFA Test 5

Shown in Figure 3 (see page 44) are the settings entered in the General tab that were used to perform this
frequency analysis. As shown, the Generalized Skew option was set to use the Weighted Skew. To use the
weighted skew option, the user must enter a value for the Regional Skew and the Regional Skew MSE. This
selection requires the user to either look up a value from the generalized skew map of the United States,
which is provided with Bulletin 17B%C, or develop a value from a regional analysis of nearby gages. In this
example a value of -0.4 was taken from the generalized skew map of the U.S. from Bulletin 17B. Bulletin 17B
suggests using a Regional Skew MSE of 0.302 whenever regional skew values are taken from the map.

The recommended procedure for estimating regional skew in Bulletin 17C is the Bayesian
generalized least squares (B-GLS) method. Regional skew studies are available for many states
t3'hrough the Advisory Committee on Water Information, Subcommittee on Hydrology,
Hydrologic Frequency Analysis Working Group website®2. Regional skew values presented in
these reports supersede the values from the Bulletin 17B generalized skew map.

Also for the FFA Test 5 example, the Expected Probability Curve option was selected to be computed in
addition to the Log Pearson lll computed curve. The default method of Median plotting positions was
selected. The default values for Confidence Limits were changed to 0.01 and 0.99.

Shown in Figure 4 (see page 46) is the Bulletin 17 Editor with the Options tab selected. As shown in Figure
4 (see page 46), a Low Outlier Threshold of 2000 cfs was entered. In the initial computation with this data
(which the reader can reproduce by Computing without the "Use Low Outlier Threshold" box checked), the

30 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf
31 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
32 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
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default low outlier threshold was 1,253 cfs, just below the second lowest value of 1,270 cfs. A look at the
statistics and computed frequency curve from that run shows that the 1,270 cfs value is well below the
computed curve and with a station skew of -0.21 the frequency curve does not fit the upper data well. By
choosing to also censor the 1,270 cfs value with a threshold of 2000 cfs, the fit is improved. None of the
other available options, such as Historic Period Data and the option to override the default Frequency
Ordinates were selected for this test example.

(4] Bulletin 17 Editor - FFA Test 5 - [m) x
Name FFA Tests|
Description: Example using other confidence limits and a base peak discharge
Flow Data Set  Kaskaskia River-Vandalia, IL v |Ld =
DSS File Name: | C/Projecis/SSPTestSSP_Examples/SSP_EXAMPLES. dss 'Y
Report File: @ TestSSP_E Illetin17Results\FFA_Test_5\FFA_Test_5.rpt
General Options Tabular Results
L ow Outier Threshold Historic Period Data (only used with B178 procedures) Output Frequency Ordinates
[] Override Low Outlier Threshold [ Use Historic Data [] Use Values from Table Below
Value 2000 Historic Period Fraquency in Percent
Stant Year: 0.2
Variable Time Window 05
End Year: 10
Do Not Compute Using 2
Variable Time Window Override High Outlier Threshold 5
Compute Using Moving Window o
o C £ Y Historic Events 20,
Window Length - Water Year Peak 50
(vears, = &0
90
s d
:.\:l;tr\sncramem %50
e 99,
(2) Compute Using Expanding Window
Initial Window Length -
(years) =
Expansion Increment
(years
Compute Plot Curve ew Report Print oK Cancel Apply

32 Figure 4. Bulletin 17 Editor with the Options Tab Shown for FFA Test 5

Once all of the General and Optional settings are set or selected, the user can press the Compute button to
perform the analysis. Once the computations have been completed a message window will open stating
Compute Complete. Close this window and then select the Tabular Results tab from the analysis window.
The analysis window should resemble Figure 5 (see page 46).
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[ Bulletin 17 Editor - FFA Test 5 - o x
Name FFATests|
Description: Example using other confidence limits and a base peak discharge
FlowData Set  Kaskaskia River-Vandalia, IL v |d =
DSS File Name: | Ci/Projects/SSPITesUSSP_Examples/SSP_EXANPLES. dss A
Report File @ TesnSSP_ Iliefin 17Results\FFA_Test_5\FFA_Test5.rpt
General Options Tabular Results
Frequency Curve for. Kaskaskia River-Vandalia, IL
Peroant G Computed Exmected Prab Confidence Limits
ercent Chance omputed Curve xpecied Prol
Exceedance Flow in cfs Flow in cfs Flowin cfs
001 0.99
0.2 923143 102679.1 163820.0 62770.9
05 738712 709942 123050.4) 51997.1
10 61633.1 66543.3 98004.7 445818
20 50711.9 53081.6 77643.4 37732.6
5.0 38060.7 391377 54542.4 20433.4
10.0 20859.4 30178.4 40301.0 23616.6
200 220815 222774 28400.6 18050.2
500 128243 128243 16664.3 10564.1
0.0 76523 7593.1 9368.6 5936.8
90.0 5004.6 5819.5 73963 43671
950 47925 4585.0 5147.1 33328
90.0 32826 31362 44281 21307
Distribution Parameters et
Parameter Value e e Event Humber 5
istoric Events
Mean 1
Standard Dev 7. r‘gné]"g”ms 2
Station Skew 9 Z°W 0“"19’5 3
Regional Skew 0 ere “‘Sé‘”gt @
Weighted Skew 82| s ";” s
Adopted Skew 0.182 S iOC E;‘;‘ =
EMA Estimate of NISE (G at-site) T S VR
Grubbs-Beck Critical Value |
Compute Plot Curve View Report Print oK Cancel Apply

33 Figure 5. Bulletin 17 Editor with the Results Tab Selected for FFA Test 5

As shown in Figure 5 (see page 46), the Frequency Curve table contains the following results:

+ Percent Chance Exceedance
+ Computed Curve

+ Expected Probability Curve

+ Confidence Limits

On the bottom left-hand side of the Tabular Results tab is the Distribution Parameters table of Statistics for
the observed station data (mean, standard deviation, station skew) and regional adjustment (regional skew,
weighted skew, and adopted skew). Also on the bottom right-hand side of the Tabular Results tab is the
number of Events table showing the number of historic events used in the analysis, number of high outliers
found, number of low outliers, number of zero or missing data years, number of systematic events in the
gage record, and the historic record length (only if historic data was entered). With the user-defined low-
outlier threshold of 2000 cfs, there are two low-outliers detected. The analysis report shows the program
omitted these values and used the Conditional Probability Adjustment to recompute the resulting frequency
curve and statistics. The report file (described below) includes the preliminary computation before removal
of outliers and the default and user-defined outlier thresholds, as well as the final frequency curve and
statistics.

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Curve button at the bottom of the analysis window. A plot of the results for this example is
shown in Figure 6 (see page 47).
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&4 Bulletin 17 Plot for FFA Test 5 — O *
File Edit View Window
Bulletin 17 Plot for FFA Test 5
Return Period
Q 1.0 1.1 2 5 10 50100 500 10000
1 000 000 1 1 1 1 1 1 1 1 1 1 1
I’
100,000 S
i)
; 10,0004
[=]
[
Computed 25Jul2022 15:57
P by HEC-35P v2.3-beta.3
Analysis Period 1908 - 1970
o Mean 4116
Lors Standard Dev 0.274
O Station Skew 0.355%
Regional Skew -0.400
Adopted Skew 0.182
Systematic Events 50
Low Outliers 2
100 I I I I I I I I I [ I
0.9999 0.999 0.99 049 0.5 02 01 0.02 0.005 0.001 0.0001
Probability
Computed Curve  ameeas Expected Probability Curve
— —= 1 Percent Confidence Limit ——~— 99 Percent Confidence Limit
o] Observed Events (Median plotting positions) [m] Low Qutlier

34 Figure 6. Plot of the Frequency Curve Results for FFA Test 5

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of

the Bulletin 17 Editor (Figure 5 (see page 46)). The View Report button opens a text viewer window displaying
the report file (e.g., FFA_Test_5.rpt). Shown in Figure 7 (see page 48) is the report file for FFA Test 5. The report
file contains a listing of the input data, preliminary results, outlier and historical data tests, additional
calculations needed, and the final frequency curve results. Different types and amounts of information will
show up in the report file depending on the data and the options that have been selected for the analysis.
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File
File:

B FRA_Test S.rpt

Edit Search Format

C\Projects\S5P\TestiSSP_Examples\Bulletin17Results\FFA_Test 5\FFA_Test_5.rpt

Bulletin 17B Fregquency Rnalysis
25 Jul 2022 03:57 BM
Computed By: HEC-55F Version Z.3-beta.3

2 --- Input Data ---

1 Rnalysis Wame: FFA Test 5

Description: Example using other confidence limits and a base peak discharge
Kaskaskia Riwver at Vandalia, IL

Data Set Name: Haskaskia River-Vandalia, IL
D55 File Wame: C:\Projects\55P\Test\55P_Examples\S55F_EXAMPLES .dss

- D55 Pathname : /EASERASKIR RIVER/VENDALIA, IL/FLOW/01janlS00/IR-CENTURY/OBS/

% Report File Name: C:\Projects‘\55P\Test\55F Examples‘\Bulletinl7Results\FFA Test S5\FFA Test 5.rpt
9 ¥ML File Name: C:\Projects\55P\Test\55P_Examples\Bulletinl7Results‘\FFA Test_ S\FFA Test_5.xml
0 Qutput D55 File Name: C:/Projects/55F/Test/S55P_Examples/S55P_EXRMPLES .dss

Start Date: 01 Oct 1908
End Date: 30 5=p 15870

Skew Option: Use Weighted Skew

- Regional Skew: -0.4

Regional Skew MSE: 0.302
Plotting Position Type: Median

Compute Expected Probability Curve using B17B Procedure

33 Upper Confidence Lewel: 0.01

Lower Confidence Lewvel: 0.95

35 Use Low Qutlier Threshold

- Low Outlier Threshold: 2000.0

S Display ordinate walues using 1 digits in fraction part of value

1 --- End of Input Data -—-

-—- Preliminary Results --—-

© << Skew Weighting >>

S Based on &0 events, mean-square error of station skew = 0.19%9
2 Mean-square error of regional skew = 0.302

07/25/2022 15:57 PM 1111

35 Figure 7. Report File for FFA Test 5

2.6 Example 6. Use of Historic Data

In the SSP_Examples.ssp study, the FFA Test 6 Bulletin 17 example analysis demonstrates how to use

historic information to improve a flow frequency analysis. A historic flood peak of 15,000 cfs which occurred
in 1843 is included in the analysis. This value is the highest known value up to the present time (1974 for this
example), even though the systematic record stopped in 1955.

This example uses Bulletin 17B procedures (Interagency Advisory Committee on Water Data,
198233). Current Federal flood frequency guidance directs analysts to use Bulletin 17C
procedures (England, et al., 2019%4). Bulletin 17C examples can be found here (see page 57).

33 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf
34 https://pubs.er.usgs.gov/publication/tm4B5
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The data used for the FFA Test 6 example is from Ridley Creek in Moylan, Pennsylvania. The period of record
used for this example is from 1932 to 1955. To view the data in HEC-SSP, under the Data folder in
the Study Pane, right-click on the data record labeled "Ridley Creek-Moylan, PA" and select Tabulate. The

data will appear as shown in Figure 1 (see page 50).

A /RIDLEYCR.. — O X
File Edit View
MOYLAN, PA
Ordinate Date Time FLOW
0Bs
Units CF3
Type INST-VAL
1| 28 Mar 1932 12:00 891
2 23 Aug 1933 12:00 2,680
3[ 05 Mar 1934 12:00 1,080
4 09Jul1935 12:00 3,000
5[ 03 .Jan 1936 12:00 1,580
6 22Feb 1937 12:00 770
7| 23 Jul1938 12:00 3,320
8| 03 Feb 1939 12:00 973
9 15 Mar 1940 12:00 1,770
10| 07 Feb 1941 12:00 748
11 13 Aug 1942 12:00 1,000
12| 30 Dec 1942 12:00 980
13| 06.Jan 1944 12:00 865
14| 18 Sep 1945 12:00 1,040
19| 26 Dec 1945 12:00 1,000
16] 22 May 1947 12:00 483
17| 05 May 1943 12:00 740
18| 30 Dec 1943 12:00 1,040
19] 03 Aug 1950 12:00 1,580
20| 25 Nov 1950 12:00 5,720
21| 11 Mar 1952 12:00 1,480
22| 22 Nov 1952 12:00 913
23| 14 Dec 1953 12:00 670
24| 18 Aug 1955 12:00 4,390

36 Figure 1. Tabulation of the Peak Flow Data for Ridley Creek

To plot the data for this example, right-click on the data record and then select Plot. A plot of the data will
appear as shown in Figure 2 (see page 0).
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B4 Ridley Creek-Moylan, PA
File Edit View

e 5,000

5,000+

4,000

3,000+ =

Flom {ofs)

2,000+

1,000 2 o

T T T T T T T T T T T T T T T T T T T T T 1
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37 Figure 2. Plot of the Ridley Creek Data

A Bulletin 17 and General Frequency analysis have been developed for this example; however, this example
only displays the results of the Bulletin 17 analysis. To open the Bulletin 17 Editor for FFA Test 6, from

the Study Pane under the Bulletin 17 Analysis folder, double-click on the FFA Test 6 analysis. Alternatively,
from the Analysis menu select Open and then select FFA Test 6 from the list of available analyses in

the Open Analysis dialog box. When FFA Test 6 is opened, the Bulletin 17 Editor - FFA Test 6 will appear as

shown in Figure 3 (see page 0).
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(4] Bulletin 17 Editor - FFA Test 6

Name FFA Testd|

Deseription: Example using Median plot positions, histaric data, and period of knowledge beyond Iast year of data

FlowData Set | Ridley Creek-Moylan, PA
DSS File Name: | C/Projects/SSPTesVSSP_Examples/SSP_EXAMPLES.dss

ReportFile C \TestSSP_| ulletin1

_Test_B\FFA_Test_6.rpt
General  Qptions Tabular Results
Method for Computing Statistics and Confidence Limits

() 17C EMA

@ 17B Methods
Generalized Skew

©) Use Station Skew

@ Use Weighted Skew

() Use ONLY Regional Skew

Regional Skew: 0.4

Reg. Skew MSE: 0.302

Low Outlier Test
Multiple Grubbs-Becl
@ Single Grubbs-Beck
Plotting Position
(O Weibull (Aand B = 0)
(® Wedian (Aand B =0.3)
(O Hazen (AandB=05)

Hirsch/Stedinger

(O Other (Specify A B)

puted using formula
(m-A)/(n+1-A-B)

Confidence Limits
@ Defaults (0.05, 0.95)
() User Entered Values
Upper Limit

Lower Limit:

Time Window Modification

DSS Range is
[ start Date:

[]End Date

Expected Probablity Curve

() Do Not Compute Expected Prabability Curve

@ Compute Expected Probability Curve using B17B Procedures

Compute Expected Probability Curve using Mumerical Integration (EMA

Compute Plot Curve ew Report Print oK Cancel Apply

38 Figure 3. Bulletin 17 Analysis Editor for FFA Test 6

Shown in Figure 3 (see page 51) are the settings entered in the General tab that were used to perform this
frequency analysis. As shown, the Generalized Skew option was set to use the Weighted Skew. To use the
weighted skew option, the user must enter a value for the Regional Skew and the Regional Skew MSE. This
selection requires the user to either look up a value from the generalized skew map of the United States,
which is provided with Bulletin 17B%5, or develop a value from a regional analysis of nearby gages. In this
example a value of 0.4 was taken from the generalized skew map of the U.S. from Bulletin 17B. Bulletin 17B
suggests using a Regional Skew MSE of 0.302 whenever regional skew values are taken from the map.

The recommended procedure for estimating regional skew in Bulletin 17C is the Bayesian
generalized least squares (B-GLS) method. Regional skew studies are available for many states
t3®hrough the Advisory Committee on Water Information, Subcommittee on Hydrology,
Hydrologic Frequency Analysis Working Group website®’. Regional skew values presented in
these reports supersede the values from the Bulletin 17B generalized skew map.

Also for this example, the Expected Probability Curve option was selected to be computed in addition to the
Log Pearson Il computed curve. The Median plotting position method was selected, as well as the default
Confidence Limits.

Shown in Figure 4 (see page 53) is the Bulletin 17 Editor with the Options tab selected. As shown in Figure
4 (see page 0), the Historic Period Data option has been selected to reflect a historical flood event of 15,000
cfs in 1843 and an analysis period from 1843 to 1974. Historic data is used to account for historic flood

35 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf
36 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
37 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
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events large enough to be relevant to the analysis and not contained in the systematic data record. The
additional information provided by historic data can improve the flood frequency analysis, especially when
the data collection period for a given area is relatively short. Information for a Historic Flood Peak has been
entered to account for a peak flow of 15,000 cfs in the 1843 water year. The Historic Period Start Year has
been left blank. By default this value will be the earliest year found in the historic flood peak data or the
systematic record. Therefore for this example, 1843 will automatically be used for the Start Year of the
Historic Period. An End Year of 1974 has been entered. The systematic record for the gage ended in 1955,
however when this analysis was performed in 1974, no other flood peaks of consequence had been observed
between 1955 and 1974. Therefore, 1974 is set as the End Year for the historic period analysis. Other
features on the Options tab include the Low Outlier Threshold and the option to override the default
Frequency Ordinates. Neither option is selected in this example.

(4] Bulletin 17 Editor - FFA Test 6 - [m) x
Name FFA Testd|
Description: Example using Median plot positions, historic data, and period of knowledge beyond last year of data
Flow Data Set | Ridley Creek-WMoylan, PA v |d =
DSS File Name: | C/Projecis/SSPTestSSP_Examples/SSP_EXAMPLES. dss 'Y
Report File: @ TestSSP_E ulletin1 _Test_B\FFA_Test_6.rpt
General Options Tabular Results
Low Outier Threshold Historic Period Data (only used with B17B procedures) Oulput Frequency Ordinates
[ override Low Qutlier Threshold Use Historic Data [ Use Values from Table Below
Value 0 Historic Period Frequency in Percent
Start Year: 0.2
Variable Time Window 05
End Year: 7
Do Not Compute Using e u
Variable Time Window Override High Outlier Threshold £
Compute Using Moving Window o
o C g g Historic Events 20
Water Year Peak 50
= 1843 15000.0
Shift Increme
(years) =
() Compute Using Expanding Window
Initial Window Length
(vears) =
Expansion Increment
(years =
Compute Plot Curve ew Report Print oK Cancel Apply

39 Figure 4. Bulletin 17 Analysis Editor with Options Tab Shown for FFA Test 6

Once all of the General and Optional settings are set or selected, the user can press the Compute button to
perform the analysis. Once the computations have been completed a message window will open stating
Compute Complete. Close this window and then select the Tabular Results tab from the analysis window.
The analysis window should resemble Figure 5 (see page 0).
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[ Bulletin 17 Editor - FFA Test 6 - o x
Name FFATest 6|
Description: Example using Median plot pesitions, historic data, and period of knowledge beyond last year of data
FlowData Set | Ridley Creek-Moylan, PA v |d =
DSS File Name: | Ci/Projects/SSPITesUSSP_Examples/SSP_EXANPLES. dss A
Report File @ TesnSSP_ Iliefin 17Results\FFA_Test_6\FFA_Test6.rpt
General Options Tabular Results
Frequency Cunve for. Ridley Creek-Moylan, PA
Peroant G Computed Exmected Prab Confidence Limits
ercent Chance omputed Curve xpecied Prol
Exceedance Flow in cfs Flow in cfs Flowin cfs
0.05 0.95
0.2 17409.9 289445 415712 10177.3
05 12006.4 172255 25679.7 75168
10 9065.0 11750.7 17650.2 50243
20 67243 8084.2 11994.0 46213
5.0 44350 4974.4] 70367 32528
10.0 31615 33503 45951 24285
200 21805 22433 20203 17330
500 11980 1198.0 14951 9486
0.0 754.4 7434 952.4 557.2
90.0 6223 607.4 799.6 441.0
950 5434 5245 700.0 3728
90.0 4436 4205 594.2 289.0
Distribution Parameters et
Parameter Value e e Event Humber ;
istoric Events
Mean 2
Standard Dev 3 r‘gné]"g”ms 3
Station Skew 7 Z°W 0“"19’5 :
Regional Skew 0 ere “‘Sé‘”gt o
Weighted Skew 90| s ";” s —
Adopted Skew 0.890 S iOC E;‘;‘ =
EMA Estimate of NISE (G at-site) T S VR
Grubbs-Beck Critical Value
Compute Plot Curve View Report Print oK Cancel Apply

40 Figure 5. Bulletin 17 Editor with the Results Tab Selected for FFA Test 6

As shown in Figure 5 (see page 0), the Frequency Curve table contains the following results:

+ Percent Chance Exceedance
+ Computed Curve

+ Expected Probability Curve

+ Confidence Limits

On the bottom left-hand side of the Tabular Results tab is the Distribution Parameters table of Statistics for
the observed station data (mean, standard deviation, station skew) and regional adjustment (regional skew,
weighted skew, and adopted skew). Also on the bottom right-hand side side of the Tabular Results tab is the
number of Events table showing the number of historic events used in the analysis, number of high outliers
found, number of low outliers, number of zero or missing data years, number of systematic events in the
gage record, and the historic record length (if historic data was entered). The FFA Test 6 example reports
one historical flood event, and a historical period of 132 years, between 1843 and 1974. The reported
statistics reflect the use of the historical data adjustment outlined in Bulletin 17B%® Appendix 6. The report
file (described below) shows the initial computation of the statistics and frequency curve before the

historical data was used, and the resulting statistics and frequency curve after the historical data is taken
into account.

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by

pressing the Plot Curve button at the bottom of the analysis window. A plot of the results for this example is
shown in Figure 6 (see page 0).

38 https://water.usgs.gov/osw/bulletin17b/dI_flow.pdf
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41 Bulletin 17 Plot for FFA Test 6 — O X
File Edit View Window
Bulletin 17 Plot for FFA Test 6
Return Period
1.0 1.1 2 5 10 50 100 500 10000
100,000 1 L 1 1 1 L
#
s
P
s
o
10,000+
o
L
3
8
o
Computed 25Jul2022 18:10
10004 by HEC-S5P v2.3-beta.3
’ Analysis Period 1843 - 1974
Mean 3.120
_ Standard Dev 0.224
- Station Skew 1.078
- Regional Skew 0.400
Adopted Skew 0.880
Historic Events 1
Systematic Events 24
100 T T T T T T T T T T T 1
0.9999 0.999 0.99 0.9 0.5 02 01 0.02 0.005 0.001 0.0001
Probability
—— Computed Cure ~ emeeee Expected Probability Curve
——~ 5 Percent Confidence Limit ——~ 95 Percent Confidence Limit
2 Observed Events (Median plotting positions) Historic Data

41 Figure 6. Plot of the Frequency Curve Results for FFA Test 6

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the
Bulletin 17 Editor (Figure 5 (see page 53)). When this button is selected a text viewer will open the report file
and display it on the screen. Shown in Figure 7 (see page 0) is the report file for FFA Test 6. The report file
contains a listing of the input data, preliminary results, outlier and historical data tests, additional
calculations needed, and the final frequency curve results. Different types and amounts of information will
show up in the report file depending on the data and the options that have been selected for the analysis.
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[ FFA_Test_6urpt - O %

File Edit Search Format

File: C\Projects\S5P\TestiSSP_Examples\Bulletin17Results\FFA_Test B\FFA_Test_G.rpt

Bulletin 17B Frequency Rnalysis
3 25 Jul 2022 04:10 FM
4 Computed By: HEC-55F Version 2.3-beta.3

b OB

-—- Input Data --—-

10 Analysis Name: FFR Test €
11 Description: Exemple using Median plot positions, historic data, and period of knowledge beyond last year of data
12 Ridley Creek at Moylan, PR

14 Data Set Name: Ridley Creek-Moylan, PR
15 D55 File Name: C:\Projects\55P\Test\S55F_Examples\55F_EXAMPLES .dss
15 D55 Pathname : /RIDLEY CREEK/MOYLAN, PR/FLOW/01janl900/IR-CENTURY/OBS/

1% Report File Name: C:\Projects‘\55P\Test\5S5P Examples’\Bulletinl7Results \FFA Test &\FFA Test &.rpt
19 ¥ML File Name: C:\Projects‘\55P\Test\55F_Examples\Bulletinl7Results\FFA Test_ &\FFA Test_#&.xml
20 Qutput D55 File Name: C:/Projects/55F/Test/55P_Examples/S55P_EXRMPLES .dss

22 5tart Date: 01 Oct 1832
23 End Date: 30 S5=p 1853

25 Skew Option: Use Weighted Skew
2¢ Regional Skew: 0.4
Regional Skew MSE: 0.302

S Plotting Position Type: Median
31 Compute Expected Probability Curve using B17B Procedure

33 Upper Confidence Lewel: 0.05
34 Lower Confidence ILewvel: 0.85

: Use Historic Data

Historic Period Start Year: ---
Historic Period End Year: 1974
3% Year: 1843 Value: 15,000

Display ordinate wvalues using 1 digits in fraction part of value

3 -—- End of Input Data --—-

© -—— Preliminary Results -—-—

g << Plotting Pesitions >»
9 Ridley Creek-Moylan, PR v

07/25/2022 16:10 PM 1111 11

42 Figure 7. Report File for FFA Test 6
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3 Bulletin 17C Examples

3.1 Bulletin 17C | Expected Moments Algorithm Examples

These examples use the Expected Moments Algorithm (EMA) to fit the Log Pearson Type Il distribution to
annual maximum flow data sets. The multiple inputs and outputs are provided to illustrate the use of
selected options and to assist in verifying the correct execution of the program. The first six examples use
the same data sets that are provided with the Bulletin 17C document (England, et al., 2018). As shown in the
example data sets, the HEC-SSP software produces the same results as the USGS PeakFQ Software
(Veilleux, Cohn, Flynn, Mason, & Hummel, 2013) for these six data sets. The last four examples make use of
additional inputs and settings that are not demonstrated within the Bulletin 17C document.

All of these test examples are provided with the software as a single HEC-SSP study labeled
"Bulletin_17C_Examples." You can install this study on your computer by selecting the Help | Install Example
Data menu option. After opening this study for the first time on your computer, you must compute each
example before viewing tabular and graphical results.

A brief description of each example is provided. In most cases, the computed at-site station skew is used in
lieu of a weighted skew to more clearly illustrate the effects of EMA and the other procedures outlined within
Bulletin 17C. The example problems shown in this section are entitled:

1. Systematic Record — Moose River at Victory, VT

Analysis with Low Outliers — Orestimba Creek near Newman, CA
Broken Record — Back Creek near Jones Springs, WV

Historical and Data — Arkansas River at Pueblo, CO

Crest Stage Gage Censored Data — Bear Creek at Ottumwa, 1A

Historic Data and Low Outliers — Santa Cruz River at Lochiel, AZ

N o g b~ w0

User Overrides (Low Outliers and Confidence Limits) — Rapid Creek above Canyon Lake near Rapid
City, SD

8. [inf — inf] Perception Threshold — Pembina River at Neche, ND
9. [0 - value] Perception Threshold — Clark Fork River below Cabinet Gorge Dam, ID
10. Systematic and Historical Record with Regional Skew — Schuylkill River at Berne, PA

When the "Bulletin_17C_Examples" study file is open, the screen will appear as shown in Figure 1. The
following sections document each of the example data sets.
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[ HEC-SSP 23-beta.3 - Bulletin_17C_Examples - X
File Edit View Maps Data Analysis Results Tools Window Help

prcadend s ERER A

& sutein_17G_erampies Ak
= nisis

& Bullein17
T517C Bxample |
b7 B17C Example 2
P17 B17C Example 3
P17 B17C Example 4
B B17C Example 5
BY7 B17C Example &
P17 B17C Example 7
BT B17C Example 8
BT B17C Example 9
B7 B17C Example 10
General Frequency
Volume Frequency
Dur:

rograph
Distibution Fiting
Mixed Population
Correlation

Record Extension

ata
Moose River-Victory-FLOW
CoDE

Back Creek-Jones Springs-FLOW
Back Creek-Jones Springs-CODE
Arkansas River-Pueblo-FLOW.
Arkansas River-Pueblo-CODE
Bear Creek-Otumwa-FLOW
Santa Cruz River-Lochie-FLOW
RAPID CRFLOW
PENBINA RIVER-NE(
PEMBINA RIVEF
Schul River

8@ =X (&

B17C Example 1

Woose River-VictorFLOW
Wethod: 17C ENA Java
Skew Option: Weighted Skew

CHE, ND-FLOW
CHE, ND-CODE
ggggg FLOW v

B

Low Outler Test Hultple Grusbs-Beck
Plotting Position Type: HirschiStedinger
Confidence Limits: 005,095

1© Not Computed

© LastModified Time: 09-20-17 5:10 it

CURUINY Dt CIarK TUT-CauEr GUgET Lo =
Opened Study Bulletin_17C_Examples from directory C-\Projects\SSP\TestBulletin_17C_Examples

Display Unit System set to English(Watershed)

Base Map added to Map Window

Base Map added to Base Map

Loading Bulletin 17 B17C Example 1 v

Sty Maps Files Messages

Coordinates: -126 east, 26 north

3.2 Example 1. Systematic Record — Moose River at Victory, VT

Example 1 illustrates the computation of a peak flow frequency curve using EMA and Bulletin 17C
procedures with an annual maximum series comprised of systematic flood peaks. For this example, USGS
gage 01134500 Moose River at Victory, Vermont is used. The Moose River is located in the northeastern part
of the state and flows mostly from north to south through very hilly terrain. The Moose River basin is
approximately 75 square miles of nearly all forest (England, et al., 2018). Historically, it was an important
logging area and some logging still continues today. Attempts at farming in the basin have generally failed
due to the presence of shallow rocky soil. There are a small number of villages in the basin, but overall it is
sparsely populated with only a few miles of paved roadway. There is also a large bog approximately a third of
a mile upstream from the gage. The bog is part of the 5,000 acre Victory Basin Wildlife management area.
While there is no streamflow regulation in the basin, the bog attenuates peaks in the basin. The Moose River
at Victory, VT stream gage has an annual peak record consisting of 68 peaks beginning in 1947 and ending
in 2014, as shown in Figure 1 (see page 58). The annual peak flow record is tabulated within Table 1.
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A Moose River-Victory-FLOW
File Edit View

5,000

Q 4,500
4,000
3,500
3,0004 & c

2,500+

Flom {ofs)
L]
[s]

2,000
15004 o © g o
1,000

5004

0

T T T
1950 1960 1970

T
1980

T
1990

T
2000

T
2010

I @ Wictory USGS FLOW-ANNUAL PEAK

Table 1. Moose River at Victory, VT Annual Peak Flow Record.

Date Flow (cfs)
13 Apr 1947 2080
28 Mar 1948 1670
28 Mar 1949 1480
21 Apr 1950 2940
05 Dec 1950 1560
02 Jun 1952 2380
27 Mar 1953 2720
23 Apr 1954 2860
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Date Flow (cfs)
15 Apr 1955 2620
30 Apr 1956 1710
22 Apr 1957 1370
21 Dec 1957 2180
04 Apr 1959 1160
29 Nov 1959 2780
24 Apr 1961 1580
08 Apr 1962 2110
22 Apr 1963 2160
15 Apr 1964 2750
14 Jun 1965 1190
26 Mar 1966 1560
03 Apr 1967 1800
24 Mar 1968 1600
29 Apr 1969 2400
25 Apr 1970 3010
04 May 1971 1490
05 May 1972 2920
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Date Flow (cfs)
01 Jul 1973 4940
22 Dec 1973 2550
20 Apr 1975 1250
02 Apr 1976 2670
31 Mar 1977 2020
10 May 1978 1460
26 Mar 1979 1620
10 Apr 1980 1460
21 Feb 1981 1570
18 Apr 1982 2890
04 May 1983 1840
31 May 1984 2950
17 Apr 1985 1380
31 Mar 1986 2350
31 Mar 1987 4180
06 Apr 1988 1700
06 Apr 1989 2200
18 Mar 1990 3430
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Date Flow (cfs)
24 Dec 1990 2270
23 Apr 1992 2180
17 Apr 1993 1900
17 Apr 1994 2760
06 Aug 1995 4536
24 Apr 1996 2160
02 Dec 1996 1860
31 Mar 1998 2680
18 Sep 1999 1540
11 May 2000 2110
25 Apr 2001 2950
14 Apr 2002 2410
30 Mar 2003 2230
28 Oct 2003 1980
04 Apr 2005 1610
17 Oct 2005 2640
24 Apr 2007 1930
20 Apr 2008 1940
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Date Flow (cfs)
04 Apr 2009 1810
24 Mar 2010 1900
01 Oct 2010 3140
20 Mar 2012 1370
20 Apr 2013 2180
16 Apr 2014 4250

A Bulletin 17 Analysis using EMA and Bulletin 17C procedures has been developed for this example. To open
the analysis, either double-click on the analysis labeled "B17C Example 1" from the Study Explorer or from
the Analysis menu select open, then select "B17C Example 1" from the list of available analyses. When
"B17C Example 1" is selected, the Bulletin 17 analysis editor will appear as shown in Figure 2 (see page 64). As
shown, the Skew option was set to use the Weighted Skew. To use the weighted skew option, the user must
enter a value for the Regional Skew and the Regional Skew MSE. In this example, a regional skew coefficient
of 0.44 was used along with a Regional Skew MSE of 0.078.

@ The recommended procedure for estimating regional skew in Bulletin 17C is the Bayesian
generalized least squares (B-GLS) method. Regional skew studies are available for many
states t3°hrough the Advisory Committee on Water Information, Subcommittee on Hydrology,
Hydrologic Frequency Analysis Working Group website*°. Regional skew values presented in
these reports supersede the values from the Bulletin 17B generalized skew map.

39 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
40 https://acwi.gov/hydrology/Frequency/b17c/supplementary-materials/reports.html
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“ Bulletin 17 Editor - B17C Example 1 - [m| X
Name B17C Example 1|

Description: Example 1: Systematic Record - Moose River at Victory, VT

Flow Data Set: Moose River-Victory-FLOW L IA %
DSS File NMame:  C:/Projects/SSPITestBulletin_17C_Examples/Bulletin_17C_Examples dss l
Report File: C\Projects\S5P\TestiBulletin_17C_Examples\Bulletin17Results\B17C_Example_1\B17C_Example_1.rpt

General Options EMAData NEB Tabular Results

Method for Computing Statistics and Confidence Limits Low Outlier Test Confidence Limits
@ 17C EMA (@ Multiple Grubbs-Beck (@ Defaults (0.05, 0.95)
(1178 Methods Single Grubbs-Beck ("1 User Entered Values
Generalized Skew Plotting Position ApDErLrE

Weibull (Aand B =0) Lower Limit:

() Use Station Skew
Median (4 and B =0.3)
# Use Weighted Skew

Hazen (Aand B=0.5) Time Window Modification

(_1Use OMLY Regional Skew @ HirschiStedinger D55 Range ie

Regional Skew:
2 0.44 Other (Speciy A, B) SriEEE
Reg. Skew MSE: 0.07 . -
2 0.078 Plotting position computed End Date
using formula -
Expected Probablity Curve (m-A)l(n+1-A-B)
# Do Mot Compute Expected Probability Curve Where:
m=Rank, 1=Largest
Compute Expected Probability Curve using B17B Procedures n=Mumber of Years
AB=Constants
(" Compute Expected Probability Curve using Mumerical Integration (EMA) A
B:
Compute Plot Curve View Report Print QK Cancel Apply

No changes to the Options tab are necessary. The EMA Data tab for this example is shown in Figure 3 (see
page 63). Since this example uses an annual maximum series consisting entirely of systematic data with a
complete record, a single zero — inf perception threshold is adequate. No modifications to the default flow
ranges and data types are necessary.
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& Bulletin 17 Editor - B17C Example 1 — a X
Mame: B17C Example 1|
Description: Example 1: Systematic Record — Moose River at Victory, VT i
Flow Data Set  Moose River-Victory-FLOW v |Ld| E
DSS File Mame:  CiProjects/SSPTestBulletin_17C_Examples/Bulletin_17C_Examples.dss 1] [
Report File: Ci\Projects\SSPITestBulletin_17C_Examples\Bulletin17Results\B17C_Example_1\B17C_Example_1.rpt
General Options EMAData NEB Tabular Results
First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates) 27T
Perception Thresholds ' v
Start Year End Year Low Threshold (cfs) High Threshold (cfs) Comments A5 o
[s]
4,000
3,500+ o
o
3,000 o, %@ &
Co [¢]
Apply Thresholds . % [} o o
£ 2500 e
Flow Ranges s o] =] o ©
Year Peak (cfs) Low Value (cfs) High Value (cfs) Data Type 2 °op C%ooo [
1947 2080.0 2080.0 2080.0 Systemalic ~ 2,000 e ° %S;
o [s] s}
1948 1670.0 1670.0 1670.0| Systematic b =} =]
- lo o . D o®
1949 1480.0 1480.0 1480.0| Systematic bl 1,500+ o o m o o
1950 28400 29400 2940.0| Systematic b 00 o]
1951 1560.0 1560.0 1560.0| Systematic ~ 1,000
1952 23800 23800 2380.0| Systematic b
1953 27200 27200 2720.0| Systematic bl 500
1954 2860.0 2860.0 2860.0| Systematic bl
1955 26200 26200 2620.0| Systematic bt T
1956 17100 17100 1710.0] Systematic v "o | ot | amm
1957 13700 13700 1370.0| Systematic bl 5 o=
ata
1958 2180.0 21800 2180.0| Systematic b
1959 1160.0 1160.0 1160.0| Systematic ~ Refresh
Compute Plot Curve View Report oK Cancel Apply

Once all of the General and EMA Data tab settings are set or selected, the user can press the Compute
button to perform the analysis. Once the computations have been completed, a message window will open
stating Compute Complete. Close this window and then select the Tabular Results tab. The analysis window
should resemble Figure 4 (see page 66). As shown in Figure 4 (see page 66), the Frequency Curve table contains
the following results:

+ Percent Chance Exceedance
+ Computed Curve (Log Pearson Type Ill results)
+ Confidence Limits (5% and 95% chance exceedance)

On the bottom left side of the results tab is a table of Distribution Parameters for the observed station data
(mean, standard deviation, and station skew) and regional adjustment (regional skew, weighted skew, and
adopted skew). Additionally, the computed EMA Estimate of MSE (G at-site) and Grubbs-Beck Critical Value
are shown within this table. On the bottom right side of the results tab is an Events table showing the number
of historic events used in the analysis, number of high outliers found, number of low outliers and zero flows
found, number of missing flows, number of systematic events, the historic period in years, and the Equivalent
Record Length in year.
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& Bulletin 17 Editor - B17C Example 1 — a X
Mame: B17C Example 1|
Description: Example 1: Systematic Record — Moose River at Victory, VT
Flow Data Set  Moose River-Victory-FLOW v L4 =
DSS File Name: | C:/Projects/SSP/TestBulletin_17C_Examples/Bulletin_17C_Examples.dss 'Y
Report File: C\Projects\SSPTestBulletin_17C_Examples\Bulletin17Results\B17C_Example_1\B17C_Example_1.rpt
General Options EMAData NEB Tabular Results
Freguency Curve for: Moose River-Victory-FLOW
3 iE = G - L Confidence Limits
ercen ance ompute urve arnance Log
Exceedance Flow in cfs (EMA) RIOWCE
0.05 0.95
0.2 6374.3 0.0043252 8939.0 52229
0.5 5560.3 0.0031234 7379.0 4684.4
1.0 49848 0.0023665 6352.6 42857
20 44397 0.0017366 5441.2 3892.0
8.0 IETT 0.0010914 4387.5 33738
10.0 32625 0.00073740 3686.1 2077.0
200 27728 0.00049006 3047.2 2565.3
50.0 20835 0.00030873 22334 19511
80.0 1616.6 0.00030485 17251 1507 5
90.0 14333 0.00037369 15351 13209
95.0 13057 0.00049233 1408.5 1184.5
99.0 1112.2 0.00095754] 1231.2 966.3
Distribution Parameters ZETS
Paramater Valus e Eval Humbey -
Istornic Events
Mean 3329 -
Standard Dev 0.140 E‘Q“C?'JJ“Q'S azeraFi .
Station Skew 0397| oW ,‘__Trs anc.zero Fows o
Regional Skew 0.440 ;” t”'” t_quvs : =
\Weighted Skew 0.421 Hyste’_“ap'c ":” s =
Adopted Skew 0.421 E‘S _“”": te;‘: Sl 5%
EMA Estimate of WSE (G at-site) 0101 quivalent Record Length (vears) :
Grubbs-Beck Critical Value 0.000
Compute Plot Curve View Report Print 0K Cancel Apply

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Curve button at the bottom of the analysis window. The Log Pearson Type llI distribution fit
using EMA and Bulletin 17C procedures to the input annual maximum flow data set, the 5% and 95%
confidence limits, and the computed Hirsch/Stedinger plotting positions are shown in Figure 5 (see page 66).
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[Z4 Bulletin 17 Plot for B17C Example 1 - O X
File Edit View Window

Bulletin 17 Plot for B17C Example 1
Return Period

~ 1.0 1.1 2 5 10 50 200 1000 10000
410.000 1 | | 1 1 | |
' -~

E - Computed 205ep2017 18:10
s 1:0001 = by HEC-SSP v2.3-beta.4
I_I—C'_ Analysis Period 1947 - 2014
WMean 3.329
Standard Dev 0.140
Station Skew 0.357
Adopted Skew 0.421
100 | | | | | Sylstemahc F\.rf;lnts: — ESI
0.9999 0.99 0.9 0.5 0.2 01 0.02 0.005 0.0001
Probability

——— Computed Curve
— — =5 Percent Confidence Limit
— —= 95 Percent Confidence Limit
] Observed Events (Hirsch-Stedinger plotting positions)

Because the annual peak flow record contains only systematic peaks with no historic information, no
censored peaks, and no low outliers identified using the Multiple Grubbs-Beck Test, the fitted peak flow
frequency curve using EMA and Bulletin 17C procedures is the same as that obtained using Bulletin 17B
procedures. However, due to the appropriate consideration of the uncertainty in the skew coefficient within
the Bulletin 17C procedures, the 5% and 95% confidence limits are different when compared against results
obtained using Bulletin 17B procedures.

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the
analysis window. When this button is selected, a text viewer will open the file and display it on the screen.
Shown in Figure 6 (see page 67) is the report file. The report file contains a listing of the input data, preliminary
results, outlier and historical data tests, additional calculations needed, and the final frequency curve results.
Different types and amounts of information will show up in the report file depending on the data and the
options that have been selected for the analysis. The user should review the report file to understand how
the Bulletin 17C procedures were applied.
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[ B17¢_Example_1.rpt - ] X
File Edit Search Format
File: |c.\PROJECT: _17C_Exan 17Results\B17C_Example_1\817C_Example_1.rpt
1 ~
2 Bulletin ava)
2§ Jul 2022 M
4 Computed By: HEC-SSP Version 2.3-beta.3
--—- Input Data —-—-—
10 Rnalysis Name: B17C Example 1
11 Description: Example 1: Systematic Record - Moose River at Victory, VT
13 Data Set Name: Moose River-Victory-FLOW
14 D55 File Name: C:\PROJECTS5\55P\Projects\test\Bulletin 17C Examples\Bulletin_17C Examples.dss
15 D55 Pathname: /Moose River/Victory/FLOW-ANNUAL PEAK/01janl900/IR-CENTURY/USGS/
17 Report File Name: C:\PEK( CTS\SSP\Projects\test\Bulletin 17C Examples\Bulletinl7Results\Bl17C Example 1\B17C Example l.rpt
12 XML File Name: C:\PROJECTS\SSP\Projects\test\Bulletin 17C_Examples\Bulletinl7Results\BL7C_Example_l\B17C_Example_l.xml
19 Qutput DSS File Name: C:/PROJECIS/SSB/Projects/test/Bulletin_l17C Examples/Bulletin_l7C_Examples.dss
21 Start Date: 01 Oct 1947
22 End Date: 30 Sep 2014
24 Skew Option: Use Weighted Skew
25 Regional Skew: 0.44
2€ Regional Skew MSE: 0.078
28 Plotting Position Type: Hirsch-Stedinger
Do Not Compute Expected Probability Curve
2 Upper Confidence Level: 0.05
Lower Confidence Level: 0.95
5 Display ordinate values using 1 digits in fraction part of value
7 -—- End of Input Data -—
41 << EMA Representation of Data »>
42 Moose River-Victory-FLOW
1 Logl0 Value | Threshold | Logl0 Threshold |
Year Peak 1 oW High | 0 Higt | 0 | Type |
1 I I ===
1947 2, I 3.3 3.3 | 1.0E-99 1.0E99 | -99.0 89.0 | Syst |
1948 1, I 3.2 3.2 | 1.0E-99 1.0E99 | -99.0 89.0 | Syst |
1949 1, I 3.2 3.2 | 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
1950 2, o 3.5 3.5 | 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
1951 1, o 3.2 3.2 | 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
1952 2, I 3.4 3.4 | 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
1953 2, 1 3.4 3.4 1.0E-99 1.0E39 | -59.0 99.0 | Syst |
1954 2, 1 3.5 3.5 | 1.0E-99 1.0E99 | -99.0 959.0 | Syst |
1955 2, 1 3.4 3.4 1.0E-99 1.0E99 | -99.0 95.0 | Syst |
195¢ 1, 1 3.2 3.2 | 1.0E-99 1.0E99 | -99.0 95.0 | Syst |
1957 1 1 3.1 3.1 | 1.0E-99 1.0E99 | -99.0 %9.0 | Syst | ¥
07/26/2022 15:25 PM 132,132 132

43 Figure 6. Report File for B17C Example 1.

3.3 Example 2. Analysis with Low Outliers — Orestimba Creek near
Newman, CA

Example 2 illustrates the computation of a peak flow frequency curve using EMA and Bulletin 17C
procedures with an annual maximum series comprised of systematic flood peaks when low outliers (a.k.a.
Potentially Influential Low Flows, PILFs) are present. For this example, USGS gage 11274500 Orestimba
Creek near Newman, CA is used. Orestimba Creek is a tributary to the San Joaquin River, whose 134 sq. mi.
drainage area lies on the eastern slope of the Diablo Range section of the Coast Range Mountains of
California. The drainage basin has an average basin elevation of approximately 1,550 feet with peak flows
usually occurring in late winter. Orestimba Creek is one of the few tributaries in the area to maintain a
definite stream channel from the foothills to the San Joaquin River (England, et al., 2018).

The Orestimba Creek near Newman, CA stream gage has an annual peak record consisting of 82 peaks
beginning in 1932 and ending in water year 2013. Of the 82 annual peaks, there are 12 years for which the
annual peak is 0 cfs, meaning the stream was dry for the entire year. The annual maximum series is plotted
in Figure 1 (see page 68) and tabulated in Table 1.
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[ Orestimba Creek-Newman-FLOW — O *
File Edit View
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Table 1. Orestimba Creek near Newman, CA Annual Peak Flow Record.

Date Flow (cfs)
08 Feb 1932 4260

29 Jan 1933 345

01 Jan 1934 516

08 Apr 1935 1320

13 Feb 1936 1200

13 Feb 1937 2180

11 Feb 1938 3230

09 Mar 1939 115
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Date Flow (cfs)
27 Feb 1940 3440
04 Apr 1941 3070
24 Jan 1942 1880
21 Jan 1943 6450
29 Feb 1944 1290
02 Feb 1945 5970
25 Dec 1945 782
30 Nov 1946 0

30 Nov 1947 0

12 Mar 1949 335
05 Feb 1950 175
03 Dec 1950 2920
12 Jan 1952 3660
07 Dec 1952 147
30 Nov 1953 0

19 Jan 1955 16
23 Dec 1955 5620
24 Feb 1957 1440
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Date Flow (cfs)
02 Apr 1958 10200
16 Feb 1959 5380
10 Feb 1960 448
30 Nov 1960 0

15 Feb 1962 1740
01 Feb 1963 8300
22 Jan 1964 156
06 Jan 1965 560
30 Dec 1965 128
24 Jan 1967 4200
30 Nov 1967 0

25 Jan 1969 5080
01 Mar 1970 1010
21 Dec 1970 584
30 Nov 1971 0

11 Feb 1973 1510
03 Mar 1974 922
08 Mar 1975 1010
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Date Flow (cfs)
30 Nov 1975 0

30 Nov 1976 0

17 Jan 1978 4360
21 Feb 1979 1270
16 Feb 1980 5210
29 Jan 1981 1130
05 Jan 1982 5550
24 Jan 1983 6360
25 Dec 1983 991
09 Feb 1985 50
19 Feb 1986 6990
06 Mar 1987 112
30 Nov 1987 0

30 Nov 1988 0

28 May 1990 4

24 Mar 1991 1260
15 Feb 1992 888
13 Jan 1993 4190
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Date Flow (cfs)
20 Feb 1994 12

10 Mar 1995 12000
19 Feb 1996 3130
23 Jan 1997 3320
03 Feb 1998 9470
09 Feb 1999 833
14 Feb 2000 2550
05 Mar 2001 958
03 Jan 2002 425
16 Dec 2002 2790
25 Feb 2004 2990
16 Feb 2005 1820
02 Jan 2006 1630
30 Nov 2006 0

25 Jan 2008 2110
17 Feb 2009 310
20 Jan 2010 4400
24 Mar 2011 4440
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Date Flow (cfs)

30 Nov 2011 0

24 Dec 2012 6250

A Bulletin 17 Analysis using EMA and Bulletin 17C procedures has been developed for this example. To open
the analysis, either double-click on the analysis labeled "B17C Example 2" from the Study Explorer or from
the Analysis menu select open, then select "B17C Example 2" from the list of available analyses. When
"B17C Example 2" is selected, the Bulletin 17 analysis editor will appear as shown in Figure 2 (see page 74). As
shown, the Skew option was set to use the Station Skew.

@ Bulletin 17 Editor - B17C Example 2 - u} x
Name: B17C Example 2|

Description: Example 2: Analysis with Low Outliers - Orestimba Creek near Mewman, CA

FlowData Set | Orestimba Creek-Newman-FLOW VIS
DSS File Name: | C ! in_17C_| in_17C_Examples.dss A
Report File ® T _17C_Exampl 17Results\B17C_Example_21B17C_Example_2.rpt

General Options EMAData NEB TabularResults

Method for Computing Stalistics and Cenfidence Limits Low Outlier Test Confidence Limits
& 17C EMA @ Mulliple Grubbs-Beck # Defaults (0.05, 0.95)
73178 Methods Single Grubbs-Beck {73 User Entered Values
Generalized Skew Plotting Position Upper Limit
Weibull (Aand B =0} Lower Limit

(® Use Station Skew
Median (4 and B = 0.3)
_i Use Weighted Skew

Hazen (A and B =05) Time Window Modification

(2 Use ONLY Regional Skew T R

Regional Skew:

Other (Specify A, B Start Date
R EonTEs Plotting position computed using formula End Date
{m-A)/(n+1-A-B)
Expected Probablity Curve Where:

m=Rank, 1=Largest
n=Number of Years
A B=Constants

(®) Do Not Compute Expected Probability Curve
Compute Expected Probability Curve using B17B Procedures

() Compute Expected Probability Curve using Numerical Integration (EMA)

Compute Plot Curve ew Report Print oK Cancel Appl

No changes to the Options tab are necessary. The EMA Data tab for this example is shown in Figure 3 (see
page 74). Since this example uses an annual maximum series consisting entirely of systematic data with a
complete record, a single zero — inf perception threshold is adequate. No modifications to the default flow
ranges and data types are necessary.
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& Bulletin 17 Editor - BI7C Example 2 - [m) x
Name: B17C Example 2|
Description: Example 2: Analysis with Low Outliers - Orestimba Creek near Newman, CA
Flow Data Set: Orestimba Creek-Newman-FLOW bd u %
DSS File Name: |C I 17C. _17C_Examples.dss A
ReportFile @ T 17C_Exampl 17ResUlts\B17C_Example_21B17C_Example_2.rpt
General Options EMAData NEB TabularResults
First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates) 14000
Perception Thresholds I :
Start Year End Year Low Threshald (cfs} High Threshold (cfs) Comments
12,000 o
10,000 ©
o
o
8,000
Apply Thresholds =
£ o
Flow Ranges = o o
Year Peak (cfs) Low Value (cfs) High Value (cfs) Data Type 2 6,000 ° 5
1932 4260.0 4260.0 4260.0| Systematic |~ 9 d o
1933 345.0 345.0 345.0 i b
o © 5} ®

1934 516.0 516.0 516.0 | 4,000 o

1935 1320.0 13200 13200 = o &

1936 1200.0 1200.0 1200.0 ~ P OEP

1937 2180.0 2180.0 2180.0 | 20004 © o S %0

1938 32300 32300 32300 b @ o o] © o) o

o® o b ©

1939 115.0 115.0 115.0 ~ > o 50 o s

1940 34400 34400 3440 0| Systematic ~| oo =®os oo oo 20

1941 3070.0 30700 30700 i b 1940 1950 1960 1970 1980 1990 2000 2010

1942 1880.0 1880.0 1880.0 |

o Data
1943 6450.0 64500 64500 b
1944 1290.0 1290.0 1290.0{Systematic ~| Refresh
Compute Plot Curve View Report Print oK Cancel Apply

Once all of the General and EMA Data tab settings are set or selected, the user can press the Compute
button to perform the analysis. Once the computations have been completed, a message window will open
stating Compute Complete. Close this window and then select the Tabular Results tab. The analysis window
should resemble Figure 4 (see page 75).

=

e 2 - [m] X
Name: B17C Example 2
Description: Example 2: Analysis with Low Outliers ¢ Orestimba Creek near Newman, CA
Flow Data Set Orestimba Creek-Newman-FLOW ~ u %
DSS File Name: | C/PROJECT: 1_17C._ _17C_Examples.dss A
Report File C\PROJECTSISSPProjectstestiBulletin_17C_Examples\Bulletin17Results\B17C_Example_2\817C_Example_2rpt
General Options EMAData NEB TabularResulis
Frequency Curve for: Orestimba Creek-Hewman-FLOW
Percont Ch Commed G v L Confidence Limits
ercent Chance omputed Curve ariance Log
Exceedance Flowin cfs (EMA) Flown cfs
0.05 0.95
1814 0071352 417 12717
1580 064 2797 11466
1382 7882 2338 0288
2 11580, 72584 773 385.
577. 5741 776, 70
1 328 149424 59 91
2 026 14509 528 1
5 329 7843 G 77
316 0.033495 495, 7
128 0.069949 245 17
56.4 31 1338 4
9 0.29881 306 0
[ Distribution Parameters VB
Parameter Value e e Event Mumber 5
istoric Events
Mean 3.023
Standard Dev 05682 [“g”é)“t“”ars ZeeFi %
Station Skew -0.929 M"W u ‘;’5 and Zera Flows .
Regional Skew S‘S‘S‘”g : ”"E“S : 2
Weighted Skew H"Sf’"ap‘c "5” s o
Adopted Skew -0.928 E‘S ””‘E f;‘;‘ oo Siics
EMA Estimate of MSE (G at-site} 0.132| |[EaunalentRecord Lengtn (/ears)
Grubbs-Beck Critical Value 782.000
Compute Plat Curve View Report Print oK Cancel Apply

In addition igihe {abuiar results, géraphiéal plot ofrthe computéd frequéﬁcy chrvies b;\n be &)tained by
pressing the Plot Curve button at the bottom of the analysis window. The Log Pearson Type IlI distribution fit
using EMA to the input annual maximum flow data set, the 5% and 95% confidence limits, and the computed
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plotting positions are shown in Figure 5 (see page 76).
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@ Bulletin 17 Plot for B17C Example 2
File Edit View Window

Bulletin 17 Plot for B17C Example 2

Return Period
Q 1.0 1.1 2 10 50 200 1000 10000
-10[] DUU | 1 1 | | 1 L1 L1
10,0004
10004 Computed 25A0g2022 21:43
= by HEC-SSP v2.3-beta. 4
= 1004 Analysis Period 1932 - 2013
z Mean 3.023
o i Standard Dev 0582
10 = .
7 O Station Skew -0.525
14 ’_/ Adopted Skew -0.929
A Systematic Events 82
¥ Low Outliers 30
01 T T T T (— T T T 1
0.8999 0.99 09 05 02 01 0.02 0.005 0.0
Probability

I
001

——— Computed Curve

— — =5 Percent Confidence Limit

— —= 95 Percent Confidence Limit
] Observed Events (Hirsch-Stedinger plotting positions)
O Low Outlier (Median plotting positions)

As shown in Figure 4 (see page 75), the Multiple Grubbs-Beck Test identified a low outlier threshold (critical
value) of 782 cfs, which corresponds to the smallest peak that was retained. Thirty annual peak flows were
thus identified and censored, as shown in Figure 6 (see page 76). These annual peak flows were then recoded
to have a flow interval of zero — 782. The perception threshold for all systematic observations were also
adjusted to correspond with the Multiple Grubbs-Beck Test low outlier threshold (i.e. 782 - inf), as shown in

Figure 7 (see page 77).
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[ B17C_Example_2.pt O
File Edit Search Fermat
File: | C:\PROJECTS\SSPIProjectsitestiBulletin_17C_Examples\Bulletin17Results\B17C_Example_2\817C_Example_2.rpt
2 Mar 1570 1,010.0 | 39 1835 1,320.0 46.66 |
2 Dec 1870 534.0 | 40 1844 1,2%0.0 47.3 |
2 How 1971 0.0 | 41 1979 1,270.0 49.08& |
Feb 1873 1,510.0 | 42 19891 1,260.0 50.25 |
Mar 1974 922.0 | 43 1936 1,200.0 51.45 |
Mar 1575 1,010.0 | 44 1881 1,130.0 52.65 |
Nov 1875 0.0 | 45 1875 1,010.0 53.3 |
Hov 1976 0.0 | 46 1970 1,010.0 55.04 |
Jan 1878 4,360.0 | 47 1984 8491.0 56.24 |
Feb 1379 1,270.0 | g 2001 958.0 57.43 |
Feb 1980 5,210.0 | 49 1974 522.0 8.63 |
Jan 1881 1,130.0 | 50 15992 888.0 58.83 |
Jan 1932 5,5%0.0 | 51 1999 833.0 €1.02 |
Jan 1983 6,360.0 | 52 1846 782.0 62.22 |
Dec 1833 8sl.0 | 53 1871 584.0% 63.96 |
Feb 1985 50.0 | 54 1965 560.0% €5.17 |
Feb 1886 €,9%90.0 | 55 1834 516.0% 66.38 |
Mar 1987 112.0 | 5& 1860 448.0% g7.40 |
Hov 1987 0.0 | 57 2002 425.0% 8.8 |
Nov 1983 0.0 | 58 1833 345.0% 70.02 |
May 1950 4.0 | 59 1949 335.0% 71.24 |
Mar 1981 1,260.0 | €0 2009 310.0% 72.45 |
Feb 1832 833.0 | &l 1850 175.0% 73.47 |
Jan 1993 4,190.0 | 62 1964 156.0% 74.88 |
Feb 1894 12.0 | 63 1853 147.0% 76.08 |
Mar 1955 12,000.0 | 64 1966 128.0% 77.31 |
Feb 1996 3,130.0 | €5 1939 115.0% 78.52 |
Jan 1837 332000 | 113 1837 112.0% 78.73 |
Feb 1998 9,470.0 | &7 1985 50.0% 80.95 |
Feb 1999 £833.0 | €3 1855 16.0% 82.16 |
Feb 2000 2,550.0 | €9 1994 12.0% B3.37 |
Mar 2001 958.0 | 70 1990 4.0% 54.59 |
Jan 2002 425.0 | 71 2012 0.0% 85.80 |
Dec 2002 2,7%0.0 | 72 2007 0.0% 87.01 |
Feb 2004 2,990.0 | 73 1989 0.0+ 88.23 |
Feb 2005 1,820.0 | 74 1838 0.0% 35.44 |
Jan 2006 1,630.0 | 75 1977 0.0% 90.66 |
Nov 2006 0.0 | 76 1976 0.0% 81.87 |
Jan 2003 2,110.0 | 77 1872 0.0% 53.08 |
Feb 2009 310.0 | 78 1968 0.0% 94.30 |
Jan 2010 4,400.0 | 79 1961 0.0% 85.51 |
Mar 2011 4,440.0 | 8 1954 0.0% 9€.72 |
Nov 2011 0.0 | 81 1948 0.0% 97.94 |
Dec 2012 €,250.0 | & 1947 g0.0% 83.15 |
| |
* gutlier
cutlier plotting positions are computed using Median parameters.
08/25/2022 21:43 PM 1111 11

44 Figure 6. Report File for B17C Example 2 showing censored low outliers and zero flows.
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A
| File Edit Search Format
| File | cAPROJECT: PP ulletin_17C_E: pl ulletin17Results\B17C_Example_2\817C_Example_2.rpt
3 A
77 << EMA Representation of Data >>
7% Orestimba Creek-Newman-FLOW
| | Value | Logl0 Value | Threshold | LoglQ Threshold | |
| | Year Peak 1 Low High | Low High | Low High | Low High | Type |
21 | | | | |==——— |
| | 1932 4,260.0 | 4,260.0 4,260.0 | 3.8 3.6 | 1.0E99 | 2.9 99.0 | Syst |
| 4] 1933 345.0 | 1.0E-6 782.0 | -6.0 2.9 | 1.0E89 | 2.9 98.0 | Syst |
51 1934 5le.0 | 1.0E-6& T732.0 | -€.0 2.9 | 1.0E99 | 2.9 99.0 | Syst |
6 1 1935 1,320.0 | 1,320.0 1,320.0 | 3.1 3.1 | 1.0ES9 | 2.9 95.0 | Syst |
71 193¢ 1,200.0 | 1,200.0 1,200.0 | 3.1 3.1 | 1.0E89 | 2.9 95.0 | Syst |
I 1937 2,180.0 | 2,180.0 2,180.0 | 3.3 3.3 1 1.0E99 | 2.9 99.0 | Syst |
g1 1938 3,230.0 | 3,230.0 3,230.0 | 3.5 3.5 | 1.0E89 | 2.9 95.0 | Syst |
| 14938 115.0 | ol -6.0 2.9 | 1.0E89 | 2.8 98.0 | Syst |
| 1940 001 | 3.5 3.5 | 1.0E99 | 2.9 99.0 | Syst |
2] 1941 .00 | 3.5 3.5 | 1.0E89 | 2.9 98.0 | Syst |
| lad2 [ | 3.3 3.3 1 1.0ES9 | 2.5 95.0 | Syst |
4] 1943 o1 | 3.8 3.8 | 1.0E99 | 2.9 95.0 | Syst |
51 1944 o 1 | 3.1 3.1 | 1.0E89 | 2.9 98.0 | Syst |
6 1 1945 001 | 3.8 3.8 | 1.0E99 | 2.9 99.0 | Syst |
| 1946 .00 | 2.9 2.9 | 1.0E89 | 2.9 98.0 | Syst |
| 1347 0.0 1 | -6.0 2.9 | 1.0E89 | 2.8 98.0 | Syst |
91 1948 0.0 | | -6.0 2.9 | 1.0E99 | 2.9 95.0 | Syst |
| 1948 335.0 | | -6.0 2.9 | 1.0E89 | 2.9 98.0 | Syst |
11 1950 175.0 | | -6.0 2.9 | 1.0E99 | 2.9 99.0 | Syst |
2] 1951 2,920.0 | | 3.5 3.5 | 1.0E89 | 2.9 95.0 | Syst |
| 1952 3,660.0 | | 3.6 3.6 | 1.0E89 | 2.8 8.0 | Syst |
4] 1953 147.0 | | -6.0 2.9 | 1.0E99 | 2.9 99.0 | Syst |
51 1954 0.0 | | -6.0 2.9 | 1.0E89 | 2.9 98.0 | Syst |
& 1 1955 le.0 | | -€.0 2.9 | 1.0E99 | 2.9 99.0 | Syst |
71 1958 5,620.0 | | 3.7 3.7 1 1.0ES9 | 2.9 95.0 | Syst |
| 1857 1,440.0 | | 3.2 3.2 | 1.0E89 | 2.9 95.0 | Syst |
g1 1958 10,200.0 | 10,200.0 | 4.0 4.0 | 1.0E99 | 2.9 99.0 | Syst |
| 1958 5,380.0 | 5,380.0 | 3.7 3.7 1 1.0E89 | 2.9 95.0 | Syst |
| 1380 448.0 | 1.0E-6 | -6.0 2.9 | 1.0E89 | 2.8 98.0 | Syst |
21 198l 0.0 | 1.0E-6 | -6.0 2.9 | [ 1.0E99 | 2.9 99.0 | Syst |
| 1962 1,740.0 | 1,740.0 | 3.2 3.2 | C 1.0E89 | 2.9 95.0 | Syst |
41 1983 8,300.0 1 g,300.0 | 3.9 3.9 | ( 1.0ES9 | 2.5 95.0 | Syst |
51 1964 156.0 | 1.0E-6 | -6.0 2.9 | ( 1.0E99 | 2.9 98.0 | Syst |
6 | 1965 560.0 | | -6.0 2.9 | [ 1.0E89 | 2.9 98.0 | Syst |
71 1988 128.0 | | -6.0 2.9 | [ 1.0E99 | 2.9 99.0 | Syst |
| 1967 4,200.0 | | 3.6 3.6 | C 1.0E89 | 2.9 95.0 | Syst |
| lags 0.0 1 | -€.0 2.9 | . 1.0E99 | 2.9 99.0 | Syst |
120 | 19&s L | | 3.7 3.7 1 o 1.0E99 | 2.9 95.0 | Syst |
1211 1970 | | 3.0 3.0 | o 1.0E89 | 2.9 98.0 | Syst |
12271 1971 | | -6.0 2.9 | 782.0 1.0E99 | 2.9 99.0 | Syst |
1231 1972 | | -6.0 2.9 | 782.0 1.0E89 | 2.9 98.0 | Syst |
1241 1873 | | 3.2 3.2 | 782.0 1.0E89 | 2.8 98.0 | S5yst | v
08/25/2022 21:43 PM 1111 11

45 Figure 7. Report File for B17C Example 2 showing recoded perception thresholds.

3.4 Example 3. Broken Record — Back Creek near Jones Springs, WV

Example 3 illustrates the computation of a peak flow frequency curve using EMA and Bulletin 17C
procedures with an annual maximum series comprised of a broken record of systematic flood peaks. For
this example, USGS gage 01614000 Back Creek near Jones Springs, West Virginia is used. Back Creek is a
tributary to the Potomac River; the 235 square mile watershed lies within the Valley and Ridge province in
West Virginia (England, et al., 2018). Gage 01614000 has an annual peak record consisting of 56 peaks
beginning in 1929 and ending in 2012. There are three "broken record" periods where the gage was
discontinued: 1932-1937, 1976-1991, and 1999-2003. Thus, there are 28 years of missing data at this gage
during the period 1929-2012. There is a historic flood that occurred on March 17, 1936, during one of the
periods when the gage was discontinued. This flood is noted in the USGS Annual Water Data Report for this
gage, available in the peak-flow file, and there is historical information available for this large flood (Grover,
1937).

The Back Creek near Jones Springs, WV stream gage has an annual peak record consisting of 56 annual
peaks. Of the 56 annual peaks, the October 1942 flood slightly exceeds the March 1936 historic flood peak.
Based on the historical flood information in Grover (1937) for the 1936 flood, and the large regional floods
and historical floods described by Wiley and Atkins (2010) in West Virginia for the period 1888-1996,
information from the March 1936 flood can be used as a perception threshold to represent the 28 years of
missing information. This assumes that if a flood equal to or larger than the March 1936 event occurred
when the gage was not operational, it would have been noted and recorded in some way. The annual
maximum series is plotted in Figure 1 (see page 78)and tabulated in Table 1.
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A Back Creek-Jones Springs-FLOW - O X
File Edit View
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Table 1. Back Creek near Jones Springs, WV Annual Peak Flow Record.

Date Flow (cfs)
17 Apr 1929 8750

23 Oct 1929 15500

08 May 1931 4060

17 Mar 1936 22000

04 Feb 1939 6300

20 Apr 1940 3130

06 Apr 1941 4160

22 May 1942 6700
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Date Flow (cfs)
15 Oct 1942 22400
24 Mar 1944 3880
18 Sep 1945 8050
03 Jun 1946 4020
15 Mar 1947 1600
14 Apr 1948 4460
31 Dec 1948 4230
02 Feb 1950 3010
05 Dec 1950 9150
28 Apr 1952 5100
22 Nov 1952 9820
02 Mar 1954 6200
19 Aug 1955 10700
15 Mar 1956 3880
10 Feb 1957 3420
27 Mar 1958 3240
03 Jun 1959 6800
09 May 1960 3740
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Date Flow (cfs)
19 Feb 1961 4700
22 Mar 1962 4380
20 Mar 1963 5190
10 Jan 1964 3960
06 Mar 1965 5600
21 Sep 1966 4670
08 Mar 1967 7080
17 Mar 1968 4640
02 Feb 1969 536
10 Jul 1970 6680
13 Nov 1970 8360
22 Jun 1972 18700
09 Dec 1972 5210
27 Dec 1973 4680
20 Mar 1975 7940
05 Mar 1993 11800
08 May 1994 8730
16 Jan 1995 2300

Bulletin 17C Examples — 81



HEC-SSP Examples — HEC-SSP Examples

Date Flow (cfs)
19 Jan 1996 13900
09 Nov 1996 4190
21 Mar 1998 6370
29 Sep 2004 9460
29 Mar 2005 6560
30 Nov 2005 2000
16 Apr 2007 5040
21 Apr 2008 7670
05 May 2009 4830
14 Mar 2010 9070
17 Apr 2011 10300
01 Mar 2012 4650

A Bulletin 17 Analysis using EMA and Bulletin 17C procedures has been developed for this example. To open
the analysis, either double-click on the analysis labeled "B17C Example 3" from the Study Explorer or from
the Analysis menu select open, then select "B17C Example 3" from the list of available analyses. When
"B17C Example 3" is selected, the Bulletin 17 analysis editor will appear as shown in Figure 2 (see page 82). As
shown, the Skew option was set to use the Station Skew.
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2l Bulletin 17 Editor - B17C Example 3 - [m) x
Name: BA7C Example 3|
Description: Example 3: Broken Record - Back Creek near Jones Springs, Wy
Flow Data Set  Back Creak-Jones Springs-FLOW v |4 =
DSS File Name: | C T L 17C_| 'Y
Report File: @ T _17C_| p 17Results\B17C_Example_3\B17C_Example_3.rpt
General Options EMAData NEB Tabular Results
Method for Computing Statistics and Confidence Limits Low Outlier Test Confidence Limits
® 17C EMA # Mulliple Grubbs-Beck (# Defaults (0.05, 0.95)
) 17B Methods (3 User Entered Values
UpperLim
Generalized Skew Plotting Position Upper Limit
# Use Station Skew bull (AandB=10) Lower Limit
Median (A and B
i Use Weightad Skew
Hazen (A and B =0.5)
i Use ONLY Regional Skew e .
®) Hirsch/Stedinger DSS Range is
Regional Skew:
¢ Offn ify A, B Start Date
Reg. Skew MSE ) e
Plofting position computed usm_u,!-.r nula End Date
(m-A)(n+1-A-B)
Expected Probablity Curve Where.
(# Do Mot Compute Expecled Probability Curve
ompute Expected Probability Curve using B178 Procedures
(_) Compute Expected Probability Curve using Numerical Integration (EMA)
B:
Compute Plot Curve ew Report Print oK Cancel Apply

No changes to the Options tab are necessary. The EMA Data tab for this example is shown in Figure 3 (see
page 83). This example uses an annual maximum series consisting of both systematic data along with an
historical event in March 1936. Also, the record is broken with multiple periods of missing with a complete
record. Since 17C EMA requires a non zero - inf perception threshold for all periods of missing data, a total
of four perception thresholds are required. In this case, the March 1936 event can be used to inform the
perception thresholds for the periods of missing annual peak flow data. The use of a perception threshold of
21000 - inf for these periods of missing data implies that had a flood event occurred with a peak flow
greater than 21,000 cfs, someone would have measured and recorded it. Once all four perception thresholds
have been entered as shown in Figure 3 (see page 83), click the Apply Thresholds button to assign the
complementary flow ranges for the periods of missing data. Finally, the March 1936 event should be set to
the historical data type, as denoted by a USGS peak flow rate qualification code of "7", because it occurred
during a period when the gage was discontinued.
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& Bulletin 17 Editer - BI7C Example 3 - [m) x
Name: BA7C Example 3|
Description: Example 3: Broken Record - Back Creek near Jones Springs, Wy
Flow Data Set  Back Creak-Jones Springs-FLOW v |4 =
DSS File Name: |C: T 17C. _17C_Examples.dss 'Y
Report File: ® T 17C_E p 17Results\B17C_Example_3\B17C_Example_3.rpt
General Options EMAData NEB TabularResults
First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates)
Perception Thresholds |
Start Year End Year Low Threshold (cfs) | High Threshold (cfs) Comments o ©
inf| missing record i
21000.0 inf|missing record 20000
21000.0 inf|missing record o
o
15.0004
=]
Apply Thresholds —
k=) =]
Flow Ranges ; 5
Year Peak (cfs) Low Value (cfs) High Value (cfs) Data Type 2 10000 ° o

1929 87500 87500 8750.0 hd Kol © o ° [+}

1930 15500.0 15500.0 15500.0 b o °© o] o

1931 4060.0 4060.0 4060.0 hd d o o [+} o o 4 o

1932 0.0 21000.0| Censored hd DU o

1933 0.0 21000.0|Censored M 3.0007 o % ¢ ©o © o ®0

o =]

1934 00 21000.0|Censored v o Uy °

1935 0.0 21000.0|Censored & [+ o

1936 220000 220000 22000.0 | Historical V| ©

1937 00 21000.0|Censored hd o0 ; ; ; DI . ; ; ;

1938 0.0 21000.0|Censored had 1930 1940 1950 1960 1970 1980 1990 2000 2010

1939 6300.0 6300.0 6300.0 hd

1931-1938 1975-1992 1998-2003 o  Data
1940 31300 31300 31300 V|
1941 4160.0 4160.0 4160.0|Systematic v, Refresh
Campute Plot Curve View Report Print oK Cancel Apply

Once all of the General and EMA Data tab settings are set or selected, the user can press the Compute
button to perform the analysis. Once the computations have been completed, a message window will open
stating Compute Complete. Close this window and then select the Tabular Results tab. The analysis window
should resemble Figure 4 (see page 84).

[ Bulletin 17 Editor - B17C Example 2 - o x
Name: B17C Example 3
Description: Example 3: Broken Record ¢ Back Creek near Jones Springs, Wv
Flow Data Set  Back Creek-Jones Springs-FLOW v |ld =
DSS File Name: | C/PROJECT: 1_17C._ _17C_Examples.dss A
Report File C\PROJECTSISSPProjectstestiBulletin_17C_Examples\Bulletin17Results\B17C_Example_3\817C_Example_3.rpt
General Options EMAData NEB TabularResulis
Frequency Curve for: Back Creek-Jones Springs-FLOW
Percont Ch Commed G v L Confidence Limits
ercent Chance omputed Curve ariance Log
Exceedance Flowin cfs (EMA) Flown cfs
0.05 0.95
1855 1325 24363 228821
2628 3999 448257 98514
2247 5468 47041 75917
2 o 145001 26710.3 2.
780.2 2704 87737 a0.
1 3 3018 428 B
2 1 4629 0692 5
5 567 2526 5500 495
357 3634 4095. 3050.
283 8813 3266, 2270.¢
234 128602 2752 173
165 071501 2107 101
Distribution Parameters EVEE
Parameter Value e e Event Mumber ;
istoric Events
Mean 3760
Standard Dev 0243 [“g”é)“t“”ars ZeeFi 5
Station Skew 0144 M"W u ‘;’5 and Zera Flows 5
Regional Skew S‘S‘S‘”g : ”"E“S : -
Weighted Skew H"Sf’"ap‘c "5” s ae
Adopted Skew 0144 E‘S ””‘E f;‘;‘ oo o
EMA Estimate of MSE (G at-site} 0.7p| |[EauialentRecord Lengtn (sears)
Grubbs-Beck Critical Value 2000.000
Compute Plat Curve View Report Print oK Cancel Apply

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Curve button at the bottom of the analysis window. The Log Pearson Type IlI distribution fit
using EMA to the input annual maximum flow data set, the 5% and 95% confidence limits, and the computed
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plotting positions are shown in Figure 5 (see page 85).

[ Bulletin 17 Plot for B17C Example 3 — [m| X
File Edit View Window
Bulletin 17 Plot for B17C Example 3
Q Return Period
1.0 11 2 5 10 50 200 1000 10000
100,000 L L L | | L L
10,000+
“;
5
=
el Q-
(T .~ Computed 25Aug2022 21:43
//’ by HEC-SSP v2.3-beta 4
1,0004 Analysis Period 1929 - 2012
Mean 3.760
O Standard Dev 0.243
Station Skew 0.144
Adopted Skew 0.144
Historic Events 1
Systematic Events 55
100 [ [ [ [ I [ LUIW Olele’-lS ] ] 2I
0.9999 0.999 0.99 09 05 02 01 0.02 0.0050.001 0.0001
Probability
—— Computed Curve ——=— 5 Percent Confidence Limit
——= 95 Percent Confidence Limit O Observed Events (Hirsch-Stedinger plotting positions)
Historic Data O  Low Outlier (Median plotting positions)

As shown in Figure 4 (see page 84), the Multiple Grubbs-Beck Test identified a low outlier threshold (critical
value) of 2000 cfs, which corresponds to the smallest peak that was retained. Two annual peak flows were
identified and censored, as shown in Figure 6. (see page 85) These annual peak flows were then recoded to
have a flow interval of zero — 2000. The perception threshold for all systematic observations were also
adjusted to correspond with the Multiple Grubbs-Beck Test low outlier threshold (i.e. 2000 - inf), as shown in

Figure 7 (see page 86).
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[ B17C_Example_3.pt - O x
File Edit Search Format
File: | C:\PROJECTS\SSPIProjectsitestiBulletin_17C_Examples\Bulletin17Results\B17C_Example_3\817C_Example_3.rpt
40 -
41 << EMA Representation of Data >>
42 Back Cresk-Jones Springs-FLOW
43
441 I Value | Logl0 Value | Threshold | LoglQ Threshold | I
45 | Year Peak 1 Low High | Low High | Low High | Low High | Type |
461 | | | | | === |
47 1 1929 8,750.0 | 8,750.0 8,750.0 | 3.9 3.9 | 2,000.0 1.0E99 | 3.3 99.0 | Syst |
48 1 1930 15,500.0 | 15,500.0 15,500.0 | 4.2 4.2 | 2,000.0 1.0E89 | 3.3 95.0 | Syst |
| 1931 4,080.0 | 4,080.0 4,080.0 | 3.8 3.8 | 2,000.0 1.0E99 | 3.3 99.0 | Syst |
| 1932 -— 1 1.0E-99 21,000.0 | -95.0 4.3 | 21,000.0 1.0ES9 | 4.3 95.0 | Cens |
| 1833 -— 1 1.0E-99 21,000.0 | -858.0 4.3 | 21,000.0 1.0E89 | 4.3 95.0 | Cens |
| 1934 -— 1 1.0E-99 21,000.0 | -95.0 4.3 | 21,000.0 1.0E99 | 4.3 99.0 | Cens |
| 1935 -—= 1 1.0E-99 21,000.0 | -89.0 4.3 | 21,000.0 1.0E89 | 4.3 95.0 | Cens |
| 14936 22,000.0 1 22,000.0 22,000.0 | 4.3 4.3 | 21,000.0 1.0E89 | 4.3 98.0 | Hist |
I 1937 -— 1 1.0E-99 21,000.0 | -95.0 4.3 | 21,000.0 1.0E99 | 4.3 99.0 | Cens |
| 1938 -—= 1 1.0E-99 21,000.0 | -858.0 4.3 | 21,000.0 1.0E89 | 4.3 95.0 | Cens |
| 1935 €,300.0 | €,300.0 €,300.0 | 3.8 3.8 1 2,000.0 1.0ES9 | 3.3 95.0 | Syst |
| 1940 3,130.0 | 3,130.0 3,130.0 | 3.5 3.5 | 2,000.0 1.0ES9 | 3.3 99.0 | Syst |
| 1841 4,160.0 | 4,160.0 4,160.0 | 3.6 3.6 | 2,000.0 1.0E89 | 3.3 98.0 | Syst |
| 1942 €,700.0 | €,700.0 €,700.0 | 3.8 3.8 | 2,000.0 1.0E99 | 3.3 99.0 | Syst |
| 1943 22,400.0 | 22,400.0 22,400.0 | 4.4 4.4 | 2,000.0 1.0E89 | 3.3 95.0 | Syst |
| 1344 3,880.0 1 3,880.0 3,880.0 | 3.6 3.6 | 2,000.0 1.0E89 | 3.3 98.0 | Syst |
| 1945 8,050.0 | 8,050.0 8,0%0.0 | 3.9 3.9 | 2,000.0 1.0E99 | 3.3 99.0 | Syst |
| 1946 4,020.0 | 4,020.0 4,020.0 | 3.6 3.6 | 2,000.0 1.0E89 | 3.3 95.0 | Syst |
| 1947 1,600.0 | 1.0E-6 2,000.0 | -6.0 3.3 1| 2,000.0 1.0E99 | 3.3 99.0 | Syst |
| 1948 4,460.0 | 4,460.0 4,460.0 | 3.8 3.6 | 2,000.0 1.0E89 | 3.3 95.0 | Syst |
| 1948 4,230.0 | 4,230.0 4,230.0 | 3.6 3.6 | 2,000.0 1.0E89 | 3.3 8.0 | Syst |
| 1950 3,010.0 | 3,010.0 3,010.0 | 3.5 3.5 | 2,000.0 1.0E99 | 3.3 99.0 | Syst |
| 1851 8,150.0 | %,150.0 9,150.0 | 4.0 4.0 | 2,000.0 1.0E89 | 3.3 95.0 | Syst |
| 1952 5,100.0 1 5,100.0 5,100.0 | 3.7 3.7 1 2,000.0 1.0E99 | 3.3 99.0 | Syst |
| 1953 9,820.0 | 9,820.0 9,820.0 | 4.0 4.0 | 2,000.0 1.0ES9 | 3.3 99.0 | Syst |
| 1954 €,200.0 | €,200.0 €,200.0 | 3.8 3.8 | 2,000.0 1.0E89 | 3.3 95.0 | Syst |
| 1955 10,700.0 | 10,700.0 10,700.0 | 4.0 4.0 | 2,000.0 1.0E99 | 3.3 99.0 | Syst |
| 1956 3,880.0 | 3,880.0 3,880.0 | 3.8 3.6 | 2,000.0 1.0E89 | 3.3 95.0 | Syst |
| 1857 3,420.0 1 3,420.0 3,42000 | 3.5 3.5 1 2,000.0 1.0E89 | 3.3 98.0 | Syst |
| 1958 3,240.0 | 3,240.0 3,240.0 | 3.5 3.5 | 2,000.0 1.0E99 | 3.3 99.0 | Syst |
| 1958 €,800.0 | €,800.0 €,800.0 | 3.8 3.8 | 2,000.0 1.0E89 | 3.3 95.0 | Syst |
| 1980 3,740.0 1 3,740.0 3,740.0 | 3.8 3.6 | 2,000.0 1.0ES9 | 3.3 95.0 | Syst |
| 1961 4,700.0 | 4,700.0 4,700.0 | 3.7 3.7 1 2,000.0 1.0E89 | 3.3 95.0 | Syst |
| 1962 4,380.0 | 4,380.0 4,3380.0 | 3.6 3.6 | 2,000.0 1.0E89 | 3.3 98.0 | Syst |
| 1983 5,180.0 | 5,190.0 5,190.0 | 3.7 3.7 1 2,000.0 1.0E99 | 3.3 99.0 | Syst |
| 1964 3,960.0 | 3,960.0 3,960.0 | 3.6 3.6 | 2,000.0 1.0E89 | 3.3 95.0 | Syst |
| 1985 5,800.0 | 5,600.0 5,800.0 | 3.7 3.7 1 2,000.0 1.0E99 | 3.3 99.0 | Syst |
| 19&6 4,670.0 | 4,670.0 4,670.0 | 3.7 3.7 1 2,000.0 1.0E99 | 3.3 99.0 | Syst |
| 1967 7,080.0 | 7,080.0 7,080.0 | 3.8 3.9 | 2,000.0 1.0E89 | 3.3 95.0 | Syst |
| 19&8 4,640.0 | 4,640.0 4,640.0 | 3.7 3.7 1 2,000.0 1.0E99 | 3.3 99.0 | Syst |
| 1989 536.0 | 1.0E-6 2,000.0 | -6.0 3.3 | 2,000.0 1.0E89 | 3.3 95.0 | Syst |
| 1870 €,680.0 | €,680.0 6,830.0 | 3.8 3.3 10 2,000.0 1.0E89 | 3.3 98.0 | Syst | v
08/25/2022 21:43 PM 1111 11
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[ B17C_Example_3.pt - O x
File Edit Search Format
File: |caPROJECT. PP ulletin_17C_E: pl ulletin17Results\B17C_Example_31817C_Example_3.rpt
202 | 17 Mar 1963 40 1948 | -
203 | 02 Feb 19€9 41 1837 |
204 | 10 Jul 1570 42 1941 |
205 | 13 Nov 1570 43 1831 |
206 | 22 Jun 1972 44 1946 |
2 | 09 Dec 1572 45 1964 |
208 | 27 Dec 1873 46 1856 |
209 | 20 Mar 1975 47 1944 |
210 | 01 Jan 1576 48 1960 |
211 | 01 Jan 1577 49 1857 |
212 | 01 Jan 1978 50 1958 |
213 | 01 Jan 1579 51 1840 |
214 | 01 Jan 1980 52 1950 |
215 | 01 Jan 1981 53 1995 |
21¢ | 01 Jan 1832 54 2008 |
217 | 01 Jan 1983 55 1947 |
218 | 01 Jan 1984 56 1969 |
21% | 01 Jan 1985 57 2003 |
220 | 01 Jan 1986 58 2002 |
221 | 01 Jan 1887 59 2001 |
222 | 01 Jan 1988 &0 2000 |
223 | 01 Jan 1989 (28 15995 |
224 | 01 Jan 1830 62 1882 |
225 | 01 Jan 1951 63 1991 |
226 | 01 Jan 1982 64 1540 |
227 | 05 Mar 1993 €5 1989 |
228 | 08 May 1984 66 1988 |
228 | 1€ Jan 1935 &7 1837 |
301 19 Jan 1996 €8 1986 |
| 09 Nov 1986 €9 1885 |
| 21 Mar 1333 70 1934 |
| 01 Jan 1959 71 1983 |
| 01 Jan 2000 72 19882 |
| 01 Jan 2001 73 1981 |
| 01 Jan 2002 74 1880 |
| 01 Jan 2003 75 1878 |
| 29 Sep 2004 76 1978 |
| 29 Mar 2005 7 1977 |
| 30 Now 2005 78 1876 |
| 16 Apr 2007 79 1938 -— -— |
| 21 Apr 2008 80 1837 -—= - |
| 05 May 2009 28 1935 -— -— |
| 14 Mar 2010 82 1834 -—= - |
17 Apr 2011 a3 1933 - - |
| 01 Mar 2012 84 1932 - - |
| |
* Qutlier
* Low outlier plotting positions are computed using Median parameters.
v
08/25/2022 21:43 PM 1111 11

46 Figure 7. Report File for B17C Example 3 showing recoded perception thresholds.

3.5 Example 4. Historical Data — Arkansas River at Pueblo, CO

Example 4 illustrates the computation of a peak flow frequency curve using EMA and Bulletin 17C
procedures with an annual maximum series comprised of systematic and historical flood events as well as
paleoflood information. The largest historic floods are described as interval data, and multiple thresholds are
needed to effectively extend the discontinued stream gaging record after the dam was built. A
paleohydrologic bound of about 840 years (before water year 2004) was estimated at this site for inclusion
in the flood frequency curve. No estimates of individual paleofloods were made at this site, due to the
relatively wide channel geometry and the lack of apparent stratigraphic evidence of large paleofloods during
a limited field study (England, et al., 2018).

When fitting the Log Pearson Type Ill distribution using either Bulletin 17B or Bulletin 17C procedures, an
unregulated annual maximum series is required. However, peak flow rates downloaded from the USGS
website do not always reflect unregulated conditions, as is the case with the Arkansas River near Pueblo, CO
(07099500) gage. Pueblo Dam, which creates one of the largest reservoirs within Colorado, is immediately
upstream of this gaging station. The dam was constructed between 1970 and 1975 and began impacting the
annual maximum series due to flood control and water supply storage in water year 1974. As such, the
annual maximum series downloaded from the USGS website was altered to reflect unregulated conditions
for water year 1974 and 1975. The modified annual maximum series is plotted in Figure 1 (see page 87) and
tabulated in Table 1.
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[ Arkansas River-Pueblo-FLOW
File Edit View
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Table 1. Arkansas River near Pueblo, CO Annual Peak Flow Record (Modified).

Date Flow (cfs)
31 Jul 1895 6100

18 Aug 1896 16500

02 Jun 1897 4300

13 Jul 1898 7500

14 Aug 1899 8800

20 May 1900 7600

21 May 1901 11100

05 Aug 1902 30000
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Date Flow (cfs)
09 Jun 1903 10500
15 Aug 1904 8500
06 Aug 1905 8000
13 Jun 1906 11000
28 Jul 1907 6600
01 Aug 1908 7600
18 Aug 1909 5800
29 Jul 1910 8400
28 May 1911 3700
31 Jul 1912 10500
23 Jul 1913 7800
03 Aug 1914 7500
24 Jun 1915 17000
17 Jun 1916 8900
19 Jun 1917 6800
23 Jun 1918 9600
04 Sep 1919 6300
18 Jul 1920 8500
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Date Flow (cfs)
03 Jun 1921 91500
06 Aug 1922 8850
12 Jul 1923 25600
15Jun 1924 6510
03 Jul 1925 4930
14 Jun 1926 4520
22 Jul 1927 12400
21 Jul 1928 7800
28 Jul 1929 10500
28 Aug 1930 6050
01 Sep 1931 3560
26 Jun 1932 4380
02 Aug 1933 8630
03 Aug 1934 2580
18 May 1935 9880
24 May 1936 11200
29 Aug 1937 9300
26 Aug 1938 11200
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Date Flow (cfs)
01 Jun 1939 2910
19 Aug 1940 3860
19 Jul 1941 7560
08 Jun 1942 10300
18 Aug 1943 3320
05 Jul 1944 5980
14 Aug 1945 9290
27 Aug 1946 7050
09 Jul 1947 7280
13 Jun 1948 10900
06 Jun 1949 12800
26 Jul 1950 8700
03 Aug 1951 9300
08 Jun 1952 4740
21 Jul 1953 6770
30 Jun 1954 10200
19 May 1955 11100
01 Aug 1956 8010
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Date Flow (cfs)
29 Jun 1957 9070
05 Jun 1958 4540
17 Jun 1959 2820
08 Jun 1960 5260
02 Aug 1961 5760
08 Jul 1962 3540
14 Aug 1963 8360
27 May 1964 2840
22 Aug 1965 23500
01 Aug 1966 10600
18 Jul 1967 5870
10 Aug 1968 5190
23 Aug 1969 6620
11 Aug 1970 6300
07 Jun 1971 3360
28 Jun 1972 3360
30 Jul 1973 6760
23 Jul 1974 5440
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Date Flow (cfs)

10 Jul 1975

10200

10 Jul 1976

12800

A Bulletin 17 Analysis using EMA and Bulletin 17C procedures has been developed for this example. To open
the analysis, either double-click on the analysis labeled "B17C Example 4" from the Study Explorer or from
the Analysis menu select open, then select "B17C Example 4" from the list of available analyses. When
"B17C Example 4" is selected, the Bulletin 17 analysis editor will appear as shown in Figure 2 (see page 93). As

shown, the Skew option was set to use the Station Skew.

# Bulletin 17 Editor - B17C Example 4

Name: B17C Example 4
Description: Example 4: Historical Data - Arkansas River at Pueblo, CO
FlowData Set | Arkansas River-Pueblo-FLOW

DSS File Name: | C ! in_17C_|

in_17C_Examples.dss

Report File @ T L 17C_| p 17Results\B17C_Example_4\B17C_Example_d.rpt

General Options EMAData NEB Tabular Results
Method for Computing Stalistics and Cenfidence Limits Low Outlier Test

& 17C EMA @ Mulliple Grubbs-Beck

I 17B Methods Single Grubbs-Beck
Generalized Skew Plotting Position

(® Use Station Skew

§ Median
i_i Use Weighted Skew
_1 Use ONLY Regional Skew ——

Regional Skew: Other (Specify A, B

Reg. Skew MSE:
Expected Probablity Curve Where:
() Do Mot Compute Expected Probability Curve
Compute Expected Probability Curve using B17B Procedures

() Compute Expected Probability Curve using Numerical Integration (EMA)

Compute Plot Curve ew Report Print

Weibull (Aand B=0)

Hazen (A and B = 0.5)

ndB=0.3)

Plotting position computed using formula

{m-A)/(n+1-A-B)

m=Rank, 1=Largest
n=Number of Years

AB=Constants

- o X
MIZIES
Confidence Limits
(® Defaults (0.05, 0.95)
") User Entered Values
Upper Limit
Lower Limit
Time Window Modification
DSS Range is
Start Date
End Date
oK Cancel Appl

Commonly, within dam safety studies, estimates of flow or volume frequency are required at extremely small
exceedance probabilities. As such, additional frequency ordinates (0.1- and 0.01-percent annual chance
exceedance probabilities) were specified on the Options tab, as shown in Figure 3 (see page 93). It should be
noted that estimating the frequency curve for these probabilities requires extrapolation far beyond the gaged
data. However, the inclusion of paleoflood data makes this extrapolation more supportable.
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@ Bulletin 17 Editor - B17C Example 4 - [m) x
Name: B17C Example 4|
Description: Example 4: Historical Data - Arkansas River at Pugblo, CO
Flow Data Set  Arkansas River-Pueblo-FLOW v |4 =
DSS File Name: |C: T L 17C_| _17C_Examples.dss 'Y
Report File: @ T _17C_| p 17Results\B17C_Example_4\B17C_Example_d4.rpt
General Options EMAData NEB TabularResults
Low Outier Threshold Historic Period Data (only used with B178 procedures) Output Frequency Ordinates
[ override Low Qutlier Threshold Use Historic Data [ Use Values from Table Below
Value Historic Period Fraquency in Percent
Stan Year. 0.01
Variable Time Window 01
. End Year 02
¢a D0 Not Compute Using
* Variable Time Window Override High Outlier Threshold
) Compute Using Moving Window
" o o Historic Events
Window Length - Water Year Peak 1
(years = 20.0]
Shift Increment
(years)
i Compute Using Expanding Window
Initial Window Length
(years)
Expansion Increment
(years
Compute Plot Curve ew Report Print oK Cancel Apply

The EMA Data tab for this example is shown in Figure 4 (see page 95). This example uses an annual maximum
series consisting of both systematic data along with historical events and paleoflood information. Multiple
perception thresholds are needed to reasonably incorporate the various historical and paleoflood
information.

The default "Total Record" perception threshold should be modified to reflect the additional
paleoflood and post Pueblo Dam construction information. A start year of 1165 and end year of 2004
along with a perception threshold of zero — inf should be entered on the first line.

The second perception threshold relates to the non-exceedance information obtained through the
paleoflood analysis. A start and end year of 1165 and 1858 should be entered, respectively, along
with a 150,000 - inf perception threshold. This implies that no floods exceeded a peak flow rate of
150,000 cfs from 1165 — 1858 even though there were no gages present.

The third perception threshold represents a period of historical information from 1859 - 1892 where
floods in excess of 40,000 cfs would have been recorded had they occurred. Additionally, an
historical flow event that occurred in 1864 should be entered in the Flow Ranges table with a low and
high flow value of 41,000 and 60,000 cfs, respectively, to denote uncertainty around the best-estimate
of 50,500 cfs. The data type for this event should be set to Historical.

The fourth perception threshold represents an additional period of historical information from 1893 -
1894. A perception threshold of 19,900 - inf should be entered for these two years. Two events that
aren't part of the gage record occurred in 1893 and 1894. The 1893 event had a low and high flow
value of 20,000 and 25,000, respectively, with a best-estimate of 22,500. The 1894 event had a low
and high flow value of 35,000 and 40,000, respectively, with a best-estimate of 37,500. Both events
should be entered in the Flow Ranges table and the data types should be set to Historical.

The 1921 event should be entered as an historical event with uncertainty around the best estimate of
91,500 cfs. A low and high value of 80,000 and 103,000 should be used.

The fifth and final perception threshold represents the period when the stream gage was
discontinued after the construction of Pueblo Dam. It is known that floods in excess of 20,000 cfs
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would have been recorded had they occurred. Therefore, a perception threshold of 20,000 - inf
should be entered for these years.

Once all five perception thresholds have been entered as shown in Figure 4 (see page 95), click the
Apply Thresholds button to assign the complementary flow ranges for the periods of missing data.

& Bulletin 17 Editer - B17C Example 4 - [m] X
Name: B17C Examp\ettl
Description: Example 4 Historical Data - Arkansas River at Pueblo, CO
Flow Data Set: Arkansas River-Pueblo-FLOW b u =
DSS File Name:  |C:/Projects/SSPiTestBulletin_17C_Examples/Bulletin_17C_Examples dss l
Report File: C:\Projects\SSP\TestiBulletin_17C_Examples\Bulletin17Results\B17C_Example_4\B17C_Example_4.rpt
General Options EMAData NEB Tabular Results
First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates)
160,000
| Perception Thresholds |
Start Year End Year Low Threshold (cfs) High Threshold (cfs) Comments
140,000
1165 1858 150000.0 inf|palecflood nonexceed...
1859 1892 40000.0 inf| 1864 historical info
1893 1894 19900.0 inf| 1892 historical info i
1977 2004 20000.0 i ir bound 120,000
|
100,000 |
Apply Thresholds :f £0.000
Flow Ranges 5
Year Peak (cfs) Low Value (cfs) High Value (cfs) Data Type = 50.000
1165 00 150000.0| Censored ] Jad :
1166 0.0 150000.0{Censored bl
1167 0.0 150000.0|Censored b 40,0004 |
1168 00 150000.0| Censored hd o
1169 00 150000.0{Censored bl | ° 5
1170 0.0 150000.0|Censored b EL{CI (=1=]
M7 00 150000.0| Censored hd
172 0.0 150000.0|Censored bl 0 T T T T T T T T T T T T T T — 1
1173 0.0 150000.0{Censored b 1200 1300 1400 1500 1600 1700 1800 1900  200C
(e 00 180000.0]Censored & 1164-1858 1856-1892 1892-1894
1175 00 150000.0| Ci d hd
S 1976-2004 o Data —— Flow Range Points
1176 0.0 150000.0{Censored bl
M77 0.0 150000.0|Censored ) Refresh
Compute Plot Curve View Report Print 0K Cancel Apply

Once all of the General and EMA Data tab settings are set or selected, the user can press the Compute
button to perform the analysis. Once the computations have been completed, a message window will open
stating Compute Complete. Close this window and then select the Tabular Results tab. The analysis window
should resemble Figure 5 (see page 95).
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& Bulletin 17 Editor - BI7C Example 4

- [m] x
Name: B17C Example 4|
Description: Example 4: Historical Data - Arkansas River at Pueblo, CO
FlowData Set | Arkansas River-Pueblo-FLOW v |d =
DSS File Name: | C m _17C_| _17C_Examples.dss A
Report File @ T _17C_Examp 17ResUIS\B17C_Example_41B17C_Example_4.mt
General Options EMAData NEB TabularResulis
Frequency Curve for. Arkansas River-Pueblo-FLOW
peroent G Computed " . Confidence Limits
ercent Chance omputed Curve ariance Log
Exceedance Flow in cfs (EMA) Flowin cfs
0.05 0.95
0.01 1772712 0049534 5451705 88761.7
01 862738 0022431 174363.0 62060.3
02 68831.1 0.016658 1240610 448182
0.5 50615.4 0.010614 793762 35554.0
1.0 39780.3 0.0071714 56839.4 20536.1
20 309755 0.0045279 408936 242543
5.0 218241 0.0024344 266709 18195.2
100 16389.0 0.0016545 19208.0 14102.3
20.0 119426 0.0012820 13706.9 10360.2
50.0 71221 0.00095047 7985.9 6295.6
800 47350 0.00057319 52117 43141
900 3080.1 0.00071319 43750 3550.1
95.0 35144 0.0012688 4036.4 3066.4,
99.0 2003.2 0.0039382 3794.4] 2329.3
Distribution Parameters
Parameter Value e e Event Humber <
istoric Events
Mean 3.886
Standard Dev 0.245 r;gvyogki‘\:‘:r?and Zero Flows 0
Station Skew 0818
Regional Skew Missing F\quvs - 73?
Weighted Skew e ";” s 410
Adopted Skew 0.818 istoric E;‘;‘ e 138
EMA Estimate of MSE (G at-site} 0.117 ecord Length (yesrs)
Grubbs-Beck Critical Value 0.000
Compute Flot Curve View Report Print oK Cancel Apply

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Curve button at the bottom of the analysis window. The Log Pearson Type Il distribution fit
using EMA to the input annual maximum flow data set, the 5% and 95% confidence limits, and the computed
plotting positions are shown in Figure 6 (see page 95). As is shown, the Log Pearson Type Il distribution is well
fit to the majority of the data. However, the largest flood event (June 1921) is underfit by the EMA-computed
Log Pearson Type lll curve. This is likely due to the influence of the paleoflood information which lengthens
the historical record from 85 years to 840 years. Consequently, the at-station skew coefficient is reduced
which primarily affects the upper end of the computed curve. Had the paleoflood information not been

included, a larger at-station skew coefficient would have been computed.
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# Bulletin 17 Plot for B17C Example 4 - m} X

File Edit View Window
Bulletin 17 Plot for B17C Example 4
Return Period

1.0 11 2 5 10 50 100 200 500 10000
1.000,000 L I L L I L L L

100,000+

Flow (cfs)

10,0004 Computed 26Jul2022 10:51

by HEC-55P v2.3-beta.3
Analysis Period 1185 - 2004
Mean 3.856)
Standard Dev 0.245
Station Skew 0.818|
Adopted Skew 0.818]
Historic Events 4

Systematic Events 81
T

1,000 T T T T T T T T
0.959% 0.998 0.98 0.9 0.5 0.2 0.1 002 0.1

Probability

T T 1
0.002 0.0001

Computed Curve — — = 5 Percent Confidence Limit

=== G5 Percent Confidence Limit =— Flow Range Points

] Observed Events (Hirsch-Stedinger plotting positions) Historic Data

47 Figure 6. Plotted Frequency Curves for B17C Example 4.

3.6 Example 5. Crest Stage Gage Censored Data — Bear Creek at
Ottumwa, IA

Example 5 illustrates the computation of a peak flow frequency curve using EMA and Bulletin 17C
procedures with an annual maximum series comprised of censored data with variable perception thresholds
due to the presence of a crest stage gage. A crest stage gage is a simple, reliable device used to obtain the
elevation of the flood peak of a stream. Most commonly, a crest stage gage consists of a vertical metal pipe
containing a wood or aluminum staff held in a fixed position with relation to a datum reference. At the
bottom of the pipe is a perforated cap containing regranulated cork. When the water in the stream reaches
and exceeds the height of the bottom cap (commonly referred to as the gage base), water is able to enter the
pipe. As the water rises up the pipe, the cork floats on the water surface and as the water reaches its peak
and starts to recede, the cork adheres to the staff thereby retaining the crest stage of the flood (England, et
al., 2018). As aresult, crest stage gages provide a censored record of peak flows, as no annual peak flow
that results in a flood stage below the bottom cap of the pipe will be recorded.

For this example, USGS gage 05489490 Bear Creek at Ottumwa, IA is used. This gage is a crest stage gage
and has a drainage area of 22.9 square miles. It is located in southeast lowa in the Southern lowa Drift Plain
land-form region which is characterized by rolling hills and deeply carved stream channels (Prior, 1991). The
stream banks and channel bed are comprised of sand, silt, and clay materials that are prone to shifting from
hydrologic events. The Bear Creek at Ottumwa, |A stream gage has an annual peak record consisting of 50
annual peaks. The historical record for this gage spans from 1965 — 2014. The annual maximum series is
plotted in Figure 1 (see page 97) and tabulated in Table 1.
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[ Bear Creek-Ottumwa-FLOW —
File Edit View

4500

4,000+ o

3,500 e o

3,000

2,500

2,000+

Flom {ofs)
(=]

1,500+

1,000+ o

5004

0

T T T T T T T T T
1970 1975 1980 1985 1990 1995 2000 2005 2010

I @ Dttumwa USGS FLOW-ANNUAL PEAK

Table 1. Bear Creek at Ottumwa, IA Annual Peak Flow Record.

Date Flow (cfs)
21 Sep 1965 4000
30 Nov 1965 1180
09 Jun 1967 2880
15 Oct 1967 1310
05 Jul 1969 1420
24 Jun 1970 3130
30 Nov 1970 1180
08 May 1972 1620
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Date Flow (cfs)
19 Jan 1973 1570
19 May 1974 2060
30 Nov 1974 705
24 Apr 1976 3340
07 Aug 1977 3530
21 Jul 1978 2010
29 Mar 1979 1830
17 Aug 1980 2240
04 Jul 1981 2770
03 Jul 1982 4030
08 Oct 1982 2180
08 Jun 1984 1780
04 Mar 1985 1610
19 Sep 1986 1910
31 May 1987 990
20 Feb 1988 899*
09 Sep 1989 1820
25 May 1990 3120
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Date Flow (cfs)
18 Apr 1991 1850
15 Sep 1992 1840
07 May 1993 2410
23 Jun 1994 1400
11 Apr 1995 1560
28 May 1996 3130
30 Nov 1996 714
18 Jun 1998 1940
05 Oct 1998 2840
23 Jun 2000 3520
15 May 2001 2430
11 May 2002 2670
26 Jun 2003 560
27 Aug 2004 3000
12 Apr 2005 859
30 Nov 2005 710
23 Aug 2007 2390
11 May 2008 3160
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Date

Flow (cfs)

27 Aug 2009

2520

09 Aug 2010

3750

14 Jun 2011

2600

14 Apr 2012

1450

28 May 2013

3850

10 Sep 2014

1200

*gage height affected by backwater

A Bulletin 17 Analysis using EMA and Bulletin 17C procedures has been developed for this example. To open
the analysis, either double-click on the analysis labeled "B17C Example 5" from the Study Explorer or from
the Analysis menu select open, then select "B17C Example 5" from the list of available analyses. When
"B17C Example 5" is selected, the Bulletin 17 analysis editor will appear as shown in Figure 2 (see page 101). As
shown, the Skew option was set to use the Station Skew.

# Bulletin 17 Editor - B17C Example 5

Name: B17C Example 5

Flow Data Set Bear Creek-Ottumwa-FLOW

DSS File Name: | C ! in_17C_|

Report File @ T L 17C_| p
General Options EMAData NEB Tabular Results
Method for Computing Stalistics and Cenfidence Limits
@ 17C EMA
) 178 Methods
Generalized Skew
(® Use Station Skew
71 Use Weighted Skew
1 Use ONLY Regional Skew
Regional Skew:
Reg. Skew MSE:
Expected Probablity Curve
(®) Do Not Compute Expected Probability Curve

Compute Expected Probability Curve using B178 Procedures

Compute Plot Curve

Description: Example 5: Crest Stage Gage Censored Data - Bear Creek at Ottumwa, 1A

in_17C_Examples.dss

17Results\B17C_Example_5\B17C_Example_5.rpt

Low Outlier Test
(& Multiple Grubbs-Beck
Single Grubbs-Beck

Plotting Position
Weibull (Aand B =0}
Median (A andB=03)
Hazen (A and B =0.5)

(@) Hirsch/Stedinger

Other (Specify A, B

Plotting position computed using formula
(m-A)(n+1-A-B)

Where:

() Compute Expected Probability Curve using Numerical Integration (EMA)

View Report Print

Confidence Limits
(® Defaults (0.05, 0.95)
(3 User Entered Values
Upper Limit

Lower Limit

Time Window Modification

DSS Range is
Start Date

End Date

oK

Cancel Apply

No changes to the Options tab are necessary. The EMA Data tab for this example is shown in Figure 3. This

example uses an annual maximum series consisting entirely of systematic data. However, physical changes
to the actual gage base (i.e. minimum recordable flow rate) occurred in 1973, 1992, 2002, 2003, 2004, 2006,
2010, and 2013. To take the possibility of annual peak flows occurring below the gage base into account
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within the EMA framework, perception thresholds are required for each change in the gage base, replacing
the typical low value of zero for systematic observations with a low value equal to the gage base. For
instance, the gage base was lowered from the initial setting of 1180 cfs to a gage base of 705 cfs in 1973.
The next gage base change occurred in 1992. This requires a perception threshold of 705 — inf for water year
1973 through water year 1991. For information related to a specific crest stage gage, such as the gage base,
consult your local USGS office. A total of nine different gage bases have been in effect for this gage.
Including the first perception threshold (which sets the start and end year of the analysis), this requires a
total of 10 perception thresholds. Once all perception thresholds have been entered as shown in Figure 3 (see
page 102), click the Apply Thresholds button to assign the complementary flow ranges for the periods of
missing data.

A peak flow rate below the gage base occurred in 1966, 1971, 1975, 1988, 1997, and 2006, as signified by the
USGS qualification code of 4. This implies that the actual annual peak flow rate could have been between
zero and whatever the gage base was at the time. This information requires a change to the flow range table.
For each of these years, a low value of zero and high value of whatever the gage base was at the time should
be entered. For instance, in water year 1966, the annual peak flow rate was below the gage base of 1180 cfs.
Therefore, the flow range for that year should be entered as zero — 1180, as shown in Figure 3 (see page 102).
The other five water years in which an annual peak flow was below the recordable limit should be entered in
a similar fashion within the flow range table.

& Bulletin 17 Editor - B17C Example 5 - o x
Name: BA7C Example §

Description: Example 5: Crest Stage Gage Censored Data - Bear Creek at Ottumwa, 1A

FlowData Set | Bear Creek-Ottumwa-FLOW v |d =
DSS File Name: | C m _17C_| _17C_Examples.dss A
Report File @ T _17C_Examp 17ResUS\B17C_Example_5B17C_Example_5.mpt

General Options EMAData NEB TabularResults

First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates)

4,500

1965

4000.0

40000

40000

1966

1180.0

(R

1180.0

1967

2880.0

28800

28800

1968

1310.0

1310.0

1310.0

1969

14200

14200

14200

1970

31300

31300

31300

1971

1180.0

0o

1180.0

1972

16200

16200

16200

1973

15700

1570.0

15700

1.5004

1,000

500+

Perception Thresholds
Start Year End Year Low Threshold (cf...| High Threshold (c... Comments
065 201 0. inf Total Record ~ 4,000 ©
65| 7. 1180 inflinitial gage base o ©
73 9 705. inf|gage base lowered °
92, 200 714, inf gage base raise a... 3.5004 ©
743 inf gage base raised °
inf gage base lowere... <] o =] °
3.0004 ° o
=] © °
o
i o
_ 2500 5 5 o
Apply Thresholds = o
Flow Ranges E 2,000 [*] o 5 . -
Year Peak (cfs) Low Value (cfs) | High Value (cfs) Data Type = © [+] o| °°

0

T T
1970 1980

T
1990

T
2000

T
2010

1974

2060.0

2060.0

2060.0

1975

7050

00

7050

1976

33400

3340.0

33400

1977

35300

3530.0

35300

Systematic

L4 K4 K9 E4 K4 B9 £9 E4 E4 K4 K9 £ S

Compute

Plot Curve

View Report

Print

1964-1972
2003-2005

1972-1991
== 2005-2009

1991-2001
=== 2009-2012

Refresh

2001-2002
=== 2012-2014

oK

2002-2003
O Data

Cancel

Apply

Once all of the General and EMA Data tab settings are set or selected, the user can press the Compute
button to perform the analysis. Once the computations have been completed, a message window will open
stating Compute Complete. Close this window and then select the Tabular Results tab. The analysis window
should resemble Figure 4 (see page 102).
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[ Bulletin 17 Editor - B17C Example 5 - o x
Name: BA7C Example §
Description: Example 5: Crest Stage Gage Censored Data ¢ Bear Creek at Ottumwa, A
Flow Data Set | Bear Creek-Ottumwa-FLOW v ld =
DSS File Name: | C/PROJECT: 117G _17C_Examples.dss A
Report File CAPROJECT: 1_17C._ 17Results\B17C_Example_5\817C_Example_5.rpt
General Options EMAData NEB TabularResulis
Frequency Curve for: Bear Creek-Ottumwa-FLOW
percont Ch Commed G v L Confidence Limits
ercent Chance omputed Curve ariance Log
Exceedance Flowin cfs (EMA) Flowin cfs
0.05 0.95
02 5036.2 0.0022249 5977.2 22803
05 48015 0.0023673 52358 41465
10 15859 0.0017773 57040 20231
20 43201 0.0013094 5186.3 38517
5.0 3008.3 0.00091527 44903 3514.0
100 3507.4 0.00080449 39535 3128.0
200 30040 0.00085062 33646 2676.7
500 20613 0.0012380 2346.7 1766.2
80.0 1259.1 0.0032403 1477.0 8405
90.0 9256 0.0085415 11406 494.2
950 5987 0.011668 9183 3059
930 3849 0.031307 503.0 102.0
Distribution Parameters et
Parameter Value e e Event Humber 5
istoric Events
Mean 3279
Standard Dev 0233 HIhOWers 5
Station Skew -0.926 M"W = ‘;’5 and Zero Flows 5
Regional Skew 15ing ”'gs : =
e IR ke Fisloric Perod 50
Adopted Skew 0925
EMA Estimate of MSE (G at-site} 0.186 Record Length (years) 52405
Grupbs-Beck Critical Value 1200.000
Compute Flot Curve View Report Print oK Cancel Apply

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Curve button at the bottom of the analysis window. The Log Pearson Type llI distribution fit
using EMA to the input annual maximum flow data set, the 5% and 95% confidence limits, and the computed

plotting positions are shown in Figure 5 (see page 103).

[ Bulletin 17 Plot for B17C Example 5 — O =
File Edit View Window
Bulletin 17 Plot for B17C Example &
Return Period
Q 1.0 1.1 2 5 10 50 200 1000 10000
10 000 1 | | 1 1 | | 1 1 1
Computed 25A0g2022 21:43
& by HEC-SSP v2.3-beta. 4
= 1.000 - Analysis Period 1965 - 2014
z ' Mean 3.278
o Standard Dev 0233
Station Skew -0.925
Adopted Skew -0.925
Systematic Events 50
Low Cutliers 9
100 T T T T (— T T T T I
0.9999 0.99 09 05 0.2 01 0.02 0.005 0.0001
Probability
—— Computed Curve
— — = 5 Percent Confidence Limit
— —= 955 Percent Confidence Limit
] Observed Events (Hirsch-Stedinger plotting positions)
O Low Outlier (Median plotting positions)
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As shown in Figure 4 (see page 102), the Multiple Grubbs-Beck Test identified a low outlier threshold (critical
value) of 1200 cfs, which corresponds to the smallest peak that was retained. Nine annual peak flows were
identified and censored, as shown in Figure 6 (see page 104). These annual peak flows were then recoded to
have a flow interval of zero — 1200. The perception threshold for all systematic observations were also
adjusted to correspond with the Multiple Grubbs-Beck Test low outlier threshold (i.e. 1200 - inf), as shown in
Figure 7 (see page 104).

[ B17C_Example_S.pt - O x
File Edit Search Format
File: | C:\PROJECTS\SSPIProjectsitestiBulletin_17C_Examples\Bulletin17Results\B17C_Example_S\817C_Example_5.rpt

| 08 May 1572 1,620.0 | 8 2008 3,160.0 | -

| 1% Jan 1873 | 4 1896 3,130.0 |

| 19 May 1974 | 10 1970 3,130.0 |

| 30 Nov 1574 705.0 | 11 1540 3,120.0 |

| 24 Apr 1976 3,340. | 12 2004 3,000.0 |

| 07 Aug 1577 | 13 1967 2,880.0 |

| 21 Jul 1873 | 14 1839 2,840.0 |

| 29 Mar 1579 | 135 1981 2,770.0 |

| 17 Aug 1580 | 16 2002 2,670.0 |

| 04 Jul 1331 | 17 2011 2,e00.0 |

| 03 Jul 1982 | 18 2009 2,520.0 |

| 08 Oct 1982 | 1% 2001 2,430.0 |

| 08 Jun 1984 | 20 1993 2,410.0 |

| 04 Mar 1985 | 21 2007 2,390.0 |

| 19 Sep 1836 | 22 1830 2,240.0 |

| 31 May 1987 | 23 1983 2,180.0 |

| 20 Feb 1983 | 24 1874 2,060.0 |

| 0% Sep 1539 | 25 1878 2,010.0 |

| 25 May 1950 | 26 1998 1,540.0 |

| 18 Apr 1581 | 27 1986 1,910.0 |

| 15 Sep 1952 | 28 1991 1,850.0 |

| 07 May 1983 | 29 15892 1,840.0 |

| 23 Jun 1834 | 30 1878 1,830.0 |

| 11 Apr 1955 | 31 1989 1,820.0 |

| 28 May 1996 | 32 1984 1,780.0 |

| 30 Nov 1996 | 33 1972 1,620.0 |

| 18 Jun 1998 | 34 1985 1,610.0 |

| 05 Cct 1833 | 35 1873 1,570.0 |

| 23 Jun 2000 | 36 1995 1,560.0 |

| 15 May 2001 | 37 2012 1,450.0 |

| 11 May 2002 | 38 1969 1,420.0 |

| 26 Jun 2003 | 39 1994 1,400.0 |

| 27 Aug 2004 | 40 1968 1,310. |

| 12 Apr 2005 | 41 2014 |

| 30 Nowv 2005 | 42 1971 |

| 23 Rug 2007 | 43 1866 |

| 11 May 2008 | 44 1987 |

| 27 Aug 2009 | 45 1988 |

| 0% Aug 2010 | 4€ 2005 |

| 14 Jun 2011 | 47 1997 |

| 14 Apr 2012 | 48 2006 |

| 28 May 2013 | 49 1975 |

| 10 Sep 2014 | 50 2003 |

| | |

* Qutlier
* Low outlier plotting positions are computed using Median parameters.
v
< >
08/25/2022 21:43 PM 115:70.115:70 115:70

48 Figure 6. Report File for B17C Example 5 showing censored low outliers.Figure 7. Report File for B17C Example 5 showing recoded
perception thresholds.
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[ B17C_Example_S.pt - O x
File Edit Search Format
File: |caPROJECT. PP ulletin_17C_E: pl ulletin17Results\B17C_Example_5\817C_Example_5.rpt
3 A
77 << EMA Representation of Data >>
78 Bear Creek-Ottumwa-FLOW
I I Value | Logl0 Value | Threshold | LoglQ Threshold | I
| Year Peak 1 Low High | Low High | Low High | Low High | Type |
21 | | | | | === |
31 1985 4,000.0 | 4,000.0 | 3.6 3.6 | 1,200.0 1.0E99 | 3.1 99.0 | Syst |
4| 1966 1,180.0 | 1,200.0 | -6.0 3.1 | 1,200.0 1.0E89 | 3.1 95.0 | Syst |
51 1987 2,880.0 | 2,880.0 | 3.5 3.5 1| 1,200.0 1.0E99 | 3.1 99.0 | Syst |
6 1 1968 1,310.0 | 1,310.0 | 3.1 3.1 | 1,200.0 1.0ES9 | 3.1 99.0 | Syst |
71 19€% 1,420.0 | 1,420.0 | 3.2 3.2 | 1,200.0 1.0E89 | 3.1 95.0 | Syst |
g1 1970 3,130.0 | 3,130.0 | 3.5 3.5 | 1,200.0 1.0E99 | 3.1 99.0 | Syst |
g1 1971 1,180.0 | 1,200.0 | -6.0 3.1 | 1,200.0 1.0E89 | 3.1 95.0 | Syst |
| 1872 1,620.0 | 1,820.0 | 3.2 3.2 | a 1.0E89 | 3.1 98.0 | Syst |
11 1973 1,570.0 | 1,570.0 | 3.2 3.2 | o 1.0E99 | 3.1 99.0 | Syst |
21 1974 2,060.0 | 2,060.0 | 3.3 3.3 | o 1.0E89 | 3.1 95.0 | Syst |
31 1975 705.0 | 1,200.0 | -€.0 3.1 1 a 1.0ES9 | 3.1 95.0 | Syst |
41 1976 3,340.0 | 3,340.0 | 3.5 3.5 | o 1.0ES9 | 3.1 99.0 | Syst |
1977 3,530.0 | 3,530.0 | 3.5 3.5 | o 1.0E89 | 3.1 98.0 | Syst |
1978 001 2,010.0 | 3.3 3.3 1| o 1.0E99 | 3.1 99.0 | Syst |
1978 .00 1,830.0 | 3.3 3.3 | o 1.0E89 | 3.1 95.0 | Syst |
1880 001 2,240.0 | 3.4 3.4 a 1.0E89 | 3.1 98.0 | Syst |
1981 - | -0 3.4 3.4 | o 1.0E99 | 3.1 95.0 | Syst |
1982 | | 3.6 3.6 | o 1.0E89 | 3.1 98.0 | Syst |
1983 I | 3.3 3.3 1| o 1.0E99 | 3.1 99.0 | Syst |
1984 | | 3.3 3.3 1| o 1.0E89 | 3.1 98.0 | Syst |
1885 | | 3.2 3.2 10 Q 1.0E89 | 3.1 8.0 | Syst |
1986 I | 3.3 3.3 1| o 1.0E99 | 3.1 99.0 | Syst |
1987 | | -6.0 3.1 | 00.0 1.0E89 | 3.1 98.0 | Syst |
1988 | | -€.0 3.1 1 a 1.0E99 | 3.1 99.0 | Syst |
1989 | | 3.3 3.3 | o 1.0ES9 | 3.1 95.0 | Syst |
1980 | | 3.5 3.5 | o 1.0E89 | 3.1 98.0 | Syst |
1991 I | 3.3 3.3 1| o 1.0E99 | 3.1 99.0 | Syst |
1992 | | 3.3 3.3 | o 1.0E89 | 3.1 98.0 | Syst |
1893 | | 3.4 3.4 a 1.0E89 | 3.1 98.0 | Syst |
1994 I | 3.1 3.1 1 o 1.0E99 | 3.1 99.0 | Syst |
495 | | 3.2 3.2 | o 1.0E89 | 3.1 98.0 | Syst |
99¢ | | 3.5 3.5 | a 1.0ES9 | 3.1 95.0 | Syst |
99 | | -6.0 3.1 | o 1.0E89 | 3.1 98.0 | Syst |
6 1 1998 | | 3.3 3.3 | o 1.0E89 | 3.1 98.0 | Syst |
71 1999 I | 3.5 3.5 | o 1.0E99 | 3.1 99.0 | Syst |
81 2000 | | 3.5 3.5 | o 1.0E89 | 3.1 98.0 | Syst |
g1 2001 | | 3.4 3.4 a 1.0E99 | 3.1 99.0 | Syst |
| 2002 | | 3.4 3.4 | o 1.0E99 | 3.1 95.0 | Syst |
21| 2003 | | -6.0 3.1 | o 1.0E89 | 3.1 98.0 | Syst |
22 | 2004 I | 3.5 3.5 | .0 1.0E99 | 3.1 99.0 | Syst |
23| 2005 | | -6.0 3.1 | .0 1.0E89 | 3.1 95.0 | Syst | b4
< >
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49 Figure 7. Report File for B17C Example 5 showing recoded perception thresholds.

3.7 Example 6. Historic Data and Low Outliers — Santa Cruz River at
Lochiel, AZ

Example 6 illustrates the computation of a peak flow frequency curve using EMA and Bulletin 17C
procedures with an annual maximum series comprised of systematic data and historical flood information
that can be used to extend the historical period. For this example, USGS gage 09480000 Santa Cruz River
near Lochiel, AZ is used. The stream gage in question has an approximate 82.2 sq. mi. contributing
watershed with an annual peak record consisting of 65 peaks beginning in water year 1949 and ending in
water year 2013. A large flood event occurred on October 9, 1977. This flood is noted in the USGS Annual
Water Data Report for this gage and there is historical information available for this large flood indicating
that this flood is the largest since 1927 (Aldridge & Eychaner, 1984). Of the 65 annual peaks, the August 15,
1984 flood is equal to the October 1977 historic flood peak. Based on information contained within Aldridge
and Eychaner (1984) for the October 1977 flood, this event can be used as a perception threshold to
represent the 22 years of missing information from 1927 to 1946. The annual maximum series is plotted in
Figure 1 (see page 105) and tabulated in Table 1.
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Table 1. Santa Cruz River at Lochiel, AZ Annual Peak Flow Record.

Date Flow (cfs)
13 Sep 1949 1650

30 Jul 1950 4520

02 Aug 1951 2560

16 Aug 1952 550

14 Jul 1953 3320

22 Jul 1954 1570

06 Aug 1955 4300

17 Jul 1956 1360
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Date Flow (cfs)
09 Aug 1957 688
07 Aug 1958 380
14 Aug 1959 243
30 Jul 1960 625
08 Aug 1961 1120
29 Jul 1962 8

25 Aug 1963 2390
09 Sep 1964 2330
12 Sep 1965 4810
18 Aug 1966 1780
03 Aug 1967 1870
20 Dec 1967 986
05 Aug 1969 484
03 Aug 1970 880
10 Aug 1971 2830
16 Jul 1972 2070
30 Jun 1973 1490
04 Aug 1974 1730
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Date Flow (cfs)
22 Jul 1975 3330
22 Jul 1976 3540
05 Sep 1977 1130
09 Oct 1977 12000
25 Jan 1979 1060
30 Jun 1980 406
15 Jul 1981 1110
11 Aug 1982 2640
04 Mar 1983 1120
15 Aug 1984 12000
19 Jul 1985 850
29 Aug 1986 4210
10 Aug 1987 291
23 Aug 1988 804
04 Aug 1989 871

17 Jul 1990 3510
26 Jul 1991 17

01 Aug 1992 483
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Date Flow (cfs)
18 Jan 1993 4880
30 Aug 1994 478
12 Jul 1995 2020
10 Jul 1996 1860
11 Sep 1997 2970
07 Jul 1998 1110
28 Jul 1999 4870
06 Aug 2000 2240
22 Oct 2000 1080
04 Mar 2002 2

14 Aug 2003 22
05 Aug 2004 256
23 Aug 2005 73
08 Aug 2006 5940
19 Jul 2007 3060
23 Jul 2008 1180
01 Jul 2009 1530
31 Jul 2010 392
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Date Flow (cfs)
13 Aug 2011 95

28 Jul 2012 12

08 Sep 2013 612

A Bulletin 17 Analysis using EMA and Bulletin 17C procedures has been developed for this example. To open
the analysis, either double-click on the analysis labeled "B17C Example 6" from the Study Explorer or from
the Analysis menu select open, then select "B17C Example 6" from the list of available analyses. When
"B17C Example 6" is selected, the Bulletin 17 analysis editor will appear as shown in Figure 2 (see page 110). As
shown, the Skew option was set to use the Station Skew.

4 Bulletin 17 Editor - B17C Example 6

Name: B17C Example §

Flow Data Set: | Santa Cruz River-Lochigl-FLOW

ReportFile CiF T in_17C_| p

General Options EMAData NEB TabularResults
Method for Computing Statistics and Confidence Limits
(@ 17C EMA
() 17B Methods
Generalized Skew
(# Use Station Skew
{7 Use Weighted Skew
(I Use ONLY Regional Skew
Regional Skew:
Reg. Skew MSE:
Expected Probablity Curve
(# Do Not Compute Expected Probability Curve
Compute Expected Probability Curve using B17B Proceduras

() Compute Expected Probability Curve using Numerical Integration (EMA)

Compute Plot Curve View Repart Print

Description: Example &: Historic Data and Low Qutliers - Santa Cruz River at Lochiel, AZ

DSS File Name: | C/Projects/SSPITestBulletin_17C_ ulletin_17C_Examples.dss

in17Results\B17C_Example_6\B17C_Example_6.rot

Low Outlier Test
(®) Multiple Grubbs-Beck
Single Grubbs-Beck

Plotting Position
Weibull (Aand B =0,
Median (AandB=03
Hazen (AandB=05)

() Hirsch/Stedinger

Other (Specify A, B

Plotiing position computed using formula
(m-A)(n+1-A-B)

Where:
m=Rank, 1=Largest
n=Number of Years
A B=Constants

Confidence Limits
(#) Defaults (0.05, 0.95)
("1 User Entered Values
Upper Limit

Lower Limit

Time Window Modification
DSS Range is
Start Date

End Date

0K Cancel App!

No changes to the Options tab are necessary. The EMA Data tab for this example is shown in Figure 3 (see
page 110). This example uses an annual maximum series consisting of systematic data along with historical
information. As was previously mentioned, historical information indicates that the October 1977 flood event
was the largest since at least 1927. This information can be used within EMA to extend the historical period
through the use of a perception threshold. Specifically, the first perception threshold should be modified to
start at water year 1927. Then, a second perception threshold of 12000 - inf should be added for the period
of missing data spanning water years 1927 through 1948, as shown in Figure 3 (see page 110). Once both
perception thresholds have been entered, click the Apply Thresholds button to assign the complementary
flow ranges for the periods of missing data. No further changes to the flow range table are necessary.
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& Bulletin 17 Editor - BI7C Example 6 - [m) x
Name: B17C Example §
Description: Example 6: Historic Data and Low Qutliers - Santa Cruz River at Lochiel, AZ
Flow Data Set | Santa Cruz River-Lochie-FLOW v |4 =
DSS File Name: | C m 17C _17C_Examples.dss A
Report File C: T 17C_Examp 17Resuts\B17C_Example_6\B17C_Example_6.rpt
General Options EMAData NEB TabularResults
First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates) T
Perception Thresholds | .
Start Year End Year Low Threshold (cfs) High Threshold (cfs) Comments
1927 1948 12000.0 inf| historical information 12,0001 o0
10,000+
8,000
Apply Thresholds &
Flow Ranges ‘;’
Year Peak (cfs) Low Value (cfs) High Value (cfs) Data Type £ 6.000q ©

1927 0.0 12000.0| Censored A

1928 00 12000.0| Censored v ° . o °© 9

1929 0.0 12000.0| Censored 7 4,000 &

1930 0.0 12000.0| Censored 7 o & P °

1931 0.0 12000.0| Censored ~ o @ ° o e

1932 0.0 12000.0| Censored 5 20004 o RN .

1933 0.0 12000.0| Censored 7 So o a

o o, 0Qoo, oo ©
1934] 0.0 12000.0| Censored ~ co © o®
o [N [} 0 o |%0 o)

1935 00 12000.0| Censared N 04 ! | ! ! I L ath

1936 00 12000.0| Censored M| 1930 1940 1950 1960 1970 1980 1990 2000 2010

1937 0.0 12000.0| Censored 7

1926-1948 o  Data
1938 0.0 12000.0| Censored b
1939 0.0 12000.0| Censored ™ Refresh
Compute Plot Curve View Report Print OK Cancel Apply

Once all of the General and EMA Data tab settings are set or selected, the user can press the Compute
button to perform the analysis. Once the computations have been completed, a message window will open
stating Compute Complete. Close this window and then select the Tabular Results tab. The analysis window

should resemble Figure 4 (see page 111).

[ Bulletin 17 Editor - B17C Example 6 - o x
Name: B17C Example 8
Description: Example 6: Historic Data and Low Outliers € Santa Cruz River at Lochiel, AZ
Flow Data Set Santa Cruz River-Lochiel-FLOW ~ u %
DSS File Name: | C/PROJECT: 1_17C._ _17C_Examples.dss A
Report File C\PROJECTSISSPProjectstestiBulletin_17C_Examples\Bulletin17Results\B17C_Example_6\617C_Example_6.rpt
General Options EMAData NEB TabularResulis
Frequengy Curve for: Santa Cruz River-Lochie-FLOW
Percont Ch Commed G v L Confidence Limits
ercent Chance omputed Curve ariance Log
Exceedance Flowin cfs (EMA) Flown cfs
0.05 0.95
161726 0021108 43319 10388
131477 0014428 238827 9022
097 01051 8036 7884
2 13 007571 3352. 58
30 5128 8
1 s 4 5
2 7 3 424,
5 27 4 1 7
450, 2833
264, 155 : 1
8 2739 4 B
58.4 073125 1
[ Distribution Parameters VB
Parameter Value e e Event Mumber 5
istoric Events
Mean 3.069
Standard Dev 0490 [“g”é)“t“”ars ZeeFi &
Station Skew -0.462 M"W u ‘;’5 and Zera Flows 32
Regional Skew S‘S‘S‘”g : ”"E“S : o
Weighted Skew | H"S'Emapm "5” s =
Adopted Skew -0.462 E‘S ””‘E f;‘;‘ oo e
EMA Estimate of MSE (G at-site} 0.085| |EauMalentRecord Lengtn (fears)
Grubbs-Beck Critical Value 380.000|
Compute Plat Curve View Report Print oK Cancel Apply

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Curve button at the bottom of the analysis window. The Log Pearson Type IlI distribution fit
using EMA to the input annual maximum flow data set, the 5% and 95% confidence limits, and the computed
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plotting positions are shown in Figure 5 (see page 112).

HEC-SSP Examples — HEC-SSP Examples

File

Q

@ Bulletin 17 Plot for B17C Example &

Edit View Window

Flow (cfs)

Bulletin 17 Plot far B17C Example &

Probability

Return Period
1.0 11 2 5 10 50 200 1000 10000
-]DDIUDD 1 1 1 1 1 1 1 1 1 11
-"’"
10,0004 =
Computed 25Aug2022 21:43
1,000+ by HEC-SSP v2.3-beta.4

Analysis Period 1927 - 2013

1004 Mean 3.069

= Standard Dev 0.490

- Station Skew -0.462

10 e Adopted Skew -0.462

Systematic Events 65

H Low Outliers 10

1 T T T T (— (R 1
069990999 0499 04 05 02 01 0.02 0.005 0.0001

Computed Curve
5 Percent Confidence Limit
85 Percent Confidence Limit

Obkserved Events (Hirsch-Stedinger plotting positions)
Low Outlier (Median pletting positions)

As shown in Figure 4 (see page 111), the Multiple Grubbs-Beck Test identified a low outlier threshold (critical
value) of 380 cfs, which corresponds to the smallest peak that was retained. Ten annual peak flows were
identified and censored, as shown in Figure 6 (see page 112). These annual peak flows were then recoded to
have a flow interval of zero — 380. The perception threshold for all systematic observations were also
adjusted to correspond with the Multiple Grubbs-Beck Test low outlier threshold (i.e. 380 - inf). The
perception threshold for the years in which there is only historical nonexceedance data (i.e. 1927 — 1948)
were left at 12,000 - inf, as shown in Figure 7 (see page 113).
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[ B17C_Example_burpt - O x
File Edit Search Format
File: | C:\PROJECTS\SSPIProjectsitestiBulletin_17C_Examples\Bulletin17Results\B17C_Example_B\817C_Example_8.rpt
Aug 1969 484.0 | 43 1988 871.0 €4.70 | -
Rug 1870 830.0 | 44 1835 850.0 66.23 |
Aug 1971 2,830.0 | 45 1988 804.0 €7.75 |
Jul 1872 2,070.0 | 46 1857 638.0 69.27 |
Jun 1573 1,4%0.0 | 47 1960 625.0 70.79 |
Aug 1574 1,730.0 | 48 2013 €12.0 72.32 |
Jul 1875 3,330.0 | 49 1852 550.0 73.3 |
Jul 1576 3,540.0 | 50 1969 484.0 75.3€ |
Sep 1877 1,130.0 | 51 15892 483.0 76.388 |
Oct 1977 12,000.0 | 52 1994 478.0 g.40 |
Jan 1979 1,060.0 | 53 1980 406.0 79.93 |
Jun 1830 406.0 | 54 2010 392.0 81.45 |
Jul 1581 1,110.0 | 55 1958 380.0 82.97 |
Aug 1982 2,640.0 | 56 1987 291.0% 85.17 |
Mar 1983 1,1z20.0 | 57 2004 25¢.0% 36.70 |
Aug 1984 12,000.0 | 8 1959 243.0% 88.23 |
Jul 1885 850.0 | 59 2011 95.0% 89.76 |
RAug 198¢€ 4,210.0 | &n 2005 73.0% 51.28 |
Aug 1987 291.0 | 61 2003 22.0% 92.8 |
Aug 1983 g04.0 | 62 1891 17.0% 94.34 |
Aug 1989 871.0 | 63 2012 12.0% 95.8 |
Jul 1830 3,510.0 | 64 1962 g8.0% 97.40 |
Jul 1831 17.0 | €5 2002 2.0% 5.93 |
Aug 1992 483.0 | 66 1948 -— - |
Jan 1893 4,880.0 | &7 1947 |
Aug 1994 478.0 | 8 1946 |
Jul 1835 2,020.0 | €9 1945 |
Jul 1836 1,860.0 | 70 1844 |
Sep 1997 2,970.0 | 71 1943 |
Jul 1898 1,110.0 | 72 1842 |
Jul 1939 4,870.0 | 73 1941 |
Aug 2000 2,240.0 | 74 1940 |
Oct 2000 1,080.0 | 75 1838 |
Mar 2002 2.0 | 76 1938 |
Aug 2003 22.0 | 7 1837 |
Rug 2004 256.0 | g 1836 |
Aug 2005 73.0 | 79 1935 |
Aug 2006 5,840.0 | 80 1834 |
Jul 2007 3,080.0 | 8 1833 |
Jul 2008 1,180.0 | 82 1832 |
Jul 2009 1,530.0 | 83 1831 |
Jul 2010 392.0 | 8 1930 |
Aug 2011 95.0 | a5 1929 |
Jul 2012 12.0 | & 1928 |
Sep 2013 €12.0 | g 1927 |
| |
* Qutlier
cutlier plotting positions are computed using Median parameters.
v
08/25/2022 21:43 PM 1111 11

50 Figure 6. Report File for B17C Example 6 showing censored low outliers.
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[ B17C_Example_burpt - O x
File Edit Search Format
File: |caPROJECT. PP ulletin_17C_E: pl ulletin17Results\B17C_Example_B1817C_Example_6.rpt
4 A
41 << EMA Representation of Data >>
42 Santa Cruz River-Lochiel-FLOW
I I Value | Logl0 Value | Threshold | LoglQ Threshold | I
| Year Peak 1 Low High | Low High | Low High | Low High | Type |
| | | | | | === |
47 1 1927 -— 1 1.0E-99 12,000.0 | -95.0 4.1 1| 12,000.0 1.0E99 | 4.1 99.0 | Cens |
48 | 1928 -— 1 1.0E-99 12,000.0 | -858.0 4.1 | 12,000.0 1.0E89 | 4.1 95.0 | Cens |
51 1928 -— 1 1.0E-99 12,000.0 | -85.0 4.1 1 12,000.0 1.0E99 | 4.1 99.0 | Cens |
| 1930 -— 1 1.0E-99 12,000.0 | -95.0 4.1 | ( 1.0ES9 | 4.1 95.0 | Cens |
| 1831 -— 1 1.0E-99 12,000.0 | -858.0 4.1 | 1.0E89 | 4.1 95.0 | Cens |
21 1932 -— 1 1.0E-99 12,000.0 | -95.0 4.1 1| 1.0E99 | 4.1 99.0 | Cens |
3 1933 | 1.0E-99 12,000.0 | -89.0 4.1 | 1.0E89 | 4.1 95.0 | Cens |
| 1.0E-9% 12,000.0 | -8g.0 4.1 1| 1.0E89 | 4.1 98.0 | Cens |
I 1.0E-99 12,000.0 | -95.0 4.1 1| 1.0E99 | 4.1 99.0 | Cens |
| 1.0E-99 12,000.0 | -858.0 4.1 | 1.0E89 | 4.1 95.0 | Cens |
| 1.0E-9% 12,000.0 | -85.0 4.1 1| 1.0ES9 | 4.1 95.0 | Cens |
| 1.0E-99 12,000.0 | -95.0 4.1 | 1.0ES9 | 4.1 95.0 | Cens |
| 1.c -0 -858.0 4.1 | 1.0E89 | 4.1 98.0 | Cens |
I 1.C -0 -95.0 4.1 1| 1.0E99 | 4.1 99.0 | Cens |
| 1.c -0 -858.0 4.1 | 1.0E89 | 4.1 98.0 | Cens |
| 1. L0 -8g.0 4.1 1| 1.0E89 | 4.1 98.0 | Cens |
| 1.C -0 -95.0 4.1 | 1.0E99 | 4.1 95.0 | Cens |
| 1.c | -858.0 4.1 | 1.0E89 | 4.1 98.0 | Cens |
I 1.C | -95.0 4.1 1| 1.0E99 | 4.1 99.0 | Cens |
| 1.C | -85.0 4.1 | 1.0E99 | 4.1 98.0 | Cens |
| 1.0 | -88.0 4.1 | 1.0E89 | 4.1 98.0 | Cens |
I 1.C | -95.0 4.1 1| 1.0E99 | 4.1 99.0 | Cens |
| .6 | 3.2 3.2 | 1.0E89 | 2.6 98.0 | Syst |
| | 3.7 3.7 1 1.0E99 | 2.8 99.0 | Syst |
| | 3.4 3.4 | 1.0E99 | 2.6 95.0 | Syst |
| | 2.7 2.7 | 1.0E89 | 2.6 98.0 | Syst |
I | 3.5 3.5 | 1.0E99 | 2.6 99.0 | Syst |
| | 3.2 3.2 | 1.0E99 | 2.6 98.0 | Syst |
| | 3.6 3.6 | 1.0E89 | 2.8 98.0 | Syst |
I | 3.1 3.1 1 1.0E99 | 2.6 99.0 | Syst |
| | 2.8 2.8 | 1.0E89 | 2.6 98.0 | Syst |
| | 2.8 2.8 | 1.0ES9 | 2.8 95.0 | Syst |
| | -6.0 2.6 | 1.0E99 | 2.6 98.0 | Syst |
| | 2.8 2.8 | 1.0E89 | 2.6 98.0 | Syst |
I | 3.0 3.0 1 1.0E99 | 2.6 99.0 | Syst |
| | -6.0 2.6 | 1.0E89 | 2.6 98.0 | Syst |
| | 3.4 3.4 1.0E99 | 2.8 99.0 | Syst |
| | 3.4 3.4 | 1.0E99 | 2.6 95.0 | Syst |
| | 3.7 3.7 1 1.0E89 | 2.6 98.0 | Syst |
I | 3.3 3.3 1| 1.0E99 | 2.6 99.0 | Syst |
| | 3.3 3.3 | 1.0E99 | 2.6 98.0 | Syst |
| | 3.0 3.0 | 1.0E89 | 2.8 98.0 | Syst | v
08/25/2022 21:43 PM 1111 11

51 Figure 7. Report File for B17C Example 6 showing recoded perception thresholds.

3.8 Example 7. User Overrides (Low Outliers and Confidence Limits)
— Rapid Creek above Canyon Lake near Rapid City, SD

Example 7 illustrates the computation of a peak flow frequency curve using EMA and Bulletin 17C
procedures when a low outlier threshold and confidence limits are specified by the user. The data for this
example comes from the USGS gage 06412500 Rapid Creek above Canyon Lake near Rapid City, South
Dakota. Pactola Dam, which is located upstream of this stream gage, controls approximately 321 sq mi. As
such, regulation effects were removed from the period of record. The annual maximum series for this
example contains 90 peaks beginning in 1878 and ending in 2009. Information pertaining to 27 events not
contained within the systematic record were sourced from a USGS report*' (Harden, O'Connor, Driscoll, &
Stamm, 2011). Within this record, the June 1972 flood is by far the largest observed event. In fact, the June
1972 flood event is nearly 2.5 times larger than the next largest historical flood event and approximately 12
times larger than the next largest systematic (i.e. gaged) flood event at this location (Schwarz, Hughes,
Hansen, Petersen, & Kelly, 1975). The annual maximum series is plotted in Figure 1 (see page 114) and
tabulated in Table 1.

41 https://pubs.usgs.gov/sir/2011/5131/
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File Edit View
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Table 1. Rapid Creek above Canyon Lake near Rapid City, SD Annual Peak Flow Record.

Date Flow (cfs)
1878 7060
1883 7900
1905 2350
1906 922

1907 12200
1915 654

1916 217

1917 287
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Date Flow (cfs)
1920 7540
1929 870
1930 213
1931 170
1932 747
1933 1690
1934 128
1935 479
1936 110
1937 92
1938 94
1939 68
1940 268
1941 592
1942 448
1943 882
1944 254
1945 359
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Date Flow (cfs)
1946 943
23 Jun 1947 950
22 Jun 1948 245
15 Aug 1949 290
15 Apr 1950 209
15 Jun 1951 77
23 May 1952 2600
16 Jun 1953 152
12 Aug 1954 140
29 Jul 1955 326
29 May 1956 203
14 Jul 1957 595
30 May 1958 131
30 Jun 1959 169
16 Jul 1960 135
01 Jul 1961 111
13 Jul 1962 1700
06 Jun 1963 827

Bulletin 17C Examples — 117



HEC-SSP Examples — HEC-SSP Examples

Date Flow (cfs)
11 Jun 1964 735
19 May 1965 2380
22 Mar 1966 174
15 Jun 1967 726
04 Oct 1967 123
20 May 1969 246
14 Jun 1970 1150
26 Apr 1971 353
09 Jun 1972 31200
09 May 1973 196
22 Aug 1974 476
07 Jun 1975 253
15Jdun 1976 1220
08 May 1977 216
21 May 1978 498
17 Jun 1979 200
16 Jul 1980 87

13 Jul 1981 96
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Date Flow (cfs)
22 Jul 1982 384
11 May 1983 303
15Jun 1984 229
15 Jul 1985 87
04 Jun 1986 142
29 May 1987 115
03 Aug 1988 80
12 Jul 1989 64
07 Jul 1990 108
11 May 1991 487
21 May 1992 64
20 Jun 1993 1000
29 Apr 1994 227
09 Jun 1995 1020
01 Jun 1996 823
02 Jun 1997 1090
24 Jun 1998 1490
16 Jun 1999 698
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Date Flow (cfs)
20 May 2000 264
15 Jul 2001 131
06 Jul 2002 159
21 Jun 2003 243
01 Jul 2004 67
10 Jul 2005 61
07 Aug 2006 104
17 Aug 2007 177
24 May 2008 1000
26 Apr 2009 277

A Bulletin 17 Analysis using EMA and Bulletin 17C procedures has been developed for this example. To open
the analysis, either double-click on the analysis labeled "B17C Example 7" from the Study Explorer or from
the Analysis menu select open, then select "B17C Example 7" from the list of available analyses. When
"B17C Example 7" is selected, the Bulletin 17 analysis editor will appear as shown in Figure 2 (see page 120). As
shown, the Skew option was set to use the Station Skew and the default confidence limits were modified to

0.025 and 0.975 to produce a 95% confidence interval.
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& Bulletin 17 Editor - BI7C Example 7 - [m) x
Name: BA7C Example 7|
Description: Example 7: User Overrirde (Low Qutliers and Confidence Limits)
Flow Data Set | RAPID CR-FLOW v |d =
DSS File Name: |C: T L 17C_| _17C_Examples.dss 'Y
Report File: @ T _17C_| p 17Results\B17C_Example_7\B17C_Example_7.rpt
General Options EMAData NEB Tabular Results
Method for Computing Statistics and Confidence Limits Low Outlier Test Confidence Limits
® 17C EMA # Mulliple Grubbs-Beck 7 Defaults (0.05, 0.95)
71 17B Methods single Grubbs-Beck (#) User Entered Values
Generalized Skew Plotting Position QAU 0.025
% Use Station Skew Weibull (Aand B=0) Lower Limit 0578
Median (A and B =0.3)
i Use Weightad Skew
Hazen (Aand B=0.5) Time Window Modification
i Use ONLY Regional Skew e .
®) Hirsch/Stedinger DSS Range is
Regional Skew:
g Other (Specify A, B Start Date
Reg. Skew MSE: N ;
Plofting position computed e formula End Date
(m-A)(n+1-A-B)
Expected Probablity Curve Where:
@ Do Not Compute Expected Probability Curve m=Rank, 1=Largest
n=Number of Years
Compute Expecled Probability Curve using B178 Procedures AB=Constants
(_) Compute Expected Probability Curve using Numerical Integration (EMA)
B:
Compute Plot Curve View Report Print oK Cancel Apply

A low outlier threshold of 100 cfs was specified on the Options tab, as shown in Figure 3 (see page 120). This
low outlier threshold was selected to censor more information than the default Grubbs-Beck critical value.
When using this option, careful attention should be paid to the selection of the specified low outlier threshold
as the resultant parameter estimation can be heavily impacted.

& Bulletin 17 Editor - BI7C Example 7 - [m) x
Name: B17C Example 7|
Description: Example 7: User Overrirde (Low Qutliers and Confidence Limits)
Flow Data Set | RAPID CR-FLOW v |d E
DSS File Name: |C: T _17C_t _17C_Fxamples.dss h
Report File: Ci\Projects\SSPAT |_17C_Examples\Bulletin17Results\B17C_Example_7\B17C_Example_7.rpt
General Options EMAData NEB TabularResults
Low Outier Threshold Historic Period Data (only used with B178 procedures) Output Frequency Ordinates
Override Low Outlier Thrashold Use Historic Data [J use values from Table Below
Value 100 Historic Period Frequency in Percent
Start Year.
Variable Time Window
. End Year
3 D0 Not Compute Using
(O]
= Variable Time Window Override High Qutlier Threshold:
(") Compute Using Moving Window 10.0
- & J- g Historic Events 200
Window Length e Water Year Peak 50.0
(years - 80.0
90.0
s
:.Zglrlgcramem a =0
e 99.0
) Compute Using Expanding Window
Initial Window Length .
(years) —
Expansion Increment B
(years
Compute Plot Curve View Report Print 0K Cancel Apply

The EMA Data tab for this example is shown in Figure 4 (see page 122). This example uses an annual maximum
series consisting of systematic and historical data with several missing periods. The missing periods span
1879 — 1882, 1884 — 1904, 1908 — 1914, 1918 — 1919, and 1921 - 1928. Since 17C EMA requires a non zero
- inf perception threshold for all periods of missing data, a total of four perception thresholds are required.
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In this example, the June 1878 event can be used to inform the perception threshold for the missing periods
of annual peak flow data. The use of a perception threshold of 7050 - inf for this period implies that had a
flood event occurred with a peak flow greater than 7050 cfs, someone would have measured and recorded it.
This value was chosen because historical events of this magnitude were in fact recorded. Once all four
perception thresholds have been entered as shown in Figure 4 (see page 121), click the Apply Thresholds
button to assign the complementary flow ranges for the periods of missing data.

& Bulletin 17 Editor - BI7C Example 7

Name: BA7C Example 7|

Flow Data Set: RAPID CR-FLOW

DSS File Name: | C T _17C_§

Deseription: Example 7: User Overrirde (Low Outiiers and Confidence Limits)

Report File ® T _17C,

General Options EMAData NEB TabularResults

_17C_Examples.dss

First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates)

._Examp 17Results\B17C_Example_7\B17C_Example_7 rpt

35.000
Perception Thresholds
Start Year End Year Low Threshold (cfs) | High Threshold (cfs) Comments
=}
inf| 1878 Event Threshold 30.000+
1908 7050.0) inf| 1878 Event Threshold
191% 1@' 7050.0 inf 1878 Event Threshold
25,000
20,000
Apply Thresholds —
5
Flow Ranges ;
Year Peak (cfs) Low Value (cfs) High Value (cfs) Data Type 2 15.000
1878 7060.0 7060.0 7060.0|Historical ~
1879 0.0 7050.0| Censored b ©
1880 0.0 7050.0| Censored v 10,000
1881 0.0 7050.0| Censored ~ ° ]
1882 0.0 7050.0|Censored v
1883 7900.0 7900.0 7900.0| Historical v 5,000
1884 0.0 7050.0| Censored V|
1885 0.0 7050.0 |Censored v o o e 0@
1886 00 7050.0|Censored ~ ol 0 % WRem@maiy "’:%%.-’%?“T F,OQSP‘ i
1887 0.0 7050.0| Censored b 1880 1900 1920 1940 1960 1980 2000
1555 00 7050 0{Censored = 1877-1904 1907-1914 1917-1928 © Data
1889 0.0 7050.0| Censored V|
1890 0.0 7050.0| Censored v Refresh
Compute Plot Curve View Report Print oK Cancel Apply

Once all of the General and EMA Data tab settings are set or selected, the user can press the Compute
button to perform the analysis. Once the computations have been completed, a message window will open
stating Compute Complete. Close this window and then select the Tabular Results tab. The analysis window
should resemble Figure 5 (see page 122).
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[ Bulletin 17 Editor - B17C Example 7 - o x
Name: BA7C Example 7|
Description: Example 7: User Overrirde (Low Qutliers and Confidence Limits)
FlowData Sst | RAPID CR-FLOW v |4 E
DSS File Name: | C/PROJECT: 117G _17C_Examples.dss A
Report File CAPROJECT: 1_17C._ 17Results\B17C_Example_7\817C_Example_7.rpt
General Options EMAData NEB TabularResulis
Frequency Curve for. RAPID CR-FLOW
percont Ch Commed G v L Confidence Limits
ercent Chance omputed Curve ariance Log
Exceedance Flowin cfs (EMA) Flowin cfs
0025 0.975
02 471810 013710 1460478.9 167687
05 23336.9 0084239 3501098 9664.2
10 134683 0054658 1025739 5355.0
20 7627.0 0.033249 30485.0 4088.4
5.0 3456.5 0.015901 74819 21337
100 1817.8 0.0094544 3050.1 1200.3
200 899.1 0.0067740 13344 5122
500 2901 0.0042545 38356 2158
80.0 1218 0.0032461 1492 808
90.0 850 0.0078872 177 464
950 66.1 0.016960 1139 301
930 455 0.051068 1189 125
Distribution Parameters et
Parameter Value Event Humber
Wean 2503| Histore Bvoms g
Standard Dev 0.535| ng U“ﬂ‘ms SZaro 1
Station Skew 0.910 le“W = ‘;’5 and Zero Flows -
Regional Skew £5ing ”'gs : =
Weighted Skew e ";”5 12
Adopted Skew 0910 (Hslonc E;‘;‘ e a7er
EMA Estimate of MSE (G at-site) 0.245) ecord Length (years)
Grupbs-Beck Critical Value 100.000|
Compute Flot Curve View Report Print oK Cancel Apply

52 Figure 5. Bulletin 17 Analysis Tabular Results Tab for B17C Example 7.

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Curve button at the bottom of the analysis window. The Log Pearson Type lll distribution fit
using EMA to the input annual maximum flow data set, the 2.5% and 97.5% confidence limits, and the
computed plotting positions are shown in Figure 6 (see page 123).
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[ Bulletin 17 Plot for B17C Example 7 - O x
File Edit View Window
m Bulletin 17 Plot for B17C Example 7
Q Return Period
1.0 11 2 5 10 50 200 1000 10000
10.000 000 L L L L TR
il
1,000,000 7
7/
[
7
7
100,000 =
[
7
w / %
s Fs
Z / Pl
= 10,0007 i = =
- -
o £ =
[T /// ,//
,;ﬁ’ Computed 25Aug2022 21:43
1,000 by HEC-S5P v2.3-beta.4
Analysis Period 1878 - 2009
Mean 2.543
Standard Dev 0.535
100 Station Skew 0.810
Adopted Skew 0.910
Historic Events. 9
Systematic Events a1
Low Outliers 12
10 T T T T T T T T 11 l
099990999 099 09 0.5 02 01 0.02 0.005 0.0001
Probability
Computed Curve === 2.5 Percent Confidence Limit
=— == 97.5 Percent Confidence Limit (s Observed Events (Hirsch-Stedinger plotting positions)
Historic Data O Low Outlier (Median plotting positions)

As shown in Figure 7 (see page 123), twelve values less than the defined low outlier threshold of 100 cfs were
identified. These annual peak flows were then recoded to have a flow interval of zero — 100. The perception
threshold for all systematic observations were also adjusted to correspond with the Multiple Grubbs-Beck

Test low outlier threshold (i.e. 100 - inf), as shown in Figure 8 (see page 125).
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[# e17¢_Example Tapt - [m] X
File Edit Search Format
File! |CAPROJECT: 1_17C_| 117Results\B17C_Example_7\B17C_Example_7.rpt
23 May 1952 2,€00.0 | 75 1961 111.0 £1.95 ] ~
1€ Jun 1853 152.0 | 76 1836 110.0 £83.07 1
12 Aug 1954 l40.0 | 7 1950 I
29 Jul 1955 326.0 | 8 2006 ]
29 May 1956 203.0 | 78 188 I
14 Jul 1957 595.0 | B 1938 I
30 May 1958 131.0 | 8 1937 I
30 Jun 1959 1€9.0 | B 198! ]
1€ Jul 1960 135.0 | 23 1980 I
0L Jul 1961 111.0 | 8 1988 I
13 Jul 1962 1,700.0 | B! 1951 ]
0€ Jun 1963 £827.0 | 26 1838 I
11 Jun 1964 735.0 | k) 2004 I
19 May 19€5 2,380.0 | 88 1992 ]
22 Mar 1966 174.0 | 28 1888 I
15 Jun 1967 72€6.0 | 90 2005 I
04 Oct 1967 123.0 | 91 1928 ]
20 May 1969 246.0 | 52 1827 1
14 Jun 1970 1,150.0 | 93 1926 I
26 Apr 1971 353.0 | 94 1925 ]
09 Jun 1972 31,200.0 | a5 1924 1
09 May 1973 1%€.0 | 96 1923 1
22 Aug 1974 476.0 | 97 1922 I
07 Jun 1975 253.0 | 3 1921 ]
15 Jun 1976 1,220.0 | 99 1919 1
8 May 1977 21€.0 | 100 1918 I
2L May 1978 498.0 | 10l 1914 ]
17 Jun 1879 200.0 | 102 1813 I
1€ Jul 193 87.0 | 103 1912 I
13 Jul 193 9€.0 | 104 1911 ]
22 Jul 1932 3g84.0 | 105 1810 I
11 May 198 303.0 | 1l0& 1509 I
15 Jun 198 229.0 | 107 1908 ]
15 Jul 182 87.0 | 1o 1504 1
04 Jun 198 l4z.0 | lo0s 1903 I
29 May 198 115.0 | 1llo 1902 ]
03 Aug 1938 80.0 | 111 1801 1
12 Jul 198 4.0 | 112 1s00 I
07 Jul 1990 108.0 | 113 1899 I
11 May 1991 487.0 | 114 1898 ]
21 May 1982 €4.0 | 115 1887 1
20 Jun 1993 1,000.0 | 1ll& 1896 I
29 Apr 1994 227.0 | 117 1895 ]
0% Jun 1985 1,020.0 | 113 1z84 1
0L Jun 1996 g823.0 | 119 1893 I
02 Jun 1997 1,090.0 | 120 1892 ]
24 Jun 1983 1,480.0 | 121 1881 1
1€ Jun 1999 €98.0 | 122 1890 I
20 May 2000 284.0 | 123 188! ]
15 Jul 2001 131.0 | 124 lags 1
0€ Jul 2002 155.0 | 125 1887 I
21 Jun 2003 243.0 | 128 1886 I
0L Jul 2004 €7.0 | 127 1885 ]
10 Jul 2005 €1.0 | 128 PEELY I
07 Aug 2006 104.0 | 129 1ls82 I
17 Aug 2007 177.0 | 130 1881 ]
24 May 2003 1,000.0 | 131 1ls80 1
26 Apr 2009 277.0 | 132 1879 I
1 1
* Outlier
Low outlier plotting positions are computed using Median parameters. ~
21:43 PM 1111 11

53 Figure 7. Report File for B17C Example 7 showing censored low outliers.
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[ B17C_Example_T.rpt - O x
File Edit Search Format
File: |caPROJECT. PP ulletin_17C_E: pl ulletin17Results\B17C_Example_7\B17C_Example_7.rpt
43 << EMA Representation of Data >> ~
44 RRPID CR-FLOW
| | Value | Logl0 Value | Threshold | Logl0 Threshold | |
| Year Peak 1 Low High | Low High | Low High | Low High | Type |
| | | | | | === |
I 1878 7,060.0 | ( 7,060.0 | 3.3 10 .0 1.0E89 | 3.8 98.0 | Hist |
| 1879 -— 1 oL 7,0%0.0 | 3.8 | .0 1.0E99 | 3.8 99.0 | Cens |
| 1las0 -— 1 - 7,050.0 | 3.8 | ,050.0 1.0E89 | 3.8 95.0 | Cens |
21 1381 -— 1 - 7,050.0 | 3.8 1 7,050.0 1.0E99 | 3.8 99.0 | Cens |
31 lss2 -— 1 - 7,050.0 | 3.8 | 050.¢ 1.0ES9 | 3.8 95.0 | Cens |
| 1la83 7,900.0 | 9 7,900.0 | 3.9 | W 1.0E89 | 3.8 95.0 | Hist |
| lgs4 -— 1 1. 7,0%0.0 | 3.8 | . 1.0E99 | 3.8 99.0 | Cens |
| 1885 -— 1 1. 7,050.0 | 3.8 | W 1.0E89 | 3.8 95.0 | Cens |
| 1386 -— 1 1. 7,050.0 | 3.8 1 . 1.0E89 | 3.8 98.0 | Cens |
| 1887 -— 1 1.C 7,0%0.0 | 3.8 | . 1.0E99 | 3.8 99.0 | Cens |
| lass -— 1 1. 7,050.0 | 3.8 | W 1.0E89 | 3.8 95.0 | Cens |
| 1889 — 1 1. 7,050.0 | 3.8 1 . 1.0ES9 | 3.8 95.0 | Cens |
11 1890 -— 1 1.C 7,050.0 | 3.8 | W 1.0ES9 | 3.8 95.0 | Cens |
21 1881 -— 1 1.c 7,050.0 | 3.8 | W 1.0E89 | 3.8 98.0 | Cens |
31 lsg2 -— 1 1. 7,0%0.0 | 3.8 | . 1.0E99 | 3.8 99.0 | Cens |
| 1893 -— 1 1. 7,050.0 | 3.8 | W 1.0E89 | 3.8 95.0 | Cens |
| 1334 -— 1 1. 7,050.0 | 3.8 1 . 1.0E89 | 3.8 98.0 | Cens |
| 1895 -— 1 1.C 7,0%0.0 | 3.8 | . 1.0E99 | 3.8 99.0 | Cens |
| 1896 -— 1 1.c 7,050.0 | 3.8 | W 1.0E89 | 3.8 95.0 | Cens |
€5 | 1897 -— 1 1. 7,0%0.0 | 3.8 | . 1.0E99 | 3.8 99.0 | Cens |
€9 | 1lge8 -— 1 1. 7,050.0 | 3.8 | . 1.0E89 | 3.8 95.0 | Cens |
701 1899 -— 1 1.0 7,050.0 | 3.3 10 o 1.0E89 | 3.8 98.0 | Cens |
11 1900 -— 1 1.C 7,0%0.0 | 3.8 | . 1.0E99 | 3.8 99.0 | Cens |
21 1801 -— 1 1. 7,050.0 | 3.8 | W 1.0E89 | 3.8 95.0 | Cens |
31 1902 -— 1 1. 7,050.0 | 3.8 1 . 1.0E99 | 3.8 99.0 | Cens |
| 1903 -— 1 1.C 7,050.0 | 3.8 | 7,050.0 1.0ES9 | 3.8 95.0 | Cens |
| 1904 -— 1 1.c 7,050.0 | 3.8 | 7,050.0 1.0E89 | 3.8 95.0 | Cens |
| 1905 2,350.0 | 2, 2,350.0 | 3.4 1 100.0 1.0E99 | 2.0 99.0 | Hist |
| 1906 922.0 | 9 822.0 | 3.0 | 100.0 1.0E89 | 2.0 98.0 | Hist |
I 1807 1z,200.0 | 1z, 12,200.0 | 4.1 1| 100.0 1.0E89 | 2.0 98.0 | Hist |
| 1908 -— 1 1.C 7,0%0.0 | 3.8 | 050.¢ 1.0E99 | 3.8 99.0 | Cens |
| 1908 -— 1 1. 7,050.0 | 3.8 | 1.0E89 | 3.8 95.0 | Cens |
11 1810 -— 1 1. 7,050.0 | 3.8 1 1.0ES9 | 3.8 95.0 | Cens |
2] 1911 -— 1 1. 7,050.0 | 3.8 | 1.0E89 | 3.8 95.0 | Cens |
31 1912 -— 1 1.c 7,050.0 | 3.8 | 1.0E89 | 3.8 98.0 | Cens |
| 1913 -— 1 1.C 7,0%0.0 | 3.8 | 1.0E99 | 3.8 99.0 | Cens |
| 1914 | 1.c 7,050.0 | 3.8 | 1.0E89 | 3.8 95.0 | Cens |
| 1915 €54.0 | & E54.0 | 2.3 | 1.0E99 | 2.0 99.0 | Hist |
| 191¢ 217.0 | 217.0 | 2.3 | 1.0E99 | 2.0 95.0 | Hist |
| 1817 287.0 | 287.0 | 2.5 | 1.0E89 | 2.0 98.0 | Hist |
| 1918 -— 1 7,0%0.0 | 3.8 | 1.0E99 | 3.8 99.0 | Cens |
| 1918 -— 1 7,050.0 | 3.8 | 1.0E89 | 3.8 95.0 | Cens |
I 1320 7,540.0 | 7,540.0 | 3.9 10 1.0E89 | 3.8 98.0 | Hist | v
08/25/2022 21:43 PM 1111 11

54 Figure 8. Report File for B17C Example 7 showing recoded perception thresholds.

3.9 Example 8. [inf — inf] Perception Threshold — Pembina River at
Neche, ND

Example 8 demonstrates how an [inf — inf] perception threshold can be used to compute a peak flow
frequency curve using EMA and Bulletin 17C procedures. The use of an [inf — inf] perception threshold for
missing years implies that no knowledge is available for those missing years. This produces a result that is
equivalent to the elimination of the missing years from the analysis. The data for this example comes from
the USGS gage 05100000 Pembina River at Neche, North Dakota. The annual maximum series for this
example contains 109 peaks beginning in 1904 and ending in 2016. Two periods of missing data exist within
this record, 1909 and 1916-1918. The annual maximum series is plotted in Figure 1 (see page 127) and
tabulated in Table 1.
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@ PEMEIMNA RIVER-MECHE, MD-FLOW
File Edit View Window

18,000

16,000+

14,0005

12,000

10,000+

8,000+

Flow (cfs)

6,000
40004 o

¥
2,000 o

[=I 1%
& © o Cog,

o o
DocbD o oo @ o

@ S DDDD

1 (
1920 1940

1 1 1
1960 1980 2000

2 PEMBINA RNWER-NECHE, ND-FLOW USGS FLOW-ANNUAL PEAK

Table 1. Pembina River at Neche, ND Annual Peak Flow Record.

Date Flow (cfs)
02 May 1904 4300

05 Apr 1905 1372

04 Apr 1906 800

14 May 1907 2190

10 Apr 1908 927

15 Mar 1910 685
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Date Flow (cfs)
23 Mar 1911 900
29 Jul 1912 1000
07 Apr 1913 3870
18 Apr 1914 388
07 Apr 1915 180
15 Apr 1919 2430
19 Apr 1920 361
13 Apr 1921 733
07 Apr 1922 1300
20 Apr 1923 3120
20 Apr 1924 674
28 Mar 1925 2350
06 Jul 1926 318
12 May 1927 3110
25 Mar 1928 1270
21 Mar 1929 750
08 Apr 1930 2900
09 Apr 1931 1580
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Date Flow (cfs)
09 Apr 1932 1240
26 May 1933 1180
09 Apr 1934 780
18 Jun 1935 364
15 Apr 1936 2530
08 Jun 1937 237
20 Mar 1938 730
04 Apr 1939 52
20 Apr 1940 816
14 Apr 1941 2830
07 Apr 1942 3550
27 Mar 1943 1400
06 Aug 1944 1200
29 Mar 1945 2440
24 Mar 1946 2070
11 Apr 1947 1320
21 Apr 1948 3770
22 Apr 1949 5010
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Date Flow (cfs)
20 Apr 1950 10700
07 Apr 1951 2000
03 Apr 1952 550
10 Jun 1953 250
07 Jul 1954 846
05 Apr 1955 2700
27 Apr 1956 5200
27 Mar 1957 661
07 Apr 1958 442
05 Apr 1959 1800
14 Apr 1960 4040
03 Apr 1961 372
21 Apr 1962 3650
28 Jul 1963 1150
17 Apr 1964 1080
13 Apr 1965 3600
03 Apr 1966 4300
23 Apr 1967 2900
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Date Flow (cfs)
28 Mar 1968 734
21 Apr 1969 7360
27 Apr 1970 7070
12 Apr 1971 7350
16 Apr 1972 2550
27 Mar 1973 224
28 Apr 1974 10300
18 May 1975 1500
19 Apr 1976 4430
21 May 1977 261
11 Apr 1978 3800
20 Apr 1979 9500
07 Apr 1980 435
01 Apr 1981 285
08 Jun 1982 1520
09 Apr 1983 1630
07 Apr 1984 312
20 Mar 1985 1750
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Date Flow (cfs)
24 Mar 1986 2390
07 Apr 1987 5510
06 Apr 1988 420
17 Apr 1989 1000
03 Apr 1990 1000
16 Jun 1991 888
01 Apr 1992 3900
30 Jul 1993 3580
02 Apr 1994 2040
23 Apr 1995 8500
18 Apr 1996 7500
27 Apr 1997 15100
16 Apr 1998 7620
02 Jun 1999 3790
22 Mar 2000 208
22 Apr 2001 4420
12 Jun 2002 3440
20 May 2003 712
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Date Flow (cfs)
01 Apr 2004 6120
02 Jul 2005 6890
17 Apr 2006 11500
30 Mar 2007 3800
13 Apr 2008 847
20 Apr 2009 16900
04 Apr 2010 2900
19 Apr 2011 15300
05 Jul 2012 991
21 May 2013 17500
13 Apr 2014 2300
19 May 2015 927
20 Jul 2016 2090

A Bulletin 17 Analysis using EMA and Bulletin 17C procedures has been developed for this example. To open
the analysis, either double-click on the analysis labeled "B17C Example 8" from the Study Explorer or from
the Analysis menu select open, then select "B17C Example 8" from the list of available analyses. When
"B17C Example 8" is selected, the Bulletin 17 analysis editor will appear as shown in Figure 2 (see page 133). As
shown, the Skew option was set to use the Station Skew.
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@ Bulletin 17 Editor - B17C Example &

Name: B17C Example §
Description: [inf - inf] Perception Threshold
FlowDataSet  PEMBINA RIVER-NECHE, ND-FLOW

DSS File Name: | C T _17C_§

Report File ® T _17C_§

General Options EMAData NEB Tabular Results
Method for Computing Statistics and Confidence Limits
# 17C EMA
(1178 Metnods
Generalized Skew
@) Use Station Skew
) Use Weighted Skew
) Use ONLY Regional Skew
Regional Skew:
Reg. Skew MSE
Expected Probablity Curve

® Do Not Compute Expected Prabability Curve

ompute Expected Probability Curve using B178B Procedures

1) Compute Expected Probability Curve using Numerical Integration (EMA)

Compute Plot Curve

17Results\B17C_Example_8\B17C_Example_8 rpt

Low Outlier Test

(#) Multiple Grubbs-Beck

Plotting Position
bull (AandB=10)

Hazen (A and B =0.5)
®) Hirsch/Stedinger

Oth ify A, B

Plotting position computed using formula
(m-A)(n+1-A-B)

Confidence Limits
(# Defaults (0.05, 0.95)
() User Entered Valugs
Upper Limit

Lower Limit

DSS Range is

Start Date

End Date

oK

Cancel Apply

No changes to the Options tab are necessary. The EMA Data tab for this example is shown in Figure 3 (see
page 134). This example uses an annual maximum series consisting of systematic data with two missing
periods. The missing periods include 1909 and 1916 — 1918. Since 17C EMA requires a non zero — inf
perception threshold for all periods of missing data, a total of three perception thresholds are required. An inf
- inf perception threshold is used to convey zero additional knowledge about the missing periods because
the complementary flow range for such a perception threshold is zero - inf. Using the aforementioned
perception thresholds and flow ranges is equivalent to removing the missing periods of record from the
computations. Once all three perception thresholds have been entered as shown in Figure 3 (see page 134),
click the Apply Thresholds button to assign the complementary flow ranges for the periods of missing data.

Once all of the General and EMA Data tab settings are set or selected, the user can press the Compute
button to perform the analysis. Once the computations have been completed, a message window will open
stating Compute Complete. Close this window and then select the Tabular Results tab. The analysis window

should resemble Figure 4 (see page 134).
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@ Bulletin 17 Editor - B17C Example & - O X
Name: B17C Example 8
Description: [inf - inf] Perception Threshold
Flow Data Set | PEMBINA RIVER-NECHE, ND-FLOW v L4 =
DSS File Name: |C:/Projects/SSPTestBulletin_17C_Examples/Bulletin_17C_Examples.dss L
Report File: C:\Projects\SSP\TestiBulletin_17C_Examples\Bulletin17Results\B17C_Example_8\B17C_Example_8.rpt
General Options EMAData NEB Tabular Results
First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates)
18,000
Perception Thresholds =]
Start Year End Year Low Threshold (cfs) High Threshold (cfs) Comments ©
16,000
1909 1809 inf| inf o o
1916 1918] inf| inf|
| | [ | 14,000
12,000+
o
° [+]
Apply Thresholds = LY [s]
Flow Ranges = =]
Z 8.000
Year Peak (cfs) Low Value (cfs) High Value (cfs) Data Type E N %) oP
1904 4300.0 42000 4300.0| Systematic b ©
1905 1372.0 1372.0 1372.0| Systematic b 6,000 ° ©
1906 800.0 800.0 800.0|Systematic b o ©
1907 2190.0 21900 2190.0| Systematic b (=} © ©
4,000 o o o o
1908 927.0 927.0 927.0| systematic ~ o © oo % 9
1208 00 ilci d ~ °% o ] °© e
ini ensore ol o o [s] o [+] o o
1910 685.0 §85.0 85.0| Systematic ~ 2,000 % oo 4 o 6P ©
P o
1911 900.0 900.0 900.0| Systematic ~ BF oo oh 00% oq @ o 000
1912 1000.0 1000.0 1000.0| Systemalic ~ 0 % Y 0 Yoy i 12 0 0%®0 9 o
1913 38700 3870.0 3870.0| Systematic b 1920 1940 1960 1980 2000
1914 388.0 3820 388.0| Systematic b
e 1906-1909 1915-1918 < Data
1915 1280.0 180.0 120.0| Systematic b
1816 0o inf| Censored =7 Refresh
Compute Plot Curve View Report Print OK Cancel Apply

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Curve button at the bottom of the analysis window. The Log Pearson Type lll distribution fit
using EMA to the input annual maximum flow data set, the 5% and 95% confidence limits, and the computed
plotting positions are shown in Figure 5 (see page 135).
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#l Bulletin 17 Plot for B17C Example 8 — ] X
File Edit View Window
Bulletin 17 Plot for B17C Example 8
Return Period
Q 10 5| 2 50 100 200 500 10000
100,000 1 L 1 L T L
10,000+
z
‘g‘ 1.000+
2
e
Computed 26Jul2022 12:48
gy by HEC-5SP v2.3-beta.3
o Analysis Period 1904 - 2016
T Mean 3.234]
Standard Dev 0.489
Station Skew -0.214
Adopted Skew -0.214
Systematic Events 108
10 T T T T T T T T T 1
099938 0.229 059 08 0.5 0.020.01 0.002 0.0001
Probability
e Computed Curve = == & Percent Confidence Limit
= = = 395 Percent Confidence Limit ‘Observed Events (Hirsch-Stedinger plotting positions)

As shown in Figure 6 (see page 136), four years were demarcated using an inf — inf perception threshold (and
zero — inf flow range). These annual peak flows were then removed from the EMA computations, as shown
in Figure 7 (see page 137).
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[ B17¢_Example 2.rpt - [u] X
File Edit Search Format
File: | CAPROJECT: A7 17Results\B17C_Example_81B17C_Example_8.rpt
244 | 14 Apr 1960 4,040.0 | 57 198: 1,€30.0 51.8. I ~
245 | 03 Apr 1861 372.0 | 58 1831 1,580.0 52.73 I
2 | 21 Apr 1962 3,€50.0 | 59 198: I
2 I 8 Jul 1963 1,150.0 | &0 1975 I
2 | 17 Apr 1964 1,080.0 | (28 1243 I
2 | 13 Apr 1965 3,€00.0 | 62 1905 I
2 | 03 Apr 1966 4,300.0 | 63 1947 I
2 | 23 Apr 1967 2,8%00.0 | 64 1822 I
2 I 8 Mar 1968 734.0 | &5 1928 I
2 | 21 Apr 1969 7,360.0 | &6 1932 I
2 | 27 Bpr 1870 7,070.0 | €7 1844 |
2 | 12 Apr 1971 7,350.0 | 8 1933 I
2 | 16 Apr 1972 2,550.0 | &9 1963 I
2! | 27 Mar 1973 224.0 | 70 1964 |
2 I 8 Apr 1974 10,300.0 | 71 1990 I
2 I 8 May 1975 1,500.0 | T2 198! I
2 | 19 Apr 1976 4,430.0 | T3 1912 I
2 | 21 May 1977 2€L.0 | 74 2012 I
2 | 11 Apr 1978 ,800.0 | 75 2015 I
2 | 20 Apr 1979 9,500.0 | TE 1908 I
2€4 | 07 Apr 1820 435.0 | T 1811 I
2 | 0L Apr 198 285.0 | 8 1991 I
2 I g Jun 193 1,520.0 | 79 2008 I
2€7 | 0% Apr 1833 1,€30.0 | 80 1854 I
| 07 Apr 198 312.0 | 8 1940 I
2 | 20 Mar 198! 1,750.0 | B 1906 I
270 | 24 Mar 1826 2,3%0.0 | 83 1234 I
2711 07 Apr 198 5,510.0 | 8 1929 I
272 | 0& Apr 1988 420.0 | 8! 1968 I
273 | 17 Apr 1838 1,000.0 | &€ 1821 I
274 | 03 Apr 1990 1,000.0 | ) 1938 I
275 1 16 Jun 1991 888. ] 88 2003 I
27¢ | 0L Apr 1992 3,900.0 | B 1810 |
277 1 30 Jul 1993 3,580.0 | a0 1924 I
2 | 02 Apr 1994 2,040.0 | 91 1957 I
2 | 23 Rpr 1995 %,500.0 | 92 1952 |
2 I 8 Apr 1996 7,500.0 | a3 1958 I
2 | 27 Apr 1997 15,100.0 | 94 1981 I
2 | 16 Rpr 1998 7,620.0 | a5 1988 |
2 | 02 Jun 1999 3,790.0 | 96 1914 I
2 | 22 Mar 2000 208.0 | a7 1961 I
2 | 22 Apr 2001 4,420.0 | g 1935 I
2 | 12 Jun 2002 3,44000 | ag 1920 I
2 | 20 May 2003 712.0 | 100 1926 I
2 | 0L Apr 2004 €,120.0 | 101 198. I
2 | 02 Jul 2005 6,880.0 | 102 1881 I
2 | 17 Apr 2006 11,500.0 | 103 1977 I
2 | 30 Mar 2007 3,800.0 | 104 1953 I
2 | 13 Apr 2008 £847.0 | 105 1837 I
| 20 Apr 2009 16,900.0 | 108 1973 I
| 04 Apr 2010 2,900.0 | 107 2000 I
| 1% Apr 2011 15,300.0 | 108 1815 I
| 05 Jul 2012 g9l.0 | 1l0% 1939 I
| 21 May 2013 17,500.0 | 110 1918 I
| 13 Apr 2014 2,300.0 | 111 1817 I
| 19 May 2015 927.0 | 112 1916 I
| 20 Jul 2016 2,090.0 | 113 1909 I
| 1 |
* Low outlier plotting positions are computed using Median parameters.
v
0712612022 16:01 PM 1.1 11

55 Figure 6. Report File for B17C Example 8 showing missing periods.
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[ B17¢_Example 2.rpt
File Edit Search Format

File’|CAPROJECT:

1_17C_

117Resulis\B17C_Example_81817C_Example_8.rpt

EMBINA RIVER-NECHE, ND-FLOW

<< EMA Representation of Data >>

Year Peak

Logl0 Value
ow H:

igh

1804

MO UNRN G UN N NG LW EL L WL N NN NGO LU U N UNE NN UNN LN LD 6w

O T T N C R S T T S o N R TPy TR P
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07/26/2022 16:01 PM

56 Figure 7. Report File for B17C Example 8 showing missing periods removed from EMA computations.

3.10 Example 9. [0 — value] Perception Threshold — Clark Fork River
below Cabinet Gorge Dam, ID

Example 9 exhibits how a [0 — value] perception threshold can be used to compute a peak flow frequency
curve using EMA and Bulletin 17C procedures. When using a [0 — value] perception threshold, the
corresponding flow range spans [value — inf]. For instance, when using a [0 — 5000 cfs] perception threshold,
the corresponding flow range would be [5000 cfs - inf]. This implies that the flow for the specified missing
years must have exceeded 5000 cfs. The data for this example comes from the USGS gage 12391950 Clark
Fork River below Cabinet Gorge Dam, ID. The annual maximum series consists of unregulated daily average
flows. The period of record used for this example contains 77 peaks beginning in 1929 and ending in 2008.
Two periods of missing data also exist within this record, 1940-1941 and 1944. The annual maximum series
is plotted in Figure 1 (see page 139) and tabulated in Table 1.
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@ Clark Fork-Cabinet Gorge-FLOW

File Edit View Window

300,000

250,000+

200,000

150,000

Flow (cfs)

o
100,000+

50,000+

0

1 1 1 1
1930 1940 1950 1960

1 1 1
1970 1980 1990

@ Clark Fork-Cabinet Gorge-FLOW 2010 NRHNI FLOW

Table 1. Clark Fork River below Cabinet Gorge Dam, ID Annual Peak Flow Record.

Date Flow (cfs)
25 May 1929 109495
01 Jun 1930 66383

17 May 1931 81758

23 May 1932 128563
17 Jun 1933 167893
26 Apr 1934 110603
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Date Flow (cfs)
24 May 1935 107358
16 May 1936 117050
29 May 1937 71113
28 May 1938 116598
05 May 1939 100232
28 May 1942 09448
20 Jun 1943 122767
03 Jun 1945 86562
30 May 1946 102445
10 May 1947 156245
24 May 1948 198024
17 May 1949 132621
23 Jun 1950 145329
13 May 1951 129430
29 Apr 1952 104365
14 Jun 1953 131126
21 May 1954 175076
15 Jun 1955 117428

Bulletin 17C Examples — 140



HEC-SSP Examples — HEC-SSP Examples

Date Flow (cfs)
23 May 1956 179458
07 May 1957 126620
26 May 1958 123080
07 Jun 1959 146887
05 Jun 1960 121354
28 May 1961 152917
30 May 1962 96903
01 Jun 1963 77746
10 Jun 1964 279802
20 Jun 1965 128903
02 Jun 1966 97380
24 May 1967 150874
05 Jun 1968 99891
15 May 1969 105457
07 Jun 1970 139836
14 May 1971 145726
03 Jun 1972 188257
20 May 1973 83173
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Date Flow (cfs)
18 Jun 1974 197601
21 Jun 1975 154409
12 May 1976 142478
04 May 1977 49246
09 Jun 1978 113623
27 May 1979 124395
27 May 1980 107620
26 May 1981 126384
17 Jun 1982 134238
31 May 1983 113659
01 Jun 1984 101039
26 May 1985 101664
01 Jun 1986 124274
02 May 1987 98245
15 May 1988 65824
12 May 1989 106999
01 Jun 1990 105787
20 May 1991 138662
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Date Flow (cfs)
02 May 1992 63063
16 May 1993 110858
13 May 1994 76657
09 Jun 1995 94839
10 Jun 1996 139015
18 May 1997 209671
29 May 1998 83841
27 May 1999 120556
25 May 2000 80067
28 May 2001 68919
02 Jun 2002 136674
01 Jun 2003 118023
08 Jun 2004 63594
07 Jun 2005 73941
21 May 2006 129591
14 May 2007 77787
21 May 2008 154560

A Bulletin 17 Analysis using EMA and Bulletin 17C procedures has been developed for this example. To open
the analysis, either double-click on the analysis labeled "B17C Example 9" from the Study Explorer or from
the Analysis menu select open, then select "B17C Example 9" from the list of available analyses. When
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"B17C Example 9" is selected, the Bulletin 17 analysis editor will appear as shown in Figure 2 (see page 144). As
shown, the Skew option was set to use the Station Skew.

@ Bulletin 17 Editor - B17C Example 9

Name: B17C Example 9|
Description: [0 - valug] Perception Threshold

Flow Data Set: Clark Fork-Cabinet Gorge-FLOW

General Options EMAData NEB Tabular Results
Method for Computing Statistics and Confidence Limits
# 17C EMA
(1178 Metnods
Generalized Skew
@) Use Station Skew
) Use Weighted Skew
) Use ONLY Regional Skew
Regional Skew:
Reg. Skew MSE
Expected Probablity Curve
(#) Do Not Compute Expected Probability Curve
Compute Expecled Probability Curve using B178 Procedures

1) Compute Expected Probability Curve using Numerical Integration (EMA)

DSS File Name: | C T _17C_§ _17C_Examples.dss

Compute Plot Curve ew Report

Report File ® T _17C, p 17Results\B17C_Example_9\B17C_Example_9.rpt

Low Outlier Test
(#) Multiple Grubbs-Beck
single Grubbs-Beck

Plotting Position

Neibull (Aand B=0)
Median (A and B =0.3)
Hazen (Aand B=0.5)

(®) Hirsch/Stedinger

Other (Specify A B

ition computed using formula
(m-A)(n+1-A-B)

Confidence Limits
(# Defaults (0.05, 0.95)
() User Entered Valugs
Upper Limit

Lower Limit

Time Window Modification
DSS Range is
Start Date

End Date

oK Cancel Apply

No changes to the Options tab are necessary. The EMA Data tab for this example is shown in Figure 3 (see
page 144). This example uses an annual maximum series consisting of systematic data with two missing
periods. The missing periods include 1940 — 1941 and 1944. Since 17C EMA requires a non zero — inf
perception threshold for all periods of missing data, a total of three perception thresholds are required. In
this example, both missing periods make use of a perception threshold of 0 — 50000. This perception
threshold implies that had a flow less than 50000 cfs occurred, someone would have measured and
recorded it. The complementary flow range for this perception threshold is 50000 - inf. Once all three
perception thresholds have been entered as shown in Figure 3 (see page 144), click the Apply Thresholds
button to assign the complementary flow ranges for the periods of missing data.
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@ Bulletin 17 Editor - BI7C Example - u} x
Name: B17C Example 9|
Description [0 - value] Perception Threshold
Flow Data Set | Clark Fork-Cabinet Gorge-FLOW v |4 =
DSS File Name: |C I 17C. _17C_Examples.dss A
ReportFile @ T 17C_Exampl 17Results\B17C_Example_9\B17C_Example_0.rpt
General Options EMAData NEB TabularResults
First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates)
300,000
Perception Thresholds I
Start Year End Year Low Threshold (cfs) High Threshold (cfs) Comments e
1940, 1941 0.0 50000.0
1943 1944 00| 50000.0] a0
| | | |
o
200,000 o o
<]
50
Apply Threshold: °
pply Thresholds = °
£ 150.0004 5 oS
Flow Ranges = o © s o o o
Year Peak (cfs) Low Value (cfs) High Value {cfs) Data Type UE_ o L oo Do o 09 o o o
1929 109495.0 109495.0 109485.0 4 %"0 © 0,0 oo @
o
1930 66383.0 66383.0 66383.0 N 100,000 oo 0 © o o Do o
1931 81758.0 81758.0 81758.0 | o o o o
o o @ 450

1932] 128563.0 128563.0 128563.0 v L © ° o

1933 167893.0 167893.0 167893.0 ~ © @

1934] 110603.0 110602.0 110602.0 v CHEED e

1935 107358.0 107358.0 107358.0 v

1936 117050.0 117050.0 117050.0 !

1937| 711130 71113.0 711130 v oL | 1 | | 1 1 |

1938 116598.0 116598.0 116598.0 b 1930 1940 1950 1960 1970 1960 1990 2000

1939 100232.0 100232.0 100232.0 |

- 1939-1941 1942-1944 ©  Data
1940 50000.0 inf| Censored e
1941 50000.0 inf|Censored vl Refresh
Compute Plot Curve View Report Print oK Cancel Apply

Once all of the General and EMA Data tab settings are set or selected, the user can press the Compute
button to perform the analysis. Once the computations have been completed, a message window will open
stating Compute Complete. Close this window and then select the Tabular Results tab. The analysis window
should resemble Figure 4 (see page 145).

& Bulletin 17 Editer - B17C Example§ - o x
Name: B17C Example 9|
Description: [0 - value] Perception Threshold
FlowDats St Clark Fori-Cabinet Gorge-FLOW v 4=
DSS File Name: |C m _17C_ _17C_Examples.dss A
Report File CiProjects\SSPITesNBulltin_17C_Examples\Bulletin17Results\B17C_Example_9\B17C_Example_8 1ot
General Options EMAData NEB TabularResulis
Frequency Curve for: Clark Fork-Cabinet Gorge-FLOW
Percont Ch Commed G v L Confidence Limits
ercent Chance omputed Curve ariance Log
Exceedance Flowin cfs (EMA) Flowin cfs
0.05 0.05
273743 028716 360291 784.7
50522 9911 314550 79
7 4537 262301 67
2 0247 251776
80 21370, 74996.2
1 7 42 185355.4 153384
2 48802 74 169977.0 139
5 72 2797 1222617 10754/
021 34017 940309 1518,
5366.4 147303 823330 9351.9]
5790 70443 740737 0827
54340.4 0.0016819 51542.7 43830
Distribution Parameters EVEE
Parameter Value e e Event Mumber 5
istoric Events
Mean 5.058
Standard Dev 0136 [“g”é)“t“”ars ZeeFi 5
Station Skew -0.069 M"W = ‘;’5 and Zero Flows 3
Regional Skew S‘S‘S‘”g : ”"E“S : -
Adopted Skew -0.069
EMA Estimate of MSE (G at-site} o.07z| [EaunalentRecord Lengtn (/ears) 76964
Grubbs-Beck Critical Value 0.000
Compute Plot Curve View Report Print oK Cancel Apply

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Curve button at the bottom of the analysis window. The Log Pearson Type IlI distribution fit
using EMA to the input annual maximum flow data set, the 5% and 95% confidence limits, and the computed
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plotting positions are shown in Figure 5 (see page 146).

2 Bulletin 17 Plot for B17C Example 9 - m} *
File Edit View Window
Bulletin 17 Plot for B17C Example 9
Return Period
Q 1.0 1. 2 5 10 50 100200 500 10000
1.000,000 1 1 1 1 1 L 1 1 1 L 1
o
£ 100,000
=
=
s
Computed 26Jul2022 13:05
by HEC-55P vZ.3-beta.d
Analysis Period 1929 - 2008
Wean 5.058
Standard Dev 0.136
Station Skew -0.069
Adopted Skew -0.069
Systematic Events 77
10,000 T T T T T T T T T T 1
0.9999 0.999 0.99 0.8 0.5 0.2 0.1 0.020.01 0.002 0.0001
Probability
—— Computed Curve ——=— 5 Percent Confidence Limit
— — = 85 Percent Confidence Limit =) Observed Events (Hirech-Stedinger plotting positions )

As shown in Figure 6 (see page 146), the perception thresholds for the missing years were encoded as 0 -
50000 while the flow ranges were set to 50000 - inf. This causes the EMA-computed standard deviation and
skew absolute value to decrease (compared to the use of inf — inf perception thresholds).
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[ 817¢_Example 2.rpt - [u] X
File Edit Search Format
File: | CAPROJECT: A7 17Results\B17C_Example_0\B17C_Example_0.rpt
~
<< EMA Representation of Data >>
Clark Fork-Cabinet Gorge-FLOW
| | I Logl0 Value | | Logl0 Threshold | |
| Year Peak I I Low Higl I .gh I el | Type |
| | 1 | | [ |
| 1828 I 1 5.0 5.0 | 1.0E88 | -85.0 5.0 | Syst |
I 1930 I I 4.8 4.8 1.0ESY | -99.0 99.0 | Syst |
| 1931 I ol 4.9 4.9 1 1.0E99 | -99.0 99.0 | Syst |
| 1832 | 1 5.1 5.1 1 1.0E89 | -99.0 5.0 | Syst |
| 1933 I I 5.2 5.2 1| 1.0ESY | -99.0 99.0 | Syst |
| 1934 I ] 5.0 5.0 | 1.0E99 | -99.0 99.0 | Syst |
| 1835 | 1 5.0 5.0 1| 1.0E99 | -99.0 99.0 | Syst |
| 1938 I 1 5.1 5.1 | 1.0ESS | -99.0 95.0 | Syst |
I 1937 I I 4.9 4.9 1 1.0E99 | -99.0 99.0 | Syst |
| 1938 I ] 5.1 5.1 1 L.0E99 | -99.0 99.0 | Syst |
| 1939 | 1 5.0 5.0 | 99 | -%9.0 95.0 | Syst |
| 1940 I I 4.7 99.0 | (] -99.0 4.7 | Cens |
| 1941 I ] 4.7 99.0 | I -99.0 4.7 | Cens |
| 184z I ol 5.0 5.0 | | -85.0 5.0 | Syst |
| 1943 I 67.0 1 5.1 5.1 1 I -99.0 4.7 | Syst |
| 1944 I . . ] 4.7 99.0 | " S0 -99.0 4.7 | Cens |
| 1845 | ,562.0 ,562.0 | 4.9 4.9 | 1.0E88 | -88.0 55.0 | Syst |
| 1%4€ I 102,445.0 102,445.0 1 5.0 5.0 1 1.0ES9 | -99.0 99.0 | Syst |
| 1947 I " W " ] 5.2 5.2 | L.0E99 | -99.0 99.0 | Syst |
| 184 I 1 5.3 5.3 | 1.0E88 | -85.0 5.0 | Syst |
| 1949 I I 5.1 5.1 1 1.0ESY | -99.0 99.0 | Syst |
| 1950 I ] 5.2 5.2 | 1.0E99 | -99.0 99.0 | Syst |
| 1851 I 1 5.1 5.1 | 1.0E88 | -85.0 5.0 | Syst |
| 1952 I I 5.0 5.0 1 1.0ESY | -99.0 99.0 | Syst |
1| 1953 I ] 5.1 5.1 1 1.0E99 | -99.0 99.0 | Syst |
2] 1854 | 1 5.2 5.2 | 1.0E89 | -99.0 5.0 | Syst |
| 1855 I I 5.1 5.1 1 1.0ESY | -99.0 99.0 | Syst |
| 1956 I ] 5.3 5.3 1| 1.0E99 | -99.0 99.0 | Syst |
| 1857 | 1 5.1 5.1 1| 1.0E99 | -99.0 99.0 | Syst |
| 1958 I I 5.1 5.1 1 1.0ESY | -99.0 99.0 | Syst |
| 1959 I ] 5.2 5.2 | 1.0E99 | -99.0 99.0 | Syst |
| 1960 | 1 5.1 5.1 1| 1.0E99 | -99.0 99.0 | Syst |
| 1961 I 1 5.2 5.2 | 1.0ESS | -99.0 95.0 | Syst |
| 1962 I I 5.0 5.0 1| 1.0E99 | -99.0 99.0 | Syst |
| 1963 I ] 4.9 4.9 | L.0E99 | -99.0 99.0 | Syst |
| 184 I 1 5.4 5.4 1.0ESS | -%9.0 95.0 | Syst |
| 1985 I I 5.1 5.1 1 1.0E99 | -99.0 99.0 | Syst |
| 19¢€ I ] 5.0 5.0 1| L.0E99 | -99.0 99.0 | Syst |
| 1867 I 1 5.2 5.2 | 1.0E88 | -85.0 5.0 | Syst |
| 1968 I I 5.0 5.0 1 1.0ES9 | -99.0 99.0 | Syst |
| 1969 I ] 5.0 5.0 1| L.0E99 | -99.0 99.0 | Syst |
| 1870 I 1 5.1 5.1 | 1.0E88 | -85.0 5.0 | Syst |
I 1971 I I 5.2 5.2 1| 1.0ESY | -99.0 99.0 | Syst |
| 1972 I ] 5.3 5.3 | L.0E99 | -99.0 99.0 | Syst |
| 1873 I 1 4.8 4.8 1.0E88 | -85.0 5.0 | Syst |
| 1974 I I 5.3 5.3 1| 1.0ESY | -99.0 99.0 | Syst |
| 1975 I ] 5.2 5.2 | 1.0E99 | -99.0 99.0 | Syst |
| 1876 I 1 5.2 5.2 | 1.0E88 | -85.0 5.0 | Syst |
I 1977 I I 4.7 4.7 1.0ESY | -99.0 99.0 | Syst |
| 1978 I ] 5.1 5.1 1 1.0E99 | -99.0 99.0 | Syst |
| 1878 | 1 5.1 5.1 1 1.0E89 | -99.0 5.0 | Syst |
| 1980 I I 5.0 5.0 1 1.0ESY | -99.0 99.0 | Syst |
| 1981 I ] 5.1 5.1 1 1.0E99 | -99.0 99.0 | Syst |
| 1982 | 1 5.1 5.1 1| 1.0E99 | -99.0 99.0 | Syst |
0712612022 16:02 PM 1.1 11

57 Figure 6. Report File for B17C Example 9 showing EMA Representation of Data.

3.11 Example 10. Systematic and Historical Record with Regional
Skew — Schuylkill River at Berne, PA

Example 10 exhibits the use of a regional skew coefficient and MSE with systematic and historical data. The
regional skew and MSE were estimated for this location in conjunction with several other large subbasins
within the Delaware River watershed (Goldman & Konieczki, 2009).

@ Examples of additional regional skew studies can be found through online searches, from the
U.S. Army Corps of Engineers, and USGS, amongst others. Several regional skew studies have
been compiled and made available at the following location: https://acwi.gov/hydrology/
Frequency/b17c/supplementary-materials/reports.html.

The data for this example comes from the USGS gage 01470500 Schuylkill River at Berne, PA. The period of
record used for this example contains 70 peaks beginning in 1942 and ending in 2016. A single period of
missing data exists within this record. Also, a historic flood event occurred outside the period of gaging
record in April 1942. The annual maximum series is plotted in Figure 1 (see page 147) and tabulated in Table 1.
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A Schuylkill River-Berne-FLOW — O *
File Edit View
45,000
o
40,000 o
35,000
30,000 5
= 25,000 5 o _
= o o
£ 20,0001 ° ° o
(F o & (=] o g
15,000 o® © 5 °
© o oo Po a oo
10,000 @ g o o O o o
oe o o % o
o o o o ] L= 1=ls]
5,000 2 o oo 3
o o
0 T T T T T T T
1950 1960 1970 1930 1990 2000 2010
I o Berne, PA USGS FLOW-ANNUAL PEAK
Table 1. Schuylkill River at Berne, PA Annual Peak Flow Record.
Date Flow (cfs)
30 Apr 1942 26900
08 Nov 1947 6500
30 Dec 1948 10400
23 Mar 1950 5430
04 Dec 1950 24200
11 Mar 1952 17000
22 Nov 1952 19900
07 Dec 1953 8290

Bulletin 17C Examples — 148



HEC-SSP Examples — HEC-SSP Examples

Date Flow (cfs)
19 Aug 1955 29400
15 0ct 1955 8580
06 Apr 1957 10700
21 Dec 1957 13100
03 Sep 1959 7710
20 Sep 1960 8290
26 Feb 1961 10400
12 Mar 1962 6010
10 Nov 1962 4720
25 Jan 1964 11700
08 Feb 1965 12000
14 Feb 1966 5850
06 Mar 1967 3220
31 May 1968 8640
02 Aug 1969 15000
02 Apr 1970 17300
13 Feb 1971 15600
22 Jun 1972 42800
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Date Flow (cfs)
08 Nov 1972 8290
21 Dec 1973 15400
26 Sep 1975 9920
26 Jan 1976 18300
09 Oct 1976 12100
26 Jan 1978 12300
25 Jan 1979 21700
21 Mar 1980 8780
11 Feb 1981 8110
03 Feb 1982 6600
16 Apr 1983 25300
14 Dec 1983 20100
12 Feb 1985 7850
15 Mar 1986 13400
13 Sep 1987 13000
19 May 1988 15500
06 May 1989 17600
16 Nov 1989 11500
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Date Flow (cfs)
04 Dec 1990 10000
27 Mar 1992 8280
11 Apr 1993 10500
05 Dec 1993 7210
28 Nov 1994 4820
19 Jan 1996 22000
19 Oct 1996 21000
12 May 1998 4720
16 Sep 1999 18700
22 Mar 2000 9530
17 Dec 2000 14500
15 Apr 2002 3230
21 Jun 2003 11300
18 Sep 2004 24900
28 Nov 2004 12700
28 Jun 2006 39900
17 Nov 2006 19900
05 Mar 2008 15900
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Date Flow (cfs)
12 Dec 2008 9720

14 Mar 2010 4210

08 Sep 2011 23900

18 Sep 2012 7240

21 Dec 2012 7220

16 May 2014 7240

01 Jul 2015 7040

25 Feb 2016 12300

A Bulletin 17 Analysis using EMA and Bulletin 17C procedures has been developed for this example. To open
the analysis, either double-click on the analysis labeled "B17C Example 10" from the Study Explorer or from
the Analysis menu select open, then select "B17C Example 10" from the list of available analyses. When
"B17C Example 10" is selected, the Bulletin 17 analysis editor will appear as shown in Figure 2 (see page 152)
As shown, the Skew option was set to use the Weighted Skew. To use the weighted skew option, the user
must enter a value for the Regional Skew and the Regional MSE. In this example, a regional skew of 0.001

was used along with a Regional Skew MSE of 0.064.
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Name B17C Example 10
Deseription: Systematic and Historical Record with Regional Skew
Flow Data Set: Schuylkill River-Berne-FLOW

DSS File Name: | C T _17C_§ _17C_Examples.dss

Report File ® T _17C_Exampl

General Options EMAData NEB Tabular Results

Method for Computing Statistics and Confidence Limits

@ 17C EMA

() 17B Methods

Generalized Skew

("1 Use Station Skew

@) Use Weighted Skew

i Use ONLY Regional Skew
Regional Skew: 0.001
Reg. Skew MSE 0.064

Expected Probablity Curve

® Do Not Compute Expected Prabability Curve

ompute Expected Probability Curve using B178B Procedures

1) Compute Expected Probability Curve using Numerical Integration (EMA)

Compute Plot Curve ew Report Print

17Results\B17C_Example_10\817C_Example_10.rpt

Low Outlier Test

(#) Multiple Grubbs-Beck

Plotting Position

bull (AandB=0)

Hazen (A and B =0.5)
®) Hirsch/Stedinger

Oth ify A, B

Plotting position computed using formula
(m-A)(n+1-A-B)

HEC-SSP Examples — HEC-SSP Examples

Confidence Limits
(# Defaults (0.05, 0.95)
() User Entered Valugs
Upper Limit

Lower Limit

DSS Range is

Start Date

End Date

oK Cancel Apply

No changes to the Options tab are necessary. The EMA Data tab for this example is shown in Figure 3 (see
page 153). This example uses an annual maximum series consisting of both systematic data and an historical
event in April 1942. Also, the record is broken with a period of missing data spanning 1943 — 1947. Since
17C EMA requires a non zero — inf perception threshold for all periods of missing data, two perception
thresholds are required. In this case, the peak discharge estimate associated with the April 1942 event can
be used to inform the perception threshold for the period of missing annual peak flow data. The use of a
perception threshold of 26000 - inf for this period of missing data implies that had a flood event occurred
with a peak flow greater than 26,000 cfs, someone would have measured and recorded it. Since the April
1942 event was not directly measured, the perception threshold should span 1942 — 1947. Once the
perception thresholds have been entered as shown in Figure 3 (see page 153), click the Apply Thresholds
button to assign the complementary flow ranges for the periods of missing data. Finally, the April 1942 event
should be set to the historical data type, as denoted by a USGS peak flow rate qualification code of "7".
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@ Bulletin 17 Editor - B17C Example 10 - m} x
Name: BA7C Example 10|
Description: Systematic and Historical Record with Regional Skew
FlowData Set | Schuylkill River-Beme-FLOW v |4 =
DSS File Name: | C T 17C _17C_Examples.dss A
Report File ® T 17C_Examp 17Results\B17C_Example_10\817C_Example_10.rpt
General Options EMAData NEB TabularResults
First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates) 45,000
Perception Thresholds I : o
Start Year End Year Low Threshold (cfs) High Threshold (cfs) Comments
40,000 o
1943, 1947, 260000/ inf
| | |
35,0004
30,000 5
- o]
Apply Thresholds = 25,000 o °
k5 <)
Flow Ranges ‘;’ 9 o <]
Vear Peak (cfs) Low Value (cfs) High Value (cfs) Data Type 2 20000 ° 5 a4 °
1942] 26900.0 26900.0 26900.0| Historical e o ° 9 5
1943 0.0 26000.0|Censored > 15,000 oo o o
1944] 00 26000.0|Censored | ° ® @ o
o <]
~
1945 0.0 26000.0|Censored 10000f © ©°e o 0o 4 o
1946 0.0 26000.0|Censored ~ 09 %o By o
1947 00 26000.0| Censored ~ o s o o © D)
o]
1948 £500.0 5000 500.0 i ~ 8.0004 o oo °
1249 104000 104000 104000 v © ©
1950 5430.0 5430.0 5430.0 ~ B | | | | | | |
1951 24200.0 242000 242000 b 1950 1960 1970 1980 1990 2000 2010
1952] 17000.0 17000.0 17000.0 ~
1942-1947 o  Data
1953 19900.0 19900.0 19900.0 ~
1954, 8200.0 8290.0 8290.0| Systematic M Refresh
Compute Plot Curve View Report Print oK Cancel Apply

Once all of the General and EMA Data tab settings are set or selected, the user can press the Compute
button to perform the analysis. Once the computations have been completed, a message window will open
stating Compute Complete. Close this window and then select the Tabular Results tab. The analysis window

should resemble Figure 4 (see page 154).

@ Bulletin 17 Editor - B17C Example 10 - o x
Name: B17C Example 10|
Description: Systematic and Historical Record with Regional Skew
FlowData Set | Schuylkill River-Beme-FLOW v 4 =
DSS File Name: | C T _17C_k _17C_Examples.dss A
Report File Ci\Projects\SSPATestBulletin_17C_Examples Bulletin17Results\B17C_Example_101817C_Example_10.rpt
General Options EMAData NEB TabularResulis
Frequency Curve for: Schuylkill River-Berne-FLOW
Percent Gh Computed & " . Confidence Limits
ercent Chance omputed Curve ariance Log
Exceedance Flow in cfs (EMA) Flowin cfs
0.05 0.95
67 07465 495 43662
478 054971 743 44
41649.4 04250 6054 02
2 757.2 0032062 46069 79.
28447, 0021302 4728. 1439,
1 23218 38 27344 04
2 158 205 20774 9
5 350. [ 2714 22
098. 8014. 82.
5554.7 5363, a3.
45371 7 5 94.
31048 542 3 2292
[ Distribution Parameters | VeI
Parameter Value e e Event Mumber ;
—| istoric Events
Mean 4.055
Standard Dev 0242 [“g”é)“t“”ars ZeeFi
Station Skew 7 ow Outliers an ero Flows
Regional Skew 5
Weighted Skew =
Adopted Skew
EMA Estimate of MSE (G at-site) Equivalent Record Length (years) 71.492
Grubbs-Beck Critical Value 0
Compute Plot Curve View Report Print OK Cancel Apply

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Curve button at the bottom of the analysis window. The Log Pearson Type IlI distribution fit
using EMA to the input annual maximum flow data set, the 5% and 95% confidence limits, and the computed
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plotting positions are shown in Figure 5 (see page 155).

“ Bulletin 17 Plot for B17C Example 10 - O X
File Edit View Window
Bulletin 17 Pleot for B17C Examgple 10
Return Pericd
Q. 10 1.1 2 5 10 50 100 500 10000
100,000 1 1 1 1 1 1 1 1 1 1 1
3
‘g‘ 10,000+
H
o
g D7 Computed 26Jul2022 13:27
by HEC-SSP v2.3-beta.3
& 9/ Analysis Period 1942 - 2018
// Mean 4055
r Standard Dev 0.242
Station Skew 0.007
Adopted Skew 0.004
Historic Events 1
Systematic Events 59
1.000 T T T T T T T T T |
09929 0999 0.92 (R 0.5 0.2 041 0.02 0005 0.001 0.0001
Probability
m———  Computed Curve = = = 5§ Percent Confidence Limit
— — — 95 Percent Confidence Limit o] Observed Events {Hirsch-Stedinger plotting positions)
Historic Data

As shown in Figure 6 (see page 155), the 1942 — 1947 period used a perception threshold of 26000 - inf. Since
the 1943 - 1947 period was missing, the complementary flow range of 0 — 26000 cfs was assigned and
used within the computations.
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[ e17¢_Example 10.pt - o b4

File Edit Search Format

File’|CAPROJECT: _17C_ 117Results\B17C_Example_10\817C_Example_10.rpt

~
<< EMA Representation of Data >>
Schuylkill River-Berne-FLOW
I I Value 1 Logl0 Value I Threshold I Logl0 Threshold I I
| Year Peak 1 Low High 1 Low Hi 1 Higl 1 ow High | Type |
| | I I I
| 1842 26,800.0 | 26,5800.0 26,500.0 | 4.4 4.4 | 1.0E-88 1.0E88 | =85.0 8%.0 | Hisc |
| 1943 I 1.0E-99 2€,000.0 | -99.0 4.4 2€,000.0 1.0ESY | 4.4 99.0 | Cens |
| 1944 I 1.0E-99 2€,000.0 | -99.0 4.4 2€,000.0 1.0E99 | 4.4 99.0 | Cens |
| 1845 | 1.0E-9% 26,000.0 | -99.0 4.4 26,000.0 1.0E89 | 4.4 5.0 | Cens |
| 1%94€ I 1.0E-99 2€,000.0 | -99.0 4.4 2€,000.0 1.0ESY | 4.4 99.0 | Cens |
| 1947 I 1.0E-99 2€,000.0 | -99.0 4.4 2€,000.0 1.0E99 | 4.4 99.0 | Cens |
| 1948 | €,500.0 €,500.0 | 3.8 3.8 10 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1949 | 10,400.0 10,400.0 | 4.0 4.0 | 1.0E-99 1.0ESS | -95.0 99.0 | Syst |
I 1950 I 5,430.0 5,430.0 | 3.7 3.7 1 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1951 I 24,200.0 24,200.0 | 4.4 4.4 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1952 | 17,000.0 17,000.0 | 4.2 4.2 | 1.0E-89 1.0ESS | -95.0 %9.0 | Syst |
| 1953 I 19,900.0 19,900.0 | 4.3 4.3 1 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1954 I €,290.0 £,290.0 | 3.9 3.9 | 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1855 | 28,400.0 28,400.0 | 4.5 4.5 | 1.0E-88 1.0E88 | =85.0 8%.0 | Syst |
| 1958 I 8,580.0 8,580.0 | 3.9 3.9 1| 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1957 I 10,700.0 10,700.0 | 4.0 4.0 1 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1858 | 13,100.0 13,100.0 | 4.1 4.1 | 1.0E-88 1.0E88 | =85.0 8%.0 | Syst |
| 1959 I 7,710.0 7,710.0 | 3.9 3.9 1 1.0E-99 1.0ES9 | -99.0 99.0 | Syst |
| 1960 I €,290.0 £,290.0 | 3.9 3.9 | 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1861 | 10,400.0 10,400.0 | 4.0 4.0 | 1.0E-88 1.0E88 | =85.0 8%.0 | Syst |
| 1962 I €,010.0 €,010.0 | 3.8 3.8 1 1.0E-99 1.0ESY | -99.0 99.0 | Syst |
| 1963 I 4,720.0 4,720.0 | 3.7 3.7 1 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1864 | 11,700.0 11,700.0 | 4.1 4.1 | 1.0E-88 1.0E88 | =85.0 8%.0 | Syst |
| 1965 I 12,000.0 12,000.0 | 4.1 4.1 1.0E-99 1.0ESY | -99.0 99.0 | Syst |
| 1966 I 5,850.0 5,850.0 | 3.8 3.8 1| 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1867 | 3,220.0 3,220.0 | 3.5 3.5 1| 1.0E-98 1.0E89 | -99.0 5.0 | Syst |
| 1968 I 8,€40.0 8,€40.0 | 3.9 3.9 1 1.0E-99 1.0ESY | -99.0 99.0 | Syst |
| 1969 I 15,000.0 15,000.0 | 4.2 4.2 1 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1870 | 17,300.0 17,300.0 | 4.2 4.2 1 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
I 1971 I 15,600.0 15,€00.0 | 4.2 4.2 1.0E-99 1.0ESY | -99.0 99.0 | Syst |
I 1972 I 42,800.0 42,800.0 | 4.6 4.8 | 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1873 | §,290.0 §,290.0 | 3.9 3.9 10 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1974 | 15,400.0 15,400.0 | 4.2 4.2 | 1.0E-99 1.0ESS | -95.0 99.0 | Syst |
| 1975 I 9,920.0 9,920.0 | 4.0 4.0 1 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 197¢ I 18,300.0 18,300.0 | 4.3 4.3 1 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1977 | 12,100.0 12,100.0 | 4.1 4.1 | 1.0E-89 1.0ESS | -95.0 %9.0 | Syst |
| 1978 I 12,300.0 12,300.0 | 4.1 4.1 1 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1979 I 21,700.0 21,700.0 | 4.3 4.3 1 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1880 | 8,730.0 8,720.0 | 3.8 3.9 | 1.0E-88 1.0E88 | =85.0 8%.0 | Syst |
I 198 I g,110.0 g,110.0 | 3.9 3.9 1 1.0E-99 1.0ES9 | -99.0 99.0 | Syst |
| 198 I €,€00.0 €,€00.0 | 3.8 3.8 1| 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1883 | 25,300.0 25,300.0 | 4.4 4.4 | 1.0E-88 1.0E88 | =85.0 8%.0 | Syst |
I 198 I 20,100.0 20,100.0 | 4.3 4.3 1.0E-99 1.0ESY | -99.0 99.0 | Syst |
| 198 I 7,850.0 7,850.0 | 3.9 3.9 | 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1886 | 13,400.0 13,400.0 | 4.1 4.1 | 1.0E-88 1.0E88 | =85.0 8%.0 | Syst |
| 198 I 13,000.0 13,000.0 | 4.1 4.1 1.0E-99 1.0ESY | -99.0 99.0 | Syst |
| 1988 I 15,500.0 15,500.0 | 4.2 4.2 1 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1888 | 17,600.0 17,600.0 | 4.2 4.2 | 1.0E-88 1.0E88 | =85.0 8%.0 | Syst |
I 1990 11,500.0 | 11,500.0 11,500.0 | 4.1 4.1 1.0E-99 1.0ESY | -99.0 99.0 | Syst |
| 1991 10,000.0 | 10,000.0 10,000.0 | 4.0 4.0 1 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1892 8,280.0 | §,280.0 §,280.0 | 3.9 3.9 1 1.0E-98 1.0E89 | -99.0 5.0 | Syst |
I 1993 10,500.0 | 10,500.0 10,500.0 | 4.0 4.0 1.0E-99 1.0ESY | -99.0 99.0 | Syst |
| 1994 7,210.0 | 7,210.0 7,210.0 | 3.9 3.9 1| 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
| 1995 4,820.0 | 4,820.0 4,820.0 | 3.7 3.7 1 1.0E-99 1.0E99 | -99.0 99.0 | Syst |
07/26/2022 16:03 PM 1111 11

58 Figure 6 Report File for B17C Example 10 showing EMA Representation of Data.
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4 Bulletin 17 Variable Time Window Examples

4.1 Moving Window - Bushkill Creek

In the SSP_Examples.ssp study, the Bulletin 17 analysis Bushkill_MovingWindow illustrates how to utilize the
Moving Window computational option. In this example, a 20 year time window that increments by 5 years is
used to explore how individual flood peaks impact a flow-frequency curve as well as the parameters of the

Log Pearson Type Il Distribution.

4.1.1 Input Data

The Bushkill Creek at Shoemakers, PA*? stream gage has an annual peak record consisting of 111 peaks
beginning in 1909 and ending in 2019, as shown in Figure 1. The annual peak flow record is tabulated within

Table 1.

@ Bush Kill-3hoemakers, PA-FLOW-ANMUAL PEAK — O 4
File Edit View Window
20,000+
15,0004
)
=
=2 10,0004
[y
o
5,000 b o o o o | S0 ©
o =]
o T 7 o ® %o DODCDO%CPOO;’DD © o™ l:éb
o o ¢ .o o
b ® Too ppo o oW c% o oocpoodp e o % "% Eb;o %8 Y
0 T T T T T
1920 1940 1960 1980 2000
& Bush Kil-Sheemakers, PA-FLOW-ANNUAL PEAK

59 Figure 1. Bushkill Creek Annual Peak Flow Record

42 https://waterdata.usgs.gov/nwis/uv?site_no=01439500
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Table 1. Bushkill Creek at Shoemakers, PA Annual Peak Flow Record
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Date Flow (cfs)
20 Feb 1909 2270
07 Mar 1910 1190
14 Jun 1911 1120
15 Mar 1912 1190
28 Mar 1913 1350
29 Mar 1914 1350
24 Feb 1915 2070
02 Apr 1916 1430
27 Mar 1917 1510
26 Feb 1918 1970
22 Jul 1919 2380
24 Jul 1920 5250
10 Mar 1921 1780
08 Mar 1922 1780
24 Mar 1923 1270
30 Sep 1924 2830
12 Feb 1925 1430
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Date Flow (cfs)
16 Nov 1925 2380
16 Nov 1926 2830
19 Oct 1927 1970
15 Mar 1929 1190
18 Nov 1929 1150
29 Mar 1931 1080
01 Apr 1932 1430
16 Sep 1933 3070
12 Apr 1934 1040
10 Jul 1935 3330
18 Mar 1936 4770
06 Apr 1937 1240
25 Jan 1938 2070
06 Dec 1938 2540
31 Mar 1940 2790
06 Apr 1941 1220
28 Sep 1942 2920
30 Dec 1942 1710

Bulletin 17 Variable Time Window Examples — 159



HEC-SSP Examples — HEC-SSP Examples

Date Flow (cfs)
25 Apr 1944 1500
19 Jul 1945 3900
28 May 1946 2080
06 Apr 1947 1580
21 Mar 1948 2080
31 Dec 1948 1780
29 Mar 1950 1540
31 Mar 1951 2860
08 Nov 1951 2980
11 Dec 1952 4680
07 Dec 1953 928
19 Aug 1955 23400
16 Oct 1955 3680
06 Apr 1957 1460
21 Dec 1957 3050
06 Mar 1959 1260
05 Apr 1960 1800
26 Feb 1961 1890
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Date Flow (cfs)
08 Apr 1962 1060
27 Mar 1963 2680
10 Mar 1964 1800
09 Feb 1965 804
06 Mar 1966 880
15 Mar 1967 1200
30 May 1968 2290
28 Jul 1969 7300
02 Apr 1970 3130
23 Oct 1970 2070
23 Jun 1972 3360
03 Feb 1973 1730
21 Dec 1973 4280
08 Dec 1974 2910
28 Jan 1976 2830
25 Feb 1977 2120
09 Jan 1978 4720
25 Jan 1979 2830
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Date Flow (cfs)
22 Mar 1980 2670
12 May 1981 2770
04 Feb 1982 1300
16 Apr 1983 3160
05 Apr 1984 3340
27 Sep 1985 1420
15 Mar 1986 2730
13 Sep 1987 2580
30 Nov 1987 1260
06 May 1989 2120
20 Oct 1989 3260
04 Dec 1990 2470
31 May 1992 1780
01 Apr 1993 3210
28 Mar 1994 1750
08 Mar 1995 1280
27 Jan 1996 4990
02 Dec 1996 3060
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Date Flow (cfs)
12 May 1998 1450
24 Jan 1999 1360
28 Feb 2000 895
17 Dec 2000 1930
29 May 2002 1210
22 Jun 2003 2340
18 Sep 2004 5330
03 Apr 2005 5670
28 Jun 2006 5380
16 Apr 2007 2790
09 Mar 2008 2750
12 Dec 2008 2590
25Jan 2010 1940
28 Aug 2011 5480
08 Dec 2011 1480
11 Jun 2013 1740
01 May 2014 2030
01 Jul 2015 2790
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Date Flow (cfs)
25 Feb 2016 2220
07 Apr 2017 1970
25 Feb 2018 1550
24 Jan 2019 2070

A Bulletin 17 Analysis using Bulletin 17C procedures and the Variable Time Window | Moving Window
compute option has been developed for this example. To open the analysis, either double-click on the
analysis labeled Bushkill_MovingWindow from the Study Explorer or from the Analysis menu select open,
then select Bushkill_MovingWindow from the list of available analyses. When Bushkill_MovingWindow is
selected, the Bulletin 17 analysis editor General tab will appear as shown in Figure 2. As shown, the 77C
EMA computational option was selected along with all the subsequent default options.

@ Bulletin 17 Editor - Bushkill_MovingWindow - m] *
MName: Eushle_Muvmg‘.’\.ﬂnduw{
Description: .
Flow Data Set Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK ~ u %
DSS File Name: CI/PROJECTS/SSP/Projectsitest/iSSP_Examples/SSP_EXAMPLES dss l
Report File: CI\PROJECTS\SSP\Projects\testiSSP_Examples\Bulletin17Results\Bushkill_MovingWindow\Bushkill_MovingWindow.rpt
General Qptions EMAData NEB Tabular Results
Method for Computing Statistics and Confidence Limits Low Outlier Test Confidence Limits
(® 17C EMA (®) Multiple Grubbs-Beck (®) Defaults (0.05, 0.95)
() 17B Methods single Grubbs-Beck (O User Entered Values
q .
Generalized Skew Plotting Position S
® Use Station Skew Weibull (A and B = 0) Lower Limit
Median (A and B =10.3)
(O Use Weighted Skew
Hazen (A and B = 0.5) Time Window Modification
Use ONLY Regional Skew 2 2
o) g (® HirschiStedinger DSS Range is
Ri | Ski
CLiaka Lo Other (Specify A, B) ST
Reg. Skew MSE:
g N Plotting position computed using formula End Date
(m-A){(n+1-A-B)
Expected Probablity Curve Where:
(® Do Not Compute Expected Probability Curve m=Rank 1:La(gest
n=Number of Years
Compute Expected Prabability Curve using B178 Procadures AB=Constants
() Compute Expected Probability Curve using Numerical Integration (EMA) ‘
B:
Compute Plot Curve View Report Print OK Cancel Appl:

On the Options tab, the Compute Using Moving Window option was selected within the Variable Time Window
panel. A Window Length of 20 years and a Shift Increment of 5 years was entered, as shown in Figure 3.
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‘E{s. etin 17 Editor - Bushkill_MovingWi

Name [Bushikill_hovingWindow

Description:

Flow Data Set: Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK

DSS File Name: |C/PROJECTS/SSPIProjectsitest/'SSP_Examples/SSP_EXAMPLES dss

Report File C\PROJECTS\SSP\ProjectsitestiSSP_Examples\Bulletin17Results\Bushkill_MovingWindow\Bushkill_MovingWindow.rpt

General Options EWMAData NEB Tabular Results

[ Low Qutlier Threshold
[] Override Low Outlier Threshold

Value

[ Variable Time Window

0 Do Mot Compute Using
Variable Time Window

@ Compute Using Moving Window

‘Window Length
(years)
Shift Increment
(years)

() Compute Using Expanding Window
Initial Window Length
(vears)
Expansion Increment
(years)

Compute Plot Curve

- [m] x
|
v Ld =
Historic Period Data (only used with B178 procedu [ Output Frequency Ordinates —————————
Use Historic Data [] Use Values from Table Below
 Historic Period Frequency in Percent

Start Year. 02
05
End Year: 10
20
Override High Outlier Threshold: 50
10.0
Historic Events 200
Water Year Peak 50.0
80.0
90.0
95.0
99.0

|

|

View Report Print |

oK Cancel Apply

The EMA Data tab for this example is shown in Figure 4. Since this example uses an annual maximum series
consisting entirely of systematic data with a complete record, a single zero — inf perception threshold is
adequate. No modifications to the default flow ranges and data types are necessary.
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@ Bulletin 17 Editor - Bushkill_MovingWindow - ) X
Name [Bushkill_MovingWindow

Description:

Flow Data Set. Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK ~ \4 %
DSS File Name: C/PROJECTS/SSP/Projectsitest/SSP_Examples/SSP_EXAMPLES dss l
Report File: CIAPROJECTS\SSP\Projects\testiSSP_Examples\Bulletin17Results\Bushkill_MovingWindow\Bushkill_MovingWindow.rpt

General Options EMAData NEB Tabular Results
First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates)

Perception Thresholds I o
Start Year End Year Low Threshold (cfs) High Threshold (cfs) Comments
20,000+
15,000+
Apply Thresholds .
i
Flow Ranges ‘;
Year Peak (cfs) Low Value (cfs) High Value (cfs) Data Type f 10,000
1909 2270.0 22700 2270.0|Systematic |
1910 1190.0 1190.0 1190.0| Systematic v
1911 1120.0 1120.0 1120.0{Systematic ~ ©
1912 1190.0 1190.0 1190.0|Systematic ~
1l © o Bo
1913 1350.0 1350.0 1350.0 Systematic v 5,000 o o ©
1914, 1350.0 1350.0 1350.0| Systematic ~ C o
& 0, Foa® 0
1915 2070.0 2070.0 2070.0|Systematic v & ® 0%%@ %%7 @2
CZ% =] S0 5]
1916 1420.0 1430.0 1420.0| Systematic v
y! B o0 oQ’O&' o o
1917 1510.0 1510.0 1510.0| Systematic v
1918 1970.0 1970.0 1970.0| Systematic - 1920 1940 1950 1980 2000
1919 23800 23800 2380.0| Systematic v 5 =
ata
1920 5250.0 5250.0 5250.0| Systematic ~
1921 1780.0 1780.0 1780.0| Systematic ~ |y Refresh
Compute Plot Curve View Report Print OK Cancel Apply

4.1.2 Computing the Analysis

Once all of the General, Options, and EMA Data tab settings are set or selected, the user can press

the Compute button to perform the analysis. A Compute Warnings message will be shown noting that the
user specified time window length and shift do not evenly divide the compute time window. This message is
simply notifying the user that the final compute time window will be shifted by less than 5 years. Once the
computations have been completed, a message window will open stating Compute Complete.

Close these windows and then select the Tabular Results tab. The analysis window should resemble Figure
5.
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[E Bulletin 17 Editor - Bushkill_MavingWindow — ] x
Name: Elushki\l_ldlamngW\ndoM
Description
Flow Data Set. Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK ~ u %
DSS File Name: | C/TempiSSP_Projects/SSP_ExamplesiSSP_EXAMPLES.dss l
Report File C:\Temp\SSP_Projects\SSP_Examples\Bulletin17Results\Bushkill_MovingWindowiBushkill_MovingWindow.rpt
General Options EMAData MEB TabularResults variable Time Window Results
Freguency Curve for: Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK
= fE o e Ve L Confidence Limits
ercent Chance omputed Curve ariance Log
Flow in cfs
Exceedance Flow in cfs (EMA)
0.05 095
02 14988 4/ 0057566 989507 84895
05 118826 0039170 572280 73038
10 98938 0028111 377433 6456.6
20 81694 0019385 25138.0 56337
50 62322 0011177 130740 45859
100 49812 0.0072151 83755 3806.4
200 38750 0.0048358 5596.9 3017.3
50.0 25433 0.0031121 32226 20432
80.0 1797.0 0.0022196 22108 1476.5
90.0 15403 0.0024186 18481 1166.8
95.0 13744 0.0034031 1653.8 9721
99.0 11443 0.0084547 1522.6 695.9
Distribution Parameters EEis
Parameter Value Tistorc Ever Eveat EAumbey 5
istonc Events
Mean 3428
Standard Dev pagp| |[Honouers 5
[Station Skew 0.673 M“'” | ‘;“" &nd £ero Flows 5
Regional Skew S‘S?‘"g . U'gs - 18
Adopted Skew 0.673
ENA Esfimate of MSE (G atsile) n.37p| [Eauivalent Record Lengih (years) 16.000
Grubbs-Beck Critical Value 0.000
Compute Plot Curve View Report Print OK Cancel Apply

60 Figure 5. Bulletin 17 Analysis Tabular Results Tab for Bushkill_MovingWindow

@ When using the Variable Time Window compute option, the Tabular Results tab will only contain
the results from the final time window computation. In this example, the final time window
spans water years 2004 - 2019, which is 16 total years.

In addition to the tabular results, a graphical plot of the computed frequency curves for the final time window
can be obtained by pressing the Plot Curve button at the bottom of the analysis window.

4.1.3 Variable Time Window Results

Upon clicking the Variable Time Window Results tab, two sub-tabs become available: Flow and Statistics.
The Flow sub-tab contains the evolution of quantile information for each time window and each of the
frequency ordinates specified within the Options tab | Output Frequency Ordinates table, as shown within
Figure 6.
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@ Bulletin 17 Editor - Bushkill_MovingWindow - ) X
Name Bushkill_MovingWindow

Description:

Flow Data Set. Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK ~ \4 %
DSS File Name: |C:/PROJECTS/SSP/Projectsftest’SSP_Examples/SSP_EXAMPLES dss l
Report File: CIAPROJECTS\SSP\Projects\testiSSP_Examples\Bulletin17Results\Bushkill_MovingWindow\Bushkill_MovingWindow.rpt

General Options EMAData NEB Tabular Results Variable Time Window Results

Flow  statistics

Variable Time Window Results
Moving Window, Window Length = 20 years, Shift
Increment = 5 year, Data Range = 1928 - 2023

Flow (CFS) for Percent Chance Exceedar
0.2 0.5 1.0 2.0 5.0 10.0 20.0 50.0
1928| 8946.1| 70605 58754| 48638| 37475 30397| 24242 17015

Year

1933 9028.6] 7194.0| 6024.5| 5013.8) 3882.2] 3153.5) 2510.4[ 1738.9 390,000

1938[10739.7| 8640.4| 7267.1| 6054.1) 4661.8] 37423 20127| 1887.7 80,000

1943| 7725.5| 66226 5840.8| 5099.6) 4172.9) 3502.3) 28436 1930.6 70,0004

1948] 8951.0| 74144 6374.6| 5428.4] 4302.6] 3520.8) 2806.8] 1268.6 £0.0001

1953 8480.8| 73025| 64632| 5663.8| 4658.9) 3927.2( 32041| 21932 = o

1958 77880.6| 428195 27208.4[ 17270.0] 9447.8| 59711 3760.3| 2017.7) 50,000+

1963 83806.8 44874.2( 27956.3| 17403.0) 9284.8] 5762.1| 3566.6/ 1876.6 < 40,0004

1968] 85464.8( 45514.2(28178.8[ 17391.0] 9127.2] 5562.9| 3356.4| 1664.1 2 30,000

1973] 87415.4| 47793.8[ 30112.3| 18861.3[ 10037.5] 61437| 36891| 17682 L 90,000

1978] 12364.1( 10140.0| 8628.7| 7250.4] 5609.7) 4486.4) 3442.1[ 2109.0 10.000

1983 0699.2| 8521.0| 7635.7| 6753.2] 5584.0] 4688.0( 3764.4| 24157 T rucfin - N =
1988| 9830.8| 8507.8| 7560.5| 6654.1) 5507.7| 4667.5) 38316| 26516 1920 1940 1960 1980 2000 2020
1993| 5656.2| 52535| 4997.9| 4714.4] 4284.9] 3903.6( 34492 26283

1998] 65431| 59218| 54458| 4961.1) 4300.8] 37759 32126 23204 0.2 Percent Chance Exceedance

2003 7599.6| 6570.0| 58324| 5126.4| 4233.4| 3578.9| 29281 2010.7
2008| 11946.5| 10024.5| 8682.9| T429.6| 5893.3| 4807.3| 3766.8) 23817
2013| 15045.7| 12082.0| 101217 83756| 6355.0| 5012.1| 3797.1| 22995
2018 13548.2| 10902.4| 9160.9| 7615.2| 5831.9| 4648.9| 3578.4| 22534
2023| 14988 4| 11882.6| 9893 8| B1694| 62322 49812 38750 25433

0.5 Percent Chance Exceedance

1.0 Percent Chance Exceedance

2.0 Percent Chance Exceedance

5.0 Percent Chance Exceedance

10.0 Percent Chance Exceedance
20.0 Percent Chance Exceedance
50.0 Percent Chance Exceedance
80.0 Percent Chance Exceedance
90.0 Percent Chance Exceedance

95.0 Percent Chance Exceedance
990 Percent Chance Exceedance
a 5 o Shoemakers, PA Observed Events FLOW-ANNUAL PEAK

Compute Plot Curve View Report Print OK Cancel Apply

61 Figure 6. Quantile information for each time window in the moving window analysis

Within this example, 20 time windows were derived from the input data, as shown in Table 2. Notice that the
last time window contains fewer than 20 years.

Table 2. Time Windows for Bushkill_MovingWindow Bulletin 17 Analysis

Begin Year End Year Number of Years

1909 1928 20

1914 1933 20

1919 1938 20

1924 1943 20

1929 1948 20

1934 1953 20

Bulletin 17 Variable Time Window Examples — 168



HEC-SSP Examples — HEC-SSP Examples

Begin Year End Year Number of Years
1939 1958 20
1944 1963 20
1949 1968 20
1954 1973 20
1959 1978 20
1964 1983 20
1969 1988 20
1974 1993 20
1979 1998 20
1984 2003 20
1989 2008 20
1994 2013 20
1999 2018 20
2004 2019 16

The Statistics sub-tab contains the evolution of Log Pearson Type Ill parameters for each time window, as

shown within Figure 7.
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Name:
Description:

Flow Data Set

Report File:

Flow Statistics

[ Bulletin 17 Editor - Bushkill_MovingWindow

Bushkill_MovingWindow

Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK

CIAPROJECTS\SSP\Projects\testiSSP_Examples\Bulletin17Results\Bushkill_MovingWindow\Bushkill_MovingWindow.rpt

D33 File Name:  C:/PROJECTS/SSP/Projectsitest/SSP_Examples/SSP_EXAMPLES dss

General Options EMAData NEB Tabular Results Variable Time Window Results

Q

Statistic
Year
Ending Mean SELED Adopted Skew
Deviation
1928 3.260 0.166 1.059
1933 3.266 0.174] 0.897
1938 3.294] 0.211 0.502
1942 3.290 0.196 0.139
1948 3284 0.201 0.369
1952 3345 0.192 0.127
1958 3381 0294/ 1.902
1962 3.364| 0.203 1.932
1968 331 0329 1738
1973 3.331 0.343 1.522
1978 3.331 0.247 0.154
1983 3373 0238 -0.247
1988 3.427 0.187 0.120
1993 3.405 0.155 -0.580
1998 3.362 0.170 -0.179
2002 3307 0.191 0.101
2008 3.380 0234/ 0.084
2012 3373 0.250 0.279
2018 3368 0228 0.383
2022 3.428 0.202 0.673
Compute Plot Curve Print

Variable Time Window Results
Moving Window, Window Length = 20 years, Shift
Increment = & year, Data Range = 1928 - 2023

3404
3.35
330
3264

Mean {log)

A = Van(

0.30
0.25
0.204
0.154

Std Dev (log)

1.59
1.0
054
0.04

-0.54
-1.0

Adopted Skew (log)

20,0004
10,0004

Flow (CFS)

o
0 T

1920

5
R G e el e e
1940 1960 1980 2000 2020

WMea

n —— Standard Deviation —— Adopied Skew @ Observed Events

OK Cancel Apply

62 Figure 7. Log Person Il parameters for each 20 year window in the moving window analysis

®

Notice the extreme event in 1955. The peak flow rate for the 1955 event was 23,400 cfs;
whereas, the next largest flood was 7,300 cfs in 1969. The inclusion (or exclusion) of this flood
event causes dramatic changes to the computed quantiles (e.g. 1/100 annual exceedance
probability flow rate) as well LPIIl parameters (e.g. skew).

4.1.4 Report File

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the
analysis window. When this button is selected, a text viewer will open the file and display it on the screen.
Shown in Figure 8 is the report file. The report file contains a listing of the input data, preliminary results,
outlier and historical data tests, additional calculations needed, and the final frequency curve results for each
of the time windows. Additionally, a final summarization of all the time windows is included. Different types
and amounts of information will show up in the report file depending on the data and the options that have
been selected for the analysis. The user should review the report file to understand how the Bulletin 17C
procedures were applied for each time window.
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[ Bushkill_MovingWindow.rpt - O X
File Edit Search Format
File: |c.\PROJECT: | in1 L | pt
T mmmmmmmm e ~
2 Bulletin 17C (Java) Frequency Analysis
3 18 Jul 2022 11:05 AM
cmputed By: HEC-SSP Version 2.3-beta.d
& --- Input Data ---
10 Analysis Name: Bushkill MovingWindow
11 Description:
13 Data Set Name: Bush Kill-Shoemakers, PA-FLOW-RNNUAL PERK
14 DSS File Name: C:\FROJECTS\SSP\Frojects\test\SSP_Examples\SSE_EXAMFLES.dss
15 DSS Pathname: /Bush Kill/Shosmakers, FA/FLOW-ANNUAL FEAK/01janl#00/IR-CENTURY/USGS/
17 Report File Neme: C:\PROJECTS\SSP\Projects\test\SSP_Exemples\Bulletinl7Results\Bushkill MovingWindow\Bushkill_MovingWindow.zpt
16 ¥ML File Name: C:\PROJECTS\SSP\Frojects\test\SSE_Examples\Bulletinl7Results\Bushiill MovingWindow\Bushkill Movingwindow.sml
19 Output DSS File Name: C:/PROJECTS/SSP/Projects/test/SSP_Examples/SSP_EXAMPLES.dss
1 Start Date: 01 Oct 1909
> End Date: 30 Sep 2018
4 Skew Option: Use Station Skew
25 Regional Skew: -Infinity
26 Regional Skew MSE: -Infinity
22 Plotting Position Type: Hirsch-Stedinger
30 Do Not Compute Expected Erobability Curve
2 Upper Confidence Level: 0.05
3 Lower Confidence Level: 0.95
isplay ordinate values using 1 digits in fraction part of value
—- End of Input Data —--
-- Begin Results for Time Window [180% to 1828] ---
4 << EMA Representation of Data >>
ush Kill-Shoemakers, PA-FLOW-ANNUAL PERK
| Value | Logld Value | Threshold | Logld Threshold |
Peak | Low High | Low High | Low High | Low High | Type |
| | | | |-==---
2,270.0 | 2,270.0 | 3.4 3.4 1.0E85 | 95.0 | Syst |
1,150.0 | 1,150.0 | 3.1 3.1 1.0E9S | 95.0 | Syst |
1,120.0 | 1,120.0 | 3.0 3.0 | 1.0E88 | 95.0 | Syst |
1,150.0 | 1,180.0 | 3.1 3.1 1.0E8% | 95.0 | Syst |
1,350.0 | 1,350.0 | 3.1 3.1 1.0E8% | 95.0 | Syst |
1,350.0 | 1,350.0 | 3.1 3.1 1.0E8% | 95.0 | Syst |
2,070.0 | 2,070.0 | 3.3 3.3 1 1.0E99 | 99.0 | Syst |
1,430.0 | 1,430.0 | 3.2 3.2 | 1.0E99 | 99.0 | Syst | hd
0718/2022 11:05AM | 11111 11

63 Figure 8. Report File for Bushkill_MovingWindow

4.2 Expanding Window - Bushkill Creek

In the SSP_Examples.ssp study, the Bulletin 17 analysis Bushkill_ExpandingWindow illustrates how to utilize
the Expanding Window computational option. In this example, an initial period of 20 years is incrementally
expanded by 5 years to explore how individual flood peaks impact a flow-frequency curve as well as the

parameters of the Log Pearson Type Ill Distribution.

4.2.1 Input Data

The Bushkill Creek at Shoemakers, PA*® stream gage has an annual peak record consisting of 111 peaks
beginning in 1909 and ending in 2019, as shown in Figure 1. The annual peak flow record is tabulated within

Table 1.

43 https://waterdata.usgs.gov/nwis/uv?site_no=01439500
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@ Bush Kill-5hoemakers, PA-FLOW-ANMUAL PEAK - O >
File Edit View Window
o
20,0004
15,000+
o)
=2
=2 10,0004
[N
o
5,000 b o o S0 o | 60 ©°
c o
oo °° po & © % qoFp,% 0 ©
o %, Co éptbooqb cDDo oo, DQP C‘ooooo 5 ° C‘ocPcbo
e ® Tof pdp o o o %% o P ¢ fo o %o
0 T T T T T
1920 1940 1960 1980 2000
L] Bush Kil-Sheemakers, PA-FLOW-ANNUAL PEAK

64 Figure 1. Bushkill Creek Annual Peak Flow Record

Table 1. Bushkill Creek at Shoemakers, PA Annual Peak Flow Record

Date Flow (cfs)
20 Feb 1909 2270
07 Mar 1910 1190
14 Jun 1911 1120
15 Mar 1912 1190
28 Mar 1913 1350
29 Mar 1914 1350
24 Feb 1915 2070
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Date Flow (cfs)
02 Apr 1916 1430
27 Mar 1917 1510
26 Feb 1918 1970
22 Jul 1919 2380
24 Jul 1920 5250
10 Mar 1921 1780
08 Mar 1922 1780
24 Mar 1923 1270
30 Sep 1924 2830
12 Feb 1925 1430
16 Nov 1925 2380
16 Nov 1926 2830
19 Oct 1927 1970
15 Mar 1929 1190
18 Nov 1929 1150
29 Mar 1931 1080
01 Apr 1932 1430
16 Sep 1933 3070
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Date Flow (cfs)
12 Apr 1934 1040
10 Jul 1935 3330
18 Mar 1936 4770
06 Apr 1937 1240
25 Jan 1938 2070
06 Dec 1938 2540
31 Mar 1940 2790
06 Apr 1941 1220
28 Sep 1942 2920
30 Dec 1942 1710
25 Apr 1944 1500
19 Jul 1945 3900
28 May 1946 2080
06 Apr 1947 1580
21 Mar 1948 2080
31 Dec 1948 1780
29 Mar 1950 1540
31 Mar 1951 2860
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Date Flow (cfs)
08 Nov 1951 2980
11 Dec 1952 4680
07 Dec 1953 928
19 Aug 1955 23400
16 Oct 1955 3680
06 Apr 1957 1460
21 Dec 1957 3050
06 Mar 1959 1260
05 Apr 1960 1800
26 Feb 1961 1890
08 Apr 1962 1060
27 Mar 1963 2680
10 Mar 1964 1800
09 Feb 1965 804
06 Mar 1966 880
15 Mar 1967 1200
30 May 1968 2290
28 Jul 1969 7300
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Date Flow (cfs)
02 Apr 1970 3130
23 Oct 1970 2070
23 Jun 1972 3360
03 Feb 1973 1730
21 Dec 1973 4280
08 Dec 1974 2910
28 Jan 1976 2830
25 Feb 1977 2120
09 Jan 1978 4720
25 Jan 1979 2830
22 Mar 1980 2670
12 May 1981 2770
04 Feb 1982 1300
16 Apr 1983 3160
05 Apr 1984 3340
27 Sep 1985 1420
15 Mar 1986 2730
13 Sep 1987 2580
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Date Flow (cfs)
30 Nov 1987 1260
06 May 1989 2120
20 Oct 1989 3260
04 Dec 1990 2470
31 May 1992 1780
01 Apr 1993 3210
28 Mar 1994 1750
08 Mar 1995 1280
27 Jan 1996 4990
02 Dec 1996 3060
12 May 1998 1450
24 Jan 1999 1360
28 Feb 2000 895
17 Dec 2000 1930
29 May 2002 1210
22 Jun 2003 2340
18 Sep 2004 5330
03 Apr 2005 5670
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Date Flow (cfs)
28 Jun 2006 5380
16 Apr 2007 2790
09 Mar 2008 2750
12 Dec 2008 2590
25Jan 2010 1940
28 Aug 2011 5480
08 Dec 2011 1480
11 Jun 2013 1740
01 May 2014 2030
01 Jul 2015 2790
25 Feb 2016 2220
07 Apr 2017 1970
25 Feb 2018 1550
24 Jan 2019 2070

A Bulletin 17 Analysis using Bulletin 17C procedures and the Variable Time Window | Expanding Window
compute option has been developed for this example. To open the analysis, either double-click on the
analysis labeled Bushkill_ExpandingWindow from the Study Explorer or from the Analysis menu select open,
then select Bushkill_ExpandingWindow from the list of available analyses. When Bushkill_ExpandingWindow
is selected, the Bulletin 17 analysis editor General tab will appear as shown in Figure 2. As shown, the 717C
EMA computational option was selected along with all the subsequent default options.
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[E Bulletin 17 Editor - Bushkill_ExpandingWindow
Name: Elushki\l_ExpandmngdoM
Description

Flow Data Set. Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK
DSS File Name
Report File

General Qptions EMAData MEB Tabular Results

Method for Computing Statistics and Confidence Limits
® 17C EMA

() 178 Methods
Generalized Skew
@ Use Station Skew
(O Use Weighted Skew
(O Use OMLY Regional Skew
Regional Skew:
Reg. Skew MSE:
Expected Probablity Curve
(® Do Mot Compute Expected Probability Curve

Compute Expected Probability Curve using B17B Procedures

CJTempiSSP_Projects/SSP_Examples/SSP_EXAMPLES.dss

(O Compute Expected Probability Curve using Mumerical Integration (EMA)

Compute Plot Curve fiew

Print

C:\Temp\SSP_Projects\SSP_Examples\Bulletin17Results\Bushkill_ExpandingWindow\Bushkill _ExpandingWindow.rpt

Low Outlier Test
(®) Multiple Grubbs-Beck
Single Grubbs-Beck

Plotting Position

bull (AandB=0
Median (AandB=10.3)
Hazen (AandB=05

(® Hirschi/Stedinger
Other (Specify A, B

Plotting position computed using formula
(m-A){(n+1-A-B)

m=Rank, 1=Largest
n=Nu r of Years
A.B=Constants

Confidence Limits
(® Defaults (0.05, 0.95)
(O User Entered Values
Upper Limit:

Lower Limit:

Time dow Modification
D38 Range is
Start Date

End Date

oK Cancel Apply

On the Options tab, the Compute Using Expanding Window option was selected within the Variable Time
Window panel. An Initial Window Length of 20 years and an Expansion Increment of 5 years was entered, as

shown in Figure 3.
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[E Bulletin 17 Editor - Bushkill_ExpandingWindow — ] X
Name: Bushki\l_Expand\ngW\ndoM
Description
Flow Data Set. Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK ~ u %
DSS File Name:  C/Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES dss l
Report File C:\Temp\SSP_Projects\SSP_Examples\Bulletin17Results\Bushkill_ExpandingWindow\Bushkill _ExpandingWindow.rpt
General Options EMAData NEB Tabular Results
- Low Outlier Threshold [ Historic Period Data (only used with B17B procedures)  Qutput Frequency Ordinates
[] Override Low Qutlier Threshold Use Historic Data [] Use Values fram Table Below
Value ~Historic Period Frequency in Percent I
Start Year. 2
rVariable Time Window 5
. End Year:
e} Do Not Compute Using
Variable Time Window Qverride High Qutlier Threshold:
i 1
(O Compute Using Moving Window Historic Events =
Window Length . Water Year Peak 50
(years) = 80
. 90
Shift Increment = 1
5| 95.
(vears) 99.0|
(® Compute Using Expanding Window
Initial Window Length 20
(years)
Expansion Increment s
(years)
Compute Plot Curve View Report Print OK Cancel Apply

The EMA Data tab for this example is shown in Figure 4. Since this example uses an annual maximum series
consisting entirely of systematic data with a complete record, a single zero - inf perception threshold is
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adequate. No modifications to the default flow ranges and data types are necessary.

[E Bulletin 17 Editor - Bushkill_ExpandingWindow — ] X
Name: Bushki\l_Exnand\ngW\ndoM

Description

Flow Data Set. Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK ~ u %
DSS File Name:  C/Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES dss l
Report File C:\Temp\SSP_Projects\SSP_Examples\Bulletin17Results\Bushkill_ExpandingWindow\Bushkill _ExpandingWindow.rpt

General Options EMAData NEB Tabular Results
First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates)

Perception Thresholds o
Start Year End Year Low Threshold (cfs) High Threshold (cfs) Comments
20,0004
15,000+
Apply Thresholds .
o
Flow Ranges §
Year Peak (cfs) Low Value (cfs) High Value (cfs) Data Type f 10,0004
1908 22700 22700 2270.0| Systematic | :
1910 1190.0 1190.0 1190.0| Systematic ~
1911 1120.0 1120.0 1120.0| Systematic ~ =}
1912 11900 11900 1190.0| Systematic ~
" o
1913 1350.0 1350.0 1350.0) Systematic v 50001 © o - o o @
1914/ 1350.0 13500 1350.0| Systematic ~ o ° ©
" ) & 0o
1915 20700 2070.0 2070.0| Systematic .4 o d’gp %@ o, DZZ%@ (9 ° @0
1916 1430.0 14300 1430 0| Systematic ~ Om_© o ®c @ C ©
il © @)
1917 15100 1510.0 1510.0| Systematic v P a0 0% Bog %0 0%
1918 1870.0 19700 1970.0| Systematic ~ T T T T T
1919 2380.0 22800 2380.0|Systematic ~ EED e i EEL 2400
1920 5250.0 52500 5250.0| Systematic ~ O Data
1921 1780.0 1780.0 1780.0| Systematic ~
1092 17800 17ann 17ann v SEDEED
Compute Plot Curve View Report Print OK Cancel Apply

4.2.2 Computing the Analysis

Once all of the General, Options, and EMA Data tab settings are set or selected, the user can press

the Compute button to perform the analysis. A Compute Warnings message will be shown noting that the
final expansion increment was less than 5 years. Once the computations have been completed, a message
window will open stating Compute Complete.

Close these windows and then select the Tabular Results tab. The analysis window should resemble Figure
5.
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[E Bulletin 17 Editor - Bushkill_ExpandingWindow ] X
Name: Elushki\I_ExpandmngdoM
Description
Flow Data Set. Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK ~ u %
DSS File Name:  C/Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES dss l
Report File C:\Temp\SSP_Projects\SSP_Examples\Bulletin17Results\Bushkill_ExpandingWindow\Bushkill _ExpandingWindow.rpt
General Options EMAData MEB TabularResults variable Time Window Results
Frequency Curve for: Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK
= E 5 =@ Ve y Confidence Limits
ercent Chance omputed Curve ariance Log
Flow in cfs
Exceedance Flow in cfs (EMA)
0.05 0.95
02 181938 0025152 51037 5/ 118198
05 133147 0016198 293751 93458
10 104429 0010943 19455 2] 77538
20 81289 0.0069208 129759 63673
50 57458 0.0033387 77155 48004/
10.0 43428 0.0017810 52929 37779
200 32031 0.0010098 36701 28568
50.0 19782 000062667 21746 17911
80.0 13794 000032517 14834 12884
80.0 11930 000036925, 12813 11043
950 10798 000069602, 12055 9808
99.0 9355 0.0023377 11540 7909
Distribution Parameters
Parameter Value Cistorc Ever Eveat BRmbey 5
istoric Events
Mean 3333
Standard Dev go7| [HiohOuiers 5
[Station Skew 0.992 M“"" | ‘;’5 &nd £ero Flows 5
Regional Skew 155Ing U"E"S - '
Weighted Skew HJ ;‘"”"};“ V:" = m
Adopted Skew 088| (  rd Lanah 111000
ENMA Esfimate of MSE (G atsile) p115| |EQuivalent Record Lengih (years)
Grubbs-Beck Critical Value 0.000
Compute Plot Curve View Report Print OK Cancel Apply

65 Figure 5. Bulletin 17 Analysis Tabular Results Tab for Bushkill_ExpandingWindow

(D When using the Expanding Time Window compute option, the Tabular Results tab will only
contain the results from the final time window computation. In this example, the final time
window spans water years 1909 - 2019, which is 111 total years.

In addition to the tabular results, a graphical plot of the computed frequency curves for the final time window
can be obtained by pressing the Plot Curve button at the bottom of the analysis window.
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[Z4 Bulletin 17 Plot for Bushkill_ExpandingWindow - O *
File Edit View Window
Bulletin 17 Plot for Bushkill_ExpandingWindow
Return Period
10 1.1 2 5 10 50 200 1000 10000
100,000 1 1 1 1 1 1 1 1 1 Il 1
7
7
g
9/
10,0001
v
=
=
o
L Computed 22Jul2022 14:23
1,000+ oot by HEC-SSP v2.3-bets.3
Analysis Period 1809 - 2019
Mean 3.333
Standard Dev 0227
Station Skew 0.952
Adopted Skew 0.992
1 OO I I I I I I Sy'Stlemﬂltlc Elvent? I m 1
0.9999 0999 0099 09 0.5 0.2 01 0.02 0.005 0.0001
Probability
—— Computed Curve
——= 5 Percent Confidence Limit
——= 95 Percent Confidence Limit
2 Observed Events (Hirsch-Stedinger plotting positions)

66 Computed frequency curve

4.2.3 Expanding Time Window Results

Upon clicking the Variable Time Window Results tab, two sub-tabs become available: Flow and Statistics.
The Flow sub-tab contains the evolution of quantile information for each time window and each of the
frequency ordinates specified within the Options tab | Output Frequency Ordinates table, as shown within

Figure 6.

Bulletin 17 Variable Time Window Examples — 183



HEC-SSP Examples — HEC-SSP Examples

Name:

Description

Report File

Flow Data Set

DSS File Name

[ Bulletin 17 Editor - Bushkill_BxpandingWindow

Bushkill_ExpandingWindow

C:\Temp\SSP_Projects\SSP_Examples\Bulletin17Results\Bushkill_ExpandingWindow\Bushkill _ExpandingWindow.rpt

Flow statistics

Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK

CJTempiSSP_Projects/SSP_Examples/SSP_EXAMPLES.dss

General Options EMAData MEB TabularRResults Variable Time Window Results

Year

02

05

1.0

20

50

10.0

200

1933

86722

6856.3

57106

4729 3|

36421

29498

23453

Flow (CFS) for Percent Chance Exceedar E
50.0
Q

16309

1938

99376

78028

6457 .5

5306.7

40341

32256

25211

1689.7

1943

89027

720289

6093.7

51156

39941

3253.5

25847

17557

1948

86728

7067.0

6011.2

5074.0

38907

32691

26121

17886

1953

8897 4

72950

6231.3

5279.3

4168.2]

34205

27332

1860.9

1958

334815

207908

14474 .4/

100579

6191.2

42700

29266

17415

1963

310246

194218

13607.0

9517 4

58125

41084,

2839.2]

17123

1968

28077.8

17937 5|

127490

9036.0

5698.8

39948

27748

1664.9

1973

274161

179220

129438

9308.3

59654

42179

29407

17452

1978

249426

168921

125137

9216.3

6076.5

43743

30899

18361

1983

229193

158387

11909.8

8900.0

5976.7

43587

31151

18719

1988

216424

151248

114685/

8641.2

58651

43108

31039

18813

1993

202388

14359 4/

11011.7]

8389.7

5776.7

42905

31200

19124

1998

197964/

141292/

108820

8325.0

5760.9

42930

31302

19212

2003

192233

137455

10601.2]

81213

5630.0

4201.0

30671

18854

2008

19136.6

139203

108644/

84125

5800.3

44298

32412

19728

2013

18896.5

13785.7

107831

8368.1

5886.4

4429.0

32481

1983.0

2018

18305.3

133911

10499.1

8169.2

5770.2

4358.1

3211.3

1979.2

2023

18193.8

13314.7

104429

8128.9

5745.8

43428

3203.1

1978.2

Compute

Plot Curve

View Report

Print

Flow (CFS)

Variable Time Window Results
Expanding Window, Initial Window Length = 20 years, Expansion
Increment = 5 year, Data Range = 1933 - 2023

35,000

30,000+

25,0004

20,000+

15,000+

10,000+

5.000+

o o
g o
W

=] o o —ee Q
o 0900 OF o — o red P
oo0oa”00® | 9% & Cgnep Ce=EE s s

0 T T T T T T
1920 1940 1960 1980 2000 2020
—— 0.2 Percent Chance Exceedance —— 0.5 Percent Chance Exceedance
—— 1.0 Percent Chance Exceedance —— 2.0 Percent Chance Exceedance

5.0 Percent Chance Exceedance

20.0 Percent Chance Exceedance

80.0 Percent Chance Exceedance

95.0 Percent Chance Exceedance
Shoemakers, PA Observed Events FLOW-ANNUAL PEAK

10.0 Percent Chance Exceedance
50.0 Percent Chance Exceedance
90.0 Percent Chance Exceedance

99.0 Percent Chance Exceedance

OK Cancel Apply

67 Figure 7. Quantile information for each time window in the expanding window analysis

Within this example, 19 time windows were derived from the input data, as shown in Table 2.

Table 2. Time Windows for Bushkill_ExpandingWindow Bulletin 17 Analysis

Begin Year

End Year

Number of Years

1909

1933

25

1909

1938

30

1909

1943

35

1909

1948

40

1909

1953

45

1909

1958

50
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Begin Year End Year Number of Years
1909 1963 55
1909 1968 60
1909 1973 65
1909 1978 70
1909 1983 75
1909 1988 80
1909 1993 85
1909 1998 90
1909 2003 95
1909 2008 100
1909 2013 105
1909 2018 110
1909 2019 111

The Statistics sub-tab contains the evolution of Log Pearson Type Il parameters for each time window, as

shown within Figure 7.

Bulletin 17 Variable Time Window Examples - 185



HEC-SSP Examples — HEC-SSP Examples

[E Bulletin 17 Editor - Bushkill_ExpandingWindow — ] X
Name: Bushkill_ExpandingWindow
Description
Flow Data Set. Bush Kill-Shoemakers, PA-FLOW-ANNUAL PEAK ~ u %
DSS File Name:  C/Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES dss k
Report File C:\Temp\SSP_Projects\SSP_Examples\Bulletin17Results\Bushkill_ExpandingWindow\Bushkill _ExpandingWindow.rpt
General Options EMAData MEB TabularRResults Variable Time Window Results
Flow Statistics
- Statistic E Variable Time Window Results
Ei?‘l?ng Standard Expanding Window, Initial Window Length = 20 years, Expansion
2 Deviation e Q Increment = & year, Data Range = 1933 - 2023
1933 3.240 0171 0988
1938 3.254] 0130 0850 = 332
1943 3.265 0186 0661 = 4
1948 3272 0.182 0.636 = 3.28
1953 3.287 0186 0554 g 4
1958 3.309 0.244 1.790 324
1963 3.301 0238 1812 0244
1968 3.285 0239 1.680 = '_
1973 3300 0.244] 1504 2 022
1978 3315 0243 1.309 o 1
1983 3.320 0238 1.237 2 0.204
1988 3.320 0234 1.207 &n 0 15:
1993 3.325 0229 11862 -
1998 3.326 0229 1129
2003 3317 0228 1124 = 18
0 .332 234 17! = 1.64
1 334/ 23 64 z 144
1 JEE] 228 B = 1.9
2 333 22 92 107
g 0.8+
< 0.6+
04
20,0004
& i
55 10,0004 5
= 4 o ®0. =]
H 0 hogoocPo000 o 2% g0 B % 020 0 %0, © P opogfonago ® H0967065,%0 9 BE0 Pag P mupgo oo o o®ap
= T T T T T T
e 1920 1940 1960 1980 2000 2020
Mean —— Standard Deviation —— Adopted Skew @ Observed Events
Compute Plot Curve View Report Print OK Cancel Apply

68 Figure 7. Log Person Il parameters for each 20 year window in the expanding window analysis

@ Notice the extreme event in 1955. The peak flow rate for the 1955 event was 23,400 cfs;
whereas, the next largest flood was 7,300 cfs in 1969. The inclusion (or exclusion) of this flood
event causes dramatic changes to the computed quantiles (e.g. 1/100 annual exceedance
probability flow rate) as well LPIIl parameters (e.g. skew).

4.2.4 Report File

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the
analysis window. When this button is selected, a text viewer will open the file and display it on the screen.
Shown in Figure 8 is the report file. The report file contains a listing of the input data, preliminary results,
outlier and historical data tests, additional calculations needed, and the final frequency curve results for each
of the time windows. Additionally, a final summarization of all the time windows is included. Different types
and amounts of information will show up in the report file depending on the data and the options that have
been selected for the analysis. The user should review the report file to understand how the Bulletin 17C
procedures were applied for each time window.
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[E] Bushkill_ExpandingWindow.rpt

File Edit Search Format

File: | ATemp\SSP_Projects\SSP_Examples\Bulletin 17Results\Bushkill_ExpandingWindow\Bushkill_ExpandingWindow.rpt

2 Bulletin 17C (Jawva) Frequency Rnalysis
3 22 Jul 2022 02:23 PM
Computed By: HEC-S55P Version 2.3-beta.3

——- Input Data ———

10 Rnalysis Name: Bushkill ExpandingWindow
Description:

Data Set Name: Bush Kill-Shoemakera, PA-FLOW-ANNUAL PERK
DSS File Name: C:\Temp\SSP_Projects\SSP_Examples\S5P_EXAMPLES.dss
DS5 Pathname: /Bush Kill/Shoemakers, PA/FLOW-ANNUAL PERK/01janl800/IR-CENTURY/USGS/

7 Report File Name: C:\Temp\SSP_Projects\SSP_Examples\Bulletinl7Results\Bushkill ExpandingWindow\Bushkill ExpandingWindow.rpt
XML File Name: C:\Temp\SSP_Projects\SSP_Examples\Bulletinl7Results\Bushkill ExpandingWindow\Bushkill ExpandingWindow.xml
S Qutput DSS File Name: C:/Temp/SSE_Projects/SSP Examples/SSP_EXAMPLES.dss

21 Start Date: 01 Qct 1309
22 End Date: 30 Sep 2019

Skew Option: Use Station Skew

Regional Skew: -Infinity

Regional Skew MSE: -Infinity

Plotting Position Type: Hirsch-Stedinger
0 Do Not Compute Expected Probability Curve

Upper Confidence Lewvel: 0.05
Lower Confidence Lewvel: 0.95

Display ordinate walues using 1 digits in fraction part of valus

--- End of Input Data ---
--- Begin Results for Time Window [130% to 1928] -—-

Error: Number of events is less than the specified Initial Window Length. Skipping this Variable Time Window.
Time window: [l October 1909 to 30 September 1928]

——- Begin Results for Time Window [1909 to 1933] ———

07/22/2022 14:23 PM 11141 1:1

69 Figure 8. Report File for Bushkill_ExpandingWindow
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5.1 Example 7. Analyzing Stage Data
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In the SSP_Examples.ssp study, the Stage Analysis Test 7 example demonstrates how to use the General
Frequency analysis to analyze stage data. The data used for this example is annual maximum stage data for
a reservoir. The period of record used for this example is from 1948 to 2004. To view the data, right-click on
the data record labeled "Reservoir Stage" in the study explorer and then select Tabulate. The data will appear

as shown in Figure 1.

A /BE CREEK/.. — O X
File Edit View
RESERVOIR
Ordin... Date Time STAGE

OBSERVED

Units feet| A
Type INST-VAL
1| 01 Jan 1948 12:00 632
2| 01 Jan 1949 12:.00 630
3| 01 Jan 1850 12:00 647
4| 01 Jan 1951 1200 632
5 01 Jan 1952 12:00 633
G| 01 Jan 1953 12:.00 655
7| 01 Jan 1954 12:00 648
a| 01 Jan 1955 12:00 638
9| 01 Jan 1956 12:00 641
10| 01 Jan 1957 12:.00 635
11| 01 Jan 1958 12:00 634
12| 01 Jan 1959 12:00 637
13| 01 Jan 1960 12:00 632
14| 01 Jan 1961 12.00 638
15| 01 Jan 1962 12:00 631
16| 01 Jan 1963 12:00 627
17| 01 Jan 1964 12:.00 630
18| 01 Jan 1965 12:00 630
19| 01 Jan 1966 1200 631
20| 01 Jan 1967 12:00 6338
21| 01 Jan 1968 12:.00 632
22| 01 Jan 1969 12:00 632
23| 01 Jan 1970 12:00 623

24| 01 Jan 1971 12:00 630|

To plot the data for this example, right-click on the data record and then select Plot. A plot of the data will

appear as shown in Figure 2.
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A Reservoir Stage
File Edit View

P 660

655

650+

G454

640+

Stage i)

635

6304°

625+

20—
1950

T
1960

T
1970

T
1980

T
1990

T
2000

| <  RESERWOIR OBSERWED STAGE

A General Frequency analysis has been developed for this example. To open the General Frequency Analysis
Editor for this example, either double-click on the analysis labeled Stage Analysis Test 7 from the study
explorer; alternatively, from the Analysis menu select open, then select Stage Analysis Test 7 from the list of
available analyses. When Test 7 is opened, the General Frequency Analysis Editor will appear as shown in
Figure 3. For this analysis, the Graphical / Empirical, Do Not Use Log Transform, and Annual Maximum
options were selected. Also, the Weibull plotting position method was selected, the default Confidence
Limits were selected, and no modification was made to the time window.
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IE General Frequency Analysis Editor - Stage Analysis Test 7

Mame: Btage Analysis Test7

Description Example 7, Analysis of Resenvoir Stage Data

Data Set: Reservoir Stage

D38 File Name: | C:/Projects/SSP/Test'SSP_Examples/SSP_EXAMPLES.dss
Report File:

General Options Graphical

Distribution
() Analytical
(@) Graphical / Empirical
Log Transform
O Use Log Transform
(@) Do Not Use Log Transform
Data Set
@ Annual Maximum
Year Specification
(@) Water Year (starts Oct 1)
O Calendar Year (starts Jan 1)

() other

Start of Year (DDMMM)

03Aug|...
(O Partial Duration

MNumber of Years

Plot Analytical
Curve

Plot Graphical

Compute Curve

C:\Projects\SSPITestiSSP_Examples\GeneralFrequencyResults\Stage_Analysis_Test_7\Stage_Analysis_Test_7.rpl...

Plotting Position
(@) Weibull (Aand B = 0)
() Median (Aand B = 0.3)
(") Hazen (A and B = 0.5)
Hirsch/Stedinger
() Other (Specify A B)
Plotting position computed using formula
(m-A)i(n+1-A-B)
Where:
m=Rank, 1=Largest
n=Mumber of Years
A B=Constants

Plot Analytical
and Graphical Curve

View Report 5 Print

70 Figure 3. General Frequency Analysis Editor for Stage Analysis Test 7

Confidence Limits
(@) Defaults (0.05, 0.95)
() User Entered Values

Upper Limit

Lower Limit

Time Window Modification

DSS Range is
[] start Date

01JAN1948 - 01JAN2004

[JEnd Date

OK Cancel Appl

Shown in Figure 4 is the General Frequency analysis editor with the Options tab selected. Features on this
tab include the Low Outlier Threshold, adding Historic Date to the analysis, an option to override the default
Frequency Ordinates, and Output Labeling. The 0.1 percent frequency ordinate was added to the User

Specified Frequency Ordinates table.
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IE General Frequency Analysis Editor - Stage Analysis Test 7+ - O X
Mame: Btage Analysis Test7
Description Example 7, Analysis of Resenvoir Stage Data
Data Set: Reservoir Stage v |ld =E
D38 File Name: | C:/Projects/SSP/Test'SSP_Examples/SSP_EXAMPLES.dss ,l
Report File: C:\Projects\SSPITestiSSP_Examples\GeneralFrequencyResults\Stage_Analysis_Test_7\Stage_Analysis_Test_7.rpl...
General Options Graphical*
Low Qutlier Threshold Historic Period Data (only used with B17B procedures) Output Frequency Ordinates
[ override Low Outlier Thresnold Use Historic Data Use Values from Table Below
Value Historic Period Frequency in Percent
Qutput Labeling Start Year. 3;
D33 DataMameis STAGE End Year. 2:[!
DChange Label |STAGE Owerride High Outlier Threshold 133
D55 Data Units are  feet A 120
Historic Events 150
D Change Label Water Year Peak 20.0
30.0
50.0
70.0
80.0
90.0
95.0
99.0
Plot Analytical Plot Graphical Plot Analytical
Compute Curve Curve and Graphical Curve View Report 5 Print OK Cancel Apply

In this example, a graphical analysis was performed on the peak stage data. Shown in Figure 5 is the
Graphical tab. The frequency curve was entered manually into the User-Defined Graphical Curve table. When
the Compute button is pressed, the program plots the graphical frequency curve along with the annual
maximum peak stage values.
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Ig General Frequency Analysis Editor - Stage Analysis Test 7% - O X
Name: Stage Analysis Test 7|
Description Example 7, Analysis of Resenvoir Stage Data
Data Set: Resenoir Stage > |d| [ZE
D33 File Mame: | Cu/Projects/SSPITest/SSP_Examples/S3SP_EXAMPLES.dss l
Report File Ci\Projects\SSPITestSSP_Examples\GeneralFrequencyResults\Stage_Analysis_Test_7\Stage_Analysis_Test_7.rp|...
General Options Graphical*
Genexal Frequency Graphical Plot for Stage Analysis Test 7 Axis Type
Return Period © Mormal (Top N Events) O Log (Al Events)
1.0 2 5 10 50 100 500 10000 Data Type
e ! i E— O o B
i e B I i @ Flow O stage
1 | I R | 11
890 - | | I I - 1 Confidence Limits
| | | 11
I P b b () Do Not Compute
a0 | | I | -1 7 _ -
| | [ 11 /" @ Compute Using Order Statistics
| | | 1
| | | I R | 1.1 )
670 1 | | | ,I" 1 Equivalent Years 57
| | A Y O BTN | 1 of Record
| | [ :// 11 1
b | | 1 1 1
% asp -
b= | | | . P = | 1 User-Defined Graphical C
= | | 1 Pf 1 11 B ser-Defined Graphical Curve
g 650 I I : : ! I v : L/’/ : Pt User Curve Confidence Limits
@ | | [ ,}‘ | | = STAGE in STAGE in feet
| | [ A N i Il | 1 == feet 005 095
Ban 1 | L oLE 1 11 1 Fxceadance
| I | 1 11 1 0.1 671.50 654.03 689.44) A
| T | 11 1 1.0 661.00 64824 674.01
30 I | i : I : : I : : : : 20 658.00 646,53 6609.67
L 1 (. | [ I 11 1 5.0 652.00 642.99 661.13
] 1 [ I [ e B A | 11 1 100 64820 64062 65587
620 - 1 1 | ] -1 | 12.0 647.60 639.66 653.92
:," [ - | N R | 1 15.0 641.00 635.76 647.62
! e e o e e e e i 200 £38.90 63576 54329
e1o T T T T T T (I T 1 30.0 637.50 635.58 639.43
03533 0399 0.58 0.8 05 02 01 002 0.005 0001 0.0001 50.0 633.50 531.83 63517
Probability 70.0 631.19 630.76 633.56 ©
Fw) = =
O Observed Events (Weibull plotting positions) User Curve
= — = & Percent Confidence Limit ——= 95 Parcent Confidence Limit Compute Plotting Positions
Plot Analytical Plot Graphical Plot Analytical
Compute Curve Curve and Graphical Curve View Report & Print 0K Cancel Apply

71 Figure 5. General Frequency Graphical Tab Shown for Stage Analysis Test 7

In addition to the table and plot available on the Graphical tab, a plot of the graphical frequency curves can
be obtained by pressing the Plot Graphical Curve button at the bottom of the analysis window. A plot of the
results for this example is shown in Figure 6.
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[ General Frequency Graphical Plot for Stage Analysis Test 7 - O X
File Edit View Window
O General Frequency Graphical Plot for Stage Analysis Test 7
Return Period
1.1 2 5 10 50 200 1000 10000 100000C
700 ) i B [ Ry ) § [ S i m—_ | ' =
1 1 | 1—1 | F—11H 1 11 1
1 1 11 | | I | 11 1
6907 1 { - 1 | { I 11 A
1 L1 11 | | 11 |
Y T S 1 1 Y R
6807 e e I B B S L e e D S
e e e e e I T B s
6707 1 Lol b A I
e e e e NI R e e
§ 6605 1 1 | 1 | 1 1H /I’ 1
= 1 [ B 11 | (BN 1 | 1
: Lo AT
650 -
= i Pttt AR~ =P
’ Lo AT
B I [ T AT 11 I
1 1 | | Il 1 11 1
1 T B R 11 1
6307 | P ot i | | 11 1
1= 2 E" | 11 | - FEH 11 I
1 = 1 | 11 | I Ll 1 11 1
620 e | 1 | | 11 1
17 1 11 | { | 11 1
8 F—1 11 | F-FHH 11 1
T T e T S
0.999 0.99 0.9 0.5 0.2 041 0.02 0.005 0.001 0.0001 0.000001
Probability
©  Observed Events (Weibull plotting positions) —— User Curve
——— 5 Percent Confidence Limit ——— 95 Percent Confidence Limit

72 Figure 6. Plot of the Frequency Curve Results for Stage Analysis Test 7

Graphical results can be sent to the printer or the windows clipboard for transfer into another piece of
software. To print the graphical results, first bring up the graphical plot and then select Print from the File
menu. To send the graphic to the windows clipboard, select Copy to Clipboard from the File menu.

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the
analysis window. When this button is selected a text viewer will open the report file and display it on the

screen. Shown in Figure 7 is the report file for Stage Analysis Test 7.

The report file contains a listing of the input data, preliminary results, outlier and historical data tests,
additional calculations needed, the final computed frequency curve results, and the user-defined graphical
frequency curve. Different types and amounts of information will show up in the report file depending on the

data and the options that have been selected for the analysis.
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] Stage_Analysis_Test_T.rpt - [m] X
File Edit Search Format
File: |c\Projects\SSP\TeshSSP_Examples\GeneralFrequencyResults\Stage_aAnalysis_Test_7\Stage_Analysis_Test_7 rpt
117 * Qutlier ~
STAGE, fes=t | Nurber of Events |
|
Mean 635.612 | Historic Events o1
Standard Dev 6.905 | High Outliers 2 |
Station Skew 1.511 | Low Qutliers 1] |
| Zero Events 1] |
| Missing Events a |
| Systematic Events 57 |
|
--— End of Preliminary Results —--—-
—--- Final Results ——
<< Plotting Positions >>
Beservoir Stage
| Events Analyzed | Ordered Events |
| STRGE | Water STAGE Weikull |
| Day Mon Year feet | PRank Year feet Plot Pos |
| | |
| 01 Jan 1943 63l.38 | 1 1972 €55 .40% 1.72 |
| 01 Jan 1949 €30.17 | 2 1953 £55.37% 3.45 |
| 01 Jan 1950 647.47 | 3 1594 £51.14 5.17 |
| 01 Jan 1851 63l.82 | 4 1983 £45.62 €.50 |
| 01 Jan 1852 632.88 | 5 2004 643 .34 B.62 |
| 01 Jan 1953 €55.37 | L3 14954 €47 .83 10.34 |
| 01 Jan 1954 647.63 | 7 1450 £47.47 12.07 |
| 01 Jan 1855 635.05 | g 1878 €40.80 13.7% |
| 01 Jan 1956 €40.65 | g 1956 £40.65 15.52 |
| 01 Jan 1857 €34.51 | 10 1996 £38.91 17.24 |
| 01 Jan 1953 €34.45 | 11 laz4 £38.84 18.97 |
| 01 Jan 185% §37.45 | 12 1989 €358.49 20.69 |
| 01 Jan 1%&0 632.36 | 13 1975 638.40 22.41 |
lgl | 01 Jan 191 €35.02 | 14 14955 £38.09 24.14 |
2 | 0l Jan 1962 630.55 | 15 1961 €38.02 25.86 |
| 01 Jan 1963 626.77 | 16 1967 637.63 27.5% |
| 01 Jan l9&4 €30.28 | 17 1959 837.49 29.31 |
L | 01 Jan 1965 €30.12 | 18 1979 £37.20 31.03 | w
08/03/2022 16:02 PM 1111 11

73 Figure 7. Report File for Stage Analysis Test 7

5.2 Example 8. Using User-Adjusted Statistics

In the SSP_Examples.ssp study, the Local Runoff at Alb Test 8 example demonstrates how to use the General
Frequency analysis and enter user-adjusted statistics. The data for this example is from an analysis that
computed local runoff for the Rio Grande at Albuquerque. The data includes unregulated daily average flows
generated by rainfall-runoff from areas downstream of upstream reservoirs. The period of record used for
this example is from 1944 to 2000. To view the data, right-click on the data record labeled "Rio Grande at Alb
Local Runoff" in the study explorer and then select Tabulate. The data will appear as shown in Figure 1.
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A /RIOGRAN.. — O X
File Edit View
LOCAL_IN...
Ordin_.. Date Time FLOW
CALC
Units CFS| A
Type PER-AVER
1] 19 Aug 1944 2400 1,175
2| 21 May 1945 2400 1,297
3| 21.Aug 1946 24:00 978
4| 16 Aug 1947 24:00 T4
5| 20 Jun 1943 2400 2,313
6] 04 Aug 1949 2400 1,891
7|02 Aug 1950 24:00 1,790
8| 01 Aug 1851 2400 1,498
9] 12 Aug 1952 2400 2,061
10| 18 Jul 1953 2400 1,430
11] 23 May 1954 24:00 9a0
12| 25 Sep 1955 2400 4,790
13| 20 Jul 1956 2400 1,040
14| 20 Qct 1957 2400 3,613
15| 30 May 1858 24:00 4,358
16| 24 May 1959 2400 542
17] 11 Jun 1960 2400 913
18] 23 Aug 1961 24:00 861
19| 09.Jul 1862 24:00 27
20| 30 Aug 1963 2400 505
21| 06 Jun 1964 2400 361
22| 19 Jun 1865 24:00 1,677
23| 02 Aug 1966 2400 1,487
24| 10 Aug 1967 2400 4,186| o

74 Figure 1. Tabulation of the Peak Flow Data for Example 8

To plot the data for this example, right-click on the data record and then select Plot. A plot of the data will
appear as shown in Figure 2.
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[ Rio Grande at Alb Local Runoff
File Edit View

5,000

Q 4500

4,000+
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T
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75 Figure 2. Plot of Data for Example 8

A General Frequency analysis has been developed for this example. To open the General Frequency Analysis
Editor for this example, either double-click on the analysis labeled Local Runoff at Alb Test 8 from the study
explorer, or from the Analysis menu select open, then select Local Runoff at Alb Test 8 from the list of
available analyses. When Test 8 is opened, the General Frequency Analysis Editor will appear as shown in

Figure 3.
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General Frequency Analysis Editor - Local Runoff at Alb Test 8 - O X
Name: Local Runoff at Alb Test 8
Description: This examples shows how to enter user adjusted statistics
Data Set. Rio Grande at Alb Local Runoff ~
DSSFile Name:  C\PROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES.dss
Report File: JJECTSISSPIProjects\TestiSSP_Examples\G IFreq g \Local_Runoff_at_Alb_Test 8.
General Qptions Analytical
Distribution Plotting Position Confidence Limits
~ -
@ Analytical () weibull (A and B = 0) (@) Defauits (0.05, 0.95)
- "
() Graphical / Empirical @ Modian (A andB=0.3) (O UserEntered Values
(O Hazen (Aand B = 0.5) |
Upper Limi
Log Transform Hirsch/Stedinger
Lower Limi
@ Use Log Transform C Other (Specify A B)
() Do Not Use Log Transform ion computed using
T Time Window Modification
Data Set A 1-A-B)
) - LA R DSSRangeis 19AUG1944 - 240CT2000
@) Annual Maximum "
[ start Date
Year Specification
_ [JEnd Date
(@) Water Year (stants Oct 1)
O Calendar Year (starts Jan 1) B
O Other
Start of Year (DDMMM 28Mayl..
Partial Duration
T A
Plot Analytical Plot Graphical Plot Analytical
Compute Curve Curve and Graphical Curve View Report 5 Print oK Cancel \pply

76 Figure 3. General Frequency Analysis Editor for Local Runoff at Alb Test 8

Shown in Figure 3 are the general settings that were used to perform this frequency analysis. For this
analysis, the Analytical, Use Log Transform, and Annual Maximum options were selected. Also, the Median
plotting position method was selected, the default Confidence Limits were selected, and no modification

was made to the Time Window.

Shown in Figure 4 is the General Frequency Analysis Editor with the Options tab selected. Features on this
tab include the Low Outlier Threshold, an option to use Historic Data, an option to override the default
Frequency Ordinates, and Output Labeling. All defaults settings were selected for this example.

General Frequency Analysis Examples — 197



HEC-SSP Examples — HEC-SSP Examples

General Frequency Analysis Editor - Local Runoff at Alb Test 8 - O x
Name: Local Runoff at Alb Test 8
Description: This examples shows how to enter user adjusted statistics
Data Set: Rio Grande at Alb Local Runoff »
DSSFile Name: | CAPROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES. dss
Report File: JJECTS\SSPI\Projects\TestiSSP_Examp IFreq ocal_Runoff_at_Alb_Test 8U ...
General Options  Analytical
Low Outlier Threshold Historic Period Data (only used with B17B procedures) Qutput Frequency Ordinates
["] override Low Outlier Threshold [] use Historic Data [[J use values from Table Below
¥alis Historic Period ' Frequency in Percent
Output Labeling SELGES g'g
DSS Data Name is  FLOW End Year: 1.0
2.0
D Change Label Override High Outlier Threshold: 5.0
; 10.0
DEHETAENRED ERE Historic Events 20.0
[] change Label Water Year Peak 50.0
80.0
20.0
95.0
99.0
Plot Analytical Plot Graphical Plot Analytical
Compute Curve Curve and Graphical Curve View Report é‘ Print oK Cancel Apply

77 Figure 4. General Frequency Analysis Editor with Options Tab Shown for Local Runoff at Alb Test 8

In this example, an analytical analysis was performed. Shown in Figure 5 is the Settings tab for the analytical
analysis. As shown, the distribution and fitting method combination which was selected for this example is
LogPearsonlll | Product Moments. The Do Not Compute Excepted Probability, Single Grubbs-Beck, and no
high outlier test options were selected. Also, the Skew option was set to Use Station Skew.
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General Frequency Analysis Editor - Local Runoff at Alb Test 8

Mame: Local Runoff at Alb Test 8
Description: This examples shows how to enter user adjusted statistics
Data Set: Rio Grande at Alb Local Runoff

DSSFile Name:  C\PROJECTS\SSP\ProjectsTestiSSP_Examples\SSP_EXAMPLES dss

Report File: JJECTSISSPIProjects\TestSSP_Examp IF

General Opfions Analytical
Seim_gs: Tabular Results
Log Transformation: On
Distribution:
LogPearsoniil ~
Expected Probablity Curve
O Compute Expected Probability Curve using B17B Procedures
O Compute Expected Probability Curve using Parametric Bootstrap
(®) Do Not Compute Expected Probability Curve
Low Qutlier Test

O Mone
(O Multiple Grubbs-Beck

@ Single Grubbs-Beck

High Outlier Test
(@ None

O 10% Significance

Expected Probability Options

Compute Curve Curve

Plot Analytical Plot Graphical Plot Analytical
and Graphical Curve

ocal_Runoff_at_Alb_Test BU ..

Generalized Skew
(@ Use Station Skew
() use Weighted Skew

(O Use Reglonal Skew
Regional Skew:

Reg. Skew MSE:

View Report & Print

oK Cancel Apply

78 Figure 5. General Frequency Analysis Editor with Settings Tab Shown for Local Runoff at Alb Test 8

Press the Compute button to perform the analysis. Once the computations have been completed, a message
window will open stating Analytical Compute Complete. Close this window and then select the Plot tab
within the analytical analysis. The analytical plot window should resemble Figure 6.
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General Frequency Analysis Editor - Local Runoff at Alb Test 8 - O X
Name: Local Runoff at Alb Test 8

Description: This examples shows how to enter user adjusted statistics

Data Set: Rio Grande at Alb Local Runoff >

DSSFile Name:  C\PROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES.dss
Report File: JJECTS\SSP\Projects\Test\SSP_Examples\GeneralFrequencyResults\Local_Runoff_at_Alb_Test BU ..

General Options Analytical

Setlings Tabular Results  Plot
General Freguency Analytical Plot for Local Runcff at Alb Test 8
Log Transformation: On
Return Period
S o - 5 110 5000 800 20000 Distribution: Pearson Type Il 178
10,000 . L ' ' . ' i Sample Statistics
Mean 3.130| Oflogs
Standard Dev a.217 Oflogs
Adopted Skew 5.252 Oflogs
Adjusted Statistics
[Imean oflogs
=
z [] standard Dev oflogs
= 1,000+
=
g [] Adopted Skew oflogs
=
100 T T T T T T T T T T
08989 0898 0389 08 0.5 02 01 002 0005 0.001 0.0001
Frobability
e Computed Curve === & Percent Confidence Limit
== = = 5% Percent Confidence Limit o Observed Events (Median plotting pesitions)
Plot Analytical Plot Graphical Plot Analytical =
Curve Curve and Graphical Curve View Report & Print oK Cancel

79 Figure 6. The Plot Tab for Local Runoff at Alb Test 8

As shown in Figure 6, the Plot tab contains a graph of the systematic data, the computed frequency curve,
and the confidence limits. The right side of the plot tab contains a table of Sample Statistics and Adjusted
Statistics. The user has the option to enter one or more adjusted statistics within in the Adjusted Statistics
table. The Compute button must be pressed after adjusted statistics have been entered in order for the
program to compute a frequency curve using the user statistics.

As mentioned at the beginning of this example, the annual peak flows were based on daily averaged flows. In
order to compute an instantaneous peak flow frequency curve, a relationship between daily averaged flows
and the corresponding instantaneous peak flows was developed. This was done by plotting daily averaged
flow and the corresponding instantaneous peak flow for selected flood events. Using this relationship, a
Mean of 3.371 was computed and entered in the User Statistics table and the analytical analysis was
recomputed.

Figure 7 shows that the frequency curve computed from the user-adjusted statistics is added to the graph.
This figure also shows that the user does not have to enter values for all statistics in order for the program to
compute a user-adjusted frequency curve. The program will use statistics computed from the systematic
and historic data if the statistics are not defined in the User Statistics table. In this example, the program
used the computed statistics for standard deviation, adopted skew, equivalent years of record and the user-
defined mean of 3.371 when computing the user-adjusted frequency curve.
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General Frequency Analysis Editor - Local Runoff at Alb Test 8 - O X
Name: Local Runoff at Alb Test 8
Description: This examples shows how to enter user adjusted statistics
Data Set. Rio Grande at Alb Local Runoff ~
DSSFile Name:  C\PROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES.dss
Report File: JJECTSISSPIProjects\TestiSSP_Examples\G IFreq g \Local_Runoff_at_Alb_Test 8.
General Options Analytical
Setlings Tabular Results  Plot
General Frequency Analytical Plot for Local Runoff at Alb Test 8 )
Log Transformation: On
Return Period
10 14 2 5 10 B0 100 500 10000 Distribution: Pearson Type 1 178
100,000 L ! ! : L : S Sample Statistics
Mean 3.130 Oflogs
Standard Dev g.217 Oflogs
Adopled Skew g.258 Oflogs
10,000 Adjusted Statistics
E Mean 3.371 Oflogs
=
z [[] standard Dev oflogs
)
= [ Adopted Skew oflogs
1,000
100 T T T T T T T T T
09999 0999 089 08 05 0.2 01 002 0.005 0.001 0.0001
Probability
— Computed Curve == = § Percent Confidence Limit
= == = 5% Percent Confidence Limit —— - Llser Stats COmpulM Curve
------ User Stats 5 Percent Confidence Limit ====== User Stats 95 Percent Confidence Limit
o Observed Events (Median plotting pesitions)
. Plot Analytical Plot Graphical Plot Analytical _
Curve Curve and Graphical Curve View Report & Print oK Cancel \pply

80 Figure 7. Plot Tab with User Adjusted Statistics and Frequency Curves for Local Runoff at Alb Test 8

Select the Tabular Results tab to see information for both the computed and user-adjusted frequency curves.
As shown in Figure 8, the Frequency Curve table contains the percent chance exceedance, computed curves
(Log-Pearson Ill results), and the Confidence Limits (5% and 95% chance exceedance curves) for both the
computed and user-adjusted statistics.

On the bottom left-hand side of the results tab is a Distribution Parameters table of Statistics for the
observed station data (mean, standard deviation, station skew) and regional adjustment (regional skew,
weighted skew, and adopted skew). Also on the bottom right-hand side of the results tab is a table of
Number of Events table showing the number of historic events used in the analysis, number of high outliers
found, number of low outliers, number of zero or missing data years, number of systematic events in the
gage record, and the historic record length (if historic data was entered).
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[# General Frequency Analysis Editor - Local Runoff at Alb Test 8 - O X
Name: Local Runoff at Alb Test 8
Description: This examples shows how to enter user adjusted statistics
Data Set. Rio Grande at Alb Local Runoff ~
DSSFile Name: | CAPROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES. dss
Report File: JJECTS\SSP\Projects\TeshSSP_Examples\GeneralFrequancyResults\Local_Runoff_at_Alb_Test_8u_.]
General Opfions Analytical
Seftings ©/1¢ Datz Tabular Results  Piot
Curve Based on isti Curve Based on Adjusted
Percent Chance Computed Confidence Limits Computed Confidence Limits
Exceedance Curve FLOW in CFS Curve FLOWin CFS
FLOW in CFS 0.05 0.95 FLOW in CFS 0.05 | 0.95
0.2 6673.4 9163.0 52605 11617.3 158511 9157.6
0.5 5530.7 7356.2) 4459.0 9627.9 128058 7762.2
1.0 4751.8 61628 38993 8272.0 107284 67881
20 4038.7 5101.9 33754 70307 B8B1.6 5875.9
5.0 31849 38784 27289 5544.3 67516 4750.6
10.0 250854 30701 2266.3 45181 5344 4 30452
20.0 2041.7 23458 1813.8 35542 40836 3157.5
50.0 13211 14746 11823 2299.7 2567.0 20581
B0.0 881.2 9926 7659 1534.0 1728.0 1333.3
90.0 7216 8245 6122 1256.1 14353 1065.8
95.0 6155 7132 5109 10715 124156 8893
99.0 463.3 552.8 368.3 BOG.6 962.3 641.2
Distri : " Events
Parameter Value — Bl Ll
ey [ T :
Standard Dev 0217) 1 Outliers and Zeroes 0 Log Transformation: On
Adopted Skew 0.258 — .
Events 0 Distribution: Pearson Type Il 178
Systematic Events 57
Historic Period
Equivalent Record Lengt...
|
Plot Analytical ' Plot Graphical Plot Analytical
Curve Curve and Graphical Curve View Report & Print OK Cancel Apply

81 Figure 8. General Frequency Editor with Results Tab Selected for Local Runoff at Alb Test 8

In addition to the tabular results, a graphical plot of the computed frequency curves can be obtained by
pressing the Plot Analytical Curve button at the bottom of the analysis window. A plot of the results for this
example is shown in Figure 9.
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A General Frequency Analytical Plot for Local Runoff at ... — O X
File Edit View Window

o General Frequency Analytical Plot for Local Runoff at Alb Test 8
et Return Period
Q 1.0 11 2 5 10 50 200 1000 10000
1DU DUD 1 1 1 1 1 1 1 1 1 1|
o 10,000+
L
L]
IS
z
[w]
|
b 1,000
100 T T T T T T T T 11
0.9959 0.99 049 05 0z 01 0.02 0.002 0.0001
Probability
Computed Curve =— — =5 Percent Confidence Limit
— — = 55 Percent Confidence Limit — — = lzer Stats Computed Curve
------ User Stats 5 Percent Confidence Limit ======- User Statz 35 Percent Confidence Limit
] Observed Events (Median plotting positions)

82 Figure 9. Plot of the Frequency Curve Results for Local Runoff at Alb Test 8

The tabular and graphical results can be sent to the printer or the windows clipboard for transfer into another
piece of software. To print the tabular results, select Print from the bottom of the analysis window. To send
the tabular results to the windows clipboard, highlight the data you want to send to the clipboard and then
press the Control-C key sequence. To print the graphical results, first bring up the graphical plot and then
select Print from the File menu. To send the graphic to the windows clipboard, select Copy to Clipboard from
the File menu.

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the
analysis window. When this button is selected a text viewer will open the report file and display it on the
screen. Shown in Figure 10 is the report file for Local Runoff at Alb Test 8.

The report file contains a listing of the input data, preliminary results, outlier and historical data tests,
additional calculations needed, and the final frequency curve results. Different types and amounts of
information will show up in the report file depending on the data and the options that have been selected for
the analysis.
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& Local_Runoff_at_Alb_Test_8.rpt — [m] e
File Edit Search Format

File: | \Projects\55PTest\S5P_ExamplesiGeneralFrequencyResulisiLocal_Runoff_at_Alb_Test_8\Local_Runofi_at_Alb_Test_& rpt

24 Plotting Position Type: Median

2¢ Probability Distribution Type: Pearson Type III 17B

28 Use Log Transform
30 Do Not Compute Expected Probability Curve

32 Upper Confidence Lewvel: 0.03
33 Lower Confidence Level: 0.35

35 Skew Option: Use Station Skew
3¢ Regional Skew: --——
37 Regional Skew MS5E: ---

39 Use User-Supplied Statistics

0 User Mean: 3.371

1 Use Sample Std.Dev. for User Std.Dev.

2 Use Rdopted Skew for User Skew

3 Use Sample Size for User Number of Years

Display ordinate walues using 1 digits in fraction part of value

——— End of Input Data --—-—

<< Low Outlier Test >>

Based on 57 ewvents, 10 percent cutlier test dewviate K(N) = 2.81%8
Computed low ocutlisr test valus = 329.21

57 0 low ocutlier(s) identified bkelow test wvalue of 329.21

—--- Final Results ——

g4 << Plotting Positions >>
65 Rioc Grande at Alb Local Runoff

Events Analyzed | Ordered Events |

FLOW | Water FLOW Median |

Day Mon Year CES | Rank Year CF5 Plot Pos |
| | v

|

|

|

|

< >

08/03/2022 16:10 PM 1111 11

5.3 Example 9. General Frequency — Graphical Analysis

In the SSP_Examples.ssp study, the Reg Flow Rio Grande Test 9 example demonstrates how to create a
Graphical Analysis within a General Frequency analysis. The data for this example is from an analysis that
computed regulated flow for the Rio Grande at Albuquerque. The data includes regulated daily average flows
from upstream reservoirs routed downstream to Albuquerque. The period of record used for this example is
from 1974 to 2002. To view the data, right-click on the data record labeled "Rio Grande at Alb Reg Flow" in the
study explorer and then select Tabulate. The data will appear as shown in Figure 1.
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File Edit View

RIO GRAMND...

Ordinate Date Time FLOW
REGULATE...
Units cfs
Type INST-VAL
1 01Jan 1974 24.00 1,950
2| 24 May 1975 24:00 5,800
3| 21 May 1976 24:00 3,170
4| 18 Aug 1977 2400 1,640
5 24 May 1978 2400 4,320
G 01Jun 1979 24.00 7,870
7| 28 May 1980 24:00 7,130
8| 05 May 1981 24:00 2170
9| 09 Jun 1982 2400 4,630
10] 12 Jun 1983 2400 7,330
11| 27 May 1984 24.00 8,500
12| 24 Apr 1985 24:00 8,650
13| 07 Aug 1986 24:00 4 670
14| 22 Jul 1987 2400 6,120
15| 01 Apr 1988 2400 3,880
16| 27 Apr 1989 24.00 3,710
17| 12 Kay 1990 24:00 2,420
18| 07 Aug 1991 24:00 4,800
19| 12 May 1992 2400 5,900
20| 05Jun 1993 24.00 7,000
21| 12 May 1994 24:00 6,250
22| 25 May 1995 24:00 6,370
23| 22Feb 1994 2400 1,770
24| 11 Jun 1997 2400 5,980
25( 09 May 1998 24.00 3,940
26( 01Jun 1999 24:00 4 550
27| 03 Jun 2000 24:00 1,500
28| 23 May 2001 2400 4760
29| 15 May 2002 2400 1,240

83 Figure 1. Tabulation of the Peak Flow Data for Example 9
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To plot the data for this example, right-click on the data record and then select Plot. A plot of the data will
appear as shown in Figure 2.
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4 Rio Grande at Alb Reg Flow
File Edit View
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84 Figure 2. Plot of Data for Example 9

A General Frequency analysis has been developed for this example. To open the General Frequency Analysis
Editor for this example, either double-click on the analysis labeled Reg Flow Rio Grande Test 9 from the study
explorer, or from the Analysis menu select open, then select Reg Flow Rio Grande Test 9 from the list of
available analyses. When Test 9 is opened, the General Frequency Analysis Editor will appear as shown in

Figure 3.
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General Frequency Analysis Editor - Reg Flow Rio Grande Test 9 - O X
Name: Reg Flow Rio Grande Test 9|

Description: Example using a graphical general frequency analysis

Data Set. Rio Grande at Alb Reg Flow ~

DSSFile Name:  C\PROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES.dss

Report File: IS\SSP\Projects\Test\SSP_Examples\GeneralFrequencyResults\Reg_Flow_Rio_Grande_Test 9\Rec ...
General Qpfions Graphical
Distribution Plotting Position Confidence Limits
O Anaytical @ weibull (A and B = 0) (@) Defauits (0.05, 0.95)

_ (O Median (AandB=0.3
(@) Graphical { Empirical = ( ) () User Entered Values
(O Hazen (Aand B = 0.5) |
Upper Limit
Log Transform Hirsch/Stedinger
ower Limit;

@ Use Log Transform O Other (Specify A B) o

() Do Mot Use Log Transform on computed using
[ Time Window Modification

Data Set R Al
(m-A)(n ) DSSRangeis  01JAN1974 - 15MAY2002

(.) Annual Maximum
e [ start Date

Year Specification

_ [[]End Date
(@) Water Year (starts Oct 1)

O Calendar Year (starts Jan 1)

O Other

Start of Year (DDMMM 28Mayl.

(O Partial Duration

Mumber of Years

Plot Analytica Plot Graphical Plot Analytical
Compute Curve Curve and Graphical Curve View Report & Print oK Cancel \pply

85 Figure 3. General Frequency Analysis Editor for Reg Flow Rio Grande Test 9

Shown in Figure 3 are the general settings that were used to perform this frequency analysis. For this
analysis, the Graphical / Empirical, Use Log Transform, and Annual Maximum options were selected. Also,
the Weibull plotting position method was selected, the default Confidence Limits were selected, and no
modification was made to the Time Window.

Shown in Figure 4 is the General Frequency analysis editor with the Options tab selected. Features on this
tab include the Low Outlier Threshold, an option to use Historic Data, an option to override the default
Frequency Ordinates, and Output Labeling. All defaults settings were selected for this example.
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General Frequency Analysis Editor - Reg Flow Rio Grande Test 9 - O X
Name: Reg Flow Rio Grande Test 9|
Description: Example using a graphical general frequency analysis
Data Set: Rio Grande at Alb Reg Flow ~
DSSFile Name:  C\PROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES.dss
Report File: IS\SSP\Projects\Test\SSP_Examples\GeneralFrequencyResults\Reg_Flow_Rio_Grande_Test 9\Rec ...
General Options Graphical
Low Outlier Threshold Historic Period Data (only used with B17B procedures) Qutput Frequency Ordinates
[ override Low Outier Threshold Use Historic Data [] Use Values from Table Below
\ N
B Historic Period Frequency in Percent
Output Labeling SEUGEET g'g
DSS Data Name is FLOW End Year: 10
2.0
[CJchange Label  FLOW Override High Outlier Threshold: 50
DSS Data Units are  cfs - - 10.0
Historic Events 20.0
[Jchange Label cis Water Year Peak 50.0
80.0
20.0
95.0
99.0
Plot Analytica Plot Graphical Plot Analytical -
Compute Curve Curve and Graphical Curve View Report & Print oK Cancel

86 Figure 4. General Frequency Analysis Editor with Options Tab Shown for Reg Flow Rio Grande Test 9

In this example, a graphical analysis was performed. Shown in Figure 5 is the Graphical tab. As shown, a
graph containing the systematic data and graphical curve is on the left side and a table containing the user-
entered frequency curve is on the right side of the window. The frequency curve was entered manually into
the User-Defined Graphical Curve table. When the Compute button is pressed, the program plots the
graphical frequency curve along with the annual maximum flow values. For this example, a reservoir model
was used to route synthetic hydrographs through the reservoir network upstream of Albuquerque using
current operating criteria. This was done for the 0.2, 0.5, 1.0, 2.0, 10, 20, and 50 percent events. Output from
the model was input into the Frequency Ordinates table. For the more frequent events (10 year and below),
the graphical curve was fit to the data visually. This example shows how a reservoir network can influence
the frequency curve. Notice how the frequency curve is flat for the 20 through the 1 percent chance events.
The reservoir network is able to control flooding in this range. This example also shows that as flood events
become larger, the reservoir network has less influence on controlling downstream flooding.
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[£ General Frequency Analysis Editor - Reg Flow Rio Grande Test 9% - O X
Name: Reg Flow Rio Grande Test 9
Description: Example using a graphical general frequency analysis
Data Set: Rio Grande at Alb Reg Flow ~
DSSFile Name:  C\PROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES.dss
Report File: rS\SSP\Projects\TesNSSP_Examples\GeneralFrequencyResults\Reqg_Flow_Rio_Grande_Test 9\Re(..
General Options Graphical
= General Frequency Graphical Plot for Reg Flow Rio Grande Test 9 Axis Type
E Ratum Pariod (@) Normal (Top N Events) () Log (All Events)
Q 10 11 2 500 50100 50 10000
100,000 L 1 t 1 Data Type
Fa } : @ Flow () stage
[ ! Confidence Limits
1 I } 1 I |
I 1 171 | (O Do Not Compute
: : @ Compute Using Order Statistics
|
Equivalent Years 29
10,000 |
1 of Record
= I
1 (R 1
£ : : :’/ o 11 || User-Defined Graphical Curve
= % ’ =
: F-L~1LF, User Curve Confidence Limits
= 'r’f P oL FLOW in FLOW in cfs
o I Chance s
-7 A 0.05 095
200 o J,’ ! ! ! 02 143000 17,1575 119184
- 1.1 1 1 11 11 05 10,300.0 11,992.7 8,846.2
i 1.0 77510 8,830.0 5,803.9
P 11 | 20 7.750.0 8,828.8 6,803.0
a : I I 5.0 7.600.0 8,646.6 6,680.0
- Pt i 10.0 7.510.0 8,537.6 6,606.1
[ 20.0 7.380.0 8,380.4 6,499.0
|| I 1 I 50.0 5.400.0 6,985.1 4174.6
|| I I 1 1 [ 80.0 25000 37836 1,651.9
T - | P 11 P 900| 16500 26320 10344
oshes o0 0% [ o o0z o1 b2 odos odor ooom 95.0 1,200.0 2,091.1 688.6
Probailty 99.0 650.0, 1,370.0 308.4
O Observed Events (Weibull plotting positions) — Uses Curve
== == = & Percent Confidence Limit = = 95 Percent Confidence Limit
Plot Analytical Plot Graphical Plot Analytical
Curve Curve and Graphical Curve View Report é Print oK Cancel Apply

87 Figure 5. Graphical Tab Shown for Reg Flow Rio Grande Test 9

A graphical plot of the graphical frequency curve can be obtained by pressing the Plot Graphical Curve
button at the bottom of the analysis window. A plot of the results for this example is shown in Figure 6.
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88 Figure 6. Plot of the Frequency Curve Results for Reg Flow Rio Grande Test 9

The graphical results can be sent to the printer or the windows clipboard
software. To print the graphical results, first bring up the graphical plot a
menu. To send the graphic to the windows clipboard, select Copy to Clip

for transfer into another piece of
nd then select Print from the File
board from the File menu.

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the

analysis window. When this button is selected a text viewer will open the
screen. Shown in Figure 7 is the report file for Reg Flow Rio Grande Test

report file and display it on the
9.

The report file contains a listing of the input data, preliminary results, outlier and historical data tests, and
additional calculations needed. Different types and amounts of information will show up in the report file
depending on the data and the options that have been selected for the analysis.

General Frequency Analysis Examples — 210



HEC-SSP Examples — HEC-SSP Examples

&1 Reg_Flow_Rio_Grande_Test_9.rpt — O *
File Edit Search Format
File: | \Projects\55PTestS5P_ExamplesiGeneralFrequencyResulis\Reg_Flow_Rio_Grande_Test_9'Reg_Flow_Rio_Grande_Test 9 rpt
1] 09 May 1998 3,840.0 | 25 1574 1,950.0 23.33 | ~
| 01 Jun 195% 4,550.0 | 26 1996 1,770.0 §6.67 |
6 | 03 Jun 2000 1,500.0 | 27 1977 1,640.0 90.00 |
27 1 23 May 2001 4,760.0 | 28 2000 1,500.0 93.33 |
23 1 15 May 2002 1,240.0 | g 2002 1,240.0 96.67 |
| | |
3 Rio Grande at Alb Reg Flow
51 Log Transform: | |
6|l FLOW, cfs | Number of Ewvents |
7|1 | |
821 Mean 3.621 | Historic Events a1
%% | Standard Dev 0.243 | High Qutliers 1] |
1001 Station Skew -0.754 | Low Qutliers Q |
1011 | Zero Events a |
102 |1 | Missing Events 1} |
1031 | Systematic Ewvents 25 |
1041 | |
10€ --- End of Analytical Frequency Curve ---
109 << User-Defined Graphical Frequency Curve >>
110 Ric Grande at Alk Reg Flow
112 | TUser-Defined | Percent | Confidence Limits |
1131 Curve | Chance | 0.05 0.95 |
| FLOW, cfs | Exceesdance | FLOW, cfs |
| | | |
| 14,300.0 | 0.2 | 11,918.4 17,157.5 |
| 10,300.0 | 0.5 | 2,846.2 11,992.7 |
| 7,751.0 | 1.0 | 6,803.9 2,830.0 |
1151 7,750.0 | 2.0 | §,803.0 5,828.5 |
120 | 7,600.0 | 5.0 | 6,680.0 8,646.6 |
1211 7,510.0 | 10.0 | 6,606.1 2,537.6 |
| 7,330.0 | 20.0 | 6,499.0 8,380.4 |
| 5,400.0 | 50.0 | 4,174.6 6,935.1 |
| 2,500.0 | 20.0 | 1,651.9 3,783.6 |
| 1,650.0 | 90.0 | 1,034.4 2,632.0 |
| 1,200.0 | 585.0 | §38.6 2,081.1 |
| 650.0 | 99.0 | 308.4 1,370.0 1
L | | | |
1 —-—— End of Graphical Frequency Curve ———
131 W
< >
08/03/2022 16:11 PM 1111 11

89 Figure 7. Report File for Reg Flow Rio Grande Test 9

5.4 Example 29. General Frequency, Fitting a Log Pearson Type Il
Distribution using the Expected Moments Algorithm

This example demonstrates how to use the Expected Moments Algorithm (EMA) to fit the Log Pearson Type
1l distribution to an annual maximum series of streamflow within the General Frequency analysis. The data
for this example consists of an instantaneous peak annual maximum series of streamflow for a location
along the South Fork Shoshone River River near Valley, WY#4. This stream gage is operated by the USGS
(gage ID: 06280300). The period of record used for this example is from 1957 to 2016. To view the data from
HEC-SSP, right-click on the data record labeled "South Fork Shoshone River-Flow-Annual Peak" in the study
explorer and then select Plot. A plot of the data will appear as shown in Figure 1 (see page 211).

44 https://waterdata.usgs.gov/wy/nwis/uv/?site_no=06280300
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[ south Fork Shoshone River-Flow-Annual Peak — O *
File Edit View
Q 10,000 o
8,000
[+]
[+]
[#]
= 6,000 o
'E o
o (=]
% o oo a7 o
i oo o % P e ® o
4,000+ o =) o oo
o =] o] o] o o° o o] C'D DO
o e oo o DDO o @
=] o o
2,000 o © o
D T T T T T T
1960 1970 1930 1990 2000 2010
| & WALLEY, WY USGS FLOW-ANNUAL PEAK

A General Frequency analysis has been developed for this example. To open the General Frequency analysis
editor for this example, either double-click on the analysis labeled General Frequency EMA Test from the
study explorer, or from the Analysis menu, select open, then select General Frequency EMA Test from the
list of available analyses. When this analysis is opened, the General Frequency editor will appear as shown in
Figure 2 (see page 211). Shown in Figure 2 (see page 0) are the general settings that were used to perform this
frequency analysis. As shown, the Analytical, Use Log Transform, and Annual Maximum options were
selected. Also, the Hirsch/Stedinger option was selected within the Plotting Position panel (which is only
available once the LogPearsonlll | EMA distribution and fitting method combination is selected on the
Analytical | Settings tab). Finally, the default confidence limits options were left unchanged.
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General Frequency Analysis Editor - General Frequency EMA Test - X
Mame: General Frequency EMA Test
Description: General Frequency analysis using EMA for South Fork Shoshone River
Data Set. South Fork Shoshone River-Flow-Annual Peak ~
DSSFile Name:  C\PROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES.dss
Report File: CTS\SSPI\Projects\Test\8SP_Examples\GeneralFrequencyResults\General_Frequency_EMA_TestiGe..
General Qpfions Analytical
Distribution Plotting Position Confidence Limits
@ Analytical () Weibull (A and B = 0) (@) Defauits (0.05, 0.95)
() Graphical { Empirical O Median (Aand B =0.3) (O User Entered Values
(O Hazen (AandB = 0.5) -
Log Transform Uzor i o
9 @ Hirsch/Stedinger
@ Use Log Transform OOthertSnedfy&B; Lower Limit ac
(O Do Not Use Log Transform e
I'.Io'ilng position computed using Time Window Modification
formula
Data Set J
Where - A 1-A-5) DSSRangeis 06JUN1957 - 09JUN2016
@ Annual Maximum nerE
Start Date
Year Specification
A B=Constants End Date
(@) Water Year (starts Oct 1) )
O Calendar Year (starts Jan 1) B
O Other
Start of Year (DDMMM) 02May[.
Partial Duration
Number of Years
Plot Analytical Plot Graphical Plot Analytical
Compute Curve Curve and Graphical Curve View Report 5 Print oK Cancel Apply

Shown in Figure 3 (see page 212) is the General Frequency analysis editor with the Options Tab selected.
Features on this tab include the Low Outlier Threshold, an option to use Historic Data, an option to override
the default Frequency Ordinates, and Output Labeling. All default settings were selected for this example.
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General Frequency Analysis Editor - General Frequency EMA Test - O x
Name: General Frequency EMA Test
Description: General Frequency analysis using EMA for South Fork Shoshone River
Data Set. South Fork Shoshone River-Flow-Annual Peak ~
DSSFile Name:  C\PROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES.dss
Report File: ZTS\SSP\Projects\TestiSSP_Examples\GeneralFrequencyResults\General_Frequency EMA_TestiGe ...
General Options  Analytical
Low Outlier Threshold Historic Period Data (only used with B17B procedur... Qutput Frequency Ordinates
(] override Low Outier Threshold Use Historic Data [[] use values from Table Below
Yalsa Historic Period Freguency in Percent
Output Labeling S g'g
DSS Data Mame is  FLOW-ANMUAL PEAK End Year. 1.0
D Change Label Override High Outlier Threshold: :g
_ 10.0
DSS Data Units are  CFS Historic Evenls 200
[[] change Label Water Year Peak 50.0
80.0
20.0
95.0
99.0
Plot Analytical Plot Graphical Plot Analytical
Compute Curve Curve and Graphical Curve View Report é‘ Print oK Cancel Apply

In this example, an analytical analysis was performed. Shown in Figure 4 (see page 211) is the Settings tab for
the analytical analysis. As shown, the distribution and fitting method combination which was selected for
this example is LogPearsonlll | EMA. The Do Not Compute Excepted Probability, Multiple Grubbs-Beck, and
no high outlier test options were selected. Also, the Skew option was set to Use Station Skew.
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Mone

Mone

Compute

General Frequency Analysis Editor - General Frequency EMA Test - O X
Name: General Fraquency EMA Tes{

Description: General Frequency analysis using EMA for South Fork Shoshone River

Data Set. South Fork Shoshone River-Flow-Annual Peak b

DSSFile Name:  C\PROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES.dss

Report File: ZTS\SSP\Projects\TestiSSP_Examples\GeneralFrequencyResults\General_Frequency EMA_TestiGe ...

General Options Analytical

Sefings EMAData Tabular Results Plot

Log Transformation: On Generalized Skew
(@ Use Station Skew
Distribution:
LogPearsonll (O use Weighted Skew

Expected Probablity Curve

Compute Expected Probability Curve using B178 Procedures
C' Compute Expected Probability Curve using Parametric Bootstrap
(®) Do Not Compute Expected Probability Curve

Low Qutlier Test

(@ Multiple Grubbs-Beck
Single Grubbs-Beck

High Ouffier Test

10% Significance

(O Use Reglonal Skew
Regional Skew:

Reg. Skew MSE:

ability Options

Plot Analytical Plot Graphical Plot Analytical =
Curve Curve and Graphical Curve View Report & Print oK Cancel

The Analytical | EMA Data tab for this example is shown in Figure 5 (see page 211). Data required for the EMA
computations is entered on this tab. Specifically, flow ranges, perception thresholds, and data types are
entered here. The data for this record contains a missing period spanning a single water year (1959). 17C
EMA requires a non zero — inf perception threshold for all periods of missing data. In this case, the largest
observed event (which occurred in 1981) was used to inform the perception threshold for water year 1959.
The use of a perception threshold of 10000 - inf implies that had a flood event occurred with a peak flow
greater than 10,000 cfs, someone would have measured and recorded it. Once the perception threshold has
been entered, click the Apply Thresholds button to assign a complementary flow range for the period of
missing data. No modifications to the default flow ranges and data types are necessary.
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[Z General Frequency Analysis Editor - General Frequency EMA Test - O X
Name: General Frequency EMA Te sﬂ
Description: General Frequency analysis using EMA for South Fork Shoshone River
Data Set. South Fork Shoshone River-Flow-Annual Peak ~
DSSFile Name: | CAPROJECTSISSP\Projects\TestiSSP_E: SSP_EXAMPLES.dss
Report File: 10JECTS\SSPProjects\TesNSSP_Examples\GeneralFrequencyResults\General_Frequency_EMA_TestGel_.
General Opfions Analytical
Setings EMAData Tabular Results Plot
First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates) 12,000
Perception Thresholds
Start Year End Year Low Threshold High Threshold Comments
10,000
1959 1959 10000.0 inf Missing Period i
|
8,000
o
o
o
Apply Thresholds 8,000 o
Flow Ranges © °
Year Peak Low Value High Value Data Type o @ D& é
; w o%® Go0 4
1957 4580.0 4580.0 4580.0 ~
. 0l o o © o 0@
1958 3520.0 3520.0 3520.0|Systematic o u o 9;90 © 00
1959 0.0 10000.0 | Censored ~ o] @™ P
1960 26200 2620.0 2620.0|Systematic ~ v o o
1961 38000 3800.0 3B800.0| Systematic - 2,000 w L
1962 4850.0 4850.0 4850.0| Systematic il
1963 6610.0 6610.0 6610.0 | Systematic b
1964 3820.0 39200 3920.0|Systematic b N
1965 4480.0 4480.0 4480.0|Systematic v 160 190 1% 150 2000 2000
1966 2890.0 2890.0 2890.0 |Systematic v — 5
1967 44800 4480.0 4480.0| Systematic ~
1968 3780.0 3780.0 3780.0| Systematic v Refresh
Plot Analytical Plot Graphical Plot Analytical
Compute Curve Curve and Graphical Curve View Report é Print oK Cancel Apply

Once all of the General and EMA Data tab settings are set or selected, the user can press the Compute
button to perform the analysis. Once the computations have been completed, a message window will open
stating Analytical Compute Complete. Close this window and then select the Analytical | Tabular Results
tab. This window should resemble Figure 6 (see page 211). Within this tab is a tabular listing of the computed
frequency curve and confidence limits that were specified as part of the analysis. Tables containing
Distribution Parameters in addition to Events is shown along the bottom of the window. Finally, the lower
right hand panel displays the selected distribution and whether or not the log transform was selected.
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General Frequency Analysis Editor - General Frequency EMA Test - O X
Name: General Fraquency EMA Test
Description: General Frequency analysis using EMA for South Fork Shoshone River
Data Set. South Fork Shoshone River-Flow-Annual Peak ~
DSSFile Name:  C\PROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES.dss
Report File: 10JECTS\SSPProjects\TesNSSP_Examples\GeneralFrequencyResults\General_Frequency_EMA_TestGel_.
General Opfions Analytical
Sefings EMAData Tabular Results  piot
Curve Based on Sample isti Curve Based on Adjusted Statistics
Percent Chance Computed X Confidence Limits Computed - Confidence Limits
Exceedance Curve E«’Ea;:;lce Log FLOW in CFS Curve (:;":;'ce £ FLOW in CFS
FLOW in CFS 0.05 0.95 FLOW in CFS 0.05 0.95
0.2 10151.0 0.00457 151858 83886
0.5 91355 0.00317 12672.5 77721
1.0 83828 0.00231 11005.2 7282.0
20 7639.0 0.00162 95136 6765.9
5.0 6658.6 0.00096 77824 6030.6
10.0 59055 0.00064 6633.6 5420.5
20.0 5119.6 0.00045 5594.9 47429
50.0 39254 0.00035 4220.7 3651.8
80.0 3039.8 0.00039 3269.0 2805.2
90.0 2669.9 0.00050 2887.0 24141
95.0 24034 0.00072 26241 21088
99.0 1982.6 0.00169 22474 1605.8
Distribution Parameters Events
Parameter Value — = LT
7| et Eens °
Standard Dev 0.135 4 .
i Log Transformation: On
Adopted Skew 0.135| |Low Outiiers and Zeroes 0 _g .
Missing Events 1 Distribution: Pearson Type lll 17C EMA
Systematic Events | 59
Historic Period 60
Equivalent Record Len... 59.000
Plot Analytical Plot Graphical Plot Analytical
Curve Curve and Graphical Curve View Report & Print oK Cancel Apply

In addition to the tabular results, the Analytical | Plot tab contains a graph of the input data and the
computed frequency curves, as specified within the analysis. The right side of the plot tab contains a table of
Sample Statistics and Adjusted Statistics. The user has the option to enter one or more adjusted statistics
within in the Adjusted Statistics table. The Compute button must be pressed after adjusted statistics have
been entered in order for the program to compute a frequency curve using the user statistics.

A graphical plot of the input and computed results can be obtained by pressing the Plot Analytical Curve
button at the bottom of the analysis window. A plot of the results for this example is shown in Figure 7 (see

page 0).
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pet

A General Frequency Analytical Plot for General Frequen.. — O
File Edit View Window
General Freguency Analytical Plot for General Frequency EMA Test
Return Period
Q 1.0 11 2 5 10 50 200 1000 10000
10[] DDD 1 1 1 1 1 1 1 1 1 1|
[ax]
L
O
=
= 10,0004
Z
[}
|
[N
1.000 T T T T T T T T T T T
0.9959 0.99 049 05 0z 01 002 0002 00001
Probability
Computed Curve
— — =5 Percent Confidence Limit
— — = 55 Percent Confidence Limit
] Observed Events (Hirsch-Stedinger plotting positions)

In addition to the tabular and graphical results, there is a report file that shows the input data, summary
statistics, and the computed results. Different types and amounts of information will be contained within the
report file depending upon the data and the options that have been selected for the analysis. To review the
report file, press the View Report button at the bottom of the analysis window. When this button is selected a
text viewer will open the report file and display it on the screen, as shown in Figure 8 (see page 217).
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7] General_Frequency_EMA_Test.rpt - [m] X
File Edit Search Format
File: | \Projects\55P\Test\S5P_ExamplesiGeneralFrequencyResulis\General_Frequency_EMA_TestiGeneral_Frequency_EMA_Testrpt
238( ] 1.694E-1 | ~
| 31 5.506E-2 |
| 4] 1.880E-1 |
| 51 2.087E-1 |
| 6 | 3.043E-1 |
| 71 §.336E-1 |
| g1 B.932E-1 |
| 9 9.051E-1 |
| 101 8.05%E-1 |
| 111 §.940E-1 |
| 12 | B.209%E-1 |
| 131 €.905E-1 |
| 14 6.277E-1 |
| 15 | T.TS4E-1 |
| 16 | 6.737E-1 |
| 171 8.2343E-1 |
| 181 8.413E-1 |
| 18 | B.TT2E-1 |
| 20 | 7.243E-1 |
| 21 | 7.480E-1 |
| 22 | §.782E-1 |
| 23 | 9.471E-1 |
| 24 | 9.722E-1 |
| 25 | 9.423E-1 |
| 26 | 9.067E-1 |
| 27 | B.534E-1 |
| 28 | 8.463E-1 |
| 29 | T.944E-1 |
| | |
¥ = p-value corresponds to a zerc flow value.
South Fork Shoshone Riwver-Flow-Annual Peak
| Log Transform: | |
| FLOW, CE3 | Number of Events |
| | |
| Mean 3.597 | Historic Events a1
| Standard Dev 0.135 | High Cutliers 1} |
273 | Station Skew 0.135 | Low Outliers Q |
274 | Regional Skew --- | Zero Ewents 1] |
275 | Weighted Skew --- | Missing Events 1 |
276 | Adopted Skew 0.135 | Systematic Ewvents |
277 (1 | Historic Period a0 1
278 || | |
280 ——- End of Rnalytical Fregquency Curve ---
281 W
< >
08/03/2022 16:13 PM 1111 11

5.5 Example 30. General Frequency, Fitting an Analytical Distribution
to a Precipitation Time Series

This example demonstrates how to fit an analytical distribution to an annual maximum series of precipitation
depths within the General Frequency analysis. The data for this example consists of an annual maximum
series of 3-day duration precipitation depths for a precipitation gage located near Hawley, Pennsylvania. This
precipitation gage is operated by the NWS. Daily precipitation data was downloaded from the NWS website
("https://www.ncdc.noaa.gov/") as a .csv file, ingested to the study using an HEC-DSSVue plugin,
accumulated to a 3-day duration, and an annual maximum series was extracted using tools contained within
HEC-SSP. The period of record used for this example is from 1921 to 2016. To view the data from HEC-SSP,
right-click on the data record labeled "Hawley 1E PA-3DAY-Precip-AMS" in the study explorer and then
select Plot. A plot of the data will appear as shown in Figure 1 (see page 219).
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A Hawley 1E PA-3DAY-Precip-AMS - O X
File Edit View
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A General Frequency analysis has been developed for this example. To open the General Frequency analysis
editor for this example, either double-click on the analysis labeled General Frequency Precip Test from the
study explorer, or from the Analysis menu, select open, then select General Frequency Precip Test from the
list of available analyses. When this analysis is opened, the General Frequency editor will appear as shown in
Figure 2 (see page 219). Shown in Figure 2 (see page 219) are the general settings that were used to perform this
frequency analysis. As shown, the Analytical, Do Not Use Log Transform, and Annual Maximum options
were selected. Also, the Median option was selected within the Plotting Position panel. Finally, the default

confidence limits options were left unchanged.
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General Qpfions Analytical
Disfribution
(@) Analtical

() Graphical / Empirical

General Frequency Analysis Editor - General Frequency Precip Test

Name: General Frequency Precip Tes{

Description: General Frequency analysis using GEV for precipition

Data Set: Hawley 1E PA-3DAY-Precip-AMS

DSSFile Name: | CAPROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES. dss
Report File:

Plotting Position
() Weibull (A and B = 0)
(@ Median (Aand B=0.3)
(O Hazen (AandB = 0.5)

ZCTS\SSPProjects\TesNSSP_Examples\GeneralFrequencyResults\General_Frequency_Precip_TeshGen|..

Confidence Limits
(@) Defaults (0.05, 0.95)
(C) User Entered Values

Upper Limit

Log Transform

Data Set

O Use Log Transform

(® Do NotUse Log Transform

@ Annual Maximum

Year Specification

AB=Constants [JEnd Date
(@) Water Year (starts Oct 1) )
O Calendar Year (starts Jan 1) B
O Other
Start of Year (DDMMM) 04Jun[.
Partial Duration
Mumber of Years
Plot Analytical Plot Graphical Plot Analytical
Compute Curve Curve and Graphical Curve View Report 5 Print oK Cancel Apply

Hirsch/Stedinger

() Other (Specify A, B)

Lower Limit 0.95

Plotting position computed using

N Time Window Modification
formula

(m-A)i{n+1.A-B)

D55 Range is
[] start Date

11JUL1921 - 02AUG2016

Where:

Shown in Figure 3 (see page 220)is the General Frequency analysis editor with the Options Tab selected.
Features on this tab include the Low Outlier Threshold, an option to use Historic Data, an option to override
the default Frequency Ordinates, and Output Labeling. All defaults settings were selected for this example.
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General Frequency Analysis Editor - General Frequency Precip Test - O x
Mame: General Frequency Precip Tes{
Description: General Frequency analysis using GEV for precipition
Data Set: Hawley 1E PA-3DAY-Precip-AMS ~
DSSFile Name:  C\PROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES.dss
Report File: :CTS\8SF\Projects\TesSSP_Examples\GeneralFrequencyResults\General_Frequency_Precip_TestGen|_.
General Options  Analytical
Low Outlier Threshold Historic Period Data (only used with B17B procedures) Output Frequency Ordinates
(] override Low Outier Threshold Use Historic Data [] Use Values from Table Beiow
e Historic Period . Frequency in Percent
Output Labeling SEUGET g'g
DSS Data Nameis PRECIP-INC End Year: 1.0
[l change Label Override High Outlier Threshold: :g
_ ) 10.0
DSS Data Units are  inches Historic Events 200
|:| Change Label Water Year Peak 50.0
80.0
20.0
95.0
99.0
Plot Analytical Plot Graphical Plot Analytical
Compute Curve Curve and Graphical Curve View Report é‘ Print oK Cancel Apply

In this example, an analytical analysis was performed. Shown in Figure 4 (see page 221) is the Settings tab for
the analytical analysis. As shown, the distribution and fitting method combination which was selected for
this example is Generalized Extreme Value | L-Moments. The Do Not Compute Excepted Probability and
Single Grubbs-Beck options were selected.
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General Frequency Analysis Editor - General Frequency Precip Test - O X

MName: General Frequency Precip Test
Description: General Frequency analysis using GEV for precipition
Data Set: Hawley 1E PA-3DAY-Precip-ANS e
DSSFile Name: | CAPROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES. dss
Report File: ZCTS\SSPProjects\TesNSSP_Examples\GeneralFrequencyResults\General_Frequency_Precip_TeshGen|..
General Opfions Analytical
Settings Tabular Results  Plot
Log Transformation: Off
Distribution:
Generalized Exreme Value 58 Telgn
Expected Probablity Curve
Compute Expected Probability Curve using B178 Procedures
C' Compute Expected Probability Curve using Parametric Bootstrap
(®) Do Not Compute Expected Probability Curve
Low Qutlier Test
O Mone
(O Multiple Grubbs-Beck
@' Single Grubbs-Beck
High Outlier Test
MNone

10% Significance

Plot Analytical Plot Graphical Plot Analytical -
Compute Curve Curve and Graphical Curve View Report & Print oK Cancel \pply

Press the Compute button to perform the analysis. Once the computations have been completed, a message
window will open stating Analytical Compute Complete. Close this window and then select the Analytical |
Tabular Results tab. This window should resemble Figure 5 (see page 222). Within this tab is a tabular listing of
the computed results that were specified as part of the analysis. Also, a table of Distribution Parameters is
shown along the bottom of the window. Also on the bottom is an Events table showing values pertinent to
the number of different types of events used within the analysis. Finally, the lower right hand panel displays
the selected distribution and whether or not the log transform was selected.
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General Frequency Analysis Editor - General Frequency Precip Test - O x
Name: General Frequency Precip Test
Description: General Frequency analysis using GEV for precipition
Data Set: Hawley 1E PA-3DAY-Precip-AMS ~
DSSFile Name:  C\PROJECTSISSP\Projects\TestiSSP_Examples\SSP_EXAMPLES.dss
Report File: :CTS\8SF\Projects\TesSSP_Examples\GeneralFrequencyResults\General_Frequency_Precip_TestGen|_.
General Opfions Analytical
Setlings Tabular Results  Plot
Curve Based on Sample Stafistics Curve Based on Adjusted
Percent Chance Computed Confidence Limits Computed Confidence Limits
Exceedance Curve PRECIP in inches Curve PRECIP in inches
PRECIP ininches 0.05 0.95 PRECIP in inches 0.05 0.95
0.2 11.08
05| 9.51
1.0 8.41
20 7.39
50| 6.14
10.0 5.25
20.0] 4.40
50.0| 324
80.0 246
90.0] 214
95.0 1.92
99.0 1.58
Distribution Parameters Events
Parameter Value — =2 AL
Location 2888 Historic Events 0
Scale 0g31| (HighOutliers
Shape 0 105| |Low Outliers and Ze. 0 Log Transformation: Off
= |Missing Events 0 D G ized Extrerne Value (L-momenls)
Systematic Events 96
|Historic Period
|Equwalent RecordL...
Plot Analytical Plot Graphical Plot Analytical
Curve Curve and Graphical Curve View Report é Print oK Cancel Apply

In addition to the tabular results, the Analytical | Plot tab contains a graph of the input data and the
computed frequency curves, as specified within the analysis. The right side of the plot tab contains a table of
Sample Statistics and Adjusted Statistics. The user has the option to enter one or more adjusted statistics

within in the

Adjusted Statistics table. The Compute button must be pressed after adjusted statistics have

been entered in order for the program to compute a frequency curve using the user statistics.
A graphical plot of the input and computed results can be obtained by pressing the Plot Analytical Curve
button at the bottom of the analysis window. A plot of the results for this example is shown in Figure 6 (see

page 223).
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A General Frequency Analytical Plot for General Frequen.. O

File Edit View Window
General Frequency Analytical Flot for General Frequency Precip Test

pet

Return Period
1.0 11 2 5 10 50 200 1000 10000
-12 1 1 1 1 1 1 1 1 1 1 1
104
2 &
=
1=
o
o ]
L
o
o
4_
2_
T T T T T T T T 11
(.9999 0.999 0.99 0.9 0.5 02 01 0.02 0.005 0.0001
Probability
| Computed Curve o] Observed Events (Median plotting positions)

In addition to the tabular and graphical results, there is a report file that shows the input data, summary
statistics, and the computed results. Different types and amounts of information will be contained within the
report file depending upon the data and the options that have been selected for the analysis. To review the
report file, press the View Report button at the bottom of the analysis window. When this button is selected a
text viewer will open the report file and display it on the screen, as shown in Figure 7 (see page 224).
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[ General_Frequency_Precip_Test.rpt - [m] X
File Edit Search Format
File: CA\Projects\55P Test\S5P_ExamplesiGeneralFrequencyResulis\General_Frequency_Precip_TestiGeneral_Freguency_Precip_Testrpt

| 11 Jun 200% 4.41 | a9 1382 2.13 92.01 [ ~

| 27 Feb 2010 4.18 | a0 1521 1.87 93.05 |

| 01 Oct 2010 5.88 | 91 1985 1.82 94.0% |

| 1% S=p 2012 3.80 | 92 las2 1.85 95.12 |

| 03 Jul 2013 5.27 | a3 1983 1.8 96.16 |

| 14 Jun 2014 3.27 | a4 1531 1.8 97.20 |

| 13 Sep 201% 2.38 | a5 la2g l.g0 98.24 |

| 02 Bug 201& 2.37 | 9§ 1941 1.88 99.27 |

| | |

1 << Freguency Curve »>>

Hawley 1E PA-3DAY-Precip-BMS

| Computed | Percent | Confidence Limits |

| Curve | Chance | 0.05 0.95 |

| PRECIP, inches | Exceedance | FRECIP, inches |

| | |

| 11.08 | 0.2 | -

| .51 | 0.5 | -

| 2.41 | 1.0 |

| 7.39 | 2.0 |

| §.14 | 5.0 | -

| 5.25 | 10.0 |

| 4.40 | 20,0 |

| 3.24 | 50.0 | -

| 2.46 | 80.0 |

| 2.14 | g0.0 |

| 1.92 | a5.0 |

| 1.58 | 4%.0 | -

| | | |

Hawley 1E PR-3DAY-Precip-RMS

| PRECIF, inches | Number of Events |

| | |

| Loctn 2.888 | Historic Events a1

| Scale 0.931 | High Cutliers a |

| Shape -0.106 | Low Qutliers Q |

| | Zeroc Events 1] |

| | Missing Ewents a |

| | Systematic Ewvents a6 |

| | |

—-—— End of Anslytical Frequency Curve ———

v
< >
08/03/2022 16:13 PM 1111 11

90 Figure 7. General Frequency Precip Test Report File.
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6 Volume Frequency Analysis Examples

6.1 Example 10. Volume Frequency Analysis, Maximum Flows

In the SSP_Examples.ssp study, the Unreg Flow Rio Grande Test 10 example demonstrates how to perform a
Volume Frequency analysis for maximum flows. The data for this example was derived from an analysis
where a time-series of daily average unregulated flows were computed for the Rio Grande at Albuquerque.
The period of record for this example is from 1941 to 2002. To view the data, right-click on the data record
labeled "Rio Grande at Alb Unreg Daily" in the study explorer and then select Plot. The data will appear as

shown in Figure 1.

4 Rio Grande at Alb Unreg Daily - O s
File Edit View
20,000
15,000
o
z
(=]
& 10,000
5,000 | .
| 4
| | |
R “IH . '_-_ !: ._”' ;_.-:.' -__:', 1
o YA NITRE TIT oy i thl il d e
1950 1960 1970 1980 1990 2000
—— UNREG_ALBUQUERQUE CALC FLOW

91 Figure 1. Plot of Daily Average Flow for Example 10

A Volume Frequency analysis has been developed for this example. To open the Volume Frequency Analysis
Editor for this example, either double-click on the analysis labeled Unreg Flow Rio Grande Test 10 from the
study explorer, or from the Analysis menu select open, then select Unreg Flow Rio Grande Test 10 from the
list of available analyses. When Test 10 is opened, the Volume Frequency Analysis Editor will appear as

shown in Figure 2.
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Log Transform

B Volume Frequency Analysis Editor - Unreg Flow Rio Grande Test 10

DSSFile Name: | C:PROJECTS\SSP\Projects\TeshSSP_Examples\SSP_EXAMPLES dss

General QOpfions Duration Table Analytical Graphical

Plofting Position

MName: Unreg Flow Rio Grande Test 1D|
Description: Unregulated Volume-Duration Analysis Rio Grande at Albuguerque
Data Sat Rio Grande at Alb Unreg Daily -

Report File: sNSSP_ExamplesiVolumeFrequencyAnalysisResults\Wnreg_Flow_Rio_Grande_Test_10\Wnreg_Floy ..

Exract Time Window Modification

(®) Use Log Transform (O weibull (Aand B =0) End Points
®) Median (AandB =03
() Do Not Use Log Transform CH . . DSS Range Is
(_) Hazen (Aand B = 0.5) [ start Date
Maximum or Minimum Analysis Hirsch/Stedinger
. o End Date
) ) O
(@ Analyze Maxima ) Other (Specity A B)
(O Analyze Minima Plotting position computed using formula Season
(m-A)(n+1-A-B)
Year Specification - L ! To Define a Subset of the Year
n=Rank, 1=Largest Season Start Season End:
() water Year (starts Oct 1) e g 0
(® Calendar Year (starts Jan 1) SIS )
; MNOTE: season must be within a year,
() other as defined in the Year Spedfication
-
B
Starting 01Jan|...|
Plot Yearly Data
Plot Duration Plot Analytical Plot Graphical
Compute Data Curve Curve View Report & Print oK Cancel

92 Figure 2. Volume Frequency Analysis Editor for Unreg Flow Rio Grande Test 10

Shown in Figure 2 are the general settings that were used to perform this frequency analysis. For this
analysis, the Use Log Transform option was selected, the Weibull plotting position method was selected,
Analyze Maxima was selected, the Calendar Year option was selected, and no modification was made to the
Time Window.

Shown in Figure 3 is the Volume Frequency Analysis Editor with the Options tab selected. Features on this
tab include an option to override the default Flow Duration values, an option to override the default
Frequency Ordinates, and Output Labeling. Both the flow-duration and frequency ordinate tables were
modified.
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B Volume Frequency Analysis Editor - Unreg Flow Rio Grande Test 10 - d X
Name: Unreg Flow Rio Grande Test 10|
Description: Unregulated Volume-Duration Analysis Rio Grande at Albuguerque
Data Set Rio Grande at Alb Unreg Daily v
DSSFile Name: | CPROJECTS\SSPProjectsiTestSSP_E: P_EXAMPLES dss
Report File: SNSSP_Exar neFreq Unreg_Flow_Rio_Grande_Test_10\Wnreg_Floy ...
General Opfions Duration Table Analytical Graphical
Flow Durations it Erscuiensy Ovinain Historic Period Data (only used with B178 procedures)
Change or add to default values Use Values from Tabie Below D Use Historic Data
Frequency in Percent Historic Period
Duration in days
! ! 0.1 Start Year:
1 02
7| | 05 End Year:
15 1.0
60 20 Duration Override High Outlier Thr..
120 5.0
- 1-day |
10.0 7-day
20.0 15-day
50.0 B0-day
0.0 120-day
0.0
5.0
9.0
Historic Events
Year 1-day T-day 15-day
Output Labeling Low Outlier Threshold
DSS DataMame is  FLOW [[] override Low Outiier Threshald
FLOW
[ 1change Label |FLOW Duration Overide Low Outlier Th,..
DSS Data Units are  CFS 1-day
— 7-day
I:‘ Change Label |CFS 15-day
G0-day
120-day
L4 >
Plot Duration Plot Analytical Plot Graphical
Compute Data Curve Curve View Report & Print oK Cancel Apply

93 Figure 3. Options tab Shown for Unreg Flow Rio Grande Test 10

Once all of the General and Optional settings are set or selected, the user can extract the volume-duration
data from the time-series of daily flows. Select the Duration Data tab and press the Extract Volume-Duration

Data button at the bottom of the table. The table should then fill with the flow-duration values, as shown in
Figure 4.
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B Volume Frequency Analysis Editor - Unreg Flow Rio Grande Test 10 - d X
Name: Unreg Flow Rio Grande Test 10|

Description: Unregulated Volume-Duration Analysis Rio Grande at Albuguerque

Data Set Rio Grande at Alb Unreg Daily >

DSSFile Name:  C\PROJECTS\SSP\Projects\TestiSSP_Examples\SSP_EXAMPLES dss

Report File: SNSSP_Examp nef Unreg_Flow_Rio_Grande_Test_10\Wnreg_Floy ...

General Options Duration Table aAnalytical Graphical

D Allow Editing Exract Volume-Duration Data

Volume-Duration Data
Highest Mean Value for Duration, Average Daily FLOW in CFS

Year
1 7 15 60 120
Date FLOW Date FLOW Date FLOW Date FLOW Date FLOW

1942 042411942 22076.4| 0511511942 153458 06/05/1942 13098.6| 061411942 12137.3| 07/06/1942 7930.9 ~
1943 04/28/1943 4733.9) 050211943 4638. 08/1943 4440.3| 06/031943 2574.3] 0710211943 1840 8

L 5/17/1944 1360 152211944 12334, 12811944 11501.7 10511944 7056.9| 07/22/1944 4460.3

45 051081194 1214 513194 11199. 511811945 10358.1 1945 6137.1| 07/09/194 3794

46 04/23/194 99 4/27/194 2733, 510311946 2273.0] 05M17/194 1230.4| 05/31/1194 978.5|
194 511211947 003.5) 05M5M194 5848, 5/18/1947 5118.0 5194 2709.0| 06/28M194 1789.8

1948 05/28/1948 122735| 06M1M1948 10224.5| 06/09/1948 9950.8| 06M8M1948 7014.3| 071011948 45671
1949 06/231940 10556.0) 06/27M1948 96422 06/30/1949 8133.2| 06/30M949 5828.4| 07/30/1948 4386.0
1950 04/2411950 2901.1| 04/27/11950| 2711.6) 04/30/1950 2396.7| 05/04H950] 1549.3| 06121850 13198
1851| 05/10/1951 1881.6| 05M4/1951| 1718.3| 05231951 1610.7| 06/14HM951) 1082.0| 06/05/1951 8686
1952 05/08/1952 11669.4| 05M1/1952| 10749.8| 05M9/1952 9703.8| 06/22f1952] 7147.2| 0712211952 47047
1953| 05/31/1953 2706.0 DB/04/1953 24972 06/06/1953 2283.0| 06/20M953 1729.2| 06/28/1953 1298.6

1954] 05/18/1954 21221| 04/21/11954] 2050.3| 04/28/1954 1929.1| 06/04/1954] 1595.2| 06/07/1954 11316
1955, 09/25/1955 5496.6| 05/29/1955 2694.8| 05/30/11955 2349.9) 06/21/1955 1559.2| 08/29/1955 1154.8
1956, 051071 1766.1) 05/11/1956 722, 511111956 1626.0) 06/11/1956 172.4| 06/14/1956 941.
7 310911957 94035 111957 794. 1511957 7865. 061957 357.9) 09/011957 4360.

¢ /14/195¢ 12590.1| 05171958 12047, 1231 11492 5/14/195¢ 129.4| 06221 5433.
31261 25394 2001959 1821, 12001 4, 1049.9| 06/01/1 844,

1 411319¢ 6034.5| 04M6M1260 5335, 412411 4832 2 3299.1| 061271 2482,
1 5/04/19¢ 5605.4| 0510711961 5052.7] 05/07/1961 4518. M 3084.0] 06/28/1961 2001,

1962 04/221962 90232 047271962 8121.7| 050211962 7289.3| 05/28M962 4879.4| 06121962 31086
1963 04/15M963 2477.4| 04161963 2288.6| 04/16/1963 2097 4| 0515M963 1514.7| 06/04/1963 11152
1964 05/15/1964 2353.4| 0D5M9M1964| 22375 05/25/1964 1963.8| 06M0M964, 1283.1| 06/17/1964 938.8
1965 0611911965 B007.6| 05/26/1965| 7162.8| 05/27/1965 5995.5| 06/30M965 5202.7| 08/M11/1965 3916.0
1966, 05/11/1966 3704.0/ D5M2/1966| 34701 05M4/M1966 3276.3| 05/15M966] 2629.1| 08M3M1966 20478
1967 08M0M1967 8810.2| DBMEM9ET 5186.4) 08/20M1967 3533.9| 09141967 1653.6| 09/08/1967 13415
1968| 05/24/1968 54326| 05/29/1968 5095.6) 06/05/1968 4918.1| 070111968 3315.0| 08/25/1968 24100

190 NANAMORD SRAF Al NANAMARA AN7nal NA/27119R9 A9fn Al NAIP2MAR 4142 Al _n7reai1aRa 20R3 4 v
. Plot Duration Plot Analytical Plot Graphical
Compute Data Curve Curve View Report & print oK Cancel Apply

94 Figure 4. Volume-Duration Data Table for Unreg Flow Rio Grande Test 10

Once the data has been extracted, the user must choose to perform an Analytical or Graphical analysis. In
this example, an analytical analysis was performed. Shown in Figure 5 is the Settings tab for the analytical
analysis. As shown, the distribution and fitting method combination which was selected for this example is
LogPearsonlll | Product Moments. The Do Not Compute Excepted Probability, Single Grubbs-Beck, no high
outlier test, and Use Station Skew options were selected.
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Report File:
General Options Duration Table Analytical Graphical
Settings Tabular Resulls  Plot Statistics
Log Transformation: On
Distribution:
LogFearsonlll W
Expected Probablity Curve
O Compute Expected Probability Curve using B17B Procedures
f ) Compute Expected Probability Curve using Parametric Bootstrap
@ Do Mot Compute Expected Probability Curve

Low Outlier Test
O Mone

C) Multiple Grubbs-Beck
(@ single Grubbs-Beck

High Outlier Test

(@) MNone

() 10% Significance

Expected Probability Options

Compute Data Curve Curve

B Volume Frequency Analysis Editor - Unreg Flow Rio Grande Test 10

Mame: Unreg Flow Rio Grande Test 1U|
Description: Unregulated Volume-Duration Analysis Rio Grande at Albuguerque
Data Set Rio Grande at Alb Unreg Daily

Plot Duration Plot Analytical Plot Graphical

DSSFile Name! | CPROJECTS\SSP\Projects\ TestiSSP_Examples\SSP_EXAMPLES dss

sNSSP_ExamplesiVolumeFrequencyanalysisResults\Unreg_Flow_Rio_Grande_Tes!_10WUnreg_Floy ..

Skew
(@) Use Station Skew
(O Use Weighted Skew

OUse Regional Skew

Duration Reg. Skew R.Skew MSE
1 1
7
15
60
120
View Report & Print oK Cancel

95 Figure 5. Settings tab Shown for Unreg Flow Rio Grande Test 10

Press the Compute button to perform the analysis. A message window will open stating that a few of the
annual maxima occurred near the beginning of the year. The message suggests that the user change the
year/season specification to better capture independent events. You want to minimize the possibility that the
same flood event is used for consecutive years. Press the OK button to finish the compute. Once the
computations have been completed, a message window will open stating Compute Complete. Close this
window and then select the Tabular Results tab within the analytical analysis. The results table should
resemble Figure 6. The top portion of the results table contains the percent chance exceedance for all
durations (the report contains confidence limits). The bottom portion of the results table contains the

statistics for all duration.
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B Volume Frequency Analysis Editor - Unreg Flow Rio Grande Test 10 - d X
Name: Unreg Flow Rio Grande Test 10
Description: Unregulated Volume-Duration Analysis Rio Grande at Albuguerque
Data Set Rio Grande at Alb Unreg Daily v
DSSFile Name! | CPROJECTS\SSP\Projects\TestSSP_E I P_EXAMPLES.dss
Report File: SNSSP_Examp neFreq i Unreg_Flow_Rio_Grande_Test_10\Wnreg_Floy ...
General Opfions Duration Table Analytical Graphical
Settings £ Tabular Results  Plot Statistics
‘Volume Freguency Curves for Unreg Flow Rio Grande Test 10, Average Daily FLOW in CFS
Percent
Chance 1 7 15 60 120
Exceedance
01 335139 292835 267305 235213 15790.6) A
0.2 30589.9 269116 245489 21009.0 140314
0. 689.7 236799 215774 17789. 118216
1. 714, 21161.7 192634 15433. 102355
2. 716. 579.3 16891.9 13148. 7207
5. 714, 5060.7 13664.2 10236, 820.9
10.0 13641.4 123074 111424 111, 5452.9
200 10487 1 94473 8527.8 6040.2 4129.0
50.0 | 6044.8] 53441 47912 3207.9] 23728
80.0 | 3248.0] 2768.6] 24611 1703.4] 13245
20.0 | 2281.5] 18928 1673.9] 1178.9] 965.1| v
Statistics
Statistic 1 | 7 15 60 120
Mean 3.760 37T 3.653 3.501 3.366
Standard Dev. 0.305 0.320 0324 0.328 0.294
Station Skew -0.418 -0.506 -0.509 0312 -0.183
Regi Skew
g Skew
Adopted Skew -0.418 -0.506 -0.508 -0.312 -0.183
EMA Estimate of MSE (G at-...
Grubbs-Beck Critical Value
| Historic Events 0.000] 0.000 0.000 0.000] 0.000
# Low Outliers and Zero Flo... 0.000] 0.000 0.000 0.000] 0.000
# Years with Missing Data 2.000] 2,000 2.000 2.000{ 2.000
Systematic Events 57.000/ 57.000 57.000 57.000| 57.000
Historic Period
Equivalent Record Length(y...
PlotDuration | PlotAnaltical | Plot Graphical
Data Curve Curve View Report & print oK Cancel Apply

96 Figure 6. Tabular Results tab for Unreg Flow Rio Grande Test 10

£ The tabular results use the default computed statistics.

As shown in Figure 7, the Plot tab contains a graph of the systematic data and the computed frequency
curves. Notice how some of the frequency curves look like they might cross if the lines were extended. The
Statistics tab can be used to modify the computed statistics to ensure that the frequency curves are

consistent.
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[ Volume Frequency Analysis Editor - Unreg Flow Rio Grande Test 10 - O X
Name: Unreg Flow Rio Grande Test 10
Description: Unregulated Volume-Duration Analysis Rio Grande at Albuguerque
Data Set Rio Grande at Alb Unreg Daily
DSSFile Name! | CPROJECTS\SSP\Projects\ TestiSSP_Examples\SSP_EXAMPLES dss
Report File: sNSSP_ExamplesiVolumeFr Unreg_Flow_Rio_Grande_Test_10\Wnreg_Floy ..
General Opfions Duration Table Analytical Graphical
Seftings Tabular Results  Plot Statistics
Ratum Fanod
1.0 11 2 § 10 -] 100 200 500 1000 0000
100,000 | | 1 1 1 | 1 1 1 I 1
10,000
w
o
5
E
-
1,000
100 T L‘Q T T T T T T T &J: T
0.99%% 0588 [ 08 05 02 o1 002 001 0005 0.0020.001 0.0001
Frobabiity
B 1-Day Dats Observed Events [Median plotting positions) 1-Day Curve B 7-Day Data Obsarved Events (Median plotting positions)
—— T-Day Curve n 15-Day Data Observed Events (Median plotting positions) =  15-Day Curve
B 60-Day Data Observed Events (Madian plotling posifions) =——— 60-Day Curve B 120-Day Data Observed Events (Median plotling positions)
120-Day Curve
Plot Duration Plot Analytical Plot Graphical
Data Curve Curve View Report & Print oK Cancel Apply

97 Figure 7. Plot tab for Unreg Flow Rio Grande Test 10

For this example, the standard deviation and the adopted skew values were modified to make sure the
volume frequency curves were consistent. As shown in Figure 8, the check boxes next to mean, standard
deviation, and adopted skew were checked and then user-adjusted statistics were entered into the table for
all durations. The Compute button must be pressed after adjusted statistics have been entered in order for
the program to recompute the frequency curves using the user-adjusted statistics.
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B Volume Frequency Analysis Editor - Unreg Flow Rio Grande Test 10 - X
Name: Unreg Flow Rio Grande Test 10
Description: Unregulated Volume-Duration Analysis Rio Grande at Albuguerque
Data Set Rio Grande at Alb Unreg Daily v
DSSFile Name: |C:\PROJECTS\SSP\ProjectsiTestiSSP_Examples\SSP_EXAMPLES dss
Report File: ‘requencyAnalysisResults\Wnreg_Flow_Rio_Grande_Test_10Wnreg_Flow_Rio_Grande_Test_10.rpl ..
General Opfions Duration Table Analytical Graphical
Seftings Tabular Results Plot Statistics
015
0204 .
L2254
230 i Log Transformation: On
.35 Distribution: LogPearsonlll
.40 X-anis Parameter Y-axis Parameter
L]
D454 - . Mean ~ | Skew i
25 . . Update Plot
058 T T T T T T T
138 34 345 s 13 38 188 ar s 38
egan
Sample st 1 7 15 50 120
ean 3.760 37 653 .501 3.366
Standard Dev. .30 . 324 .32 0.294
Station Skew -0.41 -0.5¢ 509 Kl -0.183
Adopted Skew -0.41 -0.5( 509 .31 -0.183
Use | Adjusted 1 T 15 60 120
Statistics
] Mean | 3.76/ 3701 3.653 3.501 3.366
I~ |standar.. | 0.305] 0.31 0.315 032 032
~| |Adopled .. -0.4182 -0.5 -0.5 -0.45 -0.45
Plot Duration Plot Analytical Plot Graphical
Data Curve Curve View Repart & Print oK Cancal Apply

98 Figure 8. Statistics tab for Unreg Flow Rio Grande Test 10

Figure 9 shows the Plot tab after the user-adjusted statistics were entered on the Statistics tab. Results on
the Tabular Results tab will also update when user-adjusted statistics are entered on the Statistics tab.
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B Volume Frequency Analysis Editor - Unreg Flow Rio Grande Test 10 - O
Name: Unreg Flow Rio Grande Test 10

Description: Unregulated Volume-Duration Analysis Rio Grande at Albuguerque

Data Set Rio Grande at Alb Unreg Daily -

DSSFile Name: | CAPROJECTS\SSPIProjects\TestiSSP_E: P_EXAMPLES.dss

Report File: “‘requencyAnalysisResults\Wnreg_Flow_Rio_Grande_Test_10Wnreg_Flow_Rio_Grande_Test_10.rpl

General Opfions Duration Table Analytical Graphical

Seftings Tabular Results  Plot Statistics
Retum Perod
0 11 2 5§ 1] R 10000
100,000 I I L L 1 L L 1 L L
10,000
“
o
r
-
1,000
=0 T T T T T T T T
05505 3499 ':ILS oE 0s 0z 01 082 001 0005 3{!03'300\ 0.0001
Probabiity
[ | 1-Day Data Observed Events (Median plotting positions) 1-Day Curve [ | T-Day Data Observed Events (Median plotting positions)
——  T-Day Curve L] 18-Day Dats Observed Events (Median plotting pesitions) ———  15-Day Curve
B €0-Day Dats Observed Events (Median plotting positions) == 80-Day Curve B 120-Dsy Dats Observed Events (Medisn plotting positions)
———  120-Day Curve
Plot Duration Plot Analytical Plot Graphical

Data Curve Curve View Report & Print oK Cancel Apply

99 Figure 9. Plot Tab for Unreg Flow Rio Grande Test 10 After the Statistics were Adjusted on the Statistics tab

In addition to the Tabular Results and Plot tabs, graphical plots can be opened by selecting the Plot Duration
Data or Plot Analytical Curve buttons at the bottom of the analysis window. A plot of the results for this

example is shown in Figure 10.
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[ Volume Frequency Analytical Plot for Unreg Flow Rio Grande Test 10 — O X
File Edit View Window
Volume Freguency Analytical Plot for Unreg Flow Rio Grande Test 10
Return Period
1.0 1.1 2 5 10 50100 500 10000
100‘000 1 1 1 1 1 1 1 1 1 1 1
10,0004
]
s
O
=
=
(@]
|
[
1,000+
100 T T T T T T T T T
0.9999 0.999 0.99 09 05 02 01 0.02 0.005 0.001 0.0001
Probability
B 1-Day Data Observed Events (Median plotting positions) —— 1-Day Curve
B 7-Day Data Observed Events (Median plotting positions) ——— 7-Day Curve
B 15-Day Data Observed Events (Median plotting positions) —— 15-Day Curve
B 60-Day Data Observed Events (Median plotting positions) = 60-Day Curve
B 120-Day Data Observed Events (Median plotting positions) —— 120-Day Curve

100 Figure 10. Plot of the Frequency Curve Results for Unreg Flow Rio Grande Test 10

The tabular and graphical results can be sent to the printer or the windows clipboard for transfer into another
piece of software. To print the tabular results, select Print from the bottom of the analysis window. To send
the tabular results to the windows clipboard, highlight the data you want to send to the clipboard and then
press the Control-C key sequence. To print the graphical results, first bring up the graphical plot and then
select Print from the File menu. To send the graphic to the windows clipboard, select Copy to Clipboard from
the File menu.

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the
analysis window. When this button is selected a text viewer will open the report file and display it on the
screen. Shown in Figure 11 is the report file for Unreg Flow Rio Grande Test 10.

The report file contains a listing of the input data, preliminary results, outlier and historical data tests,
additional calculations needed, and the final frequency curve results. Different types and amounts of
information will show up in the report file depending on the data and the options that have been selected for
the analysis.
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) Volume Frequency Analysis Editor - Unreg Flow Rio Grande Test 10 - | X
Name: Unreg Flow Rio Grande Test 10|

Description: Unregulated Volume-Duration Analysis Rio Grande at Albuguerque

Data Set Rio Grande at Alb Unreg Daily -

DSSFile Name: | C\PROJECTS\SSP\Projects\TestiSSP_Examples\SSP_EXAMPLES dss
Report File: SNSSP_ExamplesiolumeFrequencyanalysisResults\Unreg_Flow_Rio_Grande_Test_10WUnreg_Flos|..
General Options Duration Table Analtical Graphical

D Allow Editing Exiract Volume-Duration Data

Volume-Duration Data
Highest Mean Value for Duration, Average Daily FLOW In CFS

Year
1 7 15 60 120
Date FLOW Date FLOW Date FLOW Date | FLOW Date FLOW

1942] 04/24/1942 22076.4| 051151942 153458 06/05/1942 130986 061411942 12137.3] 070611942 7930.9 ~
1943 04/28/1943 47339 05021943 4638.1) 05/08/1943 44403| 06031943 2574.3| 07/0211943 18498
1944 0517N944 13601.6| 05/22/1944 123349 05/28/1944 11501.7| 07/05/1944 7056.9) 0712211944 4460.3
1945 05/08/1945 12140.6| 05/13/1945 11199.2| 05M13/1945 10358.1| 06/M19/1945 6137.1] 07/09/1945 3794
1946) 04/231946 2008.8| 04/271946 2733.6| 05/03/1946 2273.0| 05171946 1230.4| 05311946 978.5|
1947 05121947 70035 05M5M1947 8485 05181947 5118.0| 06M5M947 2709.0| 06/28/1947 1789.8
1948 05/281948 122735 06M11948 10224.5| 06/08/1948 9950.8| 06/M8MD48 7014.3] 07HO0/MDB48 45671
1948 06/23/1949 10556.0| 06/271949 9642.2| 06/30/11949 8133.2| 06/30/1948 5828.4| 07/30/11949 4386.0
1950, 04/24/1950 2901.1| 04/271950| 2711.6| 04/30/1950 2396.7| 05/04/1950| 15498.3| 06M12/1950 1319.9|
1851, 051041951 1881.6| 051471951 1718.3| 05/23/1851 1610.7| 06/14/1951 1082.0| 06/05/1851 B66.6

1952: 05/08/1852 11669.4 05111 952: 1D?4Q.E: 0519/1952 97038 DE.I‘ZZHQSZ: 7147.2| 07/2211952 4?04.?:
1953| 05/311953 2706.0| 06/04/1953| 2497.2| 0BID6/1953 2283.0| 0672011953, 1729.2| 08/28/1953 1298.6|
1954 05/18/1954 2122.1| 04/21/1954 20503 04/28/1954 1929.1| 0B/04/1954 1595.2| 08/07/1954 11316
1955 09/25/1955 5496.6| 05/29/1955 2694.8| 05/30/1955 23499| 06/21/1955 1559.2| 08/29/1955 11548
1956 05/07/1956 1766.1| 0511111956 1722.1| 051111956 1626.0] 061111956 1172.4| 06141956 9419
1957| 06/091957 94035 06M111957 8794.2| 06151957 7865.2| 07/06/1957 5357.9| 09/011957 4360.3

1958) 05/14/1958 12590.1| 05171195 12047.0| 052311958 114926| 06M14/1958 9129.4| 06/2211953 5433.5
1959| 08/26/1959 2530.4| 05/201195 1821.9| 05/20/1959 1624.9| 06/05/1959 1049.9) 06/01/1959 8446
1960, 04131960 60345 04MBM196 5335.6| 04/241960 48325| 05/2211960 3200.1| 06/27/11960 2482.6
1961 05/041961 5695.4| 05/07/1961 5052.7| 05/071961 4518.2| 06/06/1961 3084.0) 06/28/1961 2001.7
1962 04/22M962 90232 04/271962 8121.7| 050211962 7289.3| 05/28M962 4879.4| 0621962 3108.6
1963, 04/151963 2477.4| 04M6M963| 2288.6| 04M16/1963 2097.4| 05M5M1963| 1514.7| 06/04/1963 1115.2|
1964, 05/151964 23534| 05M91964| 2237.5| 05/25/1964 1963.8| 06M10/1964, 1293.1| 061711964 938.8|

1965| 06/19/1965 B007.6| 05/26/1965| 7162.8| 05/27/1965 5995.5| 0DB/30/1965| 5202.7| 08M1/1965 3916.0
1966 05M11M1966 3704.0( 05M2/1988 34701 05141966 3276.3| 05M5/1966 2629.1| 08M3/1966 20478

196?: 08/10/1967 8810.2| 0BMEM 98?: 5135.4: 0B/20/1967 35339 09!14”98{ 1653.6| 09/08/1967 1341 5
1968, 05/24/1968 54326 05/29/1968 5095.6| 06/05/1968 4918.1| 07/01/1968 3315.0| 08/25/1968 24100 v
1969 NSMNAM ARG RRAF Al NSMRMARA AN070 9. NS2TI19R9 A9fN Al ORPI19F9 A148 Rl NO7I2911969 2983 4
Plot Duration Plot Analytical Plot Graphical
Compute Data Curve Curve View Report & Print oK Cancel Apply

101 Figure 11. Report File for Unreg Flow Rio Grande Test 10

6.2 Example 11. Volume Frequency Analysis, Minimum Flows

This example demonstrates how to create a low flow Volume Frequency analysis. The data for this example
was downloaded from the USGS. It is comprised of daily average flow for the Chattahoochee River at
Cornelia, Georgia. Drought conditions were occurring in the region at the time of this analysis. Among other
things, a low flow analysis can be used to determine the severity of a drought. The period of record for this
example is from 1957 to 2007. To view the data, right-click on the data record labeled "Chattahoochee River"
in the study explorer and then select Plot. The data will appear as shown in Figure 1.
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File Edit View
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102 Figure 1. Plot of Daily Average Flow for Example 11

A Volume Frequency analysis has been developed for this example. To open the Volume Frequency Analysis
editor for this example, either double-click on the analysis labeled Low Flow Analysis Test 11 from the study
explorer, or from the Analysis menu select open, then select Low Flow Analysis Test 11 from the list of
available analyses. When test 11 is opened, the Volume Frequency Analysis editor will appear as shown in

Figure 2.
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] Volume Frequency Analysis Editor - Low Flow Analysis Test 11

General QOpfions Duration Table Analytical Graphical

Log Transform Plofting Position

() weibull (4 and B =0)

(.) Use Log Transform
(@) Median (AandB=0.3)

’:1 Do Mot Use Log Transform —
(_) Hazen (Aand B = 0.5)

Maximum or Minimum Analysis jirsch/Stedinger

(O Analyze Maxima () other (Specify A, B)

@ZlAnalyze Minima Plofting position computed using formula
(m-A)(n+1-A-B)
Year Specification Where
() water Year (starts Oct 1) IH_ZIHI"'_I'_ ||: If" =
lumber of Years
(® Calendar Year (starts Jan 1) HAEELE
() other )
Starting 01Jan|..| :
Plot Yearly Data
Plot Duration Plot Analytical Plot Graphical
Compute Data Curve Curve View Report =3P

Mame: Low Flow Analysis Test 11|

Description: This example shows how to perform a low flow analysis using HEC-SSP

Data Set Chattahoochee River

DSSFile Name: | C:PROJECTS\SSP\Projects\TeshSSP_Examples\SSP_EXAMPLES dss

Report File: Projects\TestSSP_ExamplesiVolumeFrequencyAnalysisResults\Low_Flow_Analysis_Test_11\Low_| ...

Exract Time Window Modification
End Poinls

DSSRange Is
[] start Date

[] End Date 31Dec2007 ..

Season

To Define a Subset of the Year

Season Start Season End:

O

MNOTE: season must be within a year,
as defined in the Year Spedfication

OK Cancel

103 Figure 2. Volume Frequency Analysis Editor for Low Flow Analysis Test 11

Shown in Figure 2 are the general settings that were used to perform this frequency analysis. For this
analysis, the Use Log Transform option was selected, the Weibull plotting position method was selected,
Analyze Minimums was selected, and the Calendar Year option was selected. The Calendar Year option was
selected because low flows are possible in late September, early November. Starting the year on January 1
minimizes the possibility of using the same low flow event in multiple years. An end date of 31 December
2007 was entered in the Time Window Modification. This end date was specified because not all the data for

the summer of 2008 was available at the time of the analysis.

Shown in Figure 3 is the Volume Frequency Analysis editor with the Options Tab selected. Features on this
tab include an option to override the default Flow Duration values, an option to override the default

Frequency Ordinates, and Output Labeling.
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B Volume Frequency Analysis Editor - Low Flow Analysis Test 11 - d X
Name: Low Flow Analysis Test 11|
Description: This example shows how to perform a low flow analysis using HEC-SSP
Data Set Chattahoochee River v
DSSFile Name: |C:\PROJECTS\SSP\ProjectsiTestiSSP_Examples\SSP_EXAMPLES dss
Report File: Projects\TestiSSP_Esx i ow_Flow_Analysis_Test_11\Low_| ...
General Opfions Duration Table Analytical Graphical
Flow Durations it Erscuiensy Ovinain Historic Period Data (only used with B178 procedures)
Change or add to default values [Juse values from Table Below D Use Historic Data
Frequency in Percent Historic Period
Duration in days el — et Yoar
1 0.5
7 10 End Year
30 20
60 5.0 Duration Owerride Low Outlier Thr...
%0 10.0 1-day
200 7-day
50.0 30-day
80.0 B0-day
E 90-day
Historic Events
Year 1-day T-day 30-day
Output Labeling High Outlier Threshold
DSS DataMame is  FLOW [] override High Outlier Threshold
FLOW
D Change Label Duration Override High Outlier T.,
DSS Data Units are  CFS ;-ua}
-day
[Jchange Label  |CFS 30-ay
0-day
0-day
< 2>
Plot Duration Plot Analytical Plot Graphical
Compute Data Curve Curve View Report & Print oK Cancel Apply

104 Figure 3. Options Tab Shown for Low Flow Analysis Test 11

Once all of the General and Optional settings are set or selected, the user can extract the volume-duration
data. Select the Duration Data tab and press the Extract Volume-Duration Data button at the bottom of the
table. The table should then fill with the flow-duration values, as shown in Figure 4.
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B Volume Frequency Analysis Editor - Low Flow Analysis Test 11 - d X
Name: Low Flow Analysis Test 11|
Description: This example shows how to perform a low flow analysis using HEC-SSP
Data Set Chattahoochee River v
DSSFile Name: |C:\PROJECTS\SSP\ProjectsiTestiSSP_Examples\SSP_EXAMPLES dss
Report File: Projects\TestiSSP_Esx ow_Flow_Analysis_Test_11\Low_| ...
General Options Duration Table aAnalytical Graphical
D Allow Editing Exract Volume-Duration Data
‘Volume-Duration Data
Year Lowest Mean Value for Duration, Average Daily FLOW In CFS
1 7 30 60 90
Date FLOW Date FLOW Date FLOW Date FLOW Date FLOW
1958| 12/13/1958 202.0( 127261958 206.4) 12/21/1958 299.4| 12/26M1958 307.1| 12/26/1958 3326 ~
1 08/30v1959 222 8/30/1959 306.3| 01/01/1959 370.7| 010171959 342.9| 01/01/1959 344
0711711960 325 Han 427.9| 12110/1960 467.0| 121311 507.8) 121311960 572.
11/1211961 27 or2an 7.9 11121961 78.6) 12091 413.8| 1200911961 444,
2| 10/28M1962 198 1081962 8.6 11081962 820 111MTH962 328.4| 11171962 352,
1963, 10/201963 244 10/21H1963 8.4 11/04/1963 04.9 11/28M1963 338.0 11/221963 372,
1964 09/2THO64 300.0) D9/28M964 337.9| 08/29/1964 414.9) 09/28M1964 483.4| 01011964 4589
1965, 09/26M965 175.0| 127241965 277.1| 091291965 3036 127291965 3498.2| 121311965 3578
1966| 09/111966 200.0| 09M2M1966| 267.3| 01/021966 303.2| 01/02H966| 348.2| 01/04/1966 3489
1967 08/19/1967 380.0| 0BMIM9ET| 476.9) 047231967 576.0| 01/02M967| 625.7| 01/011967 577.2
1968 09/15/1968 245.0) 08/30/1968| 297.0) 09/15/1968 352.4| 101571968 363.7| 11/07/1968 3724
1969 10419/1969 296.0| 10/30/1969, 366.4) 10/31/1969 425.0| 08/15/1969 510.5| 01/01/1969 516.4
1970 10/04/1970 2290 10/08/1970 261.6] 10/18/1970 306.8| 10/11911970 3445| 10281970 4049
1971 1043111971 363.0] 10131971 436.6] 01/01/1971 451.0/ 01031971 473.0( 010111971 4950
1972 101151972 290.0) 09M6M1972 345.1| 09/29/1972 3988 10/221972 421.2| 111021972 4727
73] 101271973 7. 10/271973 4441| 11181973 453.2| 117201973 501.4| 11/201973 556.4
74| 1110811974 7 111974 72.0) 1111611974 4 11181974 442.1| 1210711974 487.2
75 08/24197 0 /27197 90.7| 09/06/1975 454.6| 09161975 5424 0101197 518.8
1976 3197 88 123197 728 1 51976 4332 10/06M1976 4915 11/26/187 510.
1877 3ner7 153 105197 49.4) 09/041977 3329| 09061977 351.0( 0913187 4135
1978, 07/301978 162.0, 11/08M1978 279.6) 11131978 2865 11/26M978 3106 11/291978 3541
1979 08/18M979 205.0( 08R221979 393.0| 08251979 519.1| 01011879 472.0| 01/01/1979 4155
1980 09/14/1980 155.0| 09M6M980| 282.3| 09/19/1980 331.5| 09/28M980, 384.4| 12/31/1980 403.3
1981 10/04/1981 120.0| 10/09/1981) 161.9] 10/25/1981 187.3| 1117M981] 225.4| 10/25M1981 2444
1982 10/03/1982 190.0) 10/07/1982| 252.7| 10/07/1982 304.9| 1011211982 380.8| 01/01/1982 361.2
1983 08/28/1983 194.0| 08/24/1983 302.6) 09/03/1983 363.7| 1011251983 382.0{ 1113/1983 3973
1984 11/18/1984 282.0] 11271984 3641 10/21/1984 409.4| 11/2711984 4329| 1112711984 456.2 v
1985 10201985 191 0l 10131985 288 01 102001985 317 81 10311985 352 21 11281085 4132
Plot Duration Plot Analytical Plot Graphical
Compute Data Curve Curve View Report & Print oK Cancel Apply

105 Figure 4. Volume-Duration Data Table for Low Flow Analysis Test 11

Once the data has been extracted, the user must choose to perform an Analytical or Graphical analysis. In
this example, an analytical analysis was performed. Shown in Figure 5 is the Settings tab for the analytical
analysis. As shown, the distribution and fitting method combination which was selected for this example is
LogPearsonlll | Product Moments. The Do Not Compute Excepted Probability, Single Grubbs-Beck, no high
outlier test, and Use Station Skew options were selected.
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Report File:
General Options Duration Table Analytical Graphical
Settings Tabular Resulls  Plot Statistics
Log Transformation: On
Distribution:
LogFearsonlll W
Expected Probablity Curve
O Compute Expected Probability Curve using B17B Procedures
f ) Compute Expected Probability Curve using Parametric Bootstrap
@ Do Mot Compute Expected Probability Curve

Low Outlier Test
O Mone

C) Multiple Grubbs-Beck
(@ single Grubbs-Beck

High Outlier Test

(@) MNone

() 10% Significance

Expected Probability Options

Compute Data Curve Curve

[ Volume Frequency Analysis Editor - Low Flow Analysis Test 11

Plot Duration Plot Analytical Plot Graphical

Name: Low Flow Analysis Test 11|
Description: This example shows how to perform a low flow analysis using HEC-SSP
Data Set Chattahoochee River e

DSSFile Name! | CPROJECTS\SSP\Projects\ TestiSSP_Examples\SSP_EXAMPLES dss

Projects\TeshSSP_ExamplesiVolumeFrequencyAnalysisResults\Low_Flow_Analysis_Test_11\Low_| ...

Skew
(@) Use Station Skew
(O Use Weighted Skew

OUse Regional Skew

Duration Reg. Skew R.Skew MSE
1 1
7
30
60
a0
View Report & Print oK Cancel

106 Figure 5. Settings Tab Shown for Low Flow Analysis Test 11

Press the Compute button to perform the analysis. A message window will open stating that a few of the
annual maxima occurred near the beginning of the year. The message suggests that the user change the
year/season specification to better capture independent events. You want to minimize the possibility that the
same flood event is used for consecutive years. Press the OK button to finish the computation. Once the
computations have been completed, a message window will open stating Compute Complete. Close this
window and then select the Tabular Results tab within the analytical analysis. The results table should
resemble Figure 6. The top portion of the results table contains the percent chance exceedance for all
durations (the report contains confidence limits). The bottom portion of the results table contains the

statistics for all durations.
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[ volume Frequency Analysis Editor - Low Flow Analysis Test 11 - [m] X
Name: |Low Flow Analysis Test 11
Description: This example shows how to perform a low flow analysis using HEC-SSP =
Data Set Cl River ~
DSSFile Name: |C\PROJECTS\SSPIProjects\TestiSSP_Examples\SSP_EXAMPLES dss =
Report File: |Proj esNSSP_E quency i ow_Flow_Analysis_Test_11\Low_| ..
General Opfions Duration Table Analytical Graphical
Seftings CI1%Cal: TabularResults Piot Statistics
Volume Fregquency Curves for Low Flow Analysis Test 11, Average Daily FLOW in CFS
Percent
Chance 1 7 30 60 90
99.0 470.4 4916 5721 628.2 656.4| A
. 4043 4533 517.2 569. 4
7.1 426.2 4823 531 3
1.4 387.5. 4357 481, A
50 6.4 10.3 3385 . T
20. 1.4 .6 2417 272, 4.2
10. 1281 4.2 1953 221, 44.0
5.0 104.0 1313 160.6 183.7 205.8
20 B80.7 99.1 126.1 145.5 166.9
1.0 67.4] 80.7| 105.8 123.0 1437
0.5 56.7| 66.0/ B9.3 104.5 124.3| w
Statistic 1 | 7 30 50 | 20
Mean 2351 2444 2.504 2552 2579
Standard Dev. 0.182 0171 0.159 0154 0.143
Station Skew 0758 -1.201 -0.989 -0.977 -0.888
Regional Skew | |
Weighted Skew | |
Adopted Skew -0.758 -1.201 -0.980 -0.977 -0.888
EMA Estimate of MSE (G at-.. | |
Grubbs-Beck Critical Value | |
Historic Events 0.000 0.000 0.000 0.000 0.000
# Low Outliers and Zero Flo... 1.000] 1.000 1.000 1.000] 1.000
# Years with Missing Data 0.000] 0.000 0.000 0.000] 0.000
Systematic Events 50.000 50.000 50.000 50.000 50.000
Historic Period 50.000] 50.000 50.000 SU.OIJIJ[ 50.000
Equivalent Record Length(y... | |
Plot Duration Plot Plot Graphical
I Compute § Data Curve Curve View Report & print oK Cancel Apply

107 Figure 6. Tabular Results Tab for Low Flow Analysis Test 11

£\ These tabular results use the default computed statistics.

As shown in Figure 7, the Plot contains a graph of the systematic data and the computed frequency curves.
Notice how some of the frequency curves look like they might cross if the lines were extended. The Statistics
tab can be used to modify the computed statistics to ensure that the frequency curves are consistent.
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Volume Frequency Analysis Editor - Low Flow Analysis Test 11 - O X
Name: Low Flow Analysis Test 11
Description: This example shows how to perform a low flow analysis using HEC-SSP
Data Set Chattahoochee River
DSSFile Name! | CPROJECTS\SSP\Projects\ TestiSSP_Examples\SSP_EXAMPLES dss
Report File: Projects\Test\SSP_Exampl &F isResults\Low_Flow_Analysis_Test_11\Low_|_
General Options Duration Table Analytical Graphical
Seftings Tabular Results Plot Statistics
Ratum Parod
10 2 0 W0 200 500 1000 10000
1,000. | | 1 1 I I I I 1
Y
o
s 100
=
1
o
0
05558 0.9 08 09 o 02 ob2 o0b1 0005 0002000 0.0001
Probatiity
B 1-Day Data Otserved Events (Median plotting positions) O 1-Day Data Low Outlier —— 1-Day Curve
B 7-Day Data Obsarved Events (Median platting positians) 7-Day Data Low Outlias ——— 7-Day Curve
] 30-Dey Data Observed Events (Median plotting positions) o 230-Day Data Low Cutlier — 30-Day Curve
B 80-Day Data Observed Evenis (Madian plotting positions) 80-Day Data Low Outlier ———  60-Day Curve
B 50-Day Data Obsarved Evants [Median plotting positions) O 90-Day Data Lew Outliar ———  50-Day Curve
Plot Duration Plot Analytical Plot Graphical
Data Curve Curve View Report & Print oK Cancel Apply

108 Figure 7. Plot for Low Flow Analysis Test 11

For this example, the standard deviation and the adopted skew were modified to make sure the volume
frequency curves were consistent. As shown in Figure 8, the check boxes next to mean, standard deviation,
and adopted skew were checked and then user-adjusted statistics were entered into the table for all
durations. The Compute button must be pressed after adjusted statistics have been entered in order for the
program to recompute the frequency curves using the user-adjusted statistics. Figure 9 shows the Plot tab
after the user-adjusted statistics were entered on the Statistics tab. Results in the Tabular Results table will
also update when user-adjusted statistics are entered on the Statistics tab.
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[ volume Frequency Analysis Editor - Low Flow Analysis Test 11 - [m] X
Name: |Low Flow Analysis Test 11
Description: _This example shows how to perform a low flow analysis using HEC-SSP =
Data Set Cl River ~
DSS File Name: :C:\PRCUEC’TS\SSP\F‘mjeds\TestSP_Examplas\SSP_EXAMPLES.dss =
Report File: [ quency i \Low_Flow, ysis_Test_17\Low_Flow_Analysis_Test_11.rpl .|
General Opfions Duration Table Analytical Graphical
Seftings [~ Dalz TabularResulls Plot Statistics
-
284 -
L] " iy
084 . -
Log Transformation: On
3 . » Distribution: LogPearsonill
w X-ais Parameter Y-axis Parameter
" |Mean VI  Skew ~
24 . Update Plot |
238 24 248 25 2k
Waan
[ sample statistics 1 7 30 80 | 30 _I
Mean 351 2.444 504 552 .579
|Standard Dev. 182 A7 , 154 114
| Station Skew -0.758 -1.20 -0.9 -0.977 -0.88
Adopted Skew -0.758 -1.20 -0.9¢ -0.977 -0.88
1 7 30 60 90
2351 2444 2504 2.552 2579
0.182 0.175 0.17 0.165 0.16
0.8 -0.88 -0.86 -0.84 -0.82
Plot Duration Plot Plot Graphical
[ Compute I Data Curve Curve View Report & Print oK Cancel Apply

109 Figure 8. Statistics Tab for Low Flow Analysis Test 11
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B Volume Frequency Analysis Editor - Low Flow Analysis Test 11 - X
Name: Low Flow Analysis Test 11
Description: This example shows how to perform a low flow analysis using HEC-SSP
Data Set Chattahoochee River v
DSSFile Name: | CPROJECTS\SSPProjectsiTestSSP_E: P_EXAMPLES dss
ReportFile: | esivolumeFrequenc isResults\Low_Flow_Analysis_Test_11\Low_Flow_Analysis_Test_11.rpil_.
General Opfions Duration Table Analytical Graphical
Seftings Tabular Results  Plot Statistics
Retum Penod
10 11 2 5 10 50 100 0 500 1000 10000
1,000. I I 1 I I I 1 1 I 1
e
o
s 1004
z
:
10.
05558 0.9 08 09 o 02 o 002 ob1 0des 00020001 0.0001
Probabiity
B 1.Day Dats Observed Events (Median plotting positions) u] 1-Day Data Low Cutlier ——  1-Day Curve
| T-Day Data Observed Events (Median plotting positions) 7-Day Data Low Outlier —  7-Day Curve
n 30-Dey Data Observed Events (Median plotting positions) (] 230-Day Data Low Cutlier — 30-Day Curve
B £0-Day Dets Observed Events (Median plotting positions) £0-Day Data Low Cutlier —— 80-Day Curve
B 50-Day Dats Observed Events (Median plotting positions) O  90-Day Data Low Outlier ——— 90-Day Curve
Plot Duration Plot Analytical Plot Graphical
Data Curve Curve View Report & Print 0K Cancel Apply

110 Figure 9. Plot Tab for Low Flow Analysis Test 11

In addition to the Tabular Results and Plot tabs, graphical plots can be opened by selecting the Plot Duration
Data or Plot Analytical Curve buttons at the bottom of the analysis window. A plot of the results for this

example is shown in Figure 10.
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Volume Frequency Analytical Plot for Low Flow Analysis Test 11 — ] X

File Edit View Window

Volume Frequency Analytical Plot for Low Flow Analysis Test 11
Q Return Period
1.0 11 2 L 10 50 100200 500 10000
1 000 L I I I I I I L I T
o
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S 100
g
=l
TR
10 T T T T T T T T T T
0.9999 0.999 0.99 0.9 0.5 0.2 0.1 0.020.01 0.002 0.0001
Probability
[ n 1-Day Data Observed Events (Median plotting positions) [m] 1-Day Data Low Outlier = 1.Day Curve
[ | T-Day Data Observed Events (Median plotting positions) T-Day Data Low Outlier =——— T7-Day Curve
[ | 30-Day Data Observed Events (Median plotting positions) o 30-Day Data Low OQutlier = 30-Day Curve
n 60-Day Data Observed Events (Median plotting positions) 60-Day Data Low Outlier e §0-Day Curve
[ | 80-Day Data Observed Events (Median plotting positions) o 80-Day Data Low Outhier =——— 80-Day Curve

111 Figure 10. Plot of the Frequency Curve Results for Low Flow Analysis Test 11

The tabular and graphical results can be sent to the printer or the windows clipboard for transfer into another
piece of software. To print the tabular results, select Print from the bottom of the analysis window. To send
the tabular results to the windows clipboard, highlight the data you want to send to the clipboard and then
press the Control-C key sequence. To print the graphical results, first bring up the graphical plot and then
select Print from the File menu. To send the graphic to the windows clipboard, select Copy to Clipboard from
the File menu.

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the
analysis window. When this button is selected a text viewer will open the report file and display it on the
screen. Shown in Figure 11 is the report file for Low Flow Analysis Test 11.

The report file contains a listing of the input data, preliminary results, outlier and historical data tests,
additional calculations needed, and the final frequency curve results. Different types and amounts of
information will show up in the report file depending on the data and the options that have been selected for
the analysis.
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B Low_Flow_Analysis_Test_11.rpt
File Edit Search Format

File: cAPROJ ECTS\SSP\Projecis\TestiS8SP_ExamplesWolumeFrequencyA

——— End of Preliminary Results —

<< Low Outlier Test >>
Based on 50 events, 10 percent outlier test deviate K(N) = 2.7&8
Computed low outlier test value = 152.48

1l low outlier(s) identified below test value of 152.48

v EEEEE R EEE R R E R R E E E EE EEEEEE:

Note -

'
J Collection of historical information and X
= comparison with similar data should be explored, *
* if not incorporated in this analysis. *
AR R R R KK R T RN KRR RN NN R E R NN R KN

Statistics and freguency curve adjusted for 1 low ocutlier(s)
=== Final Results ---

< Plotting Positions >>
Chattahoochee River (%0-day Min)

Its\Low_Flow_A

Events Analyzed Ordered Events

1 I

1 FLOW | Calendar FLOW
| Day Mon Year CFS | Rank Year CFs
- |

| | 1 2005 616.3
1 I 2 2003 582.2
1 | 3 1867 577.2
| I 4 1960 572.5
1 | 5 1992 572.1
| | € 1873 556.4
| I 7 15891 535.2
1 I a 15875 518.8
| I 5 1969 516.4
| I 10 197¢ 510.1
| | 11 2004 502.0
| I 12 1571 455.0
' ' 13 167 A87 9

<

05/28/2019 16:46 PM

= [m] X
is_Test_11\Low_Flow_Analysis_Test_11.rpt
~
W
>
1196:1..1196:1 1196:1

112 Figure 11. Report File for Low Flow Analysis Test 11

6.3 Example 31. Volume Frequency, Fitting a Family of Log Pearson
Type Il Distributions to Volume-Duration Data using the
Expected Moments Algorithm

This example demonstrates how to use EMA to fit a family of Log Pearson Type Ill distributions to volume-
duration data within the Volume Frequency analysis. The data for this example consists of daily average
streamflow for a location along the Sinnemahoning Creek near Sinnemahoning, PA. This stream gage is
operated by the USGS (gage ID: 01543500). The period of record used for this example is from 1938 to 2016.
To view the data from HEC-SSP, right-click on the data record labeled "Sinnemahoning Creek-Daily" in the
study explorer and then select Plot. A plot of the data will appear as shown in Figure 1 (see page 248).
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[£9 sinnemahening Creek-Daily k — O x
File Edit View Window

45,000

40,000+

35,000

30,000+
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A Volume Frequency analysis has been developed for this example. To open the Volume Frequency Analysis
editor for this example, either double-click on the analysis labeled Sinnemahoning_VolumeFrequency from
the study explorer, or from the Analysis menu select open, then select Sinnemahoning_VolumeFrequency
from the list of available analyses. When the analysis is opened, the Volume Frequency Analysis editor will
appear as shown in Figure 2 (see page 248). Shown in Figure 2 (see page 248) are the general settings that were
used to perform this frequency analysis. For this analysis, the Use Log Transform, Analyze Maxima, and
Water Year options were selected. Also, the Hirsch/Stedinger plotting position method was selected within
the Plotting Position panel (which is only available once the LogPearsonlll | EMA distribution and fitting
method combination is selected on the Analytical | Settings tab). Finally, no modifications were made within
the Extract Time Window Modification panel.
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Volume Frequency Analysis Editor - Sinnemahoning_VolumeFreguency

Mame: Sinnemahening_VolumeFrequency
Description:
Data St sinnemahoning Creek-Daily

DSSFile Name: | C:PROJECTS\SSP\Projects\TeshSSP_Examples\SSP_EXAMPLES dss

General QOpfions Duration Table Analytical Graphical
Log Transform Plotting Position
@il . (O Welbull (Aand B = 0)
A O Median (AandB=10.3)
() Do Not Use Log Transform
() Hazen (Aand B = 0.5)
(.) Hirsch/Stedinger
(O other (Specity A, B)

Maximum or Minimum Analysis
(@ Analyze Maxima
() Analyze Minima

Year Spedfication

(®) water Year (starts Oct 1) S e

() Calendar Year (starts Jan 1) HAEELIEE L,
() other
B
Starting 010t
Plot Yearly Data
Plot Duration Plot Analytical Plot Graphical
Compute Data Curve Curve View Report

Report File: jects\TesnSSP_Examp meFr ysi \Sinr honing_VolumeFrequencySinnemahal .

Plofting position computed using formula

{ln.AJ[nﬂ.A.‘B?

m=Rank, 1=Largest

= O X
w

Extract Time Window Modification

End Points

DSSRange is

[] start Date

I:‘ End Date

Season

To Define a Subset of the Year

Season Start Season End:
MNOTE: season must be within a year,
as defined in the Year Spedfication
oK Cancel Apply

Shown in Figure 3 (see page 249) is the Volume Frequency Analysis editor with the Options Tab selected.
Features on this tab include an option to override the default Flow Duration values, an option to override the
default Frequency Ordinates, and Output Labeling. Both the flow-duration and frequency ordinate tables
were modified. Specifically, the 1-, 2-, 3-, 5-, and 10-day durations were defined within the Flow Durations
panel, in addition to the 0.1-percent ordinate being added within the Output Frequency Ordinates panel.
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B Volume Frequency Analysis Editor - Sinnemahoning_VolumeFrequency - d X
Name: Sinnemahoning_VolumeFrequency

Description:

Data Set

Sinnemahoning Creek-Daily
DSSFile Name: | CPROJECTS\SSPProjects\ TestiSSP_Examples\SSP_EXAMPLES dss
Report File: jectsiTesnSSP_E»

p req " \Sine ing_VolumeFrequency\Sinnemahal ..
General Opfions Duration Table Analytical Graphical

Flow Durations it Erscuiensy Ovinain Historic Period Data (only used with B178 procedures)
[ &hang [l use values from Table Below Use Historic Data
Frequency in Percent Historic Period
Duration in days
! ! 0.1 Start Year:
1 02
2 0E End Year:
3 1.0
Ig 20 Duration Owerride High Outlier Thr...
50 e
10.0 2-day
200 3-day
500 Eday
0.0 10-day
0.0
5.0
9.0
Historic Events
Year 1-day 2-day 3-day
Output Labeling Low Outlier Threshold
DSS DataMame is  FLOW [[] override Low Outiier Threshald
L] cnange Lavel |FLOW Duration Override Low Outiler Th...
DSS Data Units are  CFS 1-0a)
2-day
I:‘ Change Label 3 day
5-day
10-day
L4 >
Plot Duration Plot Analytical Plot Graphical
Compute Data Curve Curve View Report & Print oK Cancel Apply

Once all of the General and Optional settings are set or selected, the user can extract the volume-duration
data from the time-series of daily flows. Select the Duration Data tab and press the Extract Volume-Duration

Data button at the bottom of the table. The table should then fill with the flow-duration values, as shown in
Figure 4 (see page 250).
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B Volume Frequency Analysis Editor - Sinnemahoning_VolumeFrequency - d X
Name: |Sinnemahoning_VolumeFrequency
Description:
Data Set Sinnemahoning Creek-Daily ~
DSSFile Name! | CPROJECTS\SSP\Projects\TestSSP_Examples\S3P_EXAMPLES dss
ReportFile:  |jectsiTeshSSP_Examp req ¥ \Si g requency
General Options Duration Table aAnalytical Graphical
Exiract Volume-Duration Data
Volume-Duration Data
— Highest Mean Value for Duration, Average Daily FLOW in CFS
1 2 3 B 10
Date FLOW Date FLOW Date FLOW Date FLOW Date FLOW
1939 02/21/1939 7010.0] 027211939 5975.0) 02/22/1939 5630.0| 02/23M1939 4508.0| 022411939 4249.0 ~
1940 03/31/11940 16800.! 1470171940 157! 41021940 13450.0) 04/0411940 12652.0( 04/09/1340 10787
4 4/06/194 385( 4/06/194 83! 410711941 T426.7| 04108194 00.0| 04/11/1941 4302,
42| 07/19/1942 2440 7H9M942 2141 712001942 16350.0| 07/2211942 10824.0) 03/13/1942 6566.
1943 1213 2300! 21311942 18700. 1/01/1943 14706.7| 01/02/1943 10942.0) 04/26/1943 6 A
1944 03M1THO44 10600. 81944 9245, 31911944 7580.0| 03/20M1944 46.0) 03221944 4254,
1945 03/221945 14200.0, D3/071945 11700.0) 03/06/1945 10420.0| 03/07H945 10556.0( 03/08/1945 T7908.0
1946 05/28M1946 26700.0 057281946 20950.0) 05/29/1946 17263.3| 05/31H1946 12010.0( 06/05/1946 7827.0
1947 05/221947 8210.0| 05/231947 T055.0) 04/07M1947 6076.7| 05/26M947 5536.0| 05/27/1947 4855.0
1948| 04/1211948 12800.0, 041151948 11950.0, 04/14/1948 11503.3| 0411671948 10538.0( 04/21/1948 G648.0
1949 12/30/1948 6800.0, 0172971949 6330.0) 01/29/1949 5976.7| 01/29/1949] 5534.0| 02/02/1949 41540
1950| 03/28/1950 12800.0| 0372971950 12700.0) 03/29/1950 11240.0{ 03/311950 9032.0| 04/05/1950 T7458.0
1951 11/25M1950 29500.0| 1172611950 27250.0) 11/27/1950 20900.0{ 11/29M1950 14120.0| 12/04/1850 8803.0
1952 01/27/11952 15800.0 01/28/1952 12595.0) 01/29/1952 10223.3| 04/18M952 B8020.0( 01/27/1952 6671.0
1953 05/23/1953 15300 5/2711953 1281 /2811953 10360.0| 05/27M953 10390.0( 06/01/1953 951,
54 2/ 1590! 21954 119! 310311 10343.3 54 7654.0) 0310311954 178,
55 211955 1020 51955 3 3106/ 70.0 1955 546.0] 03101 4
56 6 25201 1956 194 30911 16966.7 1956 13302.0/ 03121 [
1957 01/231957 250 241957 3 4/08/1 80.0| 04101957 418.0| 04141 7.
1958 1958 9560. 4071958 8360, 4/08/1958 740.0) 04091958 362.0( 04/09/1958 4939,
1958, 01/221959 21200.0) 017231959 15375.0) 01/24/1959 11850.0{ 01/26M958 8296.0( 01/31/1959 4947.0
1960] 03/311960 16300.0| 04/011960 14500.0) 04/011960 13500.0| 04/03/11960 10556.0 04/07/1960 7233.0
1961| 0212611961 21400.0| 0272611961 16000.0) 02/27/1961 13480.0| 02/28M1961] 10312.0| 03/06/1961 T007.0
1962) 04/01/1962 11500.0| 04/01/11962 10205.0 04/02/1962 9256.7| 04/031962 T660.0( 040211862 6122.0
1963 03271963 16000.0| 0372711963 14100.0) 03/28/1963 12683.3| 03/30M1963] 10656.0( 04/02/1963 T673.0
1964 03/10/1964 36000.0) 031171964 26500.0) 03/11/19564 20400.0| 031219564 14920.0( 031311964 13200.0
1965 01/09/1965 5940.0) 0110/1965 5400.0) 02131965 5063.3| 02131965 4962.0| 02171965 3694.0 v
1966 02M1AMORA 12300 0l _02MAM9RA 9550 01 N2M15M196R 2320 0! 02MTMARR ARIBA N O2119RA 41200
. Plot Duration Plot Analytical Plot Graphical .
Compute Data Curve Curve View Report & print oK Cancel Apply

Once the data has been extracted, the user must choose to perform an Analytical or Graphical analysis. In
this example, an analytical analysis was performed. Shown in Figure 5 (see page 251) is the Settings tab for the
analytical analysis. As shown, the distribution selected for this example is LogPearsonlll | EMA. The Do Not
Compute Excepted Probability, Multiple Grubbs-Beck and Use Station Skew options were selected.
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B Volume Frequency Analysis Editor - Sinnemahoning_VolumeFrequency - O X
Name: sinnemahoning_VolumeFrequency

Description:

Data Set Sinnemahoning Creek-Daily =

DSSFile Name: |C:\PROJECTS\SSP\Projects\TestiSSP_E P_EXAMPLES.dss

Report File: jects\TesNSSP_Examp neFr y5i \Sine hening_VelumeFrequency\Sinnemanal .

General Opfions Duration Table Analytical Graphical

s| EMAData TabularResults Plot Statistics

Log Transformation: On Skew

(@) Use Station Skew
Distribution:

LogPearsonlll (O Use Weighted Skew

Expected Probablity Curve O Use Regional Skew

Compute Expected Probability Curve using B17B Procedures Duration Reg. Skew R.Skew MSE

() Compute Expected Probability Curve using Parametric Bootstrap

@ Do Mot Compute Expected Probability Curve

S||w|m|s

=

Low Outlier Test

Mone
@ Multiple Grubbs-Beck
Single Grubbs-Beck
High Outlier Test
None

10% Significance

Expected Probability Options

Plot Duration Plot Analytical Plot Graphical
Compute Data Curve Curve View Report & Print oK Cancel Apply

The 1-day duration EMA Data tab for this example is shown in Figure 6 (see page 252). An EMA Data tab will be
created for each duration. Flow ranges, perception thresholds, and data types must be entered, as required
for the analysis and data set, within each tab. For this example, the data set is comprised entirely of
systematic data with a no gaps. Therefore, a single zero — inf perception threshold is adequate for each
duration. Additionally, no modifications to the default flow ranges and data types are necessary.
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B Volume Frequency Analysis Editor - Sinnemahoning_VolumeFrequency

Name: sinnemahoning_VolumeFrequency

Description:

Data St sinnemahoning Creek-Daily

DSSFile Name: | C:\PROJECTS\SSP\Projects\TestiSSP_E P_EXAMPLES dss
Report File: jects\TeshSSP_Examp meFr y5i Sine

General Opfions Duration Table Analytical Graphical

Settings |
1/2/3|5 10

a! TabularResults Plot Statistics

First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates)
| Perceplion Thresholds

hening_VelumeFrequency\Sinnemanal .

36,000 ~
20,000 = o

5000 Q =2
20,000 - [w]
15,000 =

10000 <
=]

Start Year End Year Low Threshold High Threshold Comments
Apply Thresholds
Flow Ranges
Year Peak Low Value High Value Data Type
1939 70100 7010.0 7010.0| Systematic ~
1940 16800.0 16800.0] 16800.0| Systematic -
1941 8850.0 3850.0 8850 0| Systematic -
1942/ 24400.0 24400.0/ 24400 0| Systematic v
1943 23000.0 23000.0 23000.0| Systematic ~
1944 10800.0 108000 10600.0| Systematic -
1945 142000 14200.0 14200.0| Systematic ~
1948/ 26700.0 26700.0/ 26700.0| Systematic v
1947 82100 8210.0 8210.0| Systematic -
1948 12800.0 12800.0] 12800 0| Systematic -
1949, 68000 §800.0| 6800.0| Systematic v
Plot Duration Plot Analytical Plot Graphical
Compute Data Curve Curve View Report & Print

Refresh

oK Cancel Apply

Once all of the General and EMA Data tab settings are set or selected, the user can press the Compute
button to perform the analysis. Message windows will open stating the flow value for longer durations are
greater than shorter durations for specific water years in addition to a few of the annual maxima occurring
near the beginning of the year. The messages suggests that the user change the year/season specification
to better capture independent events. You want to minimize the possibility that the same flood event is used
for consecutive years or that a flood is divided between years. Press the OK button to finish the compute.
Once the computations have been completed, a message window will open stating Compute Complete.
Close this window and then select the Tabular Results tab within the analytical analysis. The results table
should resemble Figure 7 (see page 253). The top portion of the results table contains the frequency curve for
each duration. The confidence limits for each duration can be found within the Report file. The bottom

portion of the results table contains the statistics for each duration.
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[ Volume Frequency Analysis Editor - Sinnemahoning_VolumeFrequency - ] X
Name: Sinnemahoning_VolumeFrequency
Description:
Data Set Sinnemahoning Creek-Daily ~
DSSFile Name: | CPROJECTS\SSPProjectsiTestSSP_E: P_EXAMPLES dss
Report File: jectsiTesnSSP_Examp req ysi \Sinr ing_VolumeFrequency\Sinnemaha .
General Opfions Duration Table Analytical Graphical
Seftings EMAData TabularResults Plot Statistics
Volume Fregq Curves for Si honing_VolumeFreqg y, Average Daily FLOW in CFS
Percent
Chance 1 2 3 5 10
Exceedance
0.1 G4480.8 454887 342201 236618 16587.9| A
0.2 56995.7 409732 311743 218455 15320.5
0. 479848 5379.8 7344, 19512 13699.
1. 41772.4 1406.6 4579, 17790 12506
2. 36024.0 7630.2 1913.2 16095, 11337
5. 290435 28909 8504, 13874, 9809,
10.0 24145.0 10444.0 150746 12179.0 8648.0
200 [ 194661 16036.9] 134226] 10422.3] 74474
50.0 [ 13215.4] 11261.0] 9737.1] 7784.9] 5649.3
80.0 | 9261.1] 8062.0] 7174.0] 5862.3 43389
0.0 | 7785.4] 6821.3] 6152.5] 5070.6) 37982| v
Statistics
Statistic 1 2 3 5 10
Mean 413 4058 3.993 3894 3.756
Standard Dev. 0.192 0178 0.162 0.149 0.140
Station Skew 0304 0.200 0.176 0100 0.164
Reglonal Skew
Weighted Skew
Adopted Skew 0.304 0.200 0176 0.100 0.164
EMA Estimate of MSE (G at-.. 0.084 0.078 0.077 0.073 0.076
| Grubbs-Beck Critical Value 0.000] 0.000 0.000 0.000] 0.000
Historic Events 0.000] 0.000 0.000 0.000] 0.000
# Low Outliers and Zero Flo... 0.000] 0.000 0.000 0.000] 0.000
# Years with Missing Data 1.000] 2,000 2.000 2.000, 2.000
Systematic Events 78.000| 78.000 78.000 78.000] 78.000
L Historic Period 78.000] 78.000 78.000 78.000] 78.000
Equivalent Record Length(y.. 78.000 78.000 78.000 78.000 78.000
Plot Duration Plot Analytical Plot Graphical
Data Curve Curve View Report & print oK Cancel Apply

Note: These tabular results use the default computed statistics.

On the Statistics tab, the user can modify the computed statistics to ensure that the frequency curves are
consistent with each other. For this example, the adopted skew coefficients were modified. As shown in
Figure 8 (see page 254), plots of mean, standard deviation, and skew versus duration and each other can be
viewed to ensure smooth relationships. The check boxes next to mean, standard deviation, and adopted
skew were checked and then user-adjusted statistics were entered into the table for all durations. The
Compute button must be pressed after adjusted statistics have been entered in order for the program to
recompute the frequency curves using the user-adjusted statistics.
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Volume Frequency Analysis Editor - Sinnemahoning_VolumeFrequency - d X
Name: Sinnemahoning_VolumeFrequency
Description:
Data Set Sinnemahoning Creek-Daily ~
DSSFile Name! | CPROJECTS\SSP\Projects\TestSSP_Examples\S3P_EXAMPLES dss
Report File: jectsiTesnSSP_Examp req ¥ \Sinr ing_ requencySin
General Opfions Duration Table Analytical Graphical
Seftings EMAData TabularResulls Plot Statistics
0.304 -
0.25-
Log Transformation: On
3 0.204 - Distribution: LogPearsonlll
w - . - X-axis Parameter Y-axis Parameter
015 Standard Dev. ~| |skew ~
.10 . Update Plot
T T T T T T
013 0.14 015 0.8 o7 2.18 019
Standard Dev.
Sample isti 1 2 3 = 10
Mean 413 4,058 993 804 3756
Standard Dev. 192 17! 16! 14! 0.140
Station Skew .304 20 17 104 0.164
Adopted Skew 304 0 AT 104 0.164
Use | Adjusted 1 2 3 5 10
Statistics
C ] Mean 4131 4.058 3.993 3.894 3756
| |~ |Standar... 0.192| 0.178 0.162 0.14% 014
~| |Adopled .. 0.304 02 0.176 0.169 0.164
Plot Duration Plot Analytical Plot Graphical
Data Curve Curve View Report & Print OK Cancel Apply

Figure 9 (see page 255) shows the Plot tab after the user-adjusted statistics were entered on the Statistics tab.
Results on the Tabular Results tab will also update when user-adjusted statistics are entered on the
Statistics tab.
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B Volume Frequency Analysis Editor - Sinnemahoning_VolumeFrequency - O X
Name: Sinnemahoning_VolumeFrequency
Description:
Data Set Sinnemahoning Creek-Daily ~
DSSFile Name: |C:\PROJECTS\SSP\Projects\TestiSSP_E P_EXAMPLES dss
Report File: jectsiTesnSSP_Examp nefreq \Sinr ing_VolumeFrequency\Sinnemahal ..
General Opfions Duration Table Analytical Graphical
Seftings EMAData Tabular Results Plot Statistics
Retum Penod
10 11 - 5 ] 50 100 0 500 1000 10000
1,000,000 1 1 | 1 1 1 1 L 1 I 1
100,000 ]
3
& L]
z
:
10.000
1.000
0.5 058 1) ) 08 02 o 0b2 001 0005 00020.001 0.0001
Probabiity
B 1.Day Dats Cbserved Events [Hisch-Stedinger plotting positions) —  1.Day Curve
[ | 2-Day Data Observed Events (Hirsch-Stedinger plotting positions) = 2-Day Curve
n 3-Day Dsts Observed Events (Hirsch-Stedinger plotting pasitions) — 3Day Curve
B 5-Day Dats Cbserved Events [Hisch-Stedinger plotting positions) ——  E.Day Curve
[ | 10-Day Data Observed Events (Hirsch-Stedinger plotting positions) = 10-Day Curve
i Plot Duration Plot Analytical Plot Graphical
Data Curve Curve View Repart & Print oK Cancel Apply

In addition to the Tabular Results and Plot tabs, graphical plots can be opened by selecting the Plot Duration
Data or Plot Analytical Curve buttons at the bottom of the analysis window. A plot of the results for this

example is shown in Figure 10 (see page 256).
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[ Volume Frequency Analytical Plot for Sinnemahoning_VolumeFregquency — O X
File Edit View Window

Wolume Frequency Analytical Plot for Sinnemahoning_VolumeFrequency
Return Period

Q 1.0 11 2 5 10 50 100200 500 10000
1 UUU UUU 1 1 1 1 1 1 1 1 1 1 1
100,000+
o
L
L]
=
z
(]
|
"
10,0004
1,000 T T T T T T T 1 1
0.99989 0.999 0.99 09 05 02 0.1 002 0005 0001 0.0001
Probability

| | 1-Day Data Observed Events (Hirgch-Stedinger plotting positions) =  {-Day Curve

| | 2-Day Data Observed Events (Hirsch-Stedinger plotting positions) ——— 2-Day Curve

| | 3-Day Data Obgerved Events (Hirgch-Stedinger plotting positions) — 3-Day Curve

| | 5-Day Data Observed Events (Hirsch-Stedinger plotting positions) —— 5-Day Curve

| | 10-Day Data Observed Events (Hirsch-Stedinger plotting positions) — {0-Day Curve

In addition to the tabular and graphical results, there is a report file that shows the order in which the
calculations were performed. To review the report file, press the View Report button at the bottom of the
analysis window. When this button is selected a text viewer will open the report file and display it on the
screen, as shown in Figure 11 (see page 257). The report file contains a listing of the input data, preliminary
results, outliers, and the final frequency curve results. Different types and amounts of information will show
up in the report file depending on the data and the options that have been selected for the analysis.
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[ sinnemahoning_VolumeFrequency.rpt - d X
File Edit Search Format
File: | C\PROJECTS\SSPIProjects\TestiSSP_| VolumeF Sil honi pt |
- TIiers 0 T ~
| Station Skew 0.164 | Low OQutliers 1] [}
| Begional Skew --- | Zero Events o 1
| Weighted Skew === | Missing Events [i] 1
| Adopted Skew 0.164 | Systematic Events 7% 1
] I ]
--- End of Analytical Frequency Curve —--
<< User Frequency Curve >>
Sinnemahoning Creek-Daily (l0-day Max)
| Computed Variance 1 Percent | Confidence Limits 1
1 Curve Log (EMR) 1 Chance | 0.05 0.95 |
1 FLOW, CES | Excesdance | FLOW, CFS I
I 1 I I
I 16,654.3 0.00515 | 0.1 | 25,194.8 13,575.6 |
1 15,377.6 0.00402 | 0.2 I 22,070.0 12,815.7 |
1 13,744.8 0.00277 | 0.5 | 18,433.4 11,783.8 |
1 12,544.8 0.00201 | 1.0 | 16,012.6 10,575.9 |
1 11,368.0 0.00140 | 2.0 | 13,841.2 10,137.0 |
1 9,831.5 0.00082 | 5.0 I 11,308.6 8,962.5 |
[} 8,663.5 0.00054 | 10.0 I 9,618.5 8,003.9 |
1 7,457.2 0.00037 | 20.0 | 8,078.1 6,954.5 |
1 5,651.6 0.00028 | 50.0 | 6,034.2 5,294.3 |
1 4,337.1 0.00031 | £0.0 | 4,630.7 4,038.5 |
1 3,795.1 0.00040 | 80.0 I 4,072.4 3,476.0 |
[} 3,407.4 0.00058 | 85.0 I 3,689.9 3,044.1 |
1 2,800.8 0.0013& | 55.0 I 3,143.8 2,337.7 |
1 1 | 1
<< User Statistics >>
Sinnemahoning Creek-Daily (lO-day Max)
I Log Transform: 1 |
I FLOW, CES | Number of Events |
I 1 1
| Mean 3.75¢ | Equiv Number Events —_—
| Standard Dev 0.140 | 1
| User Skew 0.164 | 1
1 1 1
Note: Mo ordinates specified for graphical frequency curve
v
< >
06/05/2019 13:31 PM 1111 11
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7.1 Example 12. Duration Analysis, BIN (STATS) Method

This example demonstrates how to use the Duration analysis. The data for this example is daily average flow
from the Fishkill Creek (Beacon NY) USGS stream gage. The period of record used for this example is from
01 Oct, 1944 to 30 Sep, 1968. To view the data, right-click on the data record labeled "Fishkill Creek-Daily
Flow" in the study explorer and then select Plot. The data will appear as shown in Figure 1.

[ Fishkill Creek-Daily Flow
File Edit View

O X

8,000

Q

7,000+

6,000+

5,000+

4,000+

Flom {ofs)

3,000+

2,000+

|
1,000} .

o VUL W W LPUTST WA S LU LR AL A NP
1946 1948 1950 1952 1954 1956 1958 1960 1962 1954 1966 1968

= BEACON NY USGS FLOW

113 Figure 1. Plot of the Daily Average Flow for Example 12

A Duration analysis has been developed for this example. To open the analysis editor for this example, either
double-click on the analysis labeled Fishkill Creek Test 12 from the study explorer, or from the Analysis
menu select open, then select Fishkill Creek Test 12 from the list of available analyses. When Test 12 is
opened, the duration analysis editor will appear as shown in Figure 2.
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[ Duration Analysis Editor - Fishkill Creek Test 12

- O X

Name: Fishkill Creek Test 12

Description:

Data Set Fishkill Creek-Daily Flow i
DSSFile Name: | C:\PROJECTS\SSPIProjects\TesnSSP_Examples\SSP_EXAMPLES dss
Report File: C\PROJECTS\SSP\Projects\TesSSP_Examples\DurationAnalysisResulis\Fishkill_Creek_ ...

General QOptions Results

Method Time Window Modification

O

(_) Rank All Data Values End Points

(@) Bin (STATS)

DSS Rangeis 010CT1944 - 30SEP1968
X-Axis Scal
s scale [] startDate

(@) Linear

(O Probablity L

Y-Axis Scale Duration Period

(@) Linear Annual v
O Log Start of Period End of Period

Plot Duration Curve View Report & Print OK Cancel \pp

114 Figure 2. Duration Analysis Editor for Fishkill Creek Test 12

Shown in Figure 2 are the general settings that were used to perform this duration analysis. For this analysis,

the Bin (STATS) method was selected, the x-axis scale was set to Linear, the y-axis scale was set to Linear,
and the Annual duration period was selected.

The Options Tab is shown in Figure 3. Features on this tab include Output Labeling, the Percent of Time
Exceeded ordinates, and Bin Limits. The Bin Limits panel is active in this example because the Bin (STATS)

method was selected on the General tab. The User-Defined bin limits method was selected and the bin limits
were entered manually.
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Name: Fishkill Creek Test 12

Description:

Data Set: Fishkill Creek-Daily Flow

General Options Results

Output Labeling
DSS DataNameis FLOW
[[] change Label  FLOW
DSS Data Units are CFS
[]change Label | CFS
Plotting Position Formula
Rank/(N+1)

Rank/M

Plot Duration Curve

A Duration Analysis Editor - Fishkill Creek Test 12

DSSFile Name: | C\PROJECTS\SSP\ProjectsiTesiSSP_Examples\SSP_EXAMPLES dss

Output Frequency Ordinates

Use Values from Table Below

Report File: CPROJECTS\SSP\Projects\TesfSSP_Examples\DurationAnalysisResults\Fishkill_Creek_" ...

Frequency in Percent

99.0
95.0

90.0
80.0

50.0

25.0
15.0

10.0
5.0

20

1.0
0.1

0.05
0.01

Bin Limits
User-Defined

1.0

20
3o

40
50

6.0

80
10.0

15.0
200

30.0

400
50.0

60.0
80.0

1000
150.0

200.0

300.0
400.0

500.0
600.0

800.0

1000.0
1500.0

2000.0
3000.0

4000.0

6000.0
7000.0

View Report

& Print

OK

Cancel Apply

115 Figure 3. Duration Analysis Editor with Options Tab Shown for Fishkill Creek Test 12

Once all of the General and Optional settings are set or selected, the user can choose to compute the
analysis by pressing the Compute button. Once the computations have been completed, a message window
will open stating Compute Complete. Close this window and then select the Results tab, shown in Figure 4.
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[ Duration Analysis Editor - Fishkill Creek Test 12 - a x
Name: Fishkill Creek Test 12
Description:
Data Set: Fishkill Creek-Daily Flow
DSSFile Name: | C\PROJECTS\SSP\Projedts\TesNSSP_Examples\SSP_EXAMPLES. dss
Report File: CPROJECTS\SSP\Projects\TesfSSP_Examples\DurationAnalysisResults\Fishkill_Creek_" ...
General Options Results
Tabular Results  pjot
Class Number Lower Bin Limit Upper Bin Limit Number in Bin Accum Number Percent Equal or Excee...
1 1.0/ 20| 5 8766 100.0) A
2 2.0 30 4 8761 99.9
3 3.0 40 8 8757 99.9
4 40| 5.0 22 8749 99.8
5 5.0 6.0 37 8727 99.6
6 6.0] 8.0 66 8690 99,1
7 8.0 10.0 95 8624 934
8 10.0 15.0 254 8529 97.3
9 15.0] 20.0] 261 8275 94.4]
10 20.0 30.0 423 8014 914
11 30.0 400/ 405 7591 86.6
12 40.0 50.0 359 7186 82.0
13 50.0 60.0 332 6827 779
14 60.0] 80.0] 480 6495 741],
48 onn 400 0N ANn L ET F{-N-3
Percent of
Time Exceeded Annual - FLOW
99.0 6.4
95.0 14.0
90.0 229
80.0 448
50.0 171.4
25.0 360.5
15.0 520.0
10.0 671.6
5.0 916.9
20 1326.1
1.0 1503.6
0.1 3039.0
0.05 3769.5
0.01 6707.8
Plot Duration Curve View Report & Print oK Cancel Apply

116 Figure 4. The Results Tab for Fishkill Creek Test 12

As shown in Figure 4, the Result tab contains both tabular and graphical results. The Tabular Results tab
contains a table with information about the bins, like the lower bin limit, the number of values in the bin, the
accumulated number of values greater than or equal to the lower bin limit, and the percent of time equaled or
exceeded for each bin. Tabular results also include a table of the duration curve interpolated to the percent
of time exceeded ordinates defined on the Options tab. The Plot tab contains a graph of the duration curve,
shown in Figure 5. The plot includes the computed duration curve and the duration curve interpolated to the
user-defined percent of time exceeded ordinates. The duration curve plot can also be opened by pressing the

Plot Duration Curve button at the bottom of the analysis window.
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Duration Analysis Editor - Fishkill Creek Test 12 - O X

Name: Fishkill Creek Test 12

Description:

Data Set: Fishkill Creek-Daily Flow i
DSSFile Name: | C\PROJECTS\SSP\ProjectsiTesiSSP_Examples\SSP_EXAMPLES dss

Report File: C\PROJECTS\SSP\Projects\TesSSP_Examples\DurationAnalysisResulis\Fishkill_Creek_ ...

General Options Results

Tabular Results Plot

Dwraion Aralysis Plat for Fstiill Croek Test 12
a000

000
5000

]

2 000

2000 {3

““*-._,________L‘_

T————

Percert of Time Exconded

~—&— |Interpolated Curve ~ essass Computed Curve

Compute View Report & Print OK Cancel

117 Figure 5. Plot Tab for Fishkill Creek Test 12

The tabular and graphical results can be sent to the printer or the windows clipboard for transfer into another
piece of software. To print the tabular results, select Print from the bottom of the analysis window. To send
the tabular results to the windows clipboard, highlight the data you want to send to the clipboard and then
press the Control-C key sequence. To print the graphical results, first bring up the graphical plot and then
select Print from the File menu. To send the graphic to the windows clipboard, select Copy to Clipboard from
the File menu.

In addition to the tabular and graphical results, there is a report file that shows the input data and results for
the analysis. To review the report file, press the View Report button at the bottom of the analysis window.
When this button is selected a text viewer will open the report file and display it on the screen. Shown in
Figure 6 is the report file for Fishkill Creek Test 12.
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[ Fishkill_Creek_Test_12.rpt - O K
File Edit Search Format
File: C\PROJECTS\SSP\Projects\Test\SSP_Examples\DurationAnalysisResults\Fishkill_Creek_Test_12VFishkill_Creek_Test_12.rpt
~

Time Period: OlJan - 3lDec

Number Valid Values: 8766

Number Missing Values: i}

Minimum Value: 1=

Maximum Value: 6,970.0

I | Lower |  Number | | Percent |

| Bin | Bin | in | Accum | Egual or |

| Humber | Limic | Bin | Humber | Exceeded |

| | | |-—- | |

I 1| 1.0 | 5 | B766 | 100.000 |

I 2| 2.0 | 4] 8761 | 99,943 |

I 3| 3.0 | g | 8757 | 59,857 |

I 4| 4.0 | 22 | 8749 | 99,808 |

I 5 | 5.0 | 37 | 8727 | 59.555 |

I € | 6.0 | 66 | 8690 | 99.133 |

I 71 8.0 | 85 | B624 | 58.380 |

I g | 10.0 | 254 | 8529 | 97.296 |

I 5 | 15.0 | 261 | 8275 | 54.3599 |

I 10 | 20.0 | 423 | 8014 | 81.421 |

| 11 | 30.0 | 405 | 7591 | 86.596 |

I 12 | 40.0 | 359 | T186 | B1.97¢6 |

I 13 | 50.0 | 332 | 6827 | 77.880 |

I 14 | 60.0 | 480 | €495 | 74.083 |

I 15 | 80.0 | 405 | €015 | 68.617 |

I 16 | 100.0 | 288 | SE06 | €3.952 |

I 17 | 150.0 | 783 | 4718 | 53.822 |

I 18 | 200.0 | 1246 | 3835 | 44.889% |

I 15 | 300.0 | 822 | 289 | 30.675 |

I 20 | 400.0 | 484 | 1867 | 21.2598 |

I 21 | 500.0 | 340 | 1383 | 15.777 |

I 22 | €00.0 | 465 | 1043 | 11.8%8 |

I 23 | 800.0 | 239 | 578 | 6.594 |

I 24 | 1,000.0 | asl | 339 | 3.867 |

I 25 | 1,500.0 | 47 | 88 | 1.004 |

I 26 | 2,000.0 | 32 | 41 | 0.4€8 |

| 27 | 3,000.0 | 6 | 9| 0.103 |

| 28 | 4,000.0 | 0| 3| 0.034 |

I 29 | 6,000.0 | 31 3 | 0.034 |

I 30 | 7,000.0 | 0| [N} 0.000 |

I | | [—— I |

v
< >
05/29/2019 08:40 AM 1:1.11 11

118 Figure 6. Report File for Fishkill Creek Test 12

7.2 Example 13. Duration Analysis, Rank All Data Method

This example demonstrates how to use the Duration analysis. The data for this example is daily average flow
and the period of record is from 01 Apr, 1899 to 28 Jan, 2010. To view the data, right-click on the data record
labeled "Wondering River-Franklin" in the study explorer and then select Plot. The data will appear as shown
in Figure 1.
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52 Wondering River-Franklin
File Edit View
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119 Figure 1. Plot of the Daily Average Flow for Example 13

A Duration analysis has been developed for this example. To open the analysis editor for this example, either
double-click on the analysis labeled Duration Curve Test 13 from the study explorer, or from the Analysis
menu select open, then select Duration Curve Test 13 from the list of available analyses. When Duration
Curve Test 13 is opened, the duration analysis editor will appear as shown in Figure 2.
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[#] Duration Analysis Editor - Duration Curve Test 13 - a x
Name: Duration Curve Test 13
Description:
Data Set: Waondering River-Franklin ~
DSSFile Name: | C\PROJECTS\SSP\ProjectsiTesiSSP_Examples\SSP_EXAMPLES dss
Report File: \PROJECTSISSP\Projects\TestiSSP_ExamplesiDurationAnalysisResults\Duration_Curve_T/..
General QOptions Results
Method Time Window Modification
(@) Rank All Data Values End Points
(O Bin (STATS)
DSSRangeis 01APR1899 - 28JAN2010

Jf;) ""‘:?nse:'e [ ] StartDate
O Probabilty L1 Endoate
Y-fois Scale Duration Period
() Linear Annual v
@ Log Start of Period End of Period

Compute Plot Duration Curve View Report & Print OK Cancel \PP

120 Figure 2. Duration Analysis Editor for Duration Curve Test 13

Shown in Figure 2 are the general settings that were used to perform this duration analysis. For this analysis,

the Rank All DataValues method was selected, x-axis scale was set to Linear, the y-axis scale was set to Log,
and the Annual duration period was selected.

The Options Tab is shown in Figure 3. Features on this tab include Output Labeling, the Percent of Time
Exceeded ordinates, and Bin Limits. The Bin Limits panel is not active in this example because the Bin
(STATS) method was not selected on the General tab.
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Name: Duration Curve Test 13|
Description:
Data Set: Wondering River-Franklin

General Options Results

Qutput Labeling

DSS Data Nameis FLOW
[ change Label  FLOW

DSS Data Units are cfs
[]change Label  cfs

Plotting Position Formula

(@ Rank/(N+1)

(O RankiN

Compute Plot Duration Curve

A Duration Analysis Editor - Duration Curve Test 13

DSSFile Name: | C\PROJECTS\SSP\ProjectsiTesiSSP_Examples\SSP_EXAMPLES dss

Output Frequency Ordinates

|:| Use Values from Table Below

Report File: \PROJECTS\SSPProjectsiTestiSSP_ExamplesiDurationAnalysisResults\Duration_Curve_T ..

Frequency in Percent

99.0
95.0

90.0
80.0

50.0

25.0
15.0

10.0
5.0

20

1.0
0.1

Bin Limits
User-Defined

View Report

& Print

OK

Cancel Apply

121 Figure 3. Duration Analysis Editor with Options Tab Shown for Duration Curve Test 13

Once all of the General and Optional settings are set or selected, the user can choose to compute the
analysis by pressing the Compute button. Once the computations have been completed, a message window
will open stating Compute Complete. Close this window and then select the Results tab, shown in Figure 4.
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[ Duration Analysis Editor - Duration Curve Test 13 - a x
Name: Duration Curve Test 13
Description:
Data Set: Wondering River-Franklin w
DSSFile Name: | C\PROJECTS\SSP\ProjectsiTesiSSP_Examples\SSP_EXAMPLES dss
Report File: \PROJECTS\SSPIProjectsiTestiSSP_Examples\DurationAnalysisResults\Duration_Curve_T ..
General Options Results
Tabular Results  pPjot
Percent of
Time Exceeded Annual - FLOW
99.0 997.8
95.0 1486.7
90.0 1938.1
80.0 3005.9
50.0 8095.9
25.0 18022.2
15.0 26771.7
10.0 34462.0
5.0 40097.6
20 72793.3
1.0 91898.1
0.1 170943.0
Plot Duration Curve View Report & Print 0OK Cancel App

122 Figure 4. The Results Tab for Duration Curve Test 13

As shown in Figure 4, the Result tab contains both tabular and graphical results. The Tabular Results tab
contains a table of the duration curve interpolated to the percent of time exceeded ordinates defined on the
Options tab. The Plot tab contains a graph of the duration curve. The plot includes the computed duration
curve and the duration curve interpolated to the user-defined percent of time exceeded ordinates. The
duration curve plot can also be opened by pressing the Plot Duration Curve button at the bottom of the
analysis window, shown in Figure 5.
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A Duration Analysis Plot for Duration Curve Test 13 — O *
File Edit View Window
o Duration Analysis Plot for Duration Curve Test 13
1,000,000
100,000
B
k= 10,0004
=
[}
|
[N
1,000 \
100 T T T T T T T T T
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123 Figure 5. Duration Curve Plot for Duration Curve Test 13

The tabular and graphical results can be sent to the printer or the windows clipboard for transfer into another
piece of software. To print the tabular results, select Print from the bottom of the analysis window. To send
the tabular results to the windows clipboard, highlight the data you want to send to the clipboard and then
press the Control-C key sequence. To print the graphical results, first bring up the graphical plot and then
select Print from the File menu. To send the graphic to the windows clipboard, select Copy to Clipboard from

the File menu.

In addition to the tabular and graphical results, there is a report file that shows the input data and results for
the analysis. To review the report file, press the View Report button at the bottom of the analysis window.
When this button is selected a text viewer will open the report file and display it on the screen. Shown in
Figure 6 is the report file for Duration Curve Test 13.
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Duration_Curve_Test_13.rpt - O x
File Edit Search Format
File: c\PROJECTSISS P\Projects\Test\SSP_Examples\DurationAnalysisResults\Duration_Curve_Test_13\Duration_Curve_Test_13.rpt
- - ~
Duration Plot Position Method: Rank/ (N+l1)
X-Axis Scale: Linear
Y-Axis Scale: Logarithmic
Duration Period: Annual
Use Standard Percent Exceedance
Display ordinate values using 1 digitas in fraction part of wvalue
--- End of Input Daca ---
Annual Duration Rnalysis
Time Period: (OlJan - 3lDec
Number Valid Values: 40480
Number Missing Values: i
Minimum Value: 545.8
Maximum Value: 328,470.0
| Percent of I FLOW |
| Time Exceeded | cfs |
|==mmmmem | |
I 59.0 | 597.8 |
I 895.0 | 1,486.7 |
I 50.0 | 1,%38.0 |
I 80.0 | 3,005.9 |
[ 50.0 | 8,085.9 |
I 25.0 | 18,022.2 |
[ 15.0 | 26,771.7 |
| 10.0 | 34,462.0 |
| 5.0 | 49,097.5 |
| 2.0 | 72,793.3 |
I 1.0 1 91,998.1 |
| 0.1 | 170,943.0 |
I | |
v
< >
05/29/2019 08:44 AM 151151 151

124 Figure 6. Report File for Duration Curve Test 13

7.3 Example 14. Duration Analysis, Manual Entry

This example demonstrates how to use the Duration analysis and enter the duration curve manually. To open
the analysis editor for this example, either double-click on the analysis labeled Manual Duration Curve Test
14 from the study explorer, or from the Analysis menu select open, then select Manual Duration Curve Test
14 from the list of available analyses. As shown in Figure 1, the "None" data set was selected for this
analysis. The Manual Entry tab becomes active when the "None" data set is selected (the Results tab will

become inactive).
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A Duration Analysis Editor - Manual Duration Curve Test 14 - a x
Name: Manual Duration Curve Test 14]
Description:
Data Set: None i
DSSFile Name: | C\PROJECTS\SSP\ProjectsiTesiSSP_Examples\SSP_EXAMPLES dss
Report File: "\Projects\Test\SSP_Examples\DurationAnalysisResults\Wanual_Duration_Curve_Test_14\W ...
General Options Manual Entry
Method Time Window Modification
@RankAJI Data Values End Points
() Bin (STATS)
DSS Range is
X-Axis Scal
s bale [ startDate
(@) Linear
O Probabilty [1Enaoate
Y-fois Scale Duration Period
() Linear Annual v
@ Log Start of Period End of Period
Compute Plot Duration Curve View Report & Print OK Cancel App

125 Figure 1. Duration Analysis Editor for Manual Duration Curve Test 14

The y-axis scale was set to Log while all other default options were selected on the General and Options
tabs. Figure 2 shows the Manual Entry tab for Manual Duration Curve Test 14. A variable name of "FLOW"

and units of "cfs" were entered as well as the duration curve. The program will plot the duration curve when
the Compute button is pressed.
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A Duration Analysis Editor - Manual Duration Curve Test 14 - a x
Name: Manual Duration Curve Test 14
Description:
Data Set: Mone ~
DSSFile Name: | C\PROJECTS\SSP\Projedts\TesNSSP_Examples\SSP_EXAMPLES. dss
Report File: "Projects\TestiSSP_Examples\DurationAnalysisResults\Wanual_Duration_Curve_Test_14W ..
General Options Manual Entry
" Marual Duraion Aralysis Plat b Marusd Duraion Curve Test 14
Variable 1000008
Name: FLOw
Units:  ¢fs
Percent of FLOW
Time Exceeded
99.0 998.0 —
95.0 1488.0 '
90.0 1938.0
80.0 3006.0
50.0 8096.0
25.0 18022.0
15.0 267720
10.0 344620 8
5.0 49098.0 £ 10,000
2.0 727930| 3
1.0 919980 *
0.1 170943.0
1,000 -
— T T T T T T T T
10 X 0 0 L] T L] 0 0
Percwrt of Time Exconded
e Mznusl-Entry Curve
Plot Duration Curve View Report @ Print 0K Cancel Apply

126 Figure 2. Duration Analysis Editor with Options Tab Shown for Manual Duration Curve Test 14

The duration curve plot can also be opened by pressing the Plot Duration Curve button at the bottom of the

analysis window, shown in Figure 3.
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[ Manual Duration Analysis Plot for Manual Duration Cu... - O *
File Edit View Window
Manual Duration Analysis Plot for Manual Duration Curve Test 14
1,000,000
100,000+
B
k= 10,000+
=
[w]
|
[N
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127 Figure 3. Duration Curve Plot for Manual Duration Curve Test 14
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8 Coincident Frequency Analysis Examples

8.1 Example 15. Coincident Frequency Analysis, A and B can be
Assumed Independent

This example demonstrates how to create a coincident frequency analysis. Figure 1 illustrates the scenario
for Coincident Freq Test 15. The goal of this example is to develop a stage-frequency curve at a point along
the tributary (variable C) given flows on the tributary (variable A) and flows in the mainstem (variable B).
Large flows on the mainstem do cause backwater along the tributary and thus affect the stage at the point of
interest. The data for this example comes from an existing flow frequency curve for Variable A and an
existing flow duration curve for Variable B. An HEC-RAS model was used to simulate the response of
Variable C (stage at the point of interest) for multiple combinations of flow on the tributary and flow in the
mainstem.

Tributary
Flow
Tributary A = Tributary Flow — probability distribution “known™
B= Stage at B = Mainstem Stage — probability distnbution “known’
Mainstem damage site

Stage C = Tributary Stage — probability distnbution not known

value computed f(A B)

128 Figure 1. Scenario for Coincident Freq Test 15

A Coincident Frequency analysis has been developed for this example. To open the Coincident Frequency
analysis editor for this example, either double-click on the analysis labeled Coincident Freq Test 15 from the
study explorer, or from the Analysis menu select open, then select Coincident Freq Test 15 from the list of
available analyses. When Coincident Freq Test 15 is opened, the Coincident Frequency Analysis editor will
appear as shown in Figure 2.
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Coincident Frequency Analysis Editor - Coincident Freq Test 15 - O X

MName: Coincident Freq Test 15
Description:
DSSFile Name: | C\PROJECTS\SSP\ProjectsiTesSSP_Examples\SSP_EXAMPLES dss
Report File: STS\SSP\ProjectsiTesnSSP_Examples\CoincidentFregResults\Coincident_Freq_Te ...
General Variable A Variable B Response Curves Results

Variable A Output Frequency Ordinates

@ Aand B can be Assumed Independent (Marginal Frequency Curve for A) |:| Use Values from Table Below

(h) Aand B can not be Assumed Independent (Conditional Frequency Curves for A)

Frequency in Percent
Variable B 0.2
Number of Index Values 9% 05
[ 1.0
QOutput Labeling 20
5.0
Data Mame Stage 5o
Data Units | feet 20.0
| 50.0
Y-Axis Scale 80.0
90.0
(@ Linear 950
OLog | 99.0

Plot View Report & print oK Cancel

129 Figure 2. General Tab Shown for Coincident Freq Test 15

Shown in Figure 2 are the general settings for this coincident frequency analysis. For this analysis, the A and
B can be Assumed Independent (Marginal Frequency Curve for A) option was selected. This choice would
be determined by performing a correlation analysis between variables A and B; little correlation would
indicate that variables A and B could be assumed independent. The number of variable B index values was
set to 9, the Data Name was set to "Stage" and the Data Units to "feet’, and the y-axis scale was set to Linear.

Shown in Figure 3 is the Coincident Frequency Analysis editor with the Variable A Tab selected. The Manual
Entry option was selected and a Data Name of "Flow" and Data Units of "cfs" were entered. The frequency
curve values were manually entered into the Variable A Frequency Curve table.
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Coincident Frequency Analysis Editor - Coincident Freq Test 15 - O X

Name: Coincident Freq Test 15

Description:

DSSFile Name: | C\PROJECTS\SSP\Projedts\TesNSSP_Examples\SSP_EXAMPLES. dss

Report File: STS\SSP\ProjectsiTesnSSP_Examples\CoincidentFregResults\Coincident_Freq_Te ...

General Variable A Variable B Response Curves Results

Specify Frequency Curve Variable AFrequency Curve

(@ Manual E

DIEEES Percent Chance Flow

Data Mame Flow Excesdance

§ 0.2 60219.2
cfs
Data Units 03| 50625.0
Y Exict - 1.0 438704
Existing Study Analysis t

- g dy b 20. 375158
5.0 29667 .4
10.0 24083.0
20.0| 18708.5
50.0 11540.6
80.0| 7119.0
90.0 5530.3
95.0 4489.3
99.0| 30359

Plot
Plot View Report & Print oK Cancel

130 Figure 3. Variable A Tab for Coincident Freq Test 15

Shown in Figure 4 is the Coincident Frequency Analysis editor with the Variable B tab selected. The Duration
Curve from Test 13 was selected in the drop-down list. Once selected, the duration curve table automatically
fills with the computed ordinates from the duration curve. In the Develop Probabilities from Duration Curve
panel, the Define Automatically option was selected. This option uses a predefined probability pattern to
discretize the duration curve into index points. The Generate Table button was pressed in order activate the
predefined probability pattern. In this example, the first index value is 3005.92 (cfs). This value is taken at the
midpoint between percent of time exceeded values at 100 and 60 percent (from Duration Curve Test 13).
This index value is assigned a probability of 40 percent; this flow value is used to represent 40% of the
possible outcomes. The second index value is 8095.9. This value is taken at the midpoint between percent of
time exceeded values at 60 and 40 percent and is assigned a probability of 20 percent.
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Coincident Frequency Analysis Editor - Coincident Freq Test 15* - O X
Name: Coincident Freq Test 15
Description:
DSSFile Name: | C\PROJECTS\SSP\ProjectsiTesSSP_Examples\SSP_EXAMPLES dss
Report File: CTS\SSP\Projects\TesSSP_Examples\CoincidentFreqResults\Coincident_Freq_Ti ...
General Variable A Variable B Response Curves Results
Duration Curve Develop Probabilities from Duration Curve
Import Duration Curve Number of Index Points 9
Duration Curve Test 13 ¥ (@) Define Automatically
Percent of Anmual - FLOW If:)Deﬂnefmn‘llnl:iex Points
Time Exceeded (O Define from Probabilities
99.0 9978 R — S
BS.UI 14367 User-Specified Index Points and Probability Ranges
90.0 1938.1 Generate Table
80.0] 30059
50.0 80959 )
250| 18022.2 Probability Index Break Point
15.0| 267717 40.000| 3005.920 0N
10.0 34462.0 20.000 8095.900 60.000
5.0] 400976 15.000| 15044.345 SR
20| 727933 10.000] 22396.975 2000
1.0] 91998.1 5.000 30616.850 15.000
0.1 1709430 4.000| 40316220 rEng
3.000 53046.835 6.000
2.000] 72793.258 3.000
1.000 135856.384 1.000
0.000
Plot
Plot View Report & Print OK Cancel Apply

131 Figure 5. Variable B Tab for Coincident Freq Test 15

Once the Variable A and Variable B tabs have been completed, the user can populate the response curves
table. Figure 5 shows the Response Curves tab for Coincident Freq Test 15. The Same Variable A for Each
Index option was selected and the Import Variable A button was pressed to automatically copy values from
the Variable A tab and fill in the Variable A column. The remaining columns in the table were populated with
results from a hydraulics model. For example, the first value in the second column is 479.16. This value is the
stage at the point of interest given a flow of 60219.18 (cfs) on the tributary (variable A) and a flow of 3005.92
(cfs) on the mainstem (variable B). A total of 108 simulations were required from the hydraulics model to fill
in the response curves table. Figure 6 shows a plot of the response surface. The plot shows variable A (x-
axis) and variable C (y-axis). For this example, the response surface shows that flows greater than 53000 (7
index point) on the mainstem affect the stage at the point of interest on the tributary. When the flow in the
mainstem is below 53000 (cfs), only the flow on the tributary affects the stage at the point of interest.
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[ Coincident Frequency Analysis Editor - Coincident Freq Test 15* - O X
Name: |coincigent Freq Test 15

Description: | L

DS File Name: |CAPROJECTS\SSP\ijem\TesnSSP_Emmples\SSP_EXAMPLEs_dss »|

Report File: |2TS1|SSP\. rojects\TesNSSP_Examples\CoincidentFreqResults\Coincident_Freq_Te .|

General Variable A Variable B Response Curves Results
Variable A
(®) Same Variable A for Each Index

(O Different Variable A for Each Index

Import Variable A
Variable A | B1=3005.920 | B2-8095.900 | B3=15044.345 | B4=22295,075 | B5=30616.850 | B6=40316.220| B7=53045.835 | B8=72793.258 | Bo=135856.3...
C=fAB1) | C=fAB2) | C=fAB3) | C=fAB4) | C=fABS) | C=fABS) | C=fAB7) | C=fABS) | C=FAB9)
§0219.2 479.16 47916 479.17 47917 47918 4792 47022 47928 47987
50625.0 4762 476.21 476.22 476.23 476.26 476.32 476.4 47652 477.43
43870.4 47434 47435 474.37 4744 474.45 47453 474.68 47488 475.92
375158 47262 47264 47286 47272 47279 4729 4731 47342 47471
20667.4 47081 47083 470.84 470.89 470.96 471.08 4713 FYakai 473.35
24083.0 46954 469.57 4696 460.65 469.74 460.87 47041 47068 472.44
187085 467.81 467.94 468.0 468.11 458.26 468.45 468.82 469,56 471.65
115406 4651 46511 465.38 46555 46578 466.11 466.73 467.89 470.73
7119.0 463.83 463.83 463.83 463.9 464.12 464.58 46639 466.88 470.23
5530.3 463.35 46335 463.34 463.37 46352 464.03 464.93 466.55 470.08
44893 462.99 462.99 462.99 462.99 46312 463.67 464.66 466.34 4700
30359 46239 46239 462.39 462.39 46255 463.21 4543 466.1 469.89
Flot Response Surface |
[ Compute | | Plot | | viewRepot | & Pant oK Cancel Apply

132 Figure 5. Response Curves Tab for Coincident Freq Test 15
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[ Response Surface Plot - [m] *
File Edit View
=y 482
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478
476-|
4744
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458
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133 Figure 6. Response Curves Plot for Coincident Freq Test 15

Press the Compute button to perform the analysis. Once the computations have been completed, a message
window will open stating Compute Complete. Close this window and then select the Results tab. The results
tab should resemble Figure 7. The left portion of the results tab contains the computed variable C frequency

curve and the right portion of the results tab contains a plot of the computed variable C frequency curve.
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[ Coincident Frequency Analysis Editor - Coincident Freq Test 15* - O X
Name: Coincident Freq Test 15
Description:
DSSFile Name: | C\PROJECTS\SSP\ProjectsiTesSSP_Examples\SSP_EXAMPLES dss
Report File: >TS\SSP\ProjectsiTesiSSP_Examples\CoincidentFreqResults\Coincident_Freq_Te ..
General Variable A Variable B Response Curves Results
Conodert Frequency Plat for Concdent Freg Test 15
Percent Chance Stage Feotuem Prriadd
Exceedance 10 14 2 5 U 50 100 20 500 10000
02 4?91 5 1 1 1 1 1 1 1 1 1 1 1
0.5 476.26
1.0] 474.44
20 472.79 ]
5.0 471.05
10.0] 469.83
20.0 468.19 oo
50.0] 46551 )
80.0 463.96
90.0] 463.42
95.0 463.05 -
90.0 462.44
a2+
¥
a0+
.
a6
51
T T T T T T T T T T
096 0 ass a8 as a2 a1 002 a0t 0008 0002 Q000
Protmtaity
Plot Conditional Frequency Curves |_ Computed Curve
Compute Plot View Report & Print 0OK Cancel Apply

134 Figure 7. Results Tab for Coincident Freq Test 15

By pressing the Plot Condition Frequency Curves, the user can plot the response curves entered on the
Response Curves tab along with the computed curve and the upper and lower accurate limits, as shown in
Figure 8.
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[ Conditional Frequency Plot — O x
File Edit View
482
Q80 :
Upper Acourate Limit
478
476
474+
o
&
= 472
a1}
[=23
1] 1
in 4704 Lower Accurate Limit
468+
466
464+
462 T T T T T T T T
0.9999 0.999 0.99 09 05 01 0.01 0.001 0.0001
Probability
— C=f(A300582) ——— C=f{A B095.9) —— C=f{A,15044.34) C=f{a 22396.97) ——— C=f{A 30616.85) C=f{_40316.22)
— C=f(A53046.84) — C=f(AT2793.26) —— C=f{A 135856.38) Computed

135 Figure 8. Conditional Frequency Curves for Coincident Freq Test 15

The tabular and graphical results can be sent to the printer or the windows clipboard for transfer into another
piece of software. To print the tabular results, select Print from the bottom of the analysis window. To send
the tabular results to the windows clipboard, highlight the data you want to send to the clipboard and then
press the Control-C key sequence. To print the graphical results, first bring up the graphical plot by pressing
the Plot button from the bottom of the analysis. Then select Print from the File menu. To send the graphic to
the windows clipboard, select Copy to Clipboard from the File menu.

In addition to the tabular and graphical results, there is a report file that shows input data and results. To
review the report file, press the View Report button at the bottom of the analysis window. When this button is
selected a text viewer will open the report file and display it on the screen. Shown in Figure 9 is the report file

for Coincident Freq Test 15.
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EA Coincident_Freq_Test_15.rpt - O X
File Edit Search Format
File: C\PROJECTS\SSP\Projects\Test\SSP_Examples\CoincidentFregResults\Coincident_Freq_Test_15\Coincident_Freq Test_15.rpt

Report File Name: C:\PROJECTS\SSP\Projects\Iest\55P_Examples\CoincidentFregResults\Coincident Freq Test_l5\Coincident Fregq Tesi ,
Result File Name: C:\PROJECTS\SSP\Projecta\Test\SSP_Examples\CoincidentFreqResults\Coincident Freq Test_l5\Coincident_Freq Tes

DSS File Name: C:\PROJECTS\SSP\Projects\Test\5S5P Examples’\SS5P EXAMPLES.dss
Y-Axis Scale: Linear

Display ordinate values using 3 digita in fraction part of wvalues

Marginal Frequency for Variable A

| Exceedance | Flow |
| Percent | cis |
I | |
I 0.2 | 60,219.200 |
I 0.5 | 50,625.000 |
I 1.0 | 43,870.400 |
I 2.0 | 37,515.800 |
I S.0 | 29,667.400 |
I 10.0 | 24,083.000 |
I 20.0 | 18,708.500 |
I 50.0 | 11,540.600 |
I 80.0 | 7,119.000 |
| %0.0 | 5,530.300 |
I 95.0 | 4,485.300 |
I 58.0 | 3,035.900 |
I I |

Index-Value Table for Variable B

| Occurrance | Index | Exceedance | RAssigned |
| Fregquency | Value | Break Point | Exceedance |
I Percent | | Percent | Percent I
| === | | — |
I | | 100.0 | |
I 40.0 | 3,005.%20 | | g0.0 |
| | | €0.0 | I
I 20.0 | 8,085.500 | | 50.0 1
I | | 40.0 | |
I 15.0 | 15,044.345 | | 32.5 1
I | | 25.0 | |
| 10.0 | 22,396,975 | | 20.0 |
I | | 15.0 | |
I 5.0 1 30,616.850 | | 12.5 |
I | | 10.0 | |
| 3.0 1 40,316.220 | | 8.0 1
I | I 6.0 | I
I 3.0 | 53,046.835 | | 4.5 1|
I | I 3.0 | I
I 2.0 | 72,793.258 | | 2.0 1
I | | 1.0 | I
I 1.0 | 135,856.384 | | 0.5 1
| | | 0.0 | I
| === B S e | === | v
< >

05/29/2019 08:57 AM 1111 11

136 Figure 9. Report File for Coincident Freq Test 15

8.2 Example 16. Coincident Frequency Analysis, A and B can not be
Assumed Independent

This example demonstrates how to create a coincident frequency analysis when variables A and B are not
independent. Figure 1 illustrates the scenario for Coincident Freq Test 16. The goal of this example is to
develop a stage-frequency curve at a point along the tributary (variable C) given flows on the tributary
(variable A) and flows in the mainstem (variable B). Large flows on the mainstem do cause backwater along
the tributary and thus affect the stage at the point of interest. The data for this example comes from existing
conditional flow frequency curves for Variable A and an existing flow duration curve for variable B. An HEC-
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RAS model was used to simulate the response of variable C (stage at the point of interest) for multiple
combinations of flow on the tributary and flow in the mainstem.

A=
Tributary
-f’ Flow
C=
Tnbutary
B= Stage at
Mainstem damage site
Stage

137 Figure 1. Scenario for Coincident Freq Test 16

A Coincident Frequency analysis has been developed for this example. To open the Coincident Frequency
analysis editor for Coincident Freq Test 16, either double-click on the analysis labeled Coincident Freq Test
16 from the study explorer, or from the Analysis menu select open, then select Coincident Freq Test 16 from
the list of available analyses. When Coincident Freq Test 16 is opened, the Coincident Frequency analysis
editor will appear as shown in Figure 2.
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] Coincident Frequency Analysis Editor - Coincident Freq Test 16 - O X
Name: Coincident Freq Test 16|
Description:

DSSFile Name: | C:\PROJECTS\SSPIProjects\TesnSSP_Examples\SSP_EXAMPLES dss

Report File: ZTS\SSP\ProjectsiTesfSSP_Examples\CoincidentFregResults\Coincident_Freq_Te ...
General Variable A Variable B Response Curves Results

Variable A Qutput Frequency Ordinates

(:) A and B can be Assumed Independent (Marginal Frequency Curve for A) |:| Use Values from Table Below

fQ) A and B can not be Assumed Independent (Conditional Frequency Curves for A)

Frequency in Percent

Variable B 0.2
Number of Index Values 9/ 0.5
. 1.0

Qutput Labeling 20
5.0

Data Mame Stage I 100
Data Units | feet 20.0
| 50.0

Y-Axis Scale 80.0
p [ 90.0
(@ Linear 95.0
O Log [ 99.0

Compute Plot View Report & Print OK Cancel

138 Figure 2. General Tab Shown for Coincident Freq Test 16

Shown in Figure 2 are the general settings for this coincident frequency analysis. For this analysis, the A and
B can not be Assumed Independent (Conditional Frequency Curve for A) option was selected. This choice
would be determined by performing a correlation analysis between variables A and B; a correlation
coefficient in the range of 0.3 — 0.7 would indicate that variables A and B could not be assumed independent
or perfectly correlated. The number of variable B index values was set to 9, the Data Name was set to "Stage"
and the Data Units to "feet’, and the Y-Axis scale was set to Linear.

Shown in Figure 3 is the Coincident Frequency Analysis editor with the Variable A Tab selected. A Data Name
of "Flow" and Data Units of "cfs" were entered. A separate frequency curve for variable A was developed for
each index value defined on the Variable B tab. For example, the frequency curve in the "Flow P(A|B1)"
column is the variable A frequency curve for the 15t variable B index value. The variable B tab shows the 15
index value, 3005.92, is assigned a proportion of time of 40 percent. Therefore, the 15t variable A frequency
curve was developed using annual peak flows on the tributary when flows in the mainstem were in the range
of the 15! variable B index value. For this example, a multivariate lognormal*® random number generator was
used to develop a large enough data set so that variable A frequency curves could be computed for each
variable B index value. The random numbers were generated using statistics from the annual peak flows

45 http://www.google.com/search?hl=en&&sa=X&ei=Ktp2TObFDI-isQPRmtWgDQ&ved=0CBEQBSgA&qg=multivariate+lognormal&spell=1
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occurring on the tributary, statistics from the coincident (same day) flows occurring on the main stem, and

the covariance between the two datasets.

[ Coincident Frequency Analysis Editor - Coincident Freq Test 16 - O X
Name: Coincident Freq Test 16|
Description:
DSSFile Name: | C\PROJECTS\SSP\ProjectsiTesSSP_Examples\SSP_EXAMPLES dss
Report File: CTS\SSP\Projects\TesSSP_Examples\CoincidentFreqResults\Coincident_Freq_Ti ...
General Variable A Variable B Response Curves Results
Variable A
Data Name |Flow
Data Units | ¢f5
Variable A Conditional Frequency Curves
Percent Flow P{A|B1) | FlowP(AIB2) | Flow P(AIB3) | Flow P(A|B4) | Flow P{A|BS) | Flow P(AIB6) | Flow P(AIB7) | Flow P(A|B8) | Flow P(AIB9)
Chance
0.2 42464.0 49934.0_' 60221 0 63239.0 72700.0 73813.0 86602.0 85327.0 89497.0
0.5 35167.0 427720 51234.0 §3979.0 61695.0 62595.0 72786.0 72502.0 76333.0
1.0 31681.0 37642.0 44837.0| 47368.0 53880.0 54634.0 63062.0 53384.0 66942.0
20 27412.0 32738.0 38757.0 41066.0 46467.0 47088.0 53916.0 54727.0 57997.0
5.0 22063.0 26553.0| 31147.0| 33150.0 37217.0 37677.0| 42623.0 43007.0 46769.0
10.0 18193.0 22045.0 256490/ 274070 30554.0 30806.0 34589.0 36102.0 38631.0
200 14404.0 17598.0 20274.0 21767.0 24063.0 24314.0 26861.0 28484.0 30648.0
50.0 9214.0 11437.0) 12928.0| 14008.0 15237.0 15366.0) 16558.0 18101.0 19682.0
80.0 5894.0 74320 82440 9015.0 9648.0 9711.0 10207.0 11502.0 12639.0
90.0 4666.0 5933.0 6516.0| 7160.0 7598.0 7640.0/ 7927.0 9075.0 10027.0
95.0| 3848.0 4926.0 5366.0| 5920.0 6238.0 6267.0 6433.0 T7462.0 8283.0
99.0 2680.0 3475.0 3728.0 41430 4309.0 43220 4348.0 5169.0 5787.0
Plot
Compute Plot View Report & Print 0K Cancel Apply

Shown in Figure 4 is the Coincident Frequency analysis editor with the Variable B Tab selected. No duration
curve was selected for this example. In the Develop Probabilities from Duration Curve panel, the User-
Specified Index Points and Probability Ranges option was selected. The probabilities and index values were
defined manually (they are equivalent to those used within the previous example) and the Generate Table

button was pressed in order to compute the Break Points.
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Coincident Frequency Analysis Editor - Coincident Freq Test 16 - O X
Name: Coincident Freq Test 16|
Description:

DSSFile Name: | C\PROJECTS\SSP\ProjectsiTesSSP_Examples\SSP_EXAMPLES dss
Report File: STS\SSPIProjects\TesNSSP_Examples\CoincidentFreqResults\Coincident_Freq_T ..,
General Variable A Variable B Response Curves Results

Duration Curve Develop Probabilities from Duration Curve
Import Duration Curve

Number of Index Points 9
None s Define Automaticall
Percent of Index Points
Time Exceeded m Probabiliies
@ User-Specified Index Points and Probability Ranges
Generate Table
Probability Index Break Point
40.000| 3005.920 R
20.000 8095.900 60.000
15.000] 15044.345 40.000
10.000] 22396975 2000
5,000 30616.850 15.000
4000] 40316220 o
3.000 53046.835 6.000
2.000] 72793.258 3.000
1.000 135856.401 1.000
0.000
T
Compute Plot View Report & Print OK Cancel

139 Figure 4. Variable B Tab for Coincident Freq Test 16

Once the Variable A and Variable B tabs have been completed, the user can populate the response curves
table. Figure 5 shows the Response Curves tab for Coincident Freq Test 16. The Different Variable A for
Each Index option was selected. When selected, a separate Variable A column is added for each variable B
index value. For example, the first Variable A column is linked to the C = f(A,B1) column. The second variable
A column is lined to the C = f(A,B2), and so on. The Import Variable A button was pressed to automatically
copy values from the Variable A tab to fill in appropriate Variable A column. The remaining columns in the
table were populated with results from the hydraulics model. For example, the first value in the second
column is 473.95. This value is the stage at the point of interest given a flow of 42464 (cfs) on the tributary
(variable A) and a flow of 3005.92 (cfs) on the mainstem (variable B). A total of 108 simulations were
required from the hydraulics model to fill in the response curves table.
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B Coincident Frequency Analysis Editor - Coincident Freq Test 16 - [m] ®
Name: Coincident Freq Test 18
Description:

DSSFila Name. | ¢ PROJECTSISSPProjectsTestiSSP_Examples\SSP_EXAMPLES dss
Repor File: CAPROJECT 1

| oincident_Freq_Tes!_16\Coincident_Frec.,
General Variable A Vanable B Response Cunes  Results

Variable A

() Same Vaniable A for Each Index

(@) Diferent Variable A for Each Index

Imiport Variable A

Variable A | B1=3005_| variable & | B228005 _ | variabie & | B3=1504._ | variable 4 | Ba=2238_ | variabie & | B5=3081... | variabie & | 85=4031._| varianle | B7=5304_| variatie & | 88=7279__| varianle a | B9=138a_
[c=tagn C=fAB2) c=mag3)| [c=tiaBy | c=nags) C=1iamg) | c=namm | c=nagg) | C=nAB9)
474540 47195| 499340 476.02 60221.0) 47917 63239.0, 480.23 T2700.0| 48501 738130 48548| 866020 490,16/ 853270 480 67| 894570 49077
361670 47228 427720 47405 512340 47639 539790 _ 477.16 616950|  47971) 625050| 48002 727860 48501 725020 48487  763330| 48634
319810]  471.24| 376420 47267 448370 47463 473680 47535  638800]  477.15) 546340 4774 630620  480.19] 533840|  480.49]  669420) 48218
274120] 47033 327380 47148 387570 47299 410860 47365  46467.0|  47514]  470B80| 47538  63916.0|  477.25 547270 47761 579970| 47925
220630)  468.96)  26553.0) 47015 311470  4T116|  33150.0]  4T164)  37217.0] 47271 OITGTT0| 47284  426230]  47437) 439070  4T489|  46769.0) 47656
181930] 46764 2020450 46001 256490 46087 274070, 47041 305540| 47115 309060] 47134 345690 4724] 361020 47311 386310| 47482
144040) 46622 17508.0] 46753 202740 46851 217570,  489.05  240830|  469.73)  243140) 46082 268610 ATO7|  284B40|  47154]  306480| 47351
92140 46439 114370 129280 48583 140080, 48648  15237.0|  467.41| 153660 4674 16550)  466.23] 181010 46042  196620] 47179
5894.1 463.46 T432.0 8244 464.14 90151 454.58 8644. 465.08 armn. 65.49) 10207, 466.32) 11502 46769 12639, .B6|
45661 463.05 5033.0 463.66 71601 45391 T594. 46429 T640. 64.76) TO27. 465.62| 9075 467.31 10027 .55
38481 462.74 4025 463.3 5920 463.5 6234 4638 B267. 64.27) 6433 465.19| T462 466.95) B2B3. .35
25801 462.22 3475, 462.69 4143 452.86 4309. 46306 4322 63.62) 4348 464 6/ 5169, 466.49) S5TET. 1

Plot Respanse Surface

Compute Plot View Report & Print oK Cancel Apply

140 Figure 5. Response Curves Tab for Coincident Freq Test 16

Press the Compute button to perform the analysis. Once the computations have been completed, a message
window will open stating Compute Complete. Close this window and then select the Results tab. The Results
tab should resemble Figure 6. The left portion of the results tab contains the computed variable C frequency
curve and the right portion of the results tab contains a plot of the computed variable C frequency curve.

Coincident Frequency Analysis Examples — 288



HEC-SSP Examples — HEC-SSP Examples

[ Coincident Frequency Analysis Editor - Coincident Freq Test 16 - O X
Name: Coincident Freg Test 16
Description:
DSSFile Name: | C\PROJECTS\SSP\ProjectsiTesSSP_Examples\SSP_EXAMPLES dss
Report File: CPROJECTS\SSP\Projects\TesNSSP_Examples\CoincidentFreqResults\Coincider....
General Variable A Variable B Response Curves Results
P Conodert Frequency Plat for Concident Freg Test 16
ercent Chance Stage Feotuem Prriadd
Exceedance 10 1.4 2 5 0 50 W0 20 500 1000
0.2- 4?91 5 1 1 1 1 1 1 1 1 1 1 1
0.5 476.25
1.0 47453
20 473.03 |
5.0/ 471.16
10.0] 469.81
20.0 468.16 ool
50.0] 46544
80.0 463.87
90.0/ 463.38
95.0 463.02 4
99.0 462.47
a2+
¥
a0+
o
P
o
T T T T T T T T T T T
096 0 ass a8 as a2 a1 002 a0t 0008 0002 Q000
Protmtaity
Plot Conditional Frequency Curves |_ Computed Curve
Plot View Report & Print OK Cancel Apply

141 Figure 6. Results Tab for Coincident Freq Test 16

By pressing the Plot Condition Frequency Curves, the user can plot the response curves entered on the
Response Curves tab along with the computed curve and the upper and lower accurate limits, as shown in
Figure 7.
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[ Conditional Frequency Plot — O x
File Edit View
495
490
485+
& 480
=
w
=
&
475+ Upper Accurate Limit
Lower Accurate Limit
470+
465+
460 T T T T T T T T
0.9999 0.999 0.99 09 0.5 0.1 0.01 0.001 0.0001
C=f{A,3005.92) C=f{A 8095.9) C=f{A, 15044 24| C=f{A 22396 97 C=f{A,30610.85] C=f{A. 40316.22] C=flA, 53040 84,
C=1{A.72793.26] C=f{A. 135856 4] Computed

142 Figure 7. Conditional Frequency Curves for Coincident Freq Test 16

The tabular and graphical results can be sent to the printer or the windows clipboard for transfer into another
piece of software. To print the tabular results, select Print from the bottom of the analysis window. To send
the tabular results to the windows clipboard, highlight the data you want to send to the clipboard and then
press the Control-C key sequence. To print the graphical results, first bring up the graphical plot by pressing
the Plot button from the bottom of the analysis. Then select Print from the File menu. To send the graphic to
the windows clipboard, select Copy to Clipboard from the File menu.

In addition to the tabular and graphical results, there is a report file that shows input data and results. To
review the report file, press the View Report button at the bottom of the analysis window. When this button is
selected a text viewer will open the report file and display it on the screen. Shown in Figure 8 is the report file
for Coincident Freq Test 16.
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[ Coincident_Freq_Test_16.rpt - O X
File Edit Search Format
File: 'C_‘\PRO..I ECTS\SSP\Projects\Test\SSP_Examples\CoincdentFregResults\Coincident_Freq_Test_16\Coincident_Freq Test_16.rpt
~

Conditicnal Frequency P(A|B9)

| Exceedance | Flow |

I Percent I cfs |

| | |

I 0.2 | 89,497.000 |

I 0.5 | 7€,333.000 |

I 1.0 | 66,942.000 |

| 2.0 | 57,997.000 |

I 5.0 | 46,769.000 |

I 10.0 | 38,631.000 |

I 20.0 | 30,648.000 |

I 50.0 | 1%,682.000 |

I 80.0 | 12,639.000 |

I %0.0 | 10,027.000 |

I 95.0 | 8,283.000 |

I 99.0 | 5,787.000 |

I I |

Index-Value Table for Variable B

| Occurrance | Index | Exceedance | RAssigned I

| Frequency | Value | Break Point | Exceedance |

[ Percent | | Percent | Percent 1

I e | — I

I | | 100.0 | 1

I 40.0 | 3,005.920 | | 80.0 |

I | | €0.0 | |

I 20.0 | 8,095.900 | | 50.0 |

I | | 40.0 | |

I 15.0 | 15,044.345 | | 33.5 |

I | | 25.0 | |

I 10.0 1 22,396.975 | | 20.0 1

I | | 15.0 | |

I 5.0 | 30,616.850 | | 12.5 1

I | | 10.0 | I

I 4.0 | 40,316.220 | | 8.0 1

I | | 6.0 | I

I 3.0 | 53,046.835 | | 4.5 1|

I | | 3.0 | I

I 2.0 | 72,793.258 | | 2.0 1

I | | 1.0 | I

I 1.0 | 135,856.401 | | 0.5 1

I | | 0.0 | I

I ———— | | |

Response Curve for Variable Bl = 3,005.%2

| Variable A | C = £{(a,Bl) |

| cfs | feet | v
< >

05/29/2019 09:07 AM 36:34,,36:34 36.34

143 Figure 8. Report File for Coincident Freq Test 16
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9 Balanced Hydrograph Analysis Examples

9.1 Example 17. Balanced Hydrograph Analysis, Using an Historical
Event Hydrograph

This example demonstrates how to create a Balanced Hydrograph analysis using an historical event
hydrograph shape. In this example, information from previously-computed Bulletin 17 and Volume Frequency
analyses will be used along with an historical event to create numerous balanced hydrographs which are
"balanced" across multiple durations. A Balanced Hydrograph analysis has been developed for this example.
To open the Balanced Hydrograph analysis editor for this example, either double-click on the analysis labeled
Balanced Hydrograph Test 17 from the study explorer, or from the Analysis menu select open, then select
Balanced Hydrograph Test 17 from the list of available analyses. When the analysis is opened, the Balanced
Hydrograph Analysis editor will appear as shown in Figure 1 (see page 292).

Shown in Figure 1 (see page 292) are the general settings for this balanced hydrograph analysis. The Number of
Durations was set to three: 0.0417-days (1-hour), 1-day, and 3-days. These three durations are those which
will be used to "balance" throughout the analysis. The Time Window was set to 15Sep2004 24:00 through
28Sep2004 24:00, which corresponded to the passage of the remnants of Tropical Storm lvan, as shown in
Figure 2 (see page 292). The number of probabilities was set to six: 0.2, 0.5, 1, 2, 5, and 10 percent frequencies.
Using six probabilities will result in the creation of six balanced hydrographs. The frequency ordinates were
left as the default values.

[ Balanced Hydrograph - Balanced Hydrograph Test 17 - o ®
Name Balanced Hydrograph Tesl‘17|
Description: Sinnemahoning Creek - Using an Historical Event Hydrograph
Flow Data Set Sinnemahoning Creek-Hourly ~ u =
DSS File Name: C:/PROJECTS/SSP/Projectsftest/SSP_Examples/SSP_EXAMPLES. dss l
ReportFile: 'rojects\testiSSP_Examples\BalancedHydrograph\Balanced_Hydrograph_Test_17\Balanced_Hydrograph_Test ...
General Frequency Curves Results
Balancing Time Window Modification Qutput Frequency Ordinates
(® Stop Balancing at Maximum Specified Duration DSSRangeis O0BSEP2004 - 110CT2004 [] Use Values fram Table Below
(O Balance the Entire Hydrograph Start Date 155ep2004 2400 Frequency in Percent
02
Qutput Labeling End Date 285ep2004 .. 2400 05
DS8 DataName is  FLOW 10
. Number of Probabilities: 6 20
[JcChange Label |FLOW 5.0
User-Specified Probabilities for 100
DSS Data Units are Balanced Hydragraphs 20.0
50.0
[] Change Label Frequency In Percent 80.0
0.2 90.0
Number of Durations: 3l 0.5 85.0
1.0 99.0
User-Specified Durations 20
{1 Hour = 0.0417 Days) 50
10.0
Duration in Days
0.0417
1.0
30
Compute Plot Flow-Frequency Plot Balanced Hydrograph iew Report OK Cancel Apply

Balanced Hydrograph Analysis Examples — 292



HEC-SSP Examples — HEC-SSP Examples

A Sinnemahoning Creek-Hourly - O X
File Edit View

e 45,000

Q 40,000

35,000+

155ep2004

28Sep2004

30,000+

25,000+

20,000+

Flom {ofs)

15,000+

10,000+

5,000+

a T T T T T
12 19 26 3 10

Sep2004 | Oct2004

|— SINNEMAHONING DCP-REW FLOW

Shown in Figure 3 (see page 292) is the Balanced Hydrograph analysis editor with the Frequency Curves tab
selected. The frequency curve for Frequency Curve 1 (1-hour or 0.0417-day duration) was imported from the
results of an existing Bulletin 17 analysis (Sinnemahoning_B17C). The frequency curve for Frequency Curve
2 (1-day duration) was imported from the results of an existing Volume Frequency analysis
(Sinnemahoning_VolumeFrequency). The frequency curve for Frequency Curve 3 (3-day duration) was
imported from the results of an existing Volume Frequency analysis (Sinnemahoning_VolumeFrequency). For
the 1- and 3-day durations, which were imported from a Volume Frequency Analysis, the program
automatically imported the results for the correct duration(s). It should be noted that if the selected Volume
Frequency Analysis did not contain the necessary duration information, a message would have been shown
informing the user of the error.
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[ Balanced Hydrograph - Balanced Hydrograph Test 17% - O x
Mame: Balanced Hydrograph Test 17

Description: sinnemahaning Creek - Using an Histonical Event Hydrograph

FlowData Set | sinnemahoning Creek-Hourly -

DSSFile Name. | C:\PROUEC Projecis TesnSSP. *_EXAMPLES dss

Report File: PIProjectsTesnSSP_ @ ; Test_17 ¢ Tesi_L.

General Frequency Curves Resulls

Fraquency Curve 1(0.0417) Fraquency Curve 2 (1.0) Fraquency Curve 3 (3.0)

(@) Use Existing Analysis 7 Sinne mahaning_B17C | @ Use Existing Analysis  |yr ginnemahoning_VolumeFreguancy @) Use Existing Analysis | yF ginnemahoning_VolumeFrequancy
import import
() Manual Entry (") Manual Entry () Manual Entry
() Analytical Distribution | Log Pearson type M (O nalytical Distribution || og Pearson type M (O #nalytical Distribution || ag Pearson type
Statistics Statisics Statistics
Mean a| Mean 2| Mean
Standard Deviation a|  Standard Devistion: o|  Standard Deviation
Skew a|  Skew 2| Skew
Compute Compute Compute
Percent Chance FLOW Percent Chance FLOW Percent Chance FLOW
(CFS) E (CFg) (CFS)
(K] 01| [X]| 342358
02 0.2 0.2 31186.8
05 05 05 273532
10 10| 10| 245862
20 20/ 20 219175
5.0 50 50 18506.4)
0.0, 0.0, 00| 153744
200] 200] 200] 134208
50,0 50.0 50.0 97334
B0.0, B0.0, 80.0] 7169.0
90.0] 90.0] 90.0] 61472
85.0 050 050 54310
99.0 99.0 99.0; 4337.2
Compute Fiot Flow-Fregquency Plot Balanced Hydrograph Wiew Report oK Cancel Apply

Figure 4 (see page 293) shows the plotted frequency curves for this analysis.

] Frequency Curves for Balanced Hydrograph Test 17 — O X
File Edit View
1,000,000
100,000
z
[w]
1
[N
10,0004
1,000 T T T T T T T
0.9999 0.99 0.9 0.5 0.1 0.01  0.001
Probability
I— 0.042-Day Duration ——— 1-Day Duration ——— 3-Day Duration

Press the Compute button to perform the analysis. Once the computations have been completed, a message
window will open stating Compute Complete. Close this window and then select the Results tab. The results

Balanced Hydrograph Analysis Examples — 294



HEC-SSP Examples — HEC-SSP Examples

tab should resemble Figure 5 (see page 294). The left portion of the Results tab window displays the computed
balanced hydrographs in a table using the six frequencies that were previously defined on the General tab.
The right portion of the Results tab displays all six balanced hydrographs in a plot. To view the balanced
hydrographs in a separate window, either click Plot Balanced Hydrograph or double click on the plot within

the Results tab.

[ Balanced Hydrograph - Balanced Hydrograph Test 17 - O X
Mame: Balanced Hydrograph Test 17
Description: sinnemahoning Creek - Using an Histoncal Event Hydrograph "
FlowData Set | sinnemanoning Creek-Hourly w
DSSFile Name: | C\PROJEC \ProjectsiTesnSSP. _EXAMPLES. dss
Report File: sPiProjectsiTesnSSP_| o L+ Test_17 L+ Test_L.]
General Frequency Curves FResulls
Date v h + Hydrograph | Hydrograph | Hydrograph Balanced Hydrograph Test 17 Results
(0.2 Percent .. | (0.5 Percent . | (1 Percent Ev... | (2 Percend Ev... | (5 Percem Ev... | (10 Percent E. 120,000
15 Seplember... 930.8] G308 G306, G306 9308 9398| A| | S '
16 Seplember.. 9385 8385 8365 8365 9385 9385
16 Seplember 9385 9385 9385 9385 9385 9385 100,000
16 September... 938.5| 538.5) 538.5 538.5] 9385 9385 '
16 September... 9287 0287 0287 0287 9287 928.7
16 September. 898.0] 8980 BI8.D] BIED| BIE.0 838.0 80,000
16 September... 894.1| 894.1] 894.1] 894.1] 894.1) 894.1 '
16 September... 8041 8041 BO41 BO4.1 B94.1 8941 E
16 Seplember, 8843 BE4.3] BE43 BE4.3 BB4.3] 8843 J 50,0004
16 Seplember... 883.0| 8830 BE2D, BE3D 8B3.0 8830 = !
16 Septembar... 875.0/ 875.0 BTED BTE0 B75.0 ars.o =
16 Seplember.. 866.0] BG6.0) BG6.D BEG.0 BE6.0 B66.0 2 400004
16 September.. 8649 8648 B64.9 8649 8649 864.9 i '
16 September... 857.0 857.0] 857.0] 857.0] 857.0, 857.0,
16 Seplember.. 8559 B55.0) BE50 BE5.0 BE55.5 8559 20,0004
16 Seplember B8559| B559| B55.9| B55.9 855.9| 8559 !
16 Septembar... 8559 855.9] 8550 BSE.0] ) 8554
16 September... 8320] 8320 B320 B320 632.0 832.0 0 [ 5 S N B D O Y B P
16 September. 8288 5288 BZBE| BZBE| 8268 8288 1617 '18 '19'20 '21 ' 221231 241 25 251 27 | 28
16 September... 8208 820.8] 820.8] 820.8] 820.8] 8208
16 September... 8118 8118 B118 8118 8118 811.8 Sep2004
16 Seplember, 8028 BOZB| BOZB| BOZB| BO0ZB| B028| [« >
16 September... 8017 B017| BO17) 8017 8017 8017
16 Septembar... T85.7 7857 TBET TBET TBET TBS.T SINNEMAHONING 0.2 Percent Event FLOW
16 Seplember.. 7836/ 736 TB6 TBIE 7836 7836 SINNEMAHOMING 0.5 Percent Event FLOW
17 Seplember.. T836| T836| 7836 TB3E TB3E| 7836
17 September... T87.7| 7877 7877 787.7| 787.7| T67.7| —— SINNEMAHONING 1 Percent Event FLOW
17 September... 765.6 7656 7656 7656 TE56 T65.6 SINNEMAHOMING 2 Percent Event FLOW
17 Seplember T65.6| T65.6| 765.6) TB5.6 TB5.6| 7656
17 Seplember... 765.8 765.8| TEE.6| TEEG] TEE6| T65.6 —— SINNEMAHOMNING 5 Percent Event FLOW
17 Seplember... T65.6/ TE5.6) TESE TESE TESE TES6 SINNEMAHONING 10 Percent Event FLOW
17 Seplember. 7656 765.6| 7656 7656 T656] 7656
17 Seplember... 7815 7815 7815 TB1.5 7815 7815/ SINNEMAHONING DCP-REV FLOW
Plot Flow-Freguency Plot Balanced Hydrograph Wiew Repont oK Cancel Apply

In addition to the tabular and graphical results, there is a report file that shows input data and results. To
review the report file, press the View Report button at the bottom of the analysis window. When this button is
selected a text viewer will open the report file and display it on the screen. Shown in Figure 6 (see page 294) is

the report file for Balanced Hydrograph Test 17.
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B Balanced_Hydrograph_Test_17.rpt - d X
File Edit Search Format

File: CAPROJECTS\SSPIP rojects\TestiSSP_Examples\BalancedHydrograph\Balanced_Hydrograph_Test_17\Balanced_Hydrograph_Test_17.mpt

=--=- End of Input Data ---

0.2% Balanced Hydrograph Summary

0.0417-day Duration
Start Inde 45; 18 Sep 2004, 01:00
End Index: 4%; 18 Sep 2004, 01:00

Average FLOW (CFS)
Baze 42
Required
Final

0.00% error
Final/Base Ratio: 2.38452

l-day Duration

Start Index: 43; 17 Sep 2004, 19:00
End Index: €7; 18 Sep 2004, 19:00
Average FLOW (CFS)

Base 37,498

Required 56,850

Final 5€,850 0.00% error

Final/Base Ratio: 1.51609

3-day Duration

Start Index: 40: 17 Sep 2004, 1&:00
End Index: 112; 20 Sep 2004, 1&:00
Average FLOW (CFS)

Base 20,551

Required 31,187

Final 31,187 -0.00% error

Final/Base Ratie: 1.51752

Balanced Hydrograph was computed using 13 iterations.

06/05/2019 13:59 PM 38343834 38:34

9.2 Example 18. Balanced Hydrograph Analysis, Using a Triangular-
shaped Hydrograph

This example demonstrates how to create a Balanced Hydrograph analysis using a hypothetical triangular
hydrograph shape. In this example, information from previously-computed Bulletin 17 and Volume Frequency
analyses will be used along with a hypothetical triangular-shaped template hydrograph to create numerous
balanced hydrographs which are "balanced" across multiple durations. A Balanced Hydrograph analysis has
been developed for this example. To open the Balanced Hydrograph analysis editor for Balanced Hydrograph
Test 18, either double-click on the analysis labeled Balanced Hydrograph Test 18 from the study explorer, or
from the Analysis menu select open, then select Balanced Hydrograph Test 18 from the list of available
analyses. When the analysis is opened, the Balanced Hydrograph Analysis editor will appear as shown in
Figure 1 (see page 296).

Shown in Figure 1 (see page 296) are the general settings for this balanced hydrograph analysis. The Number of
Durations was set to six: 0.0417-days (1-hour), 1-day, 2-days, 3-days, 5-days, and 10-days. These six
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durations are those which will be used to "balance" throughout the analysis. The DSS Range was set to
31Jan2099 through 12Feb2099, which is used to signify the hypothetical nature of the triangular hydrograph
shape. This triangular hydrograph was created using HEC-DSSVue and initially starts at 100 cfs and
increases to a peak of 101 cfs and then decreases to 100 cfs over the course of 10 days, as shown in Figure
2 (see page 0). The number of probabilities was set to four: 0.2, 0.5, 1, and 2 percent frequencies. Using four

probabilities will result in the creation of four balanced hydrographs. The frequency ordinates were left as the
default values.

[ Balanced Hydregraph - Balanced Hydrograph Test 18 - O 'Y
Name Balanced Hydrograph TEEI1E|
Description: Sinnemahoning Creek - Using a Triangular-shaped Hydrograph
Flow Data Set Sinnemahoning Creek-Triangular ~ u E3
DSS File Name: C./PROJECTS/SSP/ProjectsitestiSSP_Examples/SSP_EXAMPLES dss e l
Report File: SSP\Projec _Exar wcedHydrograph |_Hydrograph_Test_18\Balanced_Hydrog ...
General Frequency Curves Results
Balancing Time Window Modification Qutput Freguency Ordinates
(®) Stop Balancing at Maximum Specified Duration DSS Rangeis 31JAN2009 - 12FEB2009 Use Values from Table Below
() Balance the Entire Hydragraph Start Date 31Jan2099 2400 Frequency in Percent
02
Output Labeling End Date 12Feb2099 2400 05
DSS DataNameis FLOW 1.0
Number of Probabilities 4% 20
[JChange Label |FLOW 50
User-Specified Probabilities for 10.0
DsSS Data Units are Balanced Hydrographs 200
50.0
[] Change Label Frequency In Percent 30.0
0.2 90.0
Number of Durations 5/t 0.5 95.0
1.0 99.0
User-Specified Durations 20
(1 Hour = 0.0417 Days)
Duration in Days
0.0417
10
2.0
30
5.0
10.0
Compute Plot Flow-Frequency Plot Balanced Hydrograph View Report oK Cancel Apply
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A sSinnemahoning Creek-Triangular - O X
File Edit View

101.0+

100.84

100.6+

100.4+

Flom {ofs)

100.24

100.0+

1 lalalalslalzlglolqlqala
| Feh2099

|— SINNEMAHONING TRIANGULAR SHAPE FLOW

Shown in Figure 3 (see page 0) is the Balanced Hydrograph analysis editor with the Frequency Curves tab
selected. The frequency curve for Frequency Curve 1 (1-hour or 0.0417-day duration) was imported from the
results of an existing Bulletin 17 analysis (Sinnemahoning_B17C). The frequency curves for Frequency Curve
2 (1-day duration), Frequency Curve 3 (2-day duration), Frequency Curve 4 (3-day duration), Frequency Curve
5 (5-day duration), and Frequency Curve 6 (10-day duration) were imported from the results of an existing
Volume Frequency analysis (Sinnemahoning_VolumeFrequency). For the 1-, 2-, 3-, 5-, and 10-day durations,
which were imported from a Volume Frequency Analysis, the program automatically imported the results for
the correct duration(s). It should be noted that if the selected Volume Frequency Analysis did not contain the
necessary duration information, a message would have been shown informing the user of the error.
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[# Balanced Hydrograph - Balanced Hydrograph Test 18+ - m) *
Narme: Balanced Hydrograph Test 18
Descriptian Sinnemahoning Creek - Using a Triangular-shaped Hydrograph
FlowData St s;nemahoning Creek-Trangular v
DSSFile Name”  CPROJECTS\SSPPojecsTesnSSP_Examples\SSP_EXAMPLES dss
Report File | 1| h_Test_ | } _Test_13.rpl
General Frequency CUVES  Results
Frequency Curve 1 (0.0417) Frequency Cunve 2(1.0) Frequency Curve 3 (20) Frequen
(@) Use Exsting Analysis B Sinnemahaning_B17C ~ @ uUseExstingénahisls | uF Sinnemanoning_ValumeFrequency ~| (@) Use Existng Analysis |yF Sinnemahoning_volumeFrequency ~ (@) Use
Impart Import Impart Impe
() Manual Entry () Manual Entry (Z) Manual Entry () Man
() Analgtical Distioution  og Paarson type Il () Analtical Distribuion | Log Pearson type M () Anallical Distibution | og Pearson typa Il ) anal
Statistics Statisbics Statistics Statishce
Mean: al  Mean Mean Mean:
Standard Deviztion Standard Deviatian: Standard Deviation Standarg
Skew Skew KEW.
Compute Campute Compute Comg
Percent Chance FLOW Percent Chance FLOW Percent Chance FLOW |
Excesdance (CFS) Excegdance (CFS) Exceedance (CFS)
[X] 1132848 [X| 64300.9 0.1 456153
02 1022675 0.2 SEB40.8 0.2] 410829
0.5 825758 05 ATETT.S) 0.5] 3546092
10 695618 1.0/ 416906 1.0/ 314819
20 57969.9 2.0 358540 20| 276826
50 425398 5.0 20007.7 50| 229377
10.0 355808 10.0 241245 10.0] 194709
200 274568 20.0 19458 5 200 160627
500 173239 50.0] 132218 50.0| 112738
B0 11461 80, 9273.3 an 80672
90, 388 30, 7738.8| 0 68219
o5 043 55, £801.5| 95 59659
98 147 9. 53408 98 45E0.0
< > |
Compute Plot Flow-Fraquency Piot Balanced Hydrograph View Report oK Cancal Apply

Figure 4 (see page 298) shows the plotted frequency curves for this analysis.

File Edit View

A Frequency Curves for Balanced Hydrograph Test 18

O X

1,000,000

100,000+

10,000+
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T
0.5
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0.1

T
0m

T
0.001

—— 0.042-Day Duration
——— 3-Day Duration

——— 1-Day Duration

——— 5-Day Duration

——— 2-Day Duration
10-0ay Duration

Press the Compute button to perform the analysis. Once the computations have been completed, a message
window will open stating Compute Complete. Close this window and then select the Results tab. The results
tab should resemble Figure 5 (see page 298). The left portion of the Results tab window displays the computed
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balanced hydrographs in a table using the four frequencies that were previously defined on the General tab.
The right portion of the Results tab displays all four balanced hydrographs in a plot. To view the balanced
hydrographs in a separate window, either click Plot Balanced Hydrograph or double click on the plot within

the Results tab.

[#] Balanced Hydrograph - Balanced Hydrograph Test 18
Narne: Balanced Hydrograph Test 18
Descriptian Sinnamahoning Creek - Using a Triangular-shaped Hydrograph
FlowData St s;nemahoning Creek-Trangular
DSSFile Name”  CPROJECTS\SSPPojecsTesnSSP_Examples\SSP_EXAMPLES dss
Report File j ' | _Hy h_Tes!_ i}
General Frequency Cunves Results
Date Hydrogragh k Hy ]E
{0.2 Percent Event) {0.5 Percent Event) 1 Percent Event) (2 Percent Event)
|31 January 2099, 24 100.0 100.0| 100.0| 000/ | |
|1 Fabruary 2089, 01:00) 100.0, 100.0] 1000/ 100.0
|1 February 2059, 02.00) 100.0] 1000/ 1000 100.0.
1 February 2089, 03.00 100.0 100.0 100.0 100.0
1 February 2089, 04:00) 100.0 100.0 100.0 100.0
1 February 2088, 05:00) 100.0, 100.0] 100.0] 100.0,
1 February 2050, 06:00 100.0 100.0) 100.0 100.0
|1 Fabruary 2089, 07:00) 100.0, 100.0] 1000 100.0
|1 February 2089, 08:00 100.0. 100.0] 100.0] 1000,
1 February 2089, 09:00 100.0 100.0 100.0 100.0
1 February 2083, 10:00) 100.0 100.0 100.0 100.0
|1 February 2089, 11:00 100.0] 100.0] 100.0] 100.0
1 Fabruary 2099, 12:00 100.0 100.0) 100.0| 100.0
|1 Faaruary 2099, 1300 100.0] 100.0] 100.0| 100.0
1 February 2089, 14:00 100.0 100.0 100.0 100.0
1 February 2083, 15:00) 100.0 100.0 100.0 100.0
|1 February 2089, 16:00 100.0 100.0] 100.0] 100.0,
|1 February 2088, 1700 100.0] 100.0] 100.0( 100.0
1 Fabruary 2099, 15:00 100.0 100.0] 100.0 100.0
|1 Feruary 2099, 1900 100.0] 100.0] 100.0| 100.0.
1 February 2089, 20.00 100.0 100.0 100.0 100.0
1 February 2083, 21:00) 100.0 100.0 100.0 100.0
|1 February 2089, 22:00 100.0 100.0] 100.0] 100.0,
|1 February 2099, 23:00) 1000, 100.0] 100.0| 100.0
|1 Fabruary 2069, 24:00 81553 74419 5904.1| 63644
|2 February 2099, 01.00) 8156.0, 74425/ 69045 63649
2 February 2083, 02:00) B156.7 74432 6905.2 63654
2 February 2083, 03:00) B157.4 T443 B 69058 6365.0
|2 February 2089, 04:00 81531 7444 6906.4| 6365.5)
|2 February 20649, 05:00) 818a.7 T445.0| 5906.9| 6367.0
|2 Faruary 2089, 06:00) 8159.4 T445.6/ 8907.5| 63676
|2 February 2089, 07:00 81604 74453 8908.1| 63681
2 February 2083, 08:00) 81608 74465 G908.7 63686 o
Plot Flow-Fraquency Piot Balanced Hydrograph View Report

_Test_13.rpl

Balanced Hydrograph Test 18 Results

120,000
100,000
80,000
s
< 60,0001
z
=]
=i
L 40,000
20,000
L1}
||2|3|4|5|5|?|8|9|1D|11|12
| Fen2099
—— SINNEMAHONING 0.2 Percent Event FLOW
—— SINNEMAHONING 0.5 Percent Event FLOW
—— SINNEMAHONING 1 Percent Event FLOW
—— SINNEMAHONING 2 Percent Event FLOW
—— SINNEMAHONING TRIANGULAR SHAPE FLOW
oK Cancel Apply

In addition to the tabular and graphical results, there is a report file that shows input data and results. To
review the report file, press the View Report button at the bottom of the analysis window. When this button is
selected a text viewer will open the report file and display it on the screen. Shown in Figure 6 (see page 299) is

the report file for Balanced Hydrograph Test 18.
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[ Balanced_Hydrograph_Test_18.rpt d
File Edit Search Format
File: | CAPROJECTSISSPIProjects\TestiSSP_| ydrograph\Bal i_Hydrograph_Test_18\Balanced_Hydrograph_Test_18.rpt
=== End of Imput Data ---
0.2% Balanced Hydrograph Summary
0.0417-day Duration
Start Index: 144; 07 Feb 209%, 00:00
End Index: 144; 07 Feb 2095, 00:00
RAverage FLOW (cfa)
Basze 10l
Required 102,268
Final 102,268 0.00% error
Final/Base Ratio: 1,012.5458%
l-day Duration
Start Index: 132; 06 Feb 209%, 12:00
End Index: 1567 07 Feb 2095, 12:00
RAverage FLOW (cfs)
Base 101
Required 5€,850
Final 56,850 0.00% error
Final/Base Ratio: 563.1491
2-day Duration
Start Index: 120; 06 Feb 20%%, 00:00
End Index: 1687 08 Feb 2095, 00:00
Average FLOW (cfs)
Basze 10l
Required 41,083
Final 41,083 0.00% error
Final/Base Ratio: 407.1&B0€
3-day Duration
Start Index: 108; 05 Feb 2099, 12:00
End Index: 1807 08 Feb 2095, 12:00
Average FLOW (cfs)
Base 1ol
Required 31,187
Final 31,187 0.00% error
Final/Base Ratio: 309.24301
S—day Duration
Start Index: 84; 04 Feb 2099, 12:00
End Index: 204; 09 Feb 2095, 12:00
Average FLOW (cfs)
Base 101
Required 22,568
Final 22,568 —0.00% error
06/05/2019 14:02 PM 51:27.51:27 51:27
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10 Distribution Fitting Analysis Examples

10.1 Example 20. Distribution Fitting, Analyzing Model Uncertainty
Using a Time Series of Annual Maximum Streamflow

This example demonstrates how to use the Distribution Fitting analysis to analyze model uncertainty (i.e.
choice of analytical distribution and fitting method) using a time series of annual maximum streamflow. The
data for this example consists of an instantaneous peak annual maximum series of streamflow for a
location along the Potomac River near Point of Rocks, MD*®. This stream gage is operated by the USGS
(gage ID: 01638500). The period of record used for this example is from 1889 to 2016. To view the data from
HEC-SSP, right-click on the data record labeled "Potomac River-Flow-Annual Peak" in the study explorer and
then select Plot. A plot of the data will appear as shown in Figure 1.

[ potomac River-Flow-Annual Peak — O *

File Edit View
500,000

450,000+

400,000+

350,000+ o

300,000+

250,000+

Flom {ofs)

200,000+ © o ©°
150,000 o o o o o 5o
100,000

50,0004 2

0 T T T T T T
1900 1920 1940 1960 1980 2000

< POINT OF ROCKS, MD USGS FLOW-ANNUAL PEAK

144 Figure 1. Plot of the Peak Flow Data for Point of Rocks.

A Distribution Fitting analysis has been developed for this example. A distribution | fitting method
combination has not been selected within the SSP Examples study. To visualize, inspect, and select a
distribution | fitting method combination, the following steps should be used. To open the Distribution Fitting
analysis editor for this example, either double-click on the analysis labeled Distribution Fitting Test 20 from

46 https://waterdata.usgs.gov/nwis/uv?site_no=01638500
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the study explorer, or from the Analysis menu, select open, then select Distribution Fitting Test 20 from the
list of available analyses. When this analysis is opened, the Distribution Fitting editor will appear as shown in
Figure 2.

[ Distribution Fitting Test 20 — ] X
Name: Distribution Fitting Test 20
Description: Analyzing Model Uncertainty Using Point of Rocks Example
Data Set: Potomac River-Flow-Annual Peak ~ u =
DSS File Name: | C:Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss e L
Report File CATemp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_20\Distribution_Fitting_Test_20.rpt
Data® Apalysis Results
Parameter Type: | Flow ~
3
Display Original Data Filter Data... Q 1.04
= : 4= 12224959, 0 = 75062.39 120
Date Original Data Filtered
6/2/1889, 24:00 460000.0 4600000 A
4/10i1895, 24.00 68500.0 68500.0
7126i1896, 24.00 56000.0 56000.0 0.8+ | a5
10/1i1896, 24:00 204000.0 2040000
8/12i1898, 24:00 1270000 127000.0
3/6/1899, 24:00 1280000 1280000
3/21/1900, 24:00 57700.0 577000 =
41221901, 24.00 161000.0 161000.0 ‘Eu 0.6+ 72
3/211902, 24:00 219000.0 219000.0 =
31111903, 24:00 110000.0 110000.0 [ E
6/1/1904, 24:00 44500.0 445000 g S
3/11/1905, 24:00 71400.0 714000 '—;
3/29/1906, 24:00 81300.0 81300.0 g 0.44 - 48
30151907, 24:00 1190000 119000.0 (&}
1/13i1908, 24:00 152000.0 152000.0
4161 , 24:00 830000 830000
618/ ,24:00 168000.0 168000.0
9M[911, 24:00 106000.0 106000.0 029 m24
2i281 , 2400 95400.0 95400.0
3728/ , 2400 139000.0 139000.0
3/19/1914, 24:00 73900.0 73900.0
G4 , 2400 39000.0 000.0
0.0 o
iz e 2l 000.0 0 100,000 150,000 200000 250,000 300,000 250,000 400000 450,000 500,000
an 7,24.00 23000.0 000.0 ' ' ! ! ' ! ! ! !
471601918, 24.00 27000.0 000.0 Flow-annual peak (cfs)
5/11/1919, 24:00 80500.0 500.0 Date
3/611920, 24:00 109000.0 109000.0
5/6i1921, 24:00 88800.0 88800.0| »
[ Original Data [l Filtered Data
Data Summary
Statistics Plot Opfions View Report OK Cancel Apply

145 Figure 2. Distribution Fitting Analysis Editor for Distribution Fitting Test 20.

For this analysis, the instantaneous peak streamflow data was used without modifications. Summary
statistics of the data can be accessed by pressing the Data Summary Statistics button near the bottom of
the Distribution Fitting editor while on the Data tab, as shown in Figure 3.
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8 Summary Statistics >
Statistic Original Data Processed Data

Min 27800.000 27800.000
Max 480000.000 480000.000
Median 106000.000 106000.000
Mode 139000.000 139000.000
Sample Size 123 123
Mean 122249 593 122249 593
St Dev 78062.389 78062389
Skew 2.426 2426
Kurtosis 7.346 7.346
0.2% 480000.0 480000.0
0.5% 480000.0 480000.0
1.0% 475200.0 475200.0
2.0% 4398400 4398400
5.0% 309800.0 3095800.0
10.0% 1966000 196600.0
20.0% 150400.0 150400.0
50.0% 106000.0 106000.0
80.0% 70140.0 70140.0
90.0% 54140.0 54140.0
95.0% 40940.0 40940.0
99.0% 29936.0 29936.0
L-Mean 122249 583 122249 593
L-CW 0.301 0.301
L-Skew 0334 0334
L-Kurtosis 0.283 0.283

Close

146 Figure 3. Data Summary Statistics for Distribution Fitting Test 20.
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On the Analysis tab, several analytical distributions and fitting methods are available for selection. As shown
in Figure 4, the Display All Distributions radio button was selected within the Distribution Filter panel. The
Product Moments, L-Moments, and Maximum Likelihood Estimation methods were selected in the
Distribution Fitting Methods panel. The Kolmogorov-Smirnov test statistics was selected in the Goodness of
Fit Test panel. Select distributions were selected in the list of available distributions, Generalized Extreme

Value (LM), Generalized Logistic (LM), and Log-Pearson Il (MLE).
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[ Distribution Fitting Test 20

Data Analysis Results

Distribution Filter

MName: Distribution Fitting Testzu\

Description: Analyzing Model Uncertainty Using Point of Rocks Example
Data Set Potomac River-Flow-Annual Peak

DSS File Name: |CiTemp/SSP_Projects/iSSP_Examples/SSP_EXAMPLES dss
Report File

Distribution Fitting Method:

() Filter Using Parameter Product Moments (PM)

(@) Display All Distributions

L-Moments (LM)

Maximum Likelihood Estimation (MLE)

G of Fit Test
Kolmogorov-Smirnov (Test Statistic)

Goodness of Fit Summary Statistics

CA\Temp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_20\Distribution_Fitting_Test_20.rpt

[
Q

Statistics Summary Statistics

Expected Kolmogorov-
Distribution Median Confidence Probability Smirnov Accept
Curve Limits Curve (Test Statistic) Distribution
4 Parameter Beta (LM) (@] (@] NaN (@]
4 Parameter Beta (MLE) O (@] (@] 152 (@]
4 Parameter Beta (PM) O [@] [@] 30 [@]
Beta (LM) [@] [@] al [@]
Beta (MLE) [@] [@] al [@]
Bela (PM) O O NaN O
Empirical (PM) | (@] (@] NaN (@]
Exponential (LM) O Q Q 275 Q
Exponential (MLE) [@] [@] 275 [@]
Exponential (PM} [@] [@] 275 [@]
Gamma (LM) O [@] [@] 10 [@]
Gamma (MLE) | (@] (@] 0111 (@]
Gamma (PM) | (@] (@] 0110 (@]
Generalized Extreme Value (LM} =] (@] (@] 0.051 (@]
Generalized Extreme Value (MLE} O (@] (@] 5: (@]
Ceneralized Extreme Value (PM) [@] [@] 7 [@]
Generalized Logistic (LM} ] [@] [@] N [@]
Generalized Logistic (MLE) O O O 55 O
Generalized Logistic (PM) (@] (@] NaN (@]
Generalized Pareto (LM} O (@] (@] 0.086 (@]
Generalized Pareto (MLE) [1 Q Q 0.188 @]
Display Al Median Curves []
Data Summary Plot Options Distribution Confidence Limits and View Repart

Expected Probability Options

- [m] X
~| 4] [E
12 140
W =12224950  0=78062.29
104 120
—100
0.8+
z
2 80
S
£ 06 £
2 3
& ~60 ©
=
=
3 044
=40
0.2+ 20
0.04—= 0
0 100,000 200,000 300,000 400,000 500,000
Flow-annual peak (cfs)
e Data ‘Generalized Extreme Value (LW) Data
Generalized Logistic (LM) Data Log-Pearson Il (MLE) Data
Plot Type
’V @®CDF (OPDF (OPPPlot (O QQPlot () CDF - Plotting Position
OK Cancel Apply

147 Figure 4. Distribution Fitting Analysis Editor with Analysis Tab Shown for Distribution Fitting Test 20.

Additional output frequency ordinates were specified by clicking on the Plot Options button and adding them
within the Output Frequency Ordinates panel, as shown in Figure 5.

[ plot Options

QOutput Labeling
DSS Data Name is

Flow-annual peak
DSS Data Units are

cfs

[[] change Label
Plotting Position

(O Weibull (A and B = 0)

(@) Median (AandB=0.3)

() Hazen (Aand B =0.5)

(O Other (Specify A, B)

Plotting position computed using formula
(m-A)(n+1-A-B)

Where:
m=Rank, 1=Largest
n=Mumber of Years
AB=Constants
B

Output Frequency Ordinates
X-Axis
@ Exceedance Probability
() Non-Exceedance Probability

Use Values from Table Below

Exceedance Probability in Percent

0.01

0.1
0.2

0.5
1.0

20

5.0
10.0

20.0
50.0
80.0

90.0
95.0

98.0

Advanced Histogram Options

Number Of Bins e

[] Histogram Minimum 27800

[] Histogram Maximum

Bins

27800.000] A

50410.000,
73020.000

95630.000

118240.000,
140850.000

163460.000
186070.000

208680.000

231290.000
253900.000

276510.000 ¥

AutoZoom Reset

Cancel

o ]

Apply

148 Figure 5. Plot Options for Distribution Fitting Test 20.
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CDF, PDF, PP, QQ, and CDF-Plotting Position plots comparing the selected distributions are shown in Figure

6, Figure 7, Figure 8, Figure 9, and Figure 10.

1.09
| | = 12224950 , g = 78062.39 | - 120
0.8 - 96
=
Z 069 -72
=
= —
o c
L) g
m
E 041 - 48
=1
(5]
0.2- r o4
0
0 50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000 450,000 500,000
Flow-annual peak (cfs)
[« >]
e [ata Generalized Extreme Value (LM) Data
Generalized Logistic (LM) Data Log-Pearson Il {(MLE) Data
Plot Type
O PDF OPPPlot (O QQPlot (O CDF - Plotting Position

149 Figure 6. CDF Plot for Distribution Fitting Test 20.
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4 - 25
20 X p=12224959 o=78062.39
-20
0.154
= - 15
=
m
= -—
e c
o 0104 =
= ©
= -10
o
0.054
b
= =]
0.00+ 0
0 50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000 450,000 500,000
Flow-annual peak (cfs)
[« 2]
e [ata Generalized Extreme Value (LM) Data
Generalized Logistic (LM) Data Log-Pearson Il {(MLE) Data
Plot Type
’V O CDF @ O PPPIot O Q@Plot (O CDF - Plotting Position

150 Figure 7. PDF Plot for Distribution Fitting Test 20.
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1.0
0.89
Z 0.6+
=
m
=
E
o
K
2
= 044
m
| =
=
0.29
0.0 T T T T 1
0 0.2 0.4 0.6 0.8 1
Observed - Probability
Generalized Extreme Value (LM) Data Generalized Logistic (LM) Data
Log-Pearson Il (MLE) Data Best Fit Line
Plot Type
QOcbF OPDF @F O aaPlat O CDF - Plotiing Position

151 Figure 8. PP Plot for Distribution Fitting Test 20.
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450,000+
400,000+
__ 350,000+
S
=
=
@ 300,000+
o
=
3
=
S 250,0004
2
o
[
_ 200,0004
m
=
=
£ 150,000
100,000+
50,000+
| | | | | | | [] |
50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000 450,000
Observed - Flow-annual peak (cfs)
Generalized Extreme Value (LM) Data Generalized Logistic (LM) Data
Log-Pearson Il (MLE) Data Best Fit Line
Plot Type
OcoF QOPDF (OPPPlot @ (O) CDF - Plotting Position

152 Figure 9. QQ Plot for Distribution Fitting Test 20.
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10,000,000
1,000,000
0 ]
= [
=
m
a
o
=
=]
=
c
=
=
o
[ 100,000
o
10,000 T T T T T T T 1
0.9999 0.999 0.99 09 0.5 01 0.01 0.001 0.0001
Exceedance Probability
(u] Data (MEDIAN plotting positions) Generalized Extreme Value (LM) Distribution
Generalized Logistic (LM) Distribution Log-Pearson [Il {(MLE) Distribution
Plot Type
QOcobF QOPDF OPPPlot (O QQPlot @C

153 Figure 10. CDF-Plotting Position Plot for Distribution Fitting Test 20.

Kolmogorov-Smirnov and Chi-Square summary statistics can be accessed by pressing the Goodness of Fit

Summary Statistics button near the top of the Distribution Fitting editor while on the Analysis tab, as shown
in Figure 11.
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@ Goodness of Fit Test Summary Statistics X

Filter Distributions . Filter Goodness of Fit }

Standard Product Moments  L- Moments  maximum Likelihood Estimation

Kolmogorov-Smirnov Chi-Square
Distribution (Test Statistic) (Test Statistic)
Generalized Logistic (LM) 0.046 22.366
Generalized Extreme Value (LM) 0.081 28.610
Log-Logistic (LM) 0.055 39.927
Ln-Normal (LM} 0.069 28.220
Log10-Mormal (LM) 0.069 28.220
Generalized Pareto (LM) 0.086 35.634
Shifted Exponential (LM) 0.086 35.634
Gamma (LM) 0.110 37.585
Gumbel (LM) 0.111 35.634
Triangular (LM} 0.138 52.805
Logistic (LM} 0.176 63.341
Normal (LM) 0.180 57.098
Uniform (LM) 0.194 65.683
Exponential (LM) 0.275 107.829
Beta (LM) NaN NaN
4 Parameter Beta (LM) Mak Mah
Pearson Il (LM} Mak MaM
Log-Pearson Il (LM) NaM NaMN
Shifted Gamma (LM} NaM NaN

154 Figure 11. Goodness of Fit Summary Statistics for Distribution Fitting Test 20.

In this example, select the Accept Distribution button for the Generalized Logistic Distribution fit using L-
Moments. Upon clicking this button, confidence limits and an expected probability curve were automatically
computed using the options specified within the Plot Options and Confidence Limits and Expected
Probability Options editors. However, the default confidence limits and expected probability options were
modified by clicking on the Plot Options and Confidence Limits and Expected Probability Options buttons
near the bottom of the Distribution Fitting editor. Specifically, the Log option was selected within the
Expected Probability Ordinates panel (which computes the expected probability curve using log base 10
values), the Standard Bootstrap Confidence Limit Type Method was selected, as shown in Figure 12. Upon
clicking the OK button, updated confidence limits and an expected probability curve were recomputed.
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@ Confidence Limits And Expected Probability Options

- Confidence Limits and Expected Probability

- Compute Using Bootstrap Options

Equivalent Record Length

123

- Confidence Limits

(®) Defaults (0.05, 0.95)

() User Entered Values

Upper Limit: |

I:I.l]5|

Lower Limit: |

EI.95|

~Expected Probability Ordinates
i Linear

® Log

— (3 User Entered Values

Flow-annual peak in cfs

~Bootstrap Confidence Limit Type
(@) Standard

(") Bias Corrected
(") Bias Corrected and Accelerated

Student-t Bootstrap (Double Bootstrap)

Restore To Default

Ok I | Zancel Apply

155 Figure 12. Confidence Limits and Expected Probability Options Editor for Distribution Fitting Test 20.
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The accepted distribution | fitting method was used to populate the Results tab, as shown in Figure 13.
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[ pistribution Fitting Test 20

Mame Pistrioution Fiting Test 20
Description: Analyzing Model Uncertainty Using Point of Rocks Example
Data Set: Potomac River-Flow-Annual Peak
DSSFile Name: | C/Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss
Report File CA\Temp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_20\Distribution_Fitting_Test_20.rpt
Data Analysis Results
Statistics Selected D Generalized Logistic (L)
Value Distribution Parameters Goodness of Fit
Statistic
ErE L) T EeiDES Parameler Value Kolmogorov-Smirmoy
Sample Size 2 Loctn 103141.203 (Test Statistic)
7600.000] 2780 Scale 30405.028 0.048
480000.000, 48000 Shape 0334
106000.000] 106001
139000.000] 139001
Frequency Curves
Median Expecled Confidence Limits
FEEEL Cune Probability Flow-annual peak
Chance in o
ETERETED Flow-annual peak Flow-annual peak
in cfs in cfs 0.05 0.95
‘ Product Moments 0.01 1981466.9 24928705 4565479.3 896810.9
0.1 925136.4 9944279 1641048.6 539416.7
Statistic | Original Data| Filtered Data 0 7 768434 1206749, 50
Mean 122249.503) 122249.593 ) 553031 0. 72
Standard Dev| 78062.389| 78062389 1 434547 ; 7
Skew 2426 426 2 343483 7 3
Kurtosis 7.346 346 5 55. 252773 5116, 3
10 01704, 1999557 9136.4 6.
0 1567 156004 171684, 142146.
0 1031 103225 111730, 5352.6
0 693 437 75704, 379
0 567 757 61828 993
5 461 395 53110. 397
L-Moment Ratios 9 316 565 42374 863
Statistic | Original Data | Filtered Data
L-Mean 122249.593| 122249.503
LGV 0.301 0.301
L-Skew 0.334 0334
L-Kurlosis 0.283 0.283
Plot Options View Report

Flow-annual peak (cfs)

10,000,

1,000,000

100,000

10,000 T T T T
0.99 09 05 0.1 0.01

Exceedance Probability

T |
0.0010.0001

Data (MEDIAN plotting posttions)

Generalized Logistic (LM) Distribution

Generalized Logistic (LM) Expected Probabilty
Generalized Logistic (LM) 5.0 Percent Confidence Limits
- Generaized Logistic (LM) 95.0 Percent Confidence Limits.

Plot Type

() CDF (O PDF (@ CDF - Plotting Position

OK Cancel

Apply

156 Figure 13. Distribution Fitting Results Tab Shown for Distribution Fitting Test 20.

In addition to the tables and plot available on the Results tab, CDF, PDF, and CDF-Plotting Position plots of
the data and accepted distribution | fitting method can be obtained by double left-clicking on the plot of
interest. The CDF-Plotting Position plot of the data and accepted distribution | fitting method is shown in

Figure 14.
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File Edit

Flow-annual peak (cfs)

View Window

10,000,000

1,000,0001

100,000

10,000 .
09999 0.999

[
0.99

I I I 1
0.5 0.1 0.01 0.001 0.0001
Exceedance Probability

Data (MEDIAN plotting positions)

Generalized Logistic (LM) Expected Probability
——~- Generalized Logistic (LM) 95.0 Percent Confidence Limits

Generalized Logistic (LM) Distribution
——= Generalized Logistic (LM) 5.0 Percent Confidence Limits

157 Figure 14. Distribution Fitting Plot Shown for Distribution Fitting Test 20.

In addition to the tabular and graphical results, there is a report file that shows the input data, data filters that
were applied, processed data, data summary statistics, all available analytical distributions for the selected
fitting method and their corresponding parameters, selected goodness of fit summary scores for each
analytical distribution, and the accepted distribution | fitting method. Different types and amounts of
information will be contained within the report file depending upon the data and the options that have been
selected for the analysis. To review the report file, press the View Report button at the bottom of the analysis
window. When this button is selected a text viewer will open the report file and display it on the screen, as
shown in Figure 15.
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Distribution_Fitting_Test_20.rpt - O x
File Edit Search Format
File: C\PROJECTS\SSP\Projects\Test\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_20\Distribution_Fitting_Test_20.rpt

Parameter Type: Flow ~
Data Filters: Hone

Number of Original Data Values: 123

Number of Filtered Data Value: 123

—-- End of Input Data --—-

—-- Rnalysis --—-

I Statistic Original Data I Processed Data |

I = |

I Sample Size 123 I 123 |

I Min 27800.000 I 27800.000 |

I Max 480000.000 I 430000.000 |

I Median 106 0 I 10€000.000 |

I Mode 135 I 0

| =========mmmmmmms semmmmmm e I

Product Moments

I Statistic Original Data | Processed Data |

e e | =========mm=m==== |

I Mean 12224%.593 I 122249.593 |

I Standard Dev 78062.38% I 78062.389 |

I Skew 2.426 I 2.426 |

I Kurtosis 7.346 I 7.346 |

I 1- |

L-Moment Ratios

I Statistic Original Data I Processed Data |

I 1- |

I L-Mean 12224%.553 I 122249.593 |

| L-ov 0.301 | 0.301 |

I L-Skew 0.334 I 0.334 |

I L-Kurtosis 0.283 I 0.283 |

I = |

v
< >
05/29/2019 16:20 PM 1:1.11 11

158 Figure 15. Report File for Distribution Fitting Test 20.

10.2 Example 21. Distribution Fitting, Analyzing a Time Series of
Daily Average Flow Using Time Window, Seasonal, and Annual
Maxima Filtering

This example demonstrates how to use the Distribution Fitting analysis to analyze a time series of daily
average flow using time window, seasonal and annual maxima filtering. The data for this example consists
of daily average streamflow for a location along the Sinnemahoning Creek near Sinnemahoning, PA*. This
stream gage is operated by the USGS (gage ID: 01543500). The period of record used for this example is
from 1938 to 2016. To view the data from HEC-SSP, right-click on the data record labeled "Sinnemahoning
Creek-Daily" in the study explorer and then select Plot. A plot of the data will appear as shown in Figure 1.

47 https://waterdata.usgs.gov/nwis/uv?site_no=01543500
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4 Sinnemahoning Creek-Daily - O X
File Edit View

e 45,000

Q 40,000
35,000
30,000

25,000

20,000+

Flom {ofs)

15,000

10,000

5,000 [ W
I | Ii koLt

0 R S Y R ST e o PRI
1940 1950 1960 1970 1980 1940 2000 2010

= SINNEMAHONING USGS FLOW

159 Figure 1. Plot of the Daily Average Flow Data for Sinnemahoning Creek.

A Distribution Fitting analysis has been developed for this example. A distribution | fitting method
combination has not been selected within the SSP Examples study. To visualize, inspect, and select a
distribution | fitting method combination, the following steps should be used. To open the Distribution Fitting
analysis editor for this example, either double-click on the analysis labeled Distribution Fitting Test 21 from
the study explorer, or from the Analysis menu, select open, then select Distribution Fitting Test 21 from the
list of available analyses. When this analysis is opened, the Distribution Fitting editor will appear as shown in
Figure 2.
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Q

Statistics

Display Original Data Filter Data...
Date Original Data Filtered
10i1i1938, 24:00 410 41.0
10/2i1938, 24:00 380 38.0
10/3i1938, 24:00 350 350
10/4i1938, 24:00 330 330
10/5i1938, 24:00 320 320
10/6i1938, 24:00 440 440
10/7i1938, 24:00 90.0 90.0
10/811938, 24:00 1120 1120
10/9i1938, 24:00 750 750

10/10/1938, 24:00 61.0 61.0
10/11/1938, 24:00 520 52.0
10/121938, 24:00 490 48.0
10/13/1938, 24:00 490 48.0
10/14/1938, 24:00 500 50.0
10/15/1938, 24:00 520 52.0
0161 , 24:00 0 9.0
07y , 2400 34.0 4.0
0i18r , 2400 49.0 9.0
0197 , 2400 45.0 5.0
0r20/ , 2400 49.0 9.0
0211 , 2400 1.0 1.0
022/ , 2400 7.0 7.0
0i237 , 2400 75.0 75.0
024/ , 2400 63.0 3.0
0i25/ , 2400 59.0 9.0
0i261 , 2400 59.0 9.0
0i271 , 2400 59.0 9.0
0i28/ , 2400 61.0 1.0
[ Original Data [l Filtered Data
Data Summary Plot Options View Report

[ pistribution Fitting Test 21 — ] X
Name: Distribution Fitting T95121\
Description Sinnemahoning Creek Daily Flow using Time Window, Seasonal, and Annual Maximum Filtering Example
Data Set: Sinnemahoning Creek-Daily ~ u =
DSS File Name: | C:Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss . L
Report File CATemp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_21\Distribution_Fitting_Test_21.rpt
Data  Analysis Resulis
Parameter Type: | Flow

80

1.0+

p=931549,0=783230

~70

- 60
0.8+
= =50
=
LR
2
£ F40g
£ 8
B
£ -0
E 044
o
- 20
0.2+
- 10
0.0 i Lo
5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000
Flow (cfs)
e Data
Plot Type
@CDF (OPDF OxXY
OK Cancel Apply

160 Figure 2. Distribution Fitting Analysis Editor for Distribution Fitting Test 21.

For this analysis, the daily average streamflow data was revised using several filters. First, a Time Window
filter was applied spanning 010ct1939 through 30Sep2015 (i.e. water year 1940 — water year 2015). Second,
a seasonal filter was applied spanning 01May — 30Nov (i.e. discard all values outside of this range). Finally,
an annual maximum series was extracted using a water year demarcation of 010ct (i.e. extract annual
maxima between 010ct — 30Sep). Out of the original 28269 values, 76 values remained after data filtering.
These 76 values constitute an annual maximum series of daily average streamflow occurring between
01May and 30Nov (i.e. summer and fall months). The filters used within this analysis are shown in Figure 3.
The original data as well as the filtered data is shown in Figure 4.
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[ Filter

Time Window

Filter Data by Time Windaow

Seasonal
Filter Data by Season

Start of Season
(DDMMMY):

End of Season
(DDMMMY):

Threshold
] min Threshold:

|:| Max Threshold:

Start Date: 010ct1939 ...

End Date: 30Sep2015[...

01May|...

30Mov ...

Apply

161 Figure 3. Data Filters Used within Distribution Fitting Test 21.

[ Filter

Dates and Threshold
Annual Maxima

Starting Pool Stage/Elevation

Filter to Annual Maxima

Start of Year
(DDMMMY:

Peaks Over Threshold (Partial Duration)

Filter Data by Peaks Over Threshold (Partial Duration)
Minimum Threshold (cfs)
(Leave Blank to report all peaks)
Duration of time between peaks (days)

(Leave Blank to report all peaks)

Method for Computing Magnitude Differential
Method for Computing Magnitude Differential

(Leave Blank to report all peaks)

Defined Threshold Value (cfs)
Differential of Peak (cfs)

Percent of Peak

X

010ct...

Apply
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162 Figure 4. Original and Filtered Data within Distribution Fitting Test 21.
Summary statistics of the original and filtered/processed data can be accessed by pressing the Data

Summary Statistics button near the bottom of the Distribution Fitting editor while on the Data tab, as shown
in Figure 5.
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8 Summary Statistics >

Statistic Original Data Processed Data

Min 1.400 907.000
Max 44000.000 44000.000
Median 581.000 6480.000
Mode 1100.000 4000.000
Sample Size 28269 76
Mean 1148 277 9315487
St Dev 1749.434 7832301
Skew 5.283 2.258
Kurtosis 55.889 6.471
0.2% 14746.0 44000.0
0.5% 10665.0 44000.0
1.0% 8183.0 44000.0
2.0% 6240.0 40760.0
5.0% 4090.0 27120.0
10.0% 2760.0 17330.0
20.0% 1700.0 13620.0
50.0% 581.0 6480.0
80.0% 156.0 3846.0
90.0% 730 3043.0
95.0% 45.0 1796.5
99.0% 220 907.0
L-Mean 1148 277 9315 487
L-CW 0.604 0.407
L-Skew 0.480 0.362
L-Kurtosis 0.292 0.220

Close

163 Figure 5. Data Summary Statistics for Distribution Fitting Test 21.
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On the Analysis tab, several analytical distributions and fitting methods are available for selection. As shown
in Figure 6, the Filter Using Parameter radio button was selected within the Distribution Filter panel. The
default Product Moments fitting method was left unchanged. The default Kolmogorov-Smirnov goodness of
fit test was left unchanged. Several analytical distributions (some which poorly fit the data as well as some
that fit the data well) were then selected and compared. CDF, PDF, PP, QQ, and CDF-Plotting Position plots
comparing these distributions are shown in Figure 7, Figure 8, Figure 9, Figure 10, and Figure 11.
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[F pistribution Fitting Test 21*

Name Distribution Fitting Test 21

Description: Sinnemahoning Creek Daily Flow using Time Window, Seasonal, and Annual Maximum Filtering Example
Data Set Sinnemahoning Greek-Daily

DSS File Name: | C/Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss

Report File:

C.\Temp\3SP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_21\Distribution_Fitting_Test_21.rpt

Data Analysis* Results

Distribution Filter

Distribution Fitting Method: dness of Fit Test
@ Filter Using Parameter Product Moments (PM) Kolmogeroy-Smirnov (Test Statistic)
(O Display Al Distributions. [ L-Moments (LM) Goodness of Fit Summary Statistics
[ Maximum Likelihood Estimatien (MLE)
Expected Kolmogoroy-
Distribution Confidence | Probability =
Limits Distribution 2
Ln-Normal (P} 1 [ [¢] [] K =
Log-Pearson IIl (PM) =] [} (@] 063 [} = §
Pearson Il (PM) = o) O 086 (o) 2 3
ormal (PH) =] (@] O 159 (@] 2
Empirical (PM) O @] [@] 3N O E
3
20,000
Flow (cis)
I >
| Data —&— Normal (PM) Data Pearson Ill (PM) Data
Ln-Normal (PM)Data ~ =eeees Ln-Nermal (PM) Expected Probabilty === Ln-Normal (PM) .0 Percent Confidence Limits.
/=== Ln-Normal (PM) 95.0 Percent Confidence Limits Log-Pearson Il (P} Data
Plot Type
Display All Median Curves [] [ @EDE OPDF OPPPlst (0GP0t (O CDF - Ploting Position
Data Summary Distribution Confidence Limits and
Statistics FICEEIE Summary Statistics Expected Probability Options IEWREpOT oK Cancel Apply
164 Figure 6. Distribution Fitting Analysis Editor with Analysis Tab Shown for Distribution Fitting Test 21.
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OPDF OPPPlot (O QQPlot
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165 Figure 7. CDF Plot for Distribution Fitting Test 21.
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O CDF @F OFPPlot O QQPlot (O CDF - Plotting Position

166 Figure 8. PDF Plot for Distribution Fitting Test 21.
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167 Figure 9. PP Plot for Distribution Fitting Test 21.
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168 Figure 10. QQ Plot for Distribution Fitting Test 21.
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169 Figure 11. CDF-Plotting Position Plot for Distribution Fitting Test 21.

Kolmogorov-Smirnov and Chi-Square summary statistics can be accessed by pressing the Goodness of Fit
Summary Statistics button near the top of the Distribution Fitting editor while on the Analysis tab, as shown

in Figure 12.

Distribution Fitting Analysis Examples — 325



@ Goodness of Fit Test Summary Statistics X
Filter Distributions Filter Goodness of Fit
Standard Product Moments |- Moments Maximum Likelihood Estimation
Kalmogorov-Smirnaov Chi-Square
Distribution {Test Statistic) {Test Statistic)
Ln-Mormal (FM) 0.063 17.553
Log-Pearsan Il (PM) 0.063 17.553
FPearsaon Il (FM) 0.066 8.079
Mormal (PM) 0.159 60.184

170 Figure 12. Goodness of Fit Test Summary Statistics for Distribution Fitting Test 21.
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In this example, the Accept Distribution button was selected for the Ln-Normal Distribution using Product
Moments. Confidence limits and an expected probability curve were automatically computed using the
options specified within the Plot Options and Confidence Limits and Expected Probability Options editors.
Specifically, the Log option was selected within the Expected Probability Ordinates panel (which computes
the expected probability curve using log base 10 values), the Standard Bootstrap Confidence Limit Type
Method was selected, as shown in Figure 13.
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[ Confidence Limits And Expected Probability Options X

- Confidence Limits and Expected Probability

Compute Using Bootstrap Option:
Equivalent Record Length 77

r Confidence Limits

(® Defaults (0.05, 0.95)

() User Entered Values
Upper Limit:

Lower Limit

 Expected Probability O

(O Linear
® Log
(O User Entered Values
Flow in cfs
~
v

[ Bootstrap Confidence Limit Type
(® Standard

(O Bias Corrected
() Bias Corrected and Accelerated

Studentt Bootstrap (Double Bootstrap)

Restore To Default

The accepted distribution | fitting method was used to populate the Results tab, as shown in Figure 14.

[E pistribution Fitting Test 21 - [u] X
Name: pistribution Fitting Test 21
Description Sinnemahoning Creek Daily Flow using Time Window, Seasonal, and Annual Maximum Filtering Example
Data Set. Sinnemahoning Creek-Daily v |4 =
DS$ File Name: | C:Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES. dss | ]
Report File C:Temp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_21\Distribution_Fiing_Test_21.rpt
Data Analysis Results
T Selected Distribution: Ln-Normal (PM)
value Distribution dness of Fit ¥
Statistic Q
Original Da‘ﬂ| Filtered Data Parameter | Value Kolmogorov-Smirmnov
Sample Size 28282 7 WeanLn I 8861 (Test Statistic)
Min 7. StDvLn | 0753 0.083
Wax 4400 44000
Wedian 58 6480
Wode 10 4000.
10,000
[ Frequency Cur
Hedian Expectzd Confidence Limits
Percent Cunve Probability Flow o)
Chance = 3
Product Moments Flow Flow in cfs S
Statistic | Original Data | Filtered Data incfs in cfs 0.05 095 4
ean 1148.837|  9315.487] 15. 4507. 84282, 44619.4]
andardDev| 1749396 7832301 97. 0626 65326 365016 10009 ]
kew 5280 258 0 1549 5202 3090, jl
uriosis 55,862 471 7 3555. 4222 25801.4)
1 4447. 300636 19579.4]
9 851 222867 152917
1285, 32617 15586.4] 112715,
7052 70 81027 612
E— 7. 7. 4416.8 317 -
~Moment Ratios T T T T T T T
6 6 32629 2226,
[ 22e04 09999 0.999 0.99 0.9 05 04 001 0001 0.0001
Statistic | Original Data | Filtered Data 0 0 25473 1649
Chiean 1148837 9315487 22 1 1600.7 938. Exceedance Probabilty
-CV 4] 407 | O Data (MEDIAN plotting postions) Ln-Normal (PM) Distribution
'ik;‘” S ;gﬁ -+x+= Ln-Normal (PH) Expected Probabity — =~ Ln-Normal (P) §.0 Percent Confidence Limits
LKurtosts \—— = Ln-Normal (PM) 85.0 Percent Confidence Limits
Plot Typ:
[ OCDF OPDF @ CDF - Plotiing Position
Plot Options View Report oK Cancel Apply

171 Figure 14. Distribution Fitting Results Tab Shown for Distribution Fitting Test 21.
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In addition to the tables and plot available on the Results tab, CDF, PDF, and CDF-Plotting Position plots of
the data and accepted distribution | fitting method can be obtained by double left-clicking on the plot of
interest. The CDF-Plotting Position plot of the data and accepted distribution | fitting method is shown in
Figure 15.

File Edit View Window

100,000

10,000+

Flow (cfs)

1,000+

100 T T T T T !
09999 0999 0.99 09 05 01 0.01 0.001 0.0001

Exceedance Probability

2 Data (MEDIAN plotting positions) Ln-MNarmal (PM) Distribution
------ Ln-Mormal (PM) Expected Probability ——=Ln-Mormal (PM) 5.0 Percent Confidence Limits
——=Ln-Mormal (PM}) 95.0 Percent Confidence Limits

172 Figure 15. Distribution Fitting Results Plot Shown for Distribution Fitting Test 21.

In addition to the tabular and graphical results, there is a report file that shows the input data, data filters that
were applied, processed data, data summary statistics, all available analytical distributions for the selected
fitting method and their corresponding parameters, selected goodness of fit summary scores for each
analytical distribution, and the accepted distribution | fitting method. Different types and amounts of
information will be contained within the report file depending upon the data and the options that have been
selected for the analysis. To review the report file, press the View Report button at the bottom of the analysis
window. When this button is selected a text viewer will open the report file and display it on the screen, as
shown in Figure 16.
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[ pistribution_Fitting_Test 21.ipt - u] X
File Edit Search Format

File: | \Temp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_21\Distribution_Fitting_Test_21.rpt

2 Distribution Fitting Analysis

& -— Input Data ——

® Analysis Name: Distribution Fitting Test 21
o Description: Sinnemahoning Cresk Daily Flow using Time Window, Seasonal, and Annual Maximum Filtering Example

11 Data Set Name: Sinnemahoning Creek-Daily
12 Input DS5 File Name: C:/Temp/SSE_Projects/SSP_Examples/SSP_EXAMPLES.dss
13 DSS Pathname: //SINNEMRHONING/FLOW/010ctl938 — 0éMar2016/1DAY/USGS/

15 Project Path: C:\Temp\S5P_Projects\SSE_Examples

16 Result File Name: Distribution Fitting Test 2l.xml

17 Report File Name: C:\Temp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution Fitting Test_21\Distribution_Fitting_Test_21.rpt
1% output DSS File Name: C:/Temp/SSE_Projects/SSP_Examples/SSE_EXAMPLES.dss

Paramster Type: Flow

2 Data Filters:
TimeWindow:
Start Date: 30 September 1939, 24:00
End Date: 30 September 2015, 24:00
Seasonal:
Start of Season: 1 May 2015, 00:00
End of Season: 30 November 2019, 24:00
Filter to Annual Maxima:
Start Of Year: 1 Octeober 2015, 00:00

; Number of Original Data Values: 28252

34 Number of Filtered Data Value: 76

37 --- End of Input Data ---

40 --- Inalysis ---

Statistic Original Data Processed Data

| | |
| | |
45 | Sample Size | 232382 |
481 Min | 1.400 |
T Max | 44000. |

| Median | 5 |

I Mode I |

000
0oa
1100.000

07/25/2022 1406 PM | [1:1.1:1 =

10.3 Example 22. Distribution Fitting, Analyzing a Time Series of
Daily Average Flow Using Time Window, Seasonal, and Peaks
Over Threshold Filtering

This example demonstrates how to use the Distribution Fitting analysis to analyze a time series of daily
average flow using time window, seasonal and annual maximum filtering. The data for this example consists
of daily average streamflow for a location along the Sinnemahoning Creek near Sinnemahoning, PA%8. This
stream gage is operated by the USGS (gage ID: 01543500). The period of record used for this example is
from 1938 to 2016. To view the data from HEC-SSP, right-click on the data record labeled "Sinnemahoning
Creek-Daily" in the study explorer and then select Plot. A plot of the data will appear as shown in Figure 1.

48 https://waterdata.usgs.gov/nwis/uv?site_no=01543500
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173 Figure 1. Plot of the Daily Average Flow Data for Sinnemahoning Creek.

A Distribution Fitting analysis has been developed for this example. A distribution | fitting method
combination has not been selected within the SSP Examples study. To visualize, inspect, and select a
distribution | fitting method combination, the following steps should be used. To open the Distribution Fitting
analysis editor for this example, either double-click on the analysis labeled Distribution Fitting Test 22 from
the study explorer, or from the Analysis menu, select open, then select Distribution Fitting Test 22 from the
list of available analyses. When this analysis is opened, the Distribution Fitting editor will appear as shown in
Figure 2.
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[ Distribution Fitting Test 22 - o X
Name: Distribution Fitting T55122|
Description: Sinnemahoning Creek Daily Flow using Time Window, Seasonal, and Peaks Over Threshold Filtering Example
Data Set: Sinnemahoning Creek-Daily ~ u %
DSS File Name: | C/Temp/SSP_Projects/iSSP_Examples/SSP_EXAMPLES.dss l
Report File C:\Temp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_22\Distribution_Fitting_Test_22.rpt
Data  Analysis Restlts
Parameter Type: | Flow ~| =
11 120
[ Display Original Data Filter Data. Q
W=1310929 o=468219
Date Original Data Filtered 104
1111938, 240 410 10| A 100
12 , 24:0 8.0 8.0
I , 24:0 5.0 5.0 0.0
/4 , 24:0 3.0 3.0
10/5/1938, 24:00 320 320 L 80
10/6/1938, 24:00 440 440 0e-
10/711938, 24:00 90.0 90.0 =
10/81938, 24:00 1120 1120 ‘Ec
10/9/1938, 24:00 750 750 =
10/10/1938, 24:00 61.0 61.0 a 074 60 E
10/11/1938, 24:00 520 52.0 g S
101211938, 24:00 490 48.0 '—;
10/13/1938, 24:00 490 49.0 g 0.6+
1001411938, 24:00 500 50.0 (&} - 40
10/15/1938, 24:00 520 52.0
10/16/1938, 24:00 59.0 59.0 0.5
10171938, 24:00 540 54.0
10/18/1938, 24:00 490 48.0 20
10/19/1938, 24:00 450 450 0.4
10/201938, 24:00 490 48.0
10/21/1938, 24:00 61.0 61.0
10/22/1938, 24:00 770 770 0
10/231938, 24:00 750 750 ! o
1012411938, 24.00 §3.0 §3.0 0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000
10/25/1938, 24:00 59.0 59.0 Flow (cfs)
10i26/1938, 24:00 59.0 59.0
e Data
10/27/1938, 24:00 59.0 59.0
1012811938, 24:00 61.0 61.0) w Plot Typs
[ original Data [l Filtered Data ®coF OPDF Ox¥
Data Summary
Statistics Plot Options View Report OK Cancel Apply

174 Figure 2. Distribution Fitting Analysis Editor for Distribution Fitting Test 22.

For this analysis, the daily average streamflow data was revised using several filters. First, a Time Window
filter was applied spanning 010ct1939 through 30Sep2015 (i.e. water year 1940 — water year 2015). Second,
a seasonal filter was applied spanning 01Dec — 30Apr (i.e. discard all values outside of this range). Finally,
peaks were extracted from the remaining daily average streamflow values using a minimum threshold of
8750 cfs and a duration of times between peaks of 7 days. Out of the original 28269 values, 98 values
remained after data filtering. These 98 values constitute a partial duration series of daily average streamflow
peaks greater than 8750 cfs that occurred between 01Dec and 30Apr (i.e. winter and spring months). The
filters used within this analysis are shown in Figure 3. The original data as well as the filtered data is shown
in Figure 4.
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[ Filter X

Time Window

Filter Data by Time Windaow

Start Date: 010ct1939 ...
End Date: 30Sep2015[...
Seasonal

Filter Data by Season

Start of Season 01Dec|...
(DOMMM):
End of Season 30Apr|...
(DOMMM):
Threshold

] min Threshold: 0

[ max Threshold: 0

175 Figure 3. Data Filters Used within Distribution Fitting Test 22.

[ Filter x

Dates and Threshold
Annual Maxima

Filter to Annual Maxima
Start of Year

01Jan|...
(DDMMRY:
Peaks Over Threshold (Partial Duration)
Filter Data by Peaks Over Threshold (Partial Duration)
Minimum Threshold {cfs) 2750

(Leave Blank to report all peaks)

Duration of time between peaks (days)

(Leave Blank to report all peaks)

Method for Computing Magnitude Differential
Method for Computing Magnitude Differential

(Leave Blank to report all peaks)

|:| Defined Threshold Value (cfs) 0
[] pifferential of Peak (cfs) 0

[] Percent of Peak 0
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B
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176 Figure 4. Original and Filtered Data within Distribution Fitting Test 22.

Summary statistics of the original and filtered/processed data can be accessed by pressing the Data
Summary Statistics button near the bottom of the Distribution Fitting editor while on the Data tab, as shown

in Figure 5.
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[ summary Statistics H
Statistic Original Data Processed Data

Min 1.400 8780.000
Max 44000.000 36000.000
Median 581.000 11750.000
Mode 1100.000 11800.000
Sample Size 28282 93
Mean 1148.837 13109.286
St Dev 1749.396 4682.193
Skew 5.280 2.164
Kurtosis 55.862 6.294
0.2% 14743 4 36000.0
0.5% 10558 5 36000.0
1.0% 31817 36000.0
2.0% 62400 289440
5.0% 4090.0 231000
10.0% 2760.0 19070.0
20.0% 1700.0 15820.0
50.0% 581.0 11750.0
80.0% 156.0 9548.0
90.0% 73.0 9218.0
95.0% 45.0 3888.0
99.0% 220 373800
L-Mean 1148.837 13109 286
L-CV 0.604 0.175
L-Skew 0.490 0.364
L-Kurtosis 0.291 0.188

Close

177 Figure 5. Data Summary Statistics for Distribution Fitting Test 22.
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On the Analysis tab, several analytical distributions and fitting methods are available for selection. As shown
in Figure 6, the Display All Distributions radio button was selected within the Distribution Filter panel to
display all of the available analytical distributions while L-Moments Distribution Fitting Method was selected.
The default Kolmogorov-Smirnov goodness of fit test was left unchanged. Several analytical distributions
(some which poorly fit the data as well as some that fit the data well) were then selected and compared.
CDF, PDF, PP, QQ, and CDF-Plotting Position plots comparing these distributions are shown in Figure 7,
Figure 8, Figure 9, Figure 10, and Figure 11.
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O Filter Using Parameter

@® Display All Distributions

[ Product Moments (PM)

L-Moments (LM)

[ Maximum Likelinood Estimation (MLE)

Kolmogorov-Smimov (Test Statistic)

Goodness of Fit Summary Statistics

Cumulative Probability

¥ =13109.29 68219

[E Distribution Fitting Test 22* — O X
Name Distribution Fitting Test 22

Description: Sinnemahoning Creek Daily Flow using Time Window, Seasonal, and Peaks Over Threshold Filtering Example

Data Set Sinnemahoning Creek-Daily v |d E
DSS File Name: | C:/Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss A
ReportFile C:\Temp\SSP_Proj | g _Fitting_Test_22\Distribution_Fitting_Test_22 rpt

Data Analysis™ Results

D Filter D Fiting Method: of Fit Test

Display All Median Curves [_]
Data Summary Distribution
Statistics AEIEC T Summary Statistics

Confidence Limits and
Expected Probability Options

View Report

Expected Kolmogorov-
Distribution Median Confidence Probability Smirnov
Curve Limits Curve (Test Statistic)
Generalized Pareto (LM) =] [C] ® 0.043
Shifted Expenential (LM) ] (0] [e] 0.057
Log-Pearsan IIl (L) = [®] O 0.062
Generalized Extreme Value (LM) = O [@] 77
Generalized Logistic (LM} =i o] [e]
R = e 5 10,000 20,000 30,000
Log10-Normal (LM) ] Flow (cfs)
Gumbel (LI G >
Log-Logistic (LM) [@] [@] 0.128 [@]
Gamma (LM) ] (@] [@) 0.139 O i Data
Triangular (LM} O 8 8 0.158 8 G Extreme Value (LM) Data
Normal (LM) LJ 0.167
Logistic (L) ) ) e ) Generalized Logistic (LM) Data
Unifarm (LM) O [e] 0.186 [e] —E— Generalized Pareto (LM) Data
Exponential (LM) [@] O 0.488 [o T N R G Pareto (LM) Expected Probabilit
4 Parameter Beta (LM) O @) al o) areto (LM) Expected Probability
——~ Generalized Pareto 0 Percent Confidence Limits
Beta (L) o] O H O Generalized Pareto (LM) 5.0 Percent Confidence Limits
Pearson Il (LM) [@] [e] al [e] — —— Generalized Pareta (LM) 95 0 Percent Confidence Limits
Shifted Gamma (LM) [e] [e] al [@]

Gumbel (LM) Data
Ln-Normal (LM} Data
Log10-MNormal (LM) Data
Log-Pearson Il (LM) Data
Shifted Exponential (LM) Data

Plot Typ:

@®CDF OPDF OPPPlet OQQPIot O CDF-Plotling Position

oK Cancel

Apply

178 Figure 6. Distribution Fitting Analysis Editor with Analysis Tab Shown for Distribution Fitting Test 22.
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u=13109.29, o= 468219

Count

Cumulative Probability
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Flow (cfs)
[< >]
e Data Generalized Extreme Value (LM) Data Generalized Logistic (LM) Data
—&— Generalized Pareto (LM) Data —%— Gumbel (LM) Data Ln-Normal (LM) Data
Log10-Mormal (LM) Data Log-Pearson Il (LM) Data Shifted Exponential (LM) Data
Plot Type

@®cDF OPDF OPPPlot O QQPlot O CDF - Plotting Position

179 Figure 7. CDF Plot for Distribution Fitting Test 22.

Distribution Fitting Analysis Examples — 336



HEC-SSP Examples — HEC-SSP Examples

W=13109.29, o= 468219
0.30- 0
0.254 o4
£ 0.201
a -18
o —
o c
o 3
2 0151 6
©
& -12
0.10
-6
0.05
0.00 . — - 0
0 5,000 10,000 15,000 20,000 25,000 30,000 35.000 40,000
Flow (cfs)
e Data Generalized Extreme Value (LM) Data Generalized Logistic (LM) Data
—&— Generalized Pareto (LM) Data —%— Gumbel (LM) Data Ln-Normal (LM) Data
Log10-Mormal (LM) Data Log-Pearson Il (LM) Data Shifted Exponential (LM) Data
Plot Type
(O COF @F O PPPIst O QQPlot (O COF - Plotting Position

180 Figure 8. PDF Plot for Distribution Fitting Test 22.
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181 Figure 9. PP Plot for Distribution Fitting Test 22.
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182 Figure 10. QQ Plot for Distribution Fitting Test 22.
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183 Figure 11. CDF-Plotting Position Plot for Distribution Fitting Test 22.

Kolmogorov-Smirnov and Chi-Square summary statistics can be accessed by pressing the Goodness of Fit

Summary Statistics button near the top of the Distribution Fitting editor while on the Analysis tab, as shown
in Figure 12.
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Filter Distributions

@ Goodness of Fit Test Summa

Standard Product Moments L- Moments

Filter Goodness of Fit

Maximum Likelihood Estimation

Kolmogorow-Smirnov Chi-Square
Distribution {Test Statistic) {Test Statistic)
Generalized Pareto (LM) 0.043 19.102
Shifted Exponential (LM) 0.057 23.755
Log-Pearson Il (LM) 0.062 21.429
Generalized Extreme Valu... 0.077 22.582
Generalized Logistic (LM) 0.086 26.469
Ln-Mormal (LK) 0.119 47.020
Log10-Mormal (LM} 0.118 47.020
Gumbel (LM) 0.126 48.959
Log-Logistic (LM} 0.128 56.714
Gamma (LM} 0.139 54.000
Triangular (LM} 0158 R4 776
Marmal (LM} 0.167 73776
Logistic (LM) 0179 71.081
Unifarm (LM) 0.186 74.163
Exponential (LM} 0.488 221510
Beta (LM) Mak Mah
4 Parameter Beta (LM) MaM Mak
Pearson Il (LM) Mak Mak
Shifted Gamma (LM) REI RE!

184 Figure 12. Goodness of Fit Summary Statistics for Distribution Fitting Test 22.
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In this example, the Generalized Pareto Distribution fit using L-Moments was selected by clicking the Accept
Distribution button in the distribution table. Upon clicking this button, confidence limits and an expected
probability curve were automatically computed using the options specified within the Plot Options and
Confidence Limits and Expected Probability Options editors. The default confidence limits and expected
probability options were modified by clicking on the Confidence Limits and Expected Probability Options
buttons near the bottom of the Distribution Fitting editor. Specifically, the Log option was selected within the
Expected Probability Ordinates panel (which computes the expected probability curve using log base 10
values), the Standard Bootstrap Confidence Limit Type Method was selected, as shown in Figure 13.
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[ Confidence Limits And Expected Prabability Options

[ Confidence Limits and Expected Probability

Compute Using Bootstrap Option:

Equivalent Record Length -,7|
[ Confidence Limit:
(® Defaults (0.05, 0.95)
(O User Entered Values
Upper Limit 0.05
Lower Limit 0.95
 Expected Probability Ordinate:
(O Linear
® Log
() User Entered Values
Flow in cfs
A
ol
Lt
v
- Bootstrap Confidence Limit Type
(@ Standard
() Bias Corrected
() Bias Caorrected and Accelerated
Student-t Bootstrap (Double Bootstrap)
Restore To Default
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185 Figure 13. Confidence Limits and Expected Probability Options Editor for Distribution Fitting Test 22.

The accepted distribution | fitting method was used to populate the Results tab, as shown in Figure 14.
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[ pistribution Fitting Test 22*
Name Distrioution Fitting Test 22
Description: Sinnemahoning Creek Daily Flow using Time Window, Seasonal, and Peaks Over Threshold Filtering Example
Data Set sinnemahoning Creek-Daily
DSS File Name: | C/Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss
Report File CiTemp\SSP_Projects\SSP_Examples\DistributionFitiing|Distribution_Fitiing_Test_22\Distribution_Fitiing_Test_22.rpt
Data Analysis Results®
frm Selected Distribution: Generalized Pareto (LM)
Value Distribution Parameters Goodness of Fit
Statistic
Original Data | Filtered Data Parameter Value Kolmogorov-Smirnov
Eamme Size 2 Loctn 8665310 (Test Statistic)
Min i Scale 4146728 0.043
Wax 44001 360 Shape ~0.067
Wedian 58 117 1
Wode 110 118
Frequency Curves
Wedian Expected Confidence Limits
Percent Curve Probability Flow
Chance inds
Exceedance Flow Flow
in cfs incts 0.05 0.95
0617.9 3916.7 4450 7
Product Moments s0m2s 520 257 5
Statistic | Original Data | Filtered Data 10296 137 26 3
Wean 1148837 1310 72077 718 27 2
iandard Dev 1749395 468 2419.9 2230 7 B
ew 0 8988.0 18922 16957
urtosis 55862 157117 1 7 14337
11607 1 109645
7 )
3 7
8 8
7 5
L-Moment Ratios |
Statistic Original Data | Filtered Data I
L-Mean 1148837 13109.286
LoV 604 0.175
L-Skew 490 0.354]
L-Kurlosis 291 0.188
Plot Options View Report

Flow (cfs)

100,000

10,0007

1

,000 T T T
0.9999 0.99 0.9 0.5 0.1

T T T
0.01 0.001

Exceedance Probability

Data (VEDIAN plotting positions)

Generalized Pareto (LM) Distribution

Generalized Pareto (LM) Expected Probability
Generalized Pareto (LM) 5.0 Percent Confidence Limits
Generalized Pareto (LM) 95.0 Percent Confidence Limits

Plot Type
QCDF OPDF @ EDF - Pioting Positior

oK Cancel Apply

186 Figure 14. Distribution Fitting Results Tab Shown for Distribution Fitting Test 22.

In addition to the tables and plot available on the Results tab, CDF, PDF, and CDF-Plotting Position plots of
the data and accepted distribution | fitting method can be obtained by double left-clicking on the plot of
interest. The CDF-Plotting Position plot of the data and accepted distribution | fitting method is shown in

Figure

15.
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187 Figure 15. Distribution Fitting Plot Shown for Distribution Fitting Test 22.

In addition to the tabular and graphical results, there is a report file that shows the input data, data filters that
were applied, processed data, data summary statistics, all available analytical distributions for the selected
fitting method and their corresponding parameters, selected goodness of fit summary scores for each
analytical distribution, and the accepted distribution | fitting method. Different types and amounts of
information will be contained within the report file depending upon the data and the options that have been
selected for the analysis. To review the report file, press the View Report button at the bottom of the analysis
window. When this button is selected a text viewer will open the report file and display it on the screen, as

shown in Figure 16.
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[ pistribution_Fitting_Test 22.rpt - u] X
File Edit Search Format
File: | \Temp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_22\Distribution_Fitting_Test_22.rpt
I Logistic (LM) | Loctn=13109.286 ,Scale=2298.871 I 0.11% I ~
| Triangular (LM) | Left=73€2.108 ,Peak: €2.108 ,Right=24€03.642 | 0.062 |
| Normal (IM) | Mean=13109.286 ,5tDv=4074.643 | 0.057 |
1 Generalized Logistic (1Y) | Loctn=11820.873 ,Scale=1830.225 ,Shape=-0.364 1 Nall 1
| | | |
102 Plotting Position Type: MEDIAN
104 -—- End Of Rnalysis -—-
07 --- Results -—
0% Selected Distribution: Generalized Pareto (LM)
211 Paramster |
1131 |
114 | Loctn=8€65.309661 ,Scale=4146.728300 ,Shape=-0.066883 |
L |
| Kolmegorow-Smirnov |
191 (Test Statistic) |
120 |mmmmmmmmmmmmme oo 1
1211 0.043 |
122 | [ m e |
1251 Median Expected | Percent | Confidence Limits |
126 |1 Curve Probability | Chance I 0.05 0.95 |
1271 Flow, cfs | Exceedance | Flow, cfs |
1281 | | |
1291 43916.7 | 0.200 | €2445.0 |
| 36200.8 | 0.500 | 48728.7 |
| 31374.0 1 1.000 | 40285.3 |
21 27181.1 | 2.000 | 33271.9 |
| 22304.4 | 5.000 | 25750.8 |
41 | - | 211€7.8 |
5|1 | ooc | 17207.2 |
61 | ( | 12346.8 |
| I ( I 9933.3 |
| | ( | 9398.¢6 |
g1 | - 00t | 9163.5 |
| I -00c I 9007.2 |
| | | |
143 ——- End Of Results -—
4 v
0712512022 14:46 PM 1111 11

10.4 Example 23. Distribution Fitting, Analyzing a Time Series of
Daily Precipitation Accumulation Using Peaks Over Threshold
Filtering

This example demonstrates how to use the Distribution Fitting analysis to analyze a time series of daily
precipitation accumulation using peaks over threshold filtering. The data for this example consists of a daily
precipitation accumulation time series for a precipitation gage located near Hawley, Pennsylvania®. This
precipitation gage is operated by the National Weather Service (NWS). The precipitation data was
downloaded from the NWS website ("https://www.ncdc.noaa.gov/") as a comma separated values (.csv) file
and ingested to the study using an HEC-DSSVue plugin. The period of record used for this example is from
January 1900 to July 2017. To view the data, right-click on the data record labeled "Hawley 1 E PA-Daily-
Precip-Inc" in the study explorer and then select Plot. A plot of the data will appear as shown in Figure 1.

49 https://www.ncdc.noaa.gov/cdo-web/datasets/GHCND/stations/GHCND:USC00363758/detail
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Frecip (i

D_
1900 1920 1940 1960 1980 2000

——— HAWLEY 1 E PA US 1033775.csv PRECIP-INC
188 Figure 1. Plot of the Daily Precipitation Accumulation for Hawley 1E.

A Distribution Fitting analysis has been developed for this example. A distribution | fitting method
combination has not been selected within the SSP Examples study. To visualize, inspect, and select a
distribution | fitting method combination, the following steps should be used. To open the Distribution Fitting
analysis editor for this example, either double-click on the analysis labeled Distribution Fitting Test 23 from
the study explorer, or from the Analysis menu, select open, then select Distribution Fitting Test 23 from the
list of available analyses. When this analysis is opened, the Distribution Fitting editor will appear as shown in
Figure 2.
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[ Distribution Fitting Test 23 ] X
Name: Distribution Fitting T95123\
Description Hawley Daily Precipitation using Time Window and Peaks Over Threshold Filtering Example
Data Set: Hawley 1 E PA-Daily-Precip-Inc ~ u =
DSS File Name: | C:Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss . L
Report File CATemp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_23\Distribution_Fitting_Test_23.rpt
Data  Analysis Resulis
Parameter Type:  Precipitation =
11 180
Display Original Data Filter Data... Q
— - p=280,0=89
Date Original Data Filtered 1.04 - 160
1111900, 24:00 010 010
/211900, 24:00 030 030
131900, 24:00 030 030 0.9 [-140
1/4/1900, 24:00 0.04] 0.04
/51900, 24:00 027 027 | |
/61900, 24:00 084 0384 W] g
/711900, 24:00 0.25] 025 =
/81900, 24:00 033 033 Z o7 100
/911900, 24:00 0.03] 003 =
11101900, 24:00 078 078 [ E
/111900, 24:00 000 0.00 2 o5 Lao 3
1/12i1900, 24:00 010 010 '—;
1/13/1900, 24:00 1.05] 105 g
1/14i1900, 24:00 060 0.60 O 0549 - 60
1/15i/1900, 24:00 141 141
116/1900, 24.00 29 9
/17/1900, 24:00 0 0 0.4+ - 40
/18/1900, 24:00 0 0
/19/1900, 24:00 40 0
12011900, 24:00 0 0 039 20
1/21/1900, 24:00 5 5
112211900, 24:00 14 4
. 0.2+ T o
1/23/1900, 24:00 0 0
1/24/1900, 24:00 0 0 : L g © 2 e v
1i25(900, 24:00 0 0 Precip-inc (inches)
1/26/1900, 24:00 0 0 Date
1/27/1900, 24:00 0 0
1/28/1900, 24:00 7] 7 Plot Typs
Il Original Data [ Filtered Data ®coF OPDF Ox¥
Data Summary
Statistics Plot Opfions View Report OK Cancel Apply

189 Figure 2. Distribution Fitting Analysis Editor for Distribution Fitting Test 23.

For this analysis, the daily precipitation data was revised using several filters. First, a Time Window filter was
applied spanning 010ct1921 through 30Sep2017 (i.e. water year 1922 — water year 2017). Second, peaks
were extracted from the remaining daily precipitation accumulations using a minimum threshold of 2 inches.
Out of the original 31383 values, 121 values remained after data filtering. These 121 peak values constitute a
partial duration series of daily precipitation accumulations in excess of 2 inches. The filters used within this
analysis are shown in Figure 3. The original data as well as the filtered data is shown in Figure 4.
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[ Filter X

Time Window

Filter Data by Time Windaow

Start Date: 010ct1921 ...
End Date: 30Sep2017 ...
Seasonal

[ Fitter Data by Season

Start of Season 02Jan|...
(DOMMM):
End of Season 28Jul ...
(DOMMM):
Threshold

] min Threshold: 0

[ max Threshold: 0

190 Figure 3. Data Filters Used within Distribution Fitting Test 23.

[ Filter x

Dates and Threshold
Annual Maxima

Filter to Annual Maxima

Start of Year

01Jan|...
(DOMMMY: =

Peaks Over Threshold (Partial Duration)
Filter Data by Peaks Over Threshold (Partial Duration)

Minimum Threshold (inches) 2

(Leave Blank to report all peaks)
Duration of time between peaks (days)

(Leave Blank to report all peaks)

Method for Computing Magnitude Differential
Method for Computing Magnitude Differential

(Leave Blank to report all peaks)

|:| Defined Threshold Value (inches) 0
|:| Differential of Peak {inches) 1}

[] Percent of Peak 0
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[ — O *
File Edit View Window

Precip-inc {inches)

1900 1920 1940 1960 1980 2000

——— HAWLEY 1 E PA US Original Data PRECIP-INC < HAWLEY 1 EPAUS Fitered PRECIP-INC

191 Figure 4. Original and Filtered Data within Distribution Fitting Test 23.

Summary statistics of the original and filtered/processed data can be accessed by pressing the Data
Summary Statistics button near the bottom of the Distribution Fitting editor while on the Data tab, as shown
in Figure 5.
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[ summary Statistics H
Statistic Original Data Processed Data

Min 0.000 2.010
Max 6.540 6.540
Median 0.000 2530
Mode 0.000 2170
Sample Size 39431 154
Mean 0.136 2.802
St Dev 0.333 0.893
Skew 4912 2.018
Kurtosis 39.786 4.363
0.2% 262 6.54
0.5% 1.88 6.54
1.0% 1.56 6.54
2.0% 1.21 582
5.0% 075 470
10.0% 0.45 419
20.0% 017 314
50.0% 0.00 253
80.0% 0.00 217
90.0% 0.00 2.08
95.0% 0.00 2.04
99.0% 0.00 2.01
L-Mean 0136 2802
L-CV 0.838 0.154
L-Skew 0.706 0.407
L-Kurtosis 0.431 0.220

Close

192 Figure 5. Data Summary Statistics for Distribution Fitting Test 23.

On the Analysis tab, several analytical distributions and fitting methods are available for selection. As shown
in Figure 6, the Display All Distributions radio button was selected within the Distribution Filter panel to
display all of the available analytical distributions. The L-Moments Fitting method was selected. The default
Kolmogorov-Smirnov goodness of fit test was left unchanged. Several analytical distributions (some which
poorly fit the data as well as some that fit the data well) were then selected and compared. CDF, PDF, PP, QQ,
and CDF-Plotting Position plots comparing these distributions are shown in Figure 7, Figure 8. Figure 9,
Figure 10, and Figure 11.
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[E] Distribution Fitting Test 23 — ] X
Name: Distribution Fitting Test 23
Description Hawley Daily Precipitation using Time Window and Peaks Over Threshold Filtering Example
Data Set: Hawley 1 E PA-Daily-Precip-Inc ~ u =
DSS File Name: | C:Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss e L
Report File CATemp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_23\Distribution_Fitting_Test_23.rpt
Data Analysis Resulls
Di Filter Di Fitting Method: Goodness of FitTest—————————————— E 11 180
O Filter Using Parameter [ Product Moments (PM) Kolmogorow-Smirnov (Test Statistic) + Q
=160
(@) Display All Distributions L-Moments (LM) Goodness of Fit Summary Statistics
[ Maximum Likelihood Estimation (MLE) o140
Expected Kolmogorov- - 120
Distribution Median Probability Smirnov Accept =
Curve Curve (Test Statistic) Distribution = - 100
G Pareto (LM) 5 2
Generalized Extreme Value (LM} [@] (@] 0.059 [@] E 80 =
Generalized Logistic (LM) ] 0] (@] 0.065 @] g g
Shifted Exponential (LM) ] 0] (0] 0.088 [@] 3 60 ©
Gumbel (LM) O [@] O 0.156 [@] E
Log-Logistic (LM) | [@] (@] 0.165 [@] 3
Ln-Normal {LM) O [@] [@] 0.167 [@] 40
Laog10-Mormal (LM) | [@] (@] 0167 [@]
Triangular (LM) | [@] (@] 0.169 [@] 20
Gamma (LM) O @] Q 189 0]
Uniform (LM) [@] [@] 216 [@] Lo
Narmal (LW) Q Q 226 0]
Logistic (LM) [@] [@] 23 [@]
Exponential (LM) [0] Q 512 0] e
4 Parameter Beta (LM) ) Q a O ’
Beta (LM} [@] [@] al [@] Precip-inc (inches)
LogPearson (L) 2 o a 2 — Generazed Etreme Vaias (L) sta
Shifted Gamma (L) @] @] al @] Generalized Logistic (LM} Data —E— Generalized Pareto (LM} Data
Shifted Exponential (LM} Data.
Plot Type
Display All Median Curves [ ] @coF OPDF OPPPlet O QaPlot (O CDF - Plotting Position
Data Summary Distribution Confidence Limits and
Statistics Plot Opfions Summary Statistics Expected Probability Options View Report OK Cancel Apply

193 Figure 6. Distribution Fitting Analysis Editor with Analysis Tab Shown for Distribution Fitting Test 23.
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194 Figure 7. CDF Plot for Distribution Fitting Test 23.
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195 Figure 8. PDF Plot for Distribution Fitting Test 23.
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196 Figure 9. PP Plot for Distribution Fitting Test 23.
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197 Figure 10. QQ Plot for Distribution Fitting Test 23.
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198 Figure 11. CDF-Plotting Position Plot for Distribution Fitting Test 23.

Kolmogorov-Smirnov and Chi-Square summary statistics can be accessed by pressing the Goodness of Fit
Summary Statistics button near the top of the Distribution Fitting editor while on the Analysis tab, as shown
in Figure 12.

Distribution Fitting Analysis Examples — 356



@ Goodness of Fit Test Summary Statistics X
Filter Distributions Filter Goodness of Fit
Standard Product Moments |- Moments Maximum Likelihood Estimation
Kolmogorow-Smirnov Chi-Square
Distribution {Test Statistic) {Test Statistic)

Log-Pearson I (PM) 0.081 47.039
Pearson Il (PM) 0.103 68.078
Shifted Gamma (PM) 0.103 68.078
Generalized Pareto (FM) 0.105 66.909
Shifted Exponential (PM) 0.107 66.909
Generalized Extrerme Valu... 0.141 98.857
Log-Logistic (PM) 0.166 112.494
Ln-Mormal (PM) 0.169 128.078
Log10-Mormal (PI) 0.169 128.078
Gumbel (PM) 0.173 106.649
Gamma (PM) 0.180 127 688
Marmal (PM) 0.220 153.792
Logistic (PM) 0.225 189.247
Triangular (PM) 0.233 138.597
Unifarm (PM) 0244 227.039
Exponential (PM) 0.512 494,312
Beta (PM) MaM Mak
4 Parameter Beta (PM) Mak Mak
Generalized Logistic (PM) REI RE!

199 Figure 12. Goodness of Fit Summary Statistics for Distribution Fitting Test 23.
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In this example, the Generalized Pareto Distribution fit using L-Moments was selected by clicking the Accept
Distribution button. Upon clicking this button, confidence limits and an expected probability curve were
automatically computed using the options specified within the Plot Options and Confidence Limits and
Expected Probability Options editors. The default confidence limits options were selected, as shown in

Figure 13.
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[ Confidence Limits And Expected Probability Options X

- Confidence Limits and Expected Probability

Compute Using Bootstrap Option:
Equivalent Record Length 117|

r Confidence Limits

(® Defaults (0.05, 0.95)

() User Entered Values
Upper Limit:

Lower Limit

 Expected Probability O
@® Linear
O Log

(O User Entered Values

Precip-incininches

[ Bootstrap Confidence Limit Type
(® Standard

(O Bias Corrected
() Bias Corrected and Accelerated

Studentt Bootstrap (Double Bootstrap)

Restore To Default

200 Figure 13. Confidence Limits and Expected Probability Options Editor for Distribution Fitting Test 23.

The accepted distribution | fitting method was used to populate the Results tab, as shown in Figure 14.
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[ Distribution Fitting Test 23 — ] X
Name: Distribution Fitting Test 23
Description Hawley Daily Precipitation using Time Window and Peaks Over Threshold Filtering Example
Data Set: Hawley 1 E PA-Daily-Precip-Inc ~ u =
DSS File Name: | C:Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss L
Report File CATemp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_23\Distribution_Fitting_Test_23.rpt
Data Analysis Results
Statistics Selected Distribution: Generalized Pareto (LM)
Value Distribution Parameters Goodness of Fit B
Statistic — - Q
Original Data) Filtered Data Parameter Value Kolmogorov-Smirnov
ample Size 3943 154 Loctn 2007 (Test Statistic) 124
lin o 20101 | [Scale 0.669 0.057
lax 4 6.5401 || [Shape -0.158
ledian 0 2.530 10
lode 0 2170
Freguency Curves % a
Median Expected Confidence Limits %
Percent Curve Probability Precip-inc =
Chance ininches g
Product Moments Exceedance Precip-inc Precip-inc s 67
g
Statistic | Original Da...|Filtered Data ininches ininches 0.05 0.95 ;
Wean 0136 2802 02 9.08 953 13.64 617
Standard D 0333 0.893 05 755 768 102r 581 A
Skew 14912 2018 10 6.54] 6.55 8.30 516
Kurtosis 39.786 4.353 20 563 560 6.73 4.68
50 457 455 514 403 2
10.0 a7 85 .2 5!
20.0 23 23 4 0!
50.0 50 50 .6 4 0 ! ! ! ! ! ! ! ]
0.0 b b -2 1 0.9999 0.999 0.9 0.9 05 0.1 001 0.001 0.0001
L-Moment Ralios 0.0 g 5l -0 Excesdance Prababity
5.0 4 .0 .01
Statistic | Original Data | Filtered Data 9.0 0 0 3 ) Data (MEDIAN ploiting pasitions]
t'g:a" g ;3: S ﬂi ——— Generalized Pareto (LM) Distritution
L-Skew 0706 st [N e Genaralizad Paretc (LM) Expected Frobability
L-Kurtosis 0.431 0220 ——~ Generalized Pareto (LM) 5.0 Percent Cenfidence Limits
—— - Generalized Pareto (LM) 95.0 Percent Confidence Limits
Plot Type
(O cDF (OPDF @ CDF - Plotting Position
Plot Options View Report OK Cancel Apply

201 Figure 14. Distribution Fitting Results Tab Shown for Distribution Fitting Test 23.

In addition to the tables and plot available on the Results tab, CDF, PDF, and CDF-Plotting Position plots of
the data and accepted distribution | fitting method can be obtained by double left-clicking on the plot of
interest. The CDF-Plotting Position plot of the data and accepted distribution | fitting method is shown in

Figure 1

5.
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E — O X
File Edit View Window
[ 12

104

Frecip-ine {inches)
[=y] [ue]
1 1

I
|

2_

T T T
0.9999 0,999 099 0.9 0.5 0.1 0.01 0.001 0.0001
Exceedance Praobability

] Data (MEDLAN plotting positions)
Generalized Pareto Distribution

------ Generalized Pareto Expected Probability

— — = Generalized Pareto 5.0 Percent Confidence Limits

— —= Generalized Pareto 5.0 Percent Confidence Limits

202 Figure 15. Distribution Fitting Results Plot Shown for Distribution Fitting Test 23.

In addition to the tabular and graphical results, there is a report file that shows the input data, data filters that
were applied, processed data, data summary statistics, all available analytical distributions for the selected
fitting method and their corresponding parameters, selected goodness of fit summary scores for each
analytical distribution, and the accepted distribution | fitting method. Different types and amounts of
information will be contained within the report file depending upon the data and the options that have been
selected for the analysis. To review the report file, press the View Report button at the bottom of the analysis
window. When this button is selected a text viewer will open the report file and display it on the screen, as
shown in Figure 16.
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[ pistribution_Fitting_Test 23.ipt - u] X
File Edit Search Format
File: CATemp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_23\Distribution_Fitting_Test_23.rpt
1 Generalized Logistic (1Y) | Loctn=2.53€ ,Scale=0.323 ,Shape=-0.407 1 0.167 1 ~
a4 | Log-Pearson III (LM) | MeanLog=0.430 ,5tDvLog=Nall , Skew=Nall | Nal |
95 | LoglO-Normal (IM) | MeanLog=0.430 ,5tDvLog=0.107 1 0.088 1
96 | | Normal (LM) | Mean=2.802 ,5tDv=0.765 I NaN I
| | | |
99 Plotting Position Type: MEDIAN
0L --- End Of Rnalysis --——
104 —-- Results -—
06 Selected Distribution: Generalized Pareto (LM)
| Paramster |
1101 |
111 Loctn=2.007152 ,Scale=0.669412 ,Shape=-0.157885 |
211 |
1221 Median Expected | Percent | Confidence Limits |
1231 Curve Probability | Chance I 0.05 0.95 |
124|| Precip-inc, inches | Exceedance | Precip-inc, inches |
1251 | | |
126 |1 9.08 9.52 | 0.200 | 13.54 6.21 |
1271 7.55 7.67 | 0.500 | 10.20 5.62 |
1281 .54 .54 1 1.000 | 8.26 5.16 |
1291 5.63 5.60 | 2.000 | €.73 4.69 |
301 4.57 4.54 | 5.000 | 5.14 4.04 |
| 3.87 3.85 1| 10.000 1 4.21 3.53 |
21 3.23 3.23 | | 3.46 3.02 |
| 2.50 2.50 | | 2.60 2.41 |
I 2.16 2.16 | I 2.20 2.12 |
| 2.08 2.08 | | 2.12 2.04 |
| 2.04 2.04 | | 2.08 2.00 |
I 2.01 2.00 | I 2.05 1.57 |
| | | |
140 --- End Of Results -—
v
072512022 15:46 PM 1111 11

10.5 Example 24. Distribution Fitting, Analyzing a Time Series of
Daily Average Snow Water Equivalent Using Annual Maxima
Filtering

This example demonstrates how to use the Distribution Fitting analysis to analyze a time series of daily
average snow water equivalent (SWE) annual maxima filtering. The data for this example consists of a daily
average SWE time series for the Little Meadows Snow Telemetry (SNOTEL) station® located near Detroit
Dam along the North Santiam River in Oregon. This SNOTEL gage is operated by the Natural Resources
Conservation Service (NRCS). The data available for this station, which includes precipitation, temperature,
and snow data, was downloaded using an HEC-DSSVue plugin. The period of record used for this example is
from September 1980 to June 2019. To view the data, right-click on the data record labeled "Little Meadows-
SWE" in the study explorer and then select Plot. A plot of the data will appear as shown in Figure 1.

50 https://wcc.sc.egov.usda.gov/nwcc/site?sitenum=584
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[ Little Meadows-SWE — O ps
File Edit View

20

;Jt R l;;

T
1985 1990 1995 2000 2005 2010 2015

|— LITTLE MEADOWS SMOTEL SWE

203 Figure 1. Plot of the Little Meadows SWE Data.

A Distribution Fitting analysis has been developed for this example. A distribution | fitting method
combination has not been selected within the SSP Examples study. To visualize, inspect, and select a
distribution | fitting method combination, the following steps should be used. To open the Distribution Fitting
analysis editor for this example, either double-click on the analysis labeled Distribution Fitting Test 24 from
the study explorer, or from the Analysis menu, select open, then select Distribution Fitting Test 24 from the
list of available analyses. When this analysis is opened, the Distribution Fitting editor will appear as shown in
Figure 2.
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[ Distribution Fitting Test 24 — ] X
Name: Distribution Fitting TestQAJ
Description Little Meadows SWE Filtering Example
Data Set: Little Meadows-SWE v Ld| =
DSS File Name: | C:Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss . L
Report File CATemp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_24\Distribution_Fitting_Test_24.rpt
Data  Analysis Resulis
Parameter Type: | Qther v T
-
Display Original Data Filter Data... Q
— - 1.0+ p=3021,0="1446
Date Original Data Filtered - 40
9/30/1980, 24:00 00 00| A
10/1/1980, 24:00 00 00
10/2/1980, 2400 0.0 0.0 -35
10/3/1980, 24:00 00 0.0 0.8+
10/4/1980, 24:00 00 00 30
10/5/1980, 24:00 00 00
10/6/1980, 24:00 00 00 =
f0sriss0 2600 00 30 2 o5 -2
L 2
10/8/1980, 24:00 0.0 0.0 & E
10/10/1980, 24:00 00 0.0 2 203
10/11/1980, 24:00 00 00 ‘—;
10/12/1980, 24:00 00 00 g 0.4
10/13/1980, 24:00 00 00 (&} -15
10/14/1980, 24:00 00 00
0151 , 24:00 00 0.0
016/ ,24:00 0.0 0.0 - 10
07y ,24:00 0.0 0.0 0.2
0i18r ,24:00 0.0 0.0
01911980, 24:00 0.0 0.0 -5
0r20/ ,24:00 0.0 0.0
0211 ,24:00 0.0 0.0
012211980, 24:00 0.0 0.0 ! % 0
0i237 ,24:00 0.0 0.0
024/ ,24:00 0.0 0.0 Swe (inches)
0i25/ ,24:00 0.0 0.0 Date
0i261 ,24:00 0.0 0.0
0/27/1980, 24:00 0.0 0.0 v Plot Typs
Il Original Data [ Filtered Data ®coF OPDF Ox¥
Data Summary
Statistics Plot Opfions View Report OK Cancel Apply

204 Figure 2. Distribution Fitting Analysis Editor for Distribution Fitting Test 24.

For this analysis, an annual maximum series was extracted from the original daily average SWE data using a
water year demarcation of 010ct (i.e. extract annual maxima between 010ct — 30Sep). Out of the original
14125 values, 39 values remained after data filtering. These 39 peak values constitute an annual maximum
series of daily average SWE. The filters used within this analysis are shown in Figure 3. The original data as

well as the filtered data is shown in Figure 4.
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[ Filter X

Dates and Threshold
Annual Maxima

Starting Pool Stage/Elevation

Filter to Annual Maxima

Start of Year
(DDMMMY:

010ct]...

Peaks Over Threshold (Partial Duration)
Filter Data by Peaks Over Threshold (Partial Duration)

Minimum Threshold (inches)

(Leave Blank to report all peaks)
Duration of time between peaks (days)

(Leave Blank to report all peaks)

Method for Computing Magnitude Differential
Method for Computing Magnitude Differential
(Leave Blank to report all peaks)
Defined Threshold Value (inches) i}
Differential of Peak (inches) 1]

Percent of Peak 1]

205 Figure 3. Data Filters Used within Distribution Fitting Test 24.

& - O ped

File Edit View Window
80

Q

70

60

1 5
504

40 rI T

Swe (inches)

204

1U-J
DO AL L
1985 1990 1995 2000 2005 2010 2015

|— LITTLE MEADOWS Original Data SWE < LITTLE MEADOWS Fitered SWE

206 Figure 4. Original and Filtered Data within Distribution Fitting Test 24.
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Summary statistics of the original and filtered/processed data can be accessed by pressing the Data
Summary Statistics button near the bottom of the Distribution Fitting editor while on the Data tab, as shown

in Figure 5.

8 Summary Statistics >

Statistic Original Data Processed Data

Min 0.000 3.900
Max 78.000 78.000
Median 0.600 29.800
Mode 0.000 10.100
Sample Size 14125 39
Mean 8.518 30.205
St Dev 12.590 14 464
Skew 1.695 0.870
Kurtosis 2749 1.952
0.2% 67.175 78.000
0.5% 55.300 78.000
1.0% 50.900 78.000
2.0% 43700 78.000
5.0% 34.800 55.300
10.0% 27 600 47 600
20.0% 18.100 39.500
50.0% 0.600 29.800
80.0% 0.000 19.500
90.0% 0.000 10.100
95.0% 0.000 7.800
99.0% 0.000 3.900
L-Mean 8518 30.205
L-CW 0.710 0.263
L-Skew 0474 0.107
L-Kurtosis 0.128 0.199

Close

207 Figure 5. Data Summary Statistics for Distribution Fitting Test 24.

On the Analysis tab, several analytical distributions and fitting methods are available for selection. As shown
in Figure 6, the Filter Using Parameter radio button was selected within the Distribution Filter panel. The L-
Moments distribution fitting method was selected. The Chi-Square goodness of fit test was selected in the
Goodness of Fit Test panel. Several analytical distributions (some which poorly fit the data as well as some
that fit the data well) were then selected and compared. CDF, PDF, PP, QQ, and CDF-Plotting Position plots
comparing these distributions are shown in Figure 7, Figure 8, Figure 9, Figure 10, and Figure 11.
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[ Distribution Fitting Test 24 — ] X
Name: Distribution Fitting Test 24
Description Little Meadows SWE Filtering Example
Data Set: Little Meadows-SWE v Ld| =
DSS File Name: | C:Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss e l
Report File CATemp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_24\Distribution_Fitting_Test_24.rpt
Data Analysis Resulls
Distribution Filter Distribution Fitting Methods Goodness of Fit Test E 140
(@) Filter Using Parameter [ Product Moments (PM) Chi-Square (Test Statistic) ~ Q
O Display Al Distributions L-Moments (LM) Goodness of Fit Summary Statistics 120
[ Maximum Likelihood Estimation (MLE} s
Expected Chi-
Distribution Median Confidence Probability Square Accept 20 ra
Curve Limits Curve (Test Statistic) Distribution
Lag-Pearson Il (LM) =] [@] (@] 1.385 [@] ’,‘{‘?
Gamma (LM) =] [@] (@] 2103 [@] = 604
Generalized Extreme Value (LM} =] [@] (@] 2462 [@] =
Normal (LM} =] [@] (@] 3179 [@] 2
Ln-Normal (LM} =] [@] (@] 8.205 [@] @ 404
Beta (LM) [@) O NaN [@)
Pearson IIl (L1) [ O | O | NaN | O 20!
0
- T T T T T T T
0.0999 0.999 0.99 0.9 05 0.1 0.01  0.001 0.0001
Exceedance Probability
O Data (MEDIAN piotting positions) Gamma (LM) Distribution
Generalized Extreme Value (LM) Distribution Normal (LM) Distribution
Ln-Hormal (LM) Distribution Log-Pearson Il (LM) Distribution
Plot Type
Display All Median Curves [ ] OcoF OPDF OPPPlet (O QQPIlot  (® CDF - Plotting Position
Data Summary Distribution Confidence Limits and
Statistics Plot Opfions Summary Statistics Expected Probability Options View Report OK Cancel Apply

208 Figure 6. Distribution Fitting Analysis Editor with Analysis Tab Shown for Distribution Fitting Test 24.
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209 Figure 7. CDF Plot for Distribution Fitting Test 24.

HEC-SSP Examples — HEC-SSP Examples

Distribution Fitting Analysis Examples — 367



HEC-SSP Examples — HEC-SSP Examples

0.16 L ]
H=23021, 0="1446
0.14+
=
=
(1]
=
=
o
2
™
o
o
v
0 10 20 30 40 50 60 70 80
Swe (inches)

memms Data == (Gamma (LM} Data

Generalized Extreme Value (LM) Data === Normal (LM} Data

Ln-Mormal (LM} Data Log-Pearson Il (LM} Data

Plat Type

() CDF @ (OJPPPlot (O QQPlot (O CDF - Plotting Position

210 Figure 8. PDF Plot for Distribution Fitting Test 24.
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211 Figure 9. PP Plot for Distribution Fitting Test 24.
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212 Figure 10. QQ Plot for Distribution Fitting Test 24.
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213 Figure 11. CDF-Plotting Position Plot for Distribution Fitting Test 24.

HEC-SSP Examples — HEC-SSP Examples

Kolmogorov-Smirnov and Chi-Square summary statistics can be accessed by pressing the Goodness of Fit
Summary Statistics button near the top of the Distribution Fitting editor while on the Analysis tab, as shown

in Figure 12.
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@ Goodness of Fit Test Summary Statistics X
Filter Distributions Filter Goodness of Fit
Standard Product Moments L-Moments  Maximum Likelihood Estimation
Kalmogorov-Smirnaov Chi-Square
Distribution {Test Statistic) {Test Statistic)
Generalized Extreme Valu... 0.074 2.462
MNarmal (L) 0.092 3179
Gamma (LM) 0.004 2103
Exponential (LM} 0.296 28.308
Beta (LM) Mak NEL
Pearson Il (LM) Mal RE

214 Figure 12. Goodness of Fit Summary Statistics for Distribution Fitting Test 24.
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In this example, the Generalized Extreme Value Distribution fit using L-Moments was selected by clicking the
Accept Distribution. Upon clicking this button, confidence limits and an expected probability curve were
automatically computed using the options specified within the Plot Options and Confidence Limits and
Expected Probability Options editors. The accepted distribution | fitting method was used to populate the
Results tab, as shown in Figure 13.
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o[~]

[ Distribution Fitting Test 24
Name: Distribution Fitting Test 24
Description Little Meadows SWE Filtering Example
Data Set: Litle Meadows-SWE
DSS File Name:  C:Temp/S8P_Projects/SSP_Examples/S8P_EXAMPLES.dss
Report File CATemp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_24\Distribution_Fitting_Test_24.rpt
Data Analysis Resulis™
Statistics Selected Distribution: Generalized Extreme Value (LM)
Value Distribution Parameters Goodness of Fit
Statistic — -
Original D... | Filtered D... Parameter Value Chi-Square
Sample Si... 1412 9 Loctn 24.136 (Test Statistic)
Min 0 2.900 Scale 12.485 2462
Wax 78.00 78.000| | | [shape 0100
Median 0 29.800
Mode 0 10.100
Freguency Curves
Median Expected Confidence Limits
Percent Curve Probability Swe
Chancs ininches
Product Moments Exceedance Swe Swe
Statistic | Original D... | Filtered D. ininches ininches 0.05 0.95
Mean 5518 30.205 0z 81.841 90.551 116579 59.499
Standard 12590 14.464 05 75411 79.685 100.225 57.358
Skew 1695 0.870 10 70126 72222 88690 55136
Kurtosis 2749 1952 20 f4.438 65.186 77964 52.396
50 56.198 56.160 65.075 47 660
1 49.282 49.147 5581 2.680
2 41.520 41.446 75 6.336
5 28.629 28.568 79 4.543
8 18.051 17.967 71 4.577
L -Moment Ratios g 13.275 131427 10 9.453
9 9.655 9.322 4.16: 5.126
Statistic | Original D... | Filtered D. 3 3530 2221 952 3322
L-Mean 8.518 30.205
L-CV 0710 0.263
L-Skew 0.474 0.107
L-Kurtosis 0.128 0.199
Plot Options View Report

100

40

Swe (inches)

204

-20

0.9999

T T T T T T
0.99 09 0.5 0.1 0.01 0.001
Exceedance Probability

O Data (MEDIAN plotting postions)
Generalized Extreme Valuz (LM) Distribution
------ Generalized Extreme Value (LM) Expected Probabilty
— Generalized Extreme Value (LM) 5.0 Percent Confidence Limits
— —— Generalized Extreme Value (LI} 95.0 Percent Confidence Limits

Plot Type

QOcbF OPDF @i

OK Cancel Apply

215 Figure 13. Distribution Fitting Results Tab Shown for Distribution Fitting Test 24.

In addition to the tables and plot available on the Results tab, CDF, PDF, and CDF-Plotting Position plots of
the data and accepted distribution | fitting method can be obtained by double left-clicking on the plot of
interest. The CDF-Plotting Position plot of the data and accepted distribution | fitting method is shown in
Figure 14.
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216 Figure 14. Distribution Fitting Results Plot Shown for Distribution Fitting Test 24.

In addition to the tabular and graphical results, there is a report file that shows the input data, data filters that
were applied, processed data, data summary statistics, all available analytical distributions for the selected
fitting method and their corresponding parameters, selected goodness of fit summary scores for each
analytical distribution, and the accepted distribution | fitting method. Different types and amounts of
information will be contained within the report file depending upon the data and the options that have been
selected for the analysis. To review the report file, press the View Report button at the bottom of the analysis
window. When this button is selected a text viewer will open the report file and display it on the screen, as
shown in Figure 15.
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[ pistribution_Fitting_Test 24.pt - u] X
File Edit Search Format
File: | \Temp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_24\Distribution_Fitting_Test_24.rpt
1 Beta (LM} | Shape0=Nall ,Shapel=Nall 1 3.179 | ~
9| Gamma (IM) | Shape=4.337 ,Scale=6.965 | Nal |
301 Ln-Normal (LM} | MeanLn=3.275 ,5tDvLn=0.543 | 8.205 |
L Generalized Extreme Value (LM) | Loctn=24.136 ,Scale=12.485 ,Shape=0.100 I 1.385 |
20 | | |
4 Plotting Position Type: MEDIAN
86 --- End Of Rnalysis --—-—
89 --- Results ——
41 Selected Distribution: Generalized Extreme Value (LM}
Paramster I
|
Loctn=24.136087 ,Scale=12.484é3€ ,Shape=0.10044% |
|
7 Median Expected | Percent | Confidence Limits |
81 Curve Probability | Chance I 0.05 0.95 |
9| Swe, inches | Exceedance | Swe, inches |
| | | |
L 81.841 90.551 | 0.200 | 116.579 59.4599 |
2|1 75.411 79.685 | 0.500 | 57.358 |
3 70.128 72.222 | 1.000 | 55.136 |
41 64.438 €5.186 | I 52.396 |
51 56.198 56.160 | | 47.660 |
6|1 49.282 49.147 | | 42.86380 |
| 41.520 41.446 | | 36.33¢6 |
| 28.629% 28.563 | | 24.843 |
131 18.051 17.967 | I 14.577 |
201 13.275 13.127 | | 9.453 |
211 9.655 9.322 | | 5.126 |
22 (1 3.530 2.221 | I -3.322 |
3l | | |
—- End Of Results -—
2 d
07/25/2022 16:49 PM 1111 11

217 Figure 15. Report File for Distribution Fitting Test 24.

10.6 Example 25. Distribution Fitting, Analyzing a Time Series of
Daily Average Flow to Estimate Flood Seasonality

This example demonstrates how to use the Distribution Fitting analysis to analyze a time series of daily
average streamflow using peaks over threshold filtering to estimate flood seasonality (or when floods occur
throughout the year). The data for this example consists of daily average streamflow for a location along the
South Fork Shoshone River near Valley, WY®'. This stream gage is operated by the USGS (gage ID:
06280300). The period of record used for this example is from 1956 to 2017. To view the data from HEC-
SSP, right-click on the data record labeled "South Fork Shoshone River-Daily" in the study explorer and then
select Plot. A plot of the data will appear as shown in Figure 1 (see page 375).

51 https://waterdata.usgs.gov/wy/nwis/uv/?site_no=06280300
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218 Figure 1. Plot of the Daily Average Flow Data for South Fork Shoshone River.

A Distribution Fitting analysis has been developed for this example. A distribution | fitting method
combination has not been selected within the SSP Examples study. To visualize, inspect, and select a
distribution | fitting method combination, the following steps should be used. To open the Distribution Fitting
analysis editor for this example, either double-click on the analysis labeled Distribution Fitting Test 25 from
the study explorer, or from the Analysis menu, select open, then select Distribution Fitting Test 25 from the
list of available analyses. When this analysis is opened, the Distribution Fitting editor will appear as shown in
Figure 2 (see page 376).
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[E] Distribution Fitting Test 25

Data  Analysis Results

Parameter Type:  Flgod Season

Name: Distribution Fitting TestQE\
Description South Fork Shoshone River Flood Season Example
Data Set: South Fork Shoshone River-Daily

DSS File Name: | C:Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss

Q

Statistics

Display Original Data Filter Data...
Date Original Data Filtered
10111956, 24:00 1400 1400
10/2i1956, 24:00 1400 1400
10/3i1956, 24:00 1300 1300
10i4i1956, 24:00 1300 1300
10/5i1956, 24:00 1300 1300
10/6i1956, 24:00 1300 1300
10/7i1956, 24:00 1200 1200
10/8/1956, 24:00 1200 1200
10/9/1956, 24:00 1200 1200

10/10/1956, 24:00 1200 1200
10/11/1956, 24:00 1200 1200
10/12/1956, 24:00 1200 1200
10/13/1956, 24:00 1100 1100
10/14/1956, 24:00 1100 1100
10/15/1956, 24:00 1100 1100
0/16/1956, 24:00 00 0.0
011711956, 24.00 0.0 0.0
0/18/1956, 24.00 0.0 0.0
0/19/1956, 24.00 0.0 0.0
0/20/1956, 24.00 0.0 0.0
0/21/1956, 24.00 0.0 0.0
0/22/1956, 24.00 0.0 0.0
0/23/1956, 24:00 20.0 0.0
0/24/1956, 24:00 0.0 0.0
0/25/1956, 24.00 0.0 0.0
0/26/1956, 24.00 0.0 0.0
02711956, 24.00 0.0 0.0
0/28/1956, 24.00 0.0 0.0
[ Original Data [l Filtered Data
Data Summary Plot Options View Report

Report File CATemp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_25\Distribution_Fitting_Test_25.rpt

- a x
v 4 =
12
200
1.0+ ‘
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: ‘
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@
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I E
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=
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[E]
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02+
00- 0
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OK Cancel Apply

219 Figure 2. Distribution Fitting Analysis Editor for Distribution Fitting Test 25.

For this analysis, the Parameter Type was changed to Flood Season, which enables different settings that
aren't available when other parameter types are selected. First, alternative plot settings will be used within
subsequent CDF and PDF plots. The dates of each value (and selected distributions) will be used in lieu of
the actual values. Also, supplementary plot options that can be accessed by clicking the Plot Options button.
Specifically, 100 bins was specified within the Advanced Histogram Options panel, as shown in Figure 3 (see
page 377). Also, peaks greater than 1000 cfs and a minimum of 14 days apart from one another were
extracted from the original daily average streamflow data. Out of the original 21898 values, 188 values
remained after data filtering. These 188 peak values constitute a partial duration series of daily average
streamflow peaks greater than 1000 cfs. The filters used within this analysis are shown in Figure 4 (see page
377). The original data as well as the filtered data is shown in Figure 5 (see page 377).
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Dates and Threshold| Peaks | Starting Pool Stage/Elevation
Annual Maxima

Filter to Annual Maxima

Start of Year
(DDMMMY:

31Decl]

Peaks Over Threshold (Partial Duration)
Filter Data by Peaks Over Threshold (Partial Duration)

1000

Minimum Threshold (cfs)

(Leave Blank to report all peaks)

Duration of time between peaks (days)

(Leave Blank to report all peaks)

Method for Computing Magnitude Differential
Method for Computing Magnitude Differential

(Leave Blank to report all peaks)

|:| Defined Threshold Value (cfs)

[] pifferential of Peak (cfs)

|:| Percent of Peak

| OK || Cancel | Apply

220 Figure 4. Data Filters Used within Distribution Fitting Test 25.

[Z3 Piot Options *
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B IEILENDE ""55 Number Of Bins ~ 100(3
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[Jichange Labef |Flow ™
ERE, 0% ] . [] start (DDMMM) 01Jan[.]
A (O) Mon-Exceedance Probability
[[] change Label |ms [[] Use values trom Table Below (] Ena ©OMMM) 310l
Bins
Plotting Position Exceedance Probability in Percent Date (DDMMM)
O Weibull (Aand B=0) 0.2 (Chronologically)
B 05 01Jan| &
(@) Median (AandB=0.3) 10 05Jan
(O Hazen (Aand B=0.5) 20 08Jan,
5.0 12Jan
(O other (Specify A, B) 10.0 16Jan
20.0 20Jan
Plotting position computed using formula 50.0 23Jan
) (m-A){n+1-A-B) B0.0 27Jan|
Where: - B 90.0 3Jan
m_-hI ank, 1-Lfa:(rqest 95.0 03Feb
n= uz‘"éﬂ_j:r e 99.0 07Feb
B=Constants 11Feb
A 14Feb)
i 18Feb
B: 21Feb
25Feb| v
[« ][ concer | [To0N
B Filter X
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221 Figure 5. Original and Filtered Data within Distribution Fitting Test 25.

Summary statistics of the original and filtered/processed data can be accessed by pressing the Data
Summary Statistics button near the bottom of the Distribution Fitting editor while on the Data tab, as shown

in Figure 6 (see page 379).
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[ summary Statistics H
Statistic Original Data Processed Data

Min 23.000 1010.000
Max 6100.000 6100.000
Median 144 000 1995.000
Mode 70.000 1580.000
Sample Size 22264 192
Mean 418.022 2272306
St Dev 636.065 1054774
Skew 2.809 1.262
Kurtosis 9.276 1.758
0.2% 3870.000 6100.000
0.5% 3420.000 6100.000
1.0% 3030.000 5867.500
2.0% 2540.000 5695.200
5.0% 1850.000 4081.000
10.0% 1250.000 3665.000
20.0% 595.000 3050.000
50.0% 144.000 1995.000
80.0% 79.000 1316.000
90.0% 59.000 1163.000
95.0% 62.000 1090.000
99.0% 52.000 1010.000
L-Mean 418.022 2272 306
L-CV 0.625 0.249
L-Skew 0.596 0.237
L-Kurtosis 0.324 0.114

Close

222 Figure 6. Data Summary Statistics for Distribution Fitting Test 25.
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On the Analysis tab, several analytical distributions and fitting methods are available for selection. As shown
in Figure 7 (see page 380), the default Product Moments fitting method was left unchanged. The Chi-Square
goodness of fit test was selected by clicking on the column header and selecting Chi-Square. Several
analytical distributions (some which poorly fit the data as well as some that fit the data well) were then
selected and compared. CDF, PDF, PP, and QQ plots comparing these distributions are shown in Figure 8 (see
page 380), Figure 9 (see page 380), Figure 10 (see page 380), and Figure 11 (see page 380). If a different number of bins
are desired within either the CDF or PDF plots, the change should be made on the Data tab to ensure that the

analytical distributions shown within either plot are the most up to date.
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Statistics

Summary Stafistics Expected Probability Options

[F pistribution Fitting Test 25* - o

Name Distribution Fitting Test 25

Description: South Fork Shoshone River Flood Season Example

Data Set South Fork Shoshone River-Daily ~| L E

DSS File Name: | C/PROJECTSISSP/Projectsftest/SSP_Examples/SSP_EXAMPLES. dss A

Report File: C:PROJECT: _ExamplesiD Distribution_Fitting_Test_25\Distribution_Fitting_Test_25.rpt

Data Analysis® Results

Distribution Filter Distribution Fiting Method: dness of Fit Test E
Filter Using Parameter Product Moments (PM) Kolmogorov-Smimov (Test Statistic) Q
Display All Distributions L-Moments (LM) Goodness of Fit Summary Statistics
Maximum Likelihood Estimation (MLE)
Expected Kolmogorov-
Distribution Median Confidence bal Smirnov Accept
Curve Limits Curve (Test Statistic) Distribution
0o 0 0

Normal (PM) Q Q NaM Q)

Triangular (PM) | | [e] | @] | NaN | [@]

Uniform (P) [ [ Q [ (0] | NaN [ [e]
>
H P
2 =
-1
H

Flow (cfs)
[ o —— — — —— T e om
Plot Typ
Dispiay All Median Curves [ ] @coF OPDF OPPPlot O0QaPlet O CDF- Plotting Position
Data Summary Plot Options Distribution Confidence Limits and e —

Cancel Apply

223 Figure 7. Distribution Fitting Analysis Editor with Analysis Tab Shown for Distribution Fitting Test 25.
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224 Figure 8. CDF Plot for Distribution Fitting Test 25.
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File Edit View Window
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225 Figure 9. PDF Plot for Distribution Fitting Test 25.
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226 Figure 10. PP Plot for Distribution Fitting Test 25.
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227 Figure 11. QQ Plot for Distribution Fitting Test 25.

In this example, the Gamma Distribution fit using Product Moments was selected by clicking the Accept
Selected Distribution button near the bottom of the Distribution Fitting editor while having that row selected
on the Analysis tab. Upon clicking this button, the accepted distribution | fitting method was used to populate
the Results tab, as shown in Figure 12 (see page 385). Notice that various statistics, parameters, and probability
distribution results are presented in terms of dates due to selection of the Flood Season parameter on the

Data tab.

Distribution Fitting Analysis Examples — 385



HEC-SSP Examples — HEC-SSP Examples

o]

[F pistribution Fitting Test 25*
Name: Distribution Fiting Test 25
Description South Fork Shoshone River Flaod Season Example
Data Set South Fork Shoshone River-Daily
DSSFile Name: | C/PROJECTSISSP/Projectsftest'SSP_Examples/SSP_EXAMPLES. dss
Report File: C:PROJECT: _ExamplesiD Distribution_Fiting_Test_25\Distribution_Fiting_Test_25.rpt
Data Analysis* Results
I Selected Distribution: Gamma (PM)
Value Distibution of Fit
Statistic
Original Data | Filtered Data | Parameter value | Kolmogorou-Smirnov
Sample Size 22264 192| | | 'Shape 59510| (Test Statistic)
|in 1.Jan Mayl | | [scale 2722
Wax 8 Dec Aug| || it 25567.920
Wedian 1 .Jan Jun
Wlode 1 .Jan Jun
Cumulative Date
Provability
003 02Hay
008 05Hay
040 0dhay
59 13May
Proguct Moments q Tahiay
Statistic | Original Data | Filtered Data 7 20May,
[E 1Jun 11Jun 1 3y
andard Dev | 21.000 Days| 21.000 Days E] 7May
kew 3710 222, 1hiay
urtosis 8.587 331 3Jun
451 7.Jun!
496 un
527 un
627 un
664 un
761 un
725
34| u
92 u
L-Moment Ratios 5 m
Statistic | Original Data | Filtered Data 4 u
L-Mean 0.000] 150445828 5 u
LoV 513 7 1Ju
L-Skew 0.000, 329 8 40y
L-Kurtosis 0.000, 159 9 8Ju
92 Aug
95 thug!
95 Aug
95 Aug
95 Aug
98| Aug
98| Aug
na| 10l
Plot Options View Repart

Cumulative Probabilty

Flow (chs)

— —— Gemma (W) Dala

Plot Typ
[@CDF QPDF (O CDF - Plotting Position

oK Cancel Apply.

228 Figure 14. Distribution Fitting Results Tab Shown for Distribution Fitting Test 25.

In addition to the tables and plot available on the Results tab, CDF, PDF, and CDF-Plotting Position plots of
the data and accepted distribution | fitting method can be obtained by double left-clicking on the plot of
interest. Finally, a report file is was generated which shows the input data, data filters that were applied,
processed data, data summary statistics, all available analytical distributions for the selected fitting method
and their corresponding parameters, selected goodness of fit summary scores for each analytical
distribution, and the accepted distribution | fitting method. Different types and amounts of information will be
contained within the report file depending upon the data and the options that have been selected for the
analysis. To review the report file, press the View Report button at the bottom of the analysis window. When
this button is selected a text viewer will open the report file and display it on the screen, as shown in Figure
13 (see page 386).
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[ pistribution_Fitting_Test_25.rpt - o ®
File Edit Search Format
File: | \PROJECTS\SSP\Projectsitesf\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_25\Distribution_Fitting_Test_25.rpt
1 ~
2 Distribution Fitting Bnalysis
& —-- Input Data ——-
® Analysis Name: Distribution Fitting Test 25
9 Description: South Fork Shoshone River Flood Season Example
11 Data Set Name: South Fork Shoshone River-Daily
12 Input DSS File Name: C:/PROJECTS/SSE/Projects/test/S5P_Examples/SSP_EXAMPLES.dss
13 DSS Pathname: /SOUTH FORK SHOSHOME RIVER/VALLEY, WY/FLOW//1DAY/USGS/
15 Project Path: C:\PROJECTS\SSP\Projects\test\55F_Examples
1¢ Result File Name: Distribution Fitting Test_25.xml
17 Report File Name: C:\PROJECTS\S5P\Projects\test\SSP_Examples\DistributionFitting\Distribution_ Fitting Test_25\Distribution Fitting Test_25.rpt
18 Output DSS File Name: C:/PROJECTS/S55B/Projects/test/SSP_Examples/SSP_EXRMPLES.dss
20 Parameter Type: Flood Season
22 Data Filters:
23 Peaks Over Threshold (Partial Duration):
24 Minimum Thresheld: 0.0
25 Duration of time between peaks: 14.0
27 Number of Original Data Values: 192
259 Number of Filtered Data Value: N/R
32 --- End of Input Data ---
| Statistic | Original Data | Processed Data |
| | | |
I Sample Size | 192 | n/n |
411 Min | 02 May | N/A |
20 Max | 26 Rug | /A |
31 Median | 29 Jun | n/n |
| Mode | 03 Jun | N/A |
| | | |
48 Product Moments
? v
01/27/2023 15:15 PM 1111 11

10.7 Example 26. Distribution Fitting, Analyzing a Paired Data
Record of Hydrologic Model Output

This example demonstrates how to use the Distribution Fitting analysis to analyze a paired data record
consisting of output from a hydrologic model. The data for this example consists of paired data which was
generated using the Markov Chain Monte Carlo (MCMC) Optimization Analysis contained within the
Hydrologic Modeling System (HEC-HMS). Specifically, the paired data record contains estimates of time of
concentration (T.) for a subbasin. To view the data from HEC-SSP, right-click on the data record labeled
"MCMC OUTPUT-TC" in the study explorer and then select Plot. A plot of the data will appear as shown in
Figure 1 (see page 387).
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229 Figure 1. Plot of the Time of Concentration Data.

A Distribution Fitting analysis has been developed for this example. A distribution | fitting method
combination has not been selected within the SSP Examples study. To visualize, inspect, and select a
distribution | fitting method combination, the following steps should be used. To open the Distribution Fitting
analysis editor for this example, either double-click on the analysis labeled Distribution Fitting Test 26 from
the study explorer, or from the Analysis menu, select open, then select Distribution Fitting Test 26 from the
list of available analyses. When this analysis is opened, the Distribution Fitting editor will appear as shown in

Figure 2 (see page 388).
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[E] Distribution Fitting Test 26 — ] X
Name: Distribution Fitting TestQE\
Description Paired Data Example
Data Set: MCHMC OUTPUT-TC PiES
DSS File Name: | C:Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss . L
Report File CATemp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_26\Distribution_Fitting_Test_26.rpt
Data  Analysis Resulis
Parameter Type: | Qther =
12 600
Display Original Data Filter Data... Q
— - p=10.04,0=.94
MNumber Original Data Filtered
1.0 7.9 79 104 | 500
20 117 mn7
30 10.5] 105
40 83 93
50 10.2] 102
6.0 106 106 087 400
70 10.5] 105 =
80 99 99 :Eu
8.0 11.3] 13 =
10.0 106 106 o 067 [F300E
11.0 9.5 95 2 3
120 94 94 '—;
130 86 86 g
140 96 96 O 044 - 200
150 58 58
6.0 9 9
7.0 9.4 9.
8.0 T 1. 024 100
9.0 0. 0.
20.0 0. 0.
21.0 0.0 0.0
220 8.0 8.0
oo T T = 0
230 10.7] 107
540 0. 0. 0 2 6 8 10 12 14
25.0 o 9. Counttc
26.0 10.2 10. Date
27.0 104 10.
28.0 9. a. Plot Typs
Il original Data [l Filtered Data @cDF OFDF Oxv
Data Summary
Statistics Plot Opfions View Report OK Cancel Apply

230 Figure 2. Distribution Fitting Analysis Editor for Distribution Fitting Test 26.

For this analysis, the paired data record was used without modifications. Summary statistics of the data can
be accessed by pressing the Data Summary Statistics button near the bottom of the Distribution Fitting
editor while on the Data tab, as shown in Figure 3 (see page 389).
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8 Summary Statistics >

Statistic Original Data Processed Data

Min 5.826 5.826
Max 13.887 13.887
Median 10.033 10.033
Mode 5.826 5.826
Sample Size 500 500
Mean 10.040 10.040
St Dev 0.945 0.945
Skew 0.069 0.069
Kurtosis 1.894 1.894
0.2% 13.886 13.886
0.5% 13.331 13.331
1.0% 12.969 12.969
2.0% 12.188 12188
5.0% 11.583 11.583
10.0% 11.137 11.137
20.0% 10.727 10727
50.0% 10.033 10.033
80.0% 9.358 9,358
90.0% 8.897 5.897
95.0% 8.559 8.559
99.0% 7.518 7.518
L-Mean 10.040 10.040
L-CW 0.051 0.051
L-Skew 0.003 0.003
L-Kurtosis 0.188 0.138

Close

231 Figure 3. Data Summary Statistics for Distribution Fitting Test 26.
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On the Analysis tab, several analytical distributions and fitting methods are available for selection. As shown
in Figure 4 (see page 390), the Display All Distributions radio button was selected within the Distribution Filter
panel to display all of the available analytical distributions while the default Product Moments fitting method
was set to L-Moments. The Chi-Square goodness of fit test was selected. Several analytical distributions
(some which poorly fit the data as well as some that fit the data well) were then selected and compared.
CDF, PDF, PP, QQ, and CDF-Plotting Position plots comparing these distributions are shown in Figure 5 (see
page 390), Figure 6 (see page 390), Figure 7 (see page 390), Figure 8 (see page 390), and Figure 9 (see page 390). If a
different number of bins are desired within either the CDF or PDF plots, the change should be made on the
Data tab to ensure that the analytical distributions shown within either plot are the most up to date.
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[ Distribution Fitting Test 26

Name: Distribution Fitting Test 26
Description Paired Data Example
Data Set: MCMC QUTPUT-TC
DSS File Name: | C:Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss
Report File
Data Analysis™ Results
D Filter D Fitting Method:

( Filter Using Parameter [ Product Moments (PM}

(@) Display All Distributions

L-Moments (LM)

Goodness of Fit Test

Chi-Square (Test Statistic) ~

Goodness of Fit Summary Statistics

[ Maximum Likelihood Estimation (MLE}

CATemp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitting_Test_26\Distribution_Fitting_Test_26.rpt

[
Q

Plot Options

Statistics Summary Statistics

Expected Probability Options

Expected Chi-
Distribution Median Confidence Probability Square Accept
Curve Limits Curve (Test Statistic) Distribution

Log-Logistic (LM) v (@] O 93.600 (@]
Gamma (LM) 1 (@] O 95.600 (@]
Normal (LM) ~ (@] @] 97.200 (@]
Log-Pearson Il (LM) 1 (@] O 98.000 (@]
Generalized Logistic (LM) 1 (@] O 103.200 (@]
Logistic (LM) 1 o] @] 106.800 o]

[ ] () [ ]
Ln-Normal (LM) [@) O 118.400 [@)
Laog10-Mormal (LM) | [@] (@] 118.400 [@]
Triangular (LM) O O (@] 600 O
Gumbel (LM) (@] @] .200 (@]
Generalized Pareto (LM) [@] [@] .800 [@]
Uniform (LM) [@] [@] 400 [@]
Shifted Exponential (LM) [@] [@] 12.800 [@]
Exponential (LM) [@] [@] 4044.400 [@]
4 Parameter Beta (LM) C [@] al C
Beta (LM} [@] [@] al [@]
Pearson lll (LM} [@] [@] al [@]
Shifted Gamma (LM} [@] [@] al [@]

Display All Median Curves [ ]
Data Summary Distribution Confidence Limits and

View Report
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232 Figure 4. Distribution Fitting Analysis Editor with Analysis Tab Shown for Distribution Fitting Test 26.
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233 Figure 5. CDF Plot for Distribution Fitting Test 26.
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234 Figure 6. PDF Plot for Distribution Fitting Test 26.

Distribution Fitting Analysis Examples — 393



HEC-SSP Examples — HEC-SSP Examples

1.0
L
il
ST
i
0.8+ ; L
[H ;
Ll
£ 06 i
=
m
g L
o
™ )
= 0.4+
] Fil
= [
< ol
! Vil
0.2+ 5Tl ol2
AT
e
0.0 i . . . |
0 02 04 0.6 0.8 1
Observed - Probability
43 Gamma (LM} Data ‘Generalized Extreme Value (LM) Data Generalized Logistic (LM) Data
Fi Logistic (LM} Data o] Mormal (LM} Data WV Log-Logistic (LM} Data
Log-Pearson Il (LM} Data Best Fit Line
Plot Type
(OCDF OPDF @ () QaPlot () CDF - Plotting Position

235 Figure 7. PP Plot for Distribution Fitting Test 26.
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236 Figure 8. QQ Plot for Distribution Fitting Test 26.
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237 Figure 9. CDF-Plotting Position Plot for Distribution Fitting Test 26.

Kolmogorov-Smirnov and Chi-Square summary statistics can be accessed by pressing the Goodness of Fit
Summary Statistics button near the top of the Distribution Fitting editor while on the Analysis tab, as shown
in Figure 10 (see page 396).
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@ Goodness of Fit Test Summary Statistics X
Filter Distributions £ Filter Goodness of Fit
Standard Product Moments L-Moments  Maximum Likelihood Estimation
Kolmogorow-Smirnov Chi-Square
Distribution {Test Statistic) {Test Statistic)

Generalized Logistic (LM) 0.0z2z2 103.200
Logistic (LM) 0.022 106.800
Log-Logistic (LM) 0.036 93.600
Marmal (LM} 0.039 a7.200
Lag-Pearsan HI (LM) 0.039 93.000
Generalized Extrerme Valu... 0.045 113.600
Gamma (LM) 0.046 95 600
Triangular (LM) 0.048 131.600
Ln-Mormal {(LM) 0.053 118.400
Log10-Mormal (LIM) 0.053 118.400
Gumbel (LM) 0.084 183.200
Uniform (L) 0.087 312.400
Generalized Pareto (LM} 0.088 308.800
Shifted Exponential (LM) 0.160 882.800
Exponential (LM} 0.534 4044 400
Beta (LM) REL NEL
4 Parameter Beta (LM) MaM Mak
Pearson Il (LM) Mak Mak
Shifted Gamma (LM) REI RE!
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In this example, the Logistic Distribution fit using L-Moments was selected. Upon clicking this button,
confidence limits and an expected probability curve were automatically computed using the options
specified within the Plot Options and Confidence Limits and Expected Probability Options editors. The
updated confidence limits and an expected probability curve were recomputed. The accepted distribution |
fitting method was used to populate the Results tab, as shown in Figure 11 (see page 397).
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[ pistribution Fitting Test 26 - [u] X
Name: Distribution Fitting Test 26|
Description Paired Data Example
Data Set MCMC OUTPUT-TC v| ] =
DSS File Name: | C/Temp/SSP_Projects/SSP_Examples/SSP_EXAMPLES.dss A
Report File: CTemp\SSP_Projects\SSP_Examples \DistributionF iting\Distribution_Fitting_Test_26\Distribution_Fitting_Test_26.rpt
Data Analysis Results
Statistics Selected Distribution: Log-Logistic (LM) —
Value | Distrioution Parameters Goodness of Fit Iﬂ !
Statistic Q
onginal Data [ Filtereu Data | Parameter | Value Chi-Square a
Eamu\e Size 500 500 | | (Scaie I 9935 (Test Statistic)
Hin 826 826 Shape I 19365 93 600
Wax 13.887 13.887 13
Wedian 10.033 10.033|
Wode 826 826 124
Frequency Curves 1
Median Expected Confidence Limits
[FEr cure Probability Counttc
Chance = 104
Product Moments ST Countte Countc
Statistic | Original Data | Filtered Data n n 02 055 o
oan 7 7 775 791 78
137 47] 85
andard Dev = 2o o 5
few 220 n 97
urtosis 55 s =
1 198 7 309 "
2 737 7 827
5 995 995 065 0,927 6 s
30 304 >
L-Woment Ratios gg %‘ i 5 T T T T T T T
Statistic | Original Data | Filtered Data X 38 879 7 OEED G 0 o 0 o o Ol @i
L-bean 10.040 10.040 Exceedance Probability
L-CV 051 051 = —
Corew 003 003 ©  Data (MEDIAN platiing positions) Log-Logistic (LM) Distribution
L-Kuriosis 8] el | Log-Logistic (LM) Expected Probability ——~ Log-Logistic (LM) 5.0 Percent Configence Limits
——~- Log-Logistic (L) 95.0 Percent Confidence Limits
Plot Type
OcoF OPDF @ CDF - Plotling Position
Plot Options View Repart oK Cancel Apply

238 Figure 11. Distribution Fitting Results Tab Shown for Distribution Fitting Test 26.

In addition to the tables and plot available on the Results tab, CDF, PDF, and CDF-Plotting Position plots of
the data and accepted distribution | fitting method can be obtained by double left-clicking on the plot of
interest. The CDF-Plotting Position plot of the data and accepted distribution | fitting method is shown in

Figure 12 (see page 398).
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239 Figure 12. Distribution Fitting Plot Shown for Distribution Fitting Test 26.

In addition to the tabular and graphical results, there is a report file that shows the input data, data filters that
were applied, processed data, data summary statistics, all available analytical distributions for the selected
fitting method and their corresponding parameters, selected goodness of fit summary scores for each
analytical distribution, and the accepted distribution | fitting method. Different types and amounts of
information will be contained within the report file depending upon the data and the options that have been
selected for the analysis. To review the report file, press the View Report button at the bottom of the analysis
window. When this button is selected a text viewer will open the report file and display it on the screen, as
shown in Figure 13 (see page 399).
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[ pistribution_Fitting_Test 26.ipt - u] X
File Edit Search Format
File: | cATemp\SSP_Projects\SSP_Examples\DistributionFitting\Distribution_Fitiing_Test_26\Distribution_Fitting_Test_26.rpt
1 Generalized Logistic (LM) | Loctn=10.03% ,Scale=0.514 ,Shape=-0.003 1 118.400 | ~
| Triangular (LM) | Left=7.34¢ ,Peak=10.023 ,Right=12.3251 | 98.000 |
| Ln-Normal (LM} | MeanLn=2.302 ,5tDvLn=0.092 | £882.800 |
1 LoglO-Normal (LM) | MeanLog=1.000 , StDvLog=0.040 1 Nall |
| | | |
Plotting Position Type: MEDIAN
——- End Of Rnalysis ———
—--- Results ——
Selected Distribution: Log-Logistic (LM)
| Paramster |
| |
| Scale=9.994834 ,Shape=19.364980 |
| |
| Kolmegorow-Smirnov |
| (Test Statistic) |
| =mmmmmmm oo I
I 93.600 |
| =mmmm oo |
| Median Expected | Percent | Confidence Limits |
I Curve Probability | Chance I 0.05 0.95 |
I Count-tc | Exceedance | Count-tc I
| | | |
I 13.775 13.791 | 0.200 | 14.078 13.485 |
| 13.137 0.000 | 0.500 | 13.385 12.896 |
| 12.872 0.000 | 1.000 | 12.38 12.464 |
I 12.220 0.000 | 2.000 | 12.397 12.044 |
| 11.636 0.000 | 5.000 | 11.775 11.489 |
| 11.19¢ a.000 | 10.000 1 11.309 11.084 |
| 10.737 0.000 | 20.000 | 10.827 10.649 |
| 9.895 0.000 | 50.000 | 10.065 9.927 |
I 9.304 0.000 | g0.000 | 9.380 9.229 |
| 8.923 0.000 | 90.000 | 9.009 8.835 |
| 8.535 0.000 | 95.000 | £.684 8.485 |
I 7.884 0.000 | 99.000 | 8.011 7.755 |
| | | |
—--- End Of Results ——-
v
0712512022 17:24 PM 1111 11

240 Figure 13. Report File for Distribution Fitting Test 26.
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11 Curve Combination Analysis Examples

11.1 Example 19. Curve Combination Analysis, Combining Multiple
Frequency Curves Using Graphical Techniques

This example demonstrates how to create a Curve Combination analysis that combines multiple input
frequency curves using graphical techniques. In this example, a "best-fit" empirical distribution will be
created using multiple reservoir stage-frequency curves.

A Curve Combination analysis has been developed for this example. To open the Curve Combination analysis
editor for this example, either double-click on the analysis labeled Curve Combination Test 19 from the study
explorer, or from the Analysis menu select open, then select Curve Combination Test 19 from the list of
available analyses. When Test 19 is opened, the Curve Combination Analysis editor will appear as shown in
Figure 1 (see page 401).

Shown in Figure 1 (see page 401) are the general settings for this curve combination analysis. "Stage" and "feet
NAVD88" were entered for the Data Label and Data Units, respectively. The Do Not Use Log Transform and
Do Not Compute confidence limits options were selected. Finally, the 0.1-, 0.01-, 0.001, and 0.0001-percent
ordinates were added to the list of Output Frequency Ordinates.

[ Curve Combination Analysis Editor - Curve Combination Test 19 - O X

Name: Curve Combination Test 19|
Description Resenvoir Stage-Frequency Example

DSSFile Name: | C\PROJECTSISSPIProjectsiTesSSP_Examples\SSP_EXAMPLES dss

Report File: Projects\TesiSSP_ExamplasiCurveCombinationAnalysis\Curve_Combination_Test_19Curve_Combination_ .

General Frequency Curves Graphical
Mumber of Curves Confidencs Limils Output Frequency Ordinates.

45

@ Do Not Compute [+] Use values from Table Below
Output Labeling . -
(_) Compute Using Order Stalistics Fraguency in Percent
[ DataLaber  Stage ) 0.0001
Equivalent Years 0.001
of Record
[ Data Units: | feet MAVDSES L IJOII:
Log Transform Drefaut: 5 02
—~ 05
(_J) Use Log Transform 10
& 20
(@) Do Mot Use Log Transform 50
100
200
50.0
BO.O
90.0
95.0
99.0
Compute Plot t QK Cancel

Shown in Figure 2 (see page 401)are the general settings for this curve combination analysis. "Stage" and "feet
NAVD88" were entered for the Data Label and Data Units, respectively. The Do Not Use Log Transform and
Do Not Compute confidence limits options were selected. Finally, the 0.1-,0.01-, 0.001, and 0.0001-percent
ordinates were added to the list of Output Frequency Ordinates. Shown in Figure B-135 is the Curve
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Combination analysis editor with the Frequency Curves tab selected. A name of "Annual Peak Stages" was
entered for Frequency Curve 1, a name of "Frequency Precipitation” was entered for Frequency Curve 2, a
name of "Historical Event BH Routings" was entered for Frequency Curve 3, and a name of "PMF BH
Routings" was entered for Frequency Curve 4. All four frequency curves were set to utilize manually-entered
empirical distributions. However, each frequency curve utilized different probability ordinates and stages.

[ Curve Combination Analysis Editor - Curve Combination Test 19 - O X
Name: Curve Combination Test 18]
Description: Resenvoir Stage-Frequency Example
DSS File Mame: | cOPROJEC \ProjectsiTesnSSP._| _EXAMPLES i8S ]
Report File: Projects\TesnSSP_ urveCH lysis\Curve_Combination_Test_19\Curve_Combination .
General Frequency Curves  Graphical
Frequency Curve 1 Frequency Curve 2 Frequency Curve 3
Name:  annual Peak Stages MName:  Frequency Precipitation Name: | Historical Event BH Routings
(C) Use Existing Analysis (O Use Existing Analysis () Use Existing Analysis
mpart Impaort mpart
(@) Manual Entry (@) Manual Entry (@) Manual Entry
Percent Chance Stage Percent Chance [ Stage Percent Chance Stage
Excesdance (feet NAVDBS) Excesdance (feet NAVDBE) Excesdance (fest NAVDEE)
08.50746260 | 2848| | | 10.0] 70| | 20] 300.0
97.01492537 | 234.8| [ 40| 308.8| | 1.0 3102
9552238806 2853 [ 20| 300.8| | 0.5 3115
94.02085075 | 2854 10| 3111 | 0.2 3133
92.53?3|3d3l 2853. 0.5 3124 | 01| 3147
91.04477612| 2874 02| 314.2 | 0.01] 3194
8955223881 | 287.5( | 0.001) 3248
88.05070149 288.3)|
86.56716418 | 239.0/
85.07462687 | 2892
a3, SMDBQSSI 289, 4|
8208955224 | 2897/
8059701493 289.7|
79.10447761 | 289.9)|
77.6119403 289.9)
76.11940209 | 290.0|
74 62BEGSB?I 290, UI
73.13432836| 290.1|
7164179104 290.1|
| 70.14925373 2903
£ >
Plot Input Fraguency Cunves
Compute Plot View Report OK Cancel App

Figure 3 (see page 401) shows the plotted frequency curves for this analysis.
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e 330

File Edit View Window

A Frequency Curves for Curve Combination Test 19

QL 3254

320+
315
310+
305+

300+

Stage in feet NAWDEE

295+

2904

2854

280

0.9999

T T
0.99

0.9

T
0.5
Probability

T T T
0.1 000 0001

T
0.00001

| Annual Peak Stages
| Historical Event BH Routings

Freguency Precipitation
PMF BH Routings

Once all of the options and frequency curve inputs are set or selected, the user can graphically fit an
empirical distribution. Shown in Figure 4 (see page 402) is the Graphical tab. As shown, a graph containing the
input frequency curves along with a graphical curve is on the left side and a table containing the user-entered
frequency curve is on the right side of the window. The frequency curve was entered using the multi-point
edit tool, values were extracted at the specified output frequency ordinates (signified with vertical dashed
marker lines), and placed within the User-Defined Graphical Curve table. When the Compute button is
pressed, a message window will open stating Compute Complete. The program will then plot the graphical
frequency curve (and computes the confidence limits, if specified). Within this example, the best fit pool
stage-frequency curve was defined to closely follow the Frequency Precipitation and Historical Event BH
Routings frequency curves. To view the graphical curve in a separate window, either click the Plot button or

double click on the plot within the Graphical tab.

Curve Combination Analysis Examples — 403



HEC-SSP Examples — HEC-SSP Examples

[ Curve Combination Analysis Editor - Curve Combination Test 19

Name: Curve Combination Test 19
Description: Resenvoir Stage-Frequency Example
DSSFile Name: | CAPROJECTSSSPProjectsiTesiSSP_Examples\SSP_EXAMPLES dss

Report File:

FProjects\TestSSP CurveC unve_Co _Test_19Curve_Combination..

General Fraquency Curves Graphical

]II Graphical Frequency Plot for Curve Combination Test 19
Return Period
Q 10 11 2 5 10 50 100 500 10000 100000
A 0 : 1
B =
3254 .
|
3204 + 1
| |
[
3154

=

310 l‘j
)
| =

305 !

1

1
300
205 /
200 .‘K
285 -

Stage in feet NAVDES

T t
09999 0999 0.89 09 0.5 02 01 002 0005 0001 00001 0.00001

Probability
u Annual Peak Stages. ] Frequency Precipiiation u Historical Event BH Routings n PMF BH Routings
Computed Curve

There are no results. Press the Compate button to generate results

View Report

- O x
User-Defined Graphical Curve
Frequency Ordinates | Confidence Limits:
Percent | bt vaiue| 008 095
Chance
0.00 328
0.0 324
0. 320
0. 315
02 3138
05 3118
1.0 3103
20 3087
5.0 3056
100 2999
200 296.5
50.0 2017
80.0 289
90.0 287
95.0 285,
90.0 284
OK Cancel Apply

In addition to the tabular and graphical results, there is a report file that shows input data and results. To
review the report file, press the View Report button at the bottom of the analysis window. When this button is
selected a text viewer will open the report file and display it on the screen. Shown in Figure 5 (see page 403) is

the report file for Curve Combination Test 19.
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[ Curve_Combination_Test_19.rpt pe

File Edit Search Format

File: C:\PROJECT: S\SSP\Projects\TestiSSP_Examples\CurveCombinationAnalysis\Curve_Combination_Test_19\Curve_Combination_Test_19.rpt

T 52.2388080 | 291.800 | ~

| 53.7313433 | 291.600 |

| 55.2238806 | 291.400 |

I S56.7164179 | 291.300 |

| 58.2089552 | 291.200 |

I 59.7014%25 | 290,900 |

| €1.1940298 | 290.800 |

| 62.6865672 | 250.800 |

| €4.1791045 | 290.700 |

| €5.€716418 | 290.500 |

| €7.1641791 | 290.400 |

| €8.65671&4 | 290.400 |

| 70.1492537 | 290.300 |

| 71.6417510 | 290.100 |

| 73.1343284 | 290.100 |

| 74.6268657 | 290.000 |

| 76.1194030 | 290.000 |

| 77.€119403 | 289.900 |

| 79.1044776 | 289,900 |

| £0.557014% | 289.700 |

| 82.0895522 | 289.700 |

| 83.5820896 | 289.400 |

| 85.0746269 | 289.200 |

| 86.5671642 | 289.000 |

| 88.0597015 | 288.300 |

| 89.5522388 | 287.500 |

I 91.04477€1 | 287.400 |

| 92.5373134 | 285.600 |

I 94.0298507 | 285.400 |

| 95.5223881 | 285.300 |

| 97.0149254 | 284.800 |

| 98.5074627 | 284.600 |

I — |

Combined Curve

| Frequency | Stage | Lower I

I Percent | feet NAVDEE | Confidence I

I | | Limit |

I | | I

| 0.0001000 | 328.91 | -—1

| 0.0010000 | 324.78 | -

| 0.0100000 | 320.22 | -1

| 0.1000000 | 315.11 | -

| 0.2000000 | 313.80 | —

| 0.5000000 | 311.85 | -

| 1.0000000 | 310.33 | — |

| 2.0000000 | 308.70 | _—

| 5.0000000 | 305.56 | = [

| 10.0000000 | 299.88 | -—

| 20.0000000 | 296.53 | =

| 50.0000000 | 291.66 | -—

| £0.0000000 | 289.74 | — [

| 90.0000000 | 287.00 | -

| 95.0000000 | 285.17 | — [

| 99.0000000 | 284.26 | -

I | | I
v

< >

06/03/2019 16:48 PM 1:1.1:1 11
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12 Mixed Population Analysis Examples

12.1 Example 27. Mixed Population Analysis, Combining Two
Frequency Curves using the Probability of Union Concept

This example demonstrates how to create a Mixed Population analysis that combines two frequency curves
from previously-computed analyses using the probability of union concept. Specifically, information from two
previously-computed Bulletin 17 analyses will be used to compute a flow-frequency curve that incorporates
the likelihood of more than one type of flood in a year. To open the Mixed Population analysis editor for this
example, either double-click on the analysis labeled Mixed Population Test 27 from the study explorer, or
from the Analysis menu select open, then select Mixed Population Test 27 from the list of available
analyses. When the analysis is opened, the Mixed Population Analysis editor will appear as shown in Figure
1 (see page 406).

Shown in Figure 1 (see page 406) are the general settings for this mixed population analysis. The Number of
Curves was set to two. These two curves are representative of different flood causal mechanisms (i.e.
populations) that occur within the Kettle Creek watershed in north-central Pennsylvania upstream of Alvin R.
Bush Dam. Specifically, the first population was meant to represent floods that occur in winter and spring
months (i.e. snowmelt and rain-on-snow floods) while the second population was meant to represent floods
that occur in summer and fall months (i.e. thunderstorms and tropical storm remnants). The default Do Not
Extrapolate Input Data, Use Log Transform, Flow Data Type, Do Not Compute confidence limits, and Output
Frequency Ordinates were not modified. However, "Flow" and "cfs" were entered for the Data Label and Data
Units, respectively.
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[ Mixed Population - Mixed Population Test 27 - O x
Name: Mixed Population Test 27]
Description: Kettle Creek Mixed Population Example
DSEFile Name: | C\PROJECTSISSPIPIojects\TestSSP. \SSP_ENAMPLES dss
Report File: \DJECTSISSPProjedtsiTestSSP_| jixe oF jon\Mixed_F jon_Test_27Wixed_Populatior ..
General Frequency Curves Resulls
Number of Curves Confidence Limits Qutput Frequency Ordinates
-
e @ Do Not Compute |:| Use Values from Table Below
Esxtrapolate Input Data (O compute Using Order Statistics [ Fraquency in Parcent
(@) Do Not Extrapolate input Data Equivalent Years - | 02
. 05
of Record 1
() Allow Extrapolation of Input Data 10
20
Output Labeling Defaults (0.05, 0.95 [ =
User Entered Values I 100
[] Data Label: | Flow . 0
Jpper Limit | 50.0
[~ Data Umits:  cts [ 80.0
Lower Limit ) 90.0
85.0
Transt
Log Transform =
@ Use Log Transform
() Do Mot Use Log Transform
Data Type  Flow
Compute Plot Mixed Population Frequency Curves View Report oK Cancel Apply

Shown in Figure 2 (see page 406) is the Mixed Population analysis editor with the Frequency Curves tab
selected. A name of "Summer" was entered for Frequency Curve 1 while a name of "Winter" was entered for
Frequency Curve 2. The results of an existing Bulletin 17 analysis was imported for both frequency curves;
Summer utilizes the KettleCreek_Summer_B17C analysis while Winter utilizes the KettleCreek_Winter_B17C
analysis.
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[ Mixed Population - Mixed Population Test 27 - O x
Name: Wixed Population Test 27]
Descriplion: Kettle Creek Mixed Population Example
DESFile Name: | cAPROJECTSISSPIPrO) _EXAMPLES dss
Report File: \OJECTHSSP\ProjedsTeshSSP joniMixed_Population_Test_27\Wixed_Populatior ||
General Frequency Curves Results
~
Frequency Curve 1 Frequency Curve 2
Name:  summer Name:  winter
(®) Use Existing Analysis |7 KetieCresk_Summer_BI7C ~| @ uUseBisting Analysis  B7 KeftieCraek_Winter_B17C o
Import Import
() Manual Entry () Manual Entry
() Analytical Distriution | _og Paarson type i () Analytical Distrioution | Log Paarson type I
Statistics Statistics
Mean Mean
Standard Deviation: Standard Deviation:
Skew Skew’
Compute Compute
Percent Chance undefined Percent Chance undefined
Exceedance (CFS) Exceedance (CFS)
0.00 298604 A 0.00 162174 A
0. 209171 0. 12461.2|
. 14029.7 . 9245.0)
. 12203.0 . 8360.4
! 10204.6| ; 72701
10 8768.4) 1 64765,
2. 74440 2. 5717.
5. 58458 5. 47482
10. 47345] 10. 40334
20, 36E57) 20, 33180
50. 2316 50. 2200 8| o
AN 14R4 6| v AN 1R0AT] ¥
[Plat Input Frequency Curves
Compute Plot Mixed Population Frequency Curves View Report oK Cancel Apply

Figure 3 (see page 407) shows the plotted frequency curves for this analysis.

File Edit View Window

A Frequency Curves for Mixed Population Test 27

O

100,000

10,000+

Flow in cfs

1,000+

100 T T
0.9999 0.99

0.9

T
05
FProbability

T T T T
0.1 0.01 0.001 0.00001

Summer

Winter
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Press the Compute button to perform the analysis. Once the computations have been completed, a message
window will open stating Compute Complete. Close this window and then select the Results tab. The results
tab should resemble Figure 4 (see page 408). The left portion of the Results tab window displays the computed
mixed population frequency curve. The right portion of the Results tab displays the input frequency curves in
addition to the computed mixed population frequency curve in a plot. To view the input and results in a
separate window, either click Plot Mixed Population Frequency Curves button or double click on the plot
within the Results tab.

[ Mixed Population - Mixed Population Test 27 - O x
Name: Migd Population Test27
Description: Kettle Creek Mixed Population Example
DESFile Name: | C\PROJECTSISSPIProjects|TestSSP_Examples\SSP_EXAMPLES. dss ..
Report File 10JECTS\SSP\Projeds\TestSSP_| jinadF ion\Mixad_F ion_Test_27WMixed_Populatior ...
General Frequency Curves Results
Percent Confidence Limits Frequency Plot for Mied Population Test 27
FLOW h &
Chance (CFS) FLOW in CFS Retum Period
Euceedance 0.05 | 0.95 Q 10 11 2 5 10 50100 500 10000
02| 12428.5| | 100,000 ! L ! : o Lo
0.5] 104267
10] 9036.0]
20 T791.4|
50 6315.2|
100 5290.4|
20| 43233
50.0] 3068.5
80.0] 2188.5]
90.0 18737
95,0 16265 |
99.0 1275.5|
g
FY
3
[
1,000+
101 T T T T T T T T T T T
00990 0099 0.99 09 05 02 041 0.02 0.005 0.001 0.0001
Probability
|=== M= Poputation Test 27 Winiler —— Summer
Plot Mixed Population Frequency Curves View Report oK Cancel

In addition to the tabular and graphical results, there is a report file that shows input data and results. To
review the report file, press the View Report button at the bottom of the analysis window. When this button is
selected a text viewer will open the report file and display it on the screen. Shown in Figure 5 (see page 408)is
the report file for Mixed Population Test 27.
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B Mixed_Population_Test_27.rpt - Od X
File Edit Search Format
File CAPROJECTS\SSP\Projects\TestiSSP_Examples\WixedPopulation\Mixed_Population_Test_27\Mixed_Population_Test_27 rpt

Existing Study Analysis Frequency Curve ~

Frequency | Flow
Percent | cis

29,8€0.402
20,917.117

Frequency | Flow Upper
Percent | cis Confidence
| Limit

06/03/2019 16:01 PM 1111 11

12.2 Example 28. Mixed Population Analysis, Combining Three
Frequency Curves using the Probability of Union Concept

This example demonstrates how to create a Mixed Population analysis that combines three frequency
curves using the probability of union concept. Specifically, two parameterized analytical distributions along
with a single manually-defined empirical distribution will be used to compute a flow-frequency curve that
incorporates the likelihood of more than one type of flood in a year. To open the Mixed Population analysis
editor for this example, either double-click on the analysis labeled Mixed Population Test 28 from the study
explorer, or from the Analysis menu select open, then select Mixed Population Test 28 from the list of
available analyses. When the analysis is opened, the Mixed Population Analysis editor will appear as shown
in Figure 1 (see page 0).

Shown in Figure 1 (see page 410) are the general settings for this mixed population analysis. The Number of
Curves was set to three. These three curves are representative of different flood causal mechanisms (i.e.
populations). The default Allow Extrapolation of Input Data option was selected. Also, "Flow" and "cfs" were
entered for the Data Label and Data Units, respectively. The Use Log Transform and Flow Data Type were
selected. The Compute Using Order Stats confidence limits option was selected and an Equivalent Years of
Record of 45 was entered. The default 5 and 95% confidence limits were selected. Finally, the 0.1-percent
ordinate was added to the list of Output Frequency Ordinates.
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E Mixed Population - Mixed Population Test 28

Mame: Mixed Populabion Test 28

Description: Combining Three Frequency Curves Example

Repor File:

DESFile Name: | CA\PROJECTSISSPIProjects|TestSEP_Examples\SSP_EXAMPLES dss

'{DJECTSISSPProjedts\ TestSSP_|
General Frequency Curves Resulls

Number of Curves

I5
Estrapolate Input Data
() Do Not Exirapolate Input Data
(@) Allow Extrapolation of Input Data
Output Labeling
[] Data Label: | Flow
[] Data Units: | s

Log Transform

@ Use Log Transfarm

() Do Mot Use Log Transform

Data Type  Flow =~

Compute Plot Mixed Population Frequency Curves

Configence Limits
(") Do Neot Compute

ion_Test_28WMixed_Populatior ...

(@) Compute Using Order Statistics

Equivalent Years
of Racord

(@) Defaults (0.05, 0.95)

() User Entered Values

Qutput Frequency Ordinales
Use Values from Table Below

Fraguency in Percant

0.1
02
05
1.0
20
5.0
10.0
20.0
50.0
80.0
90.0
95.0
90.0

Cancel App

Shown in Figure 2 (see page 410) is the Mixed Population analysis editor with the Frequency Curves tab
selected. A name of "LP3" was entered for Frequency Curve 1, a name of "GEV" was entered for Frequency
Curve 2, and a name of "Manual" was entered for Frequency Curve 3. The LP3 frequency curve was set to
utilize a Log Pearson Type Il distribution and the required parameters were entered. Similarly, the GEV
frequency curve was set to utilize a Generalized Extreme Values distribution and the required parameters
were entered. Finally, the Manual frequency curve was set to utilize a manually-entered empirical

distribution.
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[# Mixed Population - Mixed Population Test 28 - ] X
Name: Mixed Population Test 23
D lc Three Frequency Curves Example [
0SS File Name: | CPROJECTSISSPIProjects\TesnSSP_E» S\SSP_EXAMPLES.0ss %]
ReportFlle:  0JEC "Proj 1_Population_Test_28\Aixed_Population_|..|
General Frequency Cunes Results
Frequency Curve 1 Frequency Curve 2 Frequency Curve 3
Name: || p3 | Name: [gev | Mame: yanual |
e — e T T — TR
() Manual Entry () Manual Entry (@ Manual Entry
© s psison © macadson O macadsodon Logpamsonipen
Satistics Statistics Statistics.
e [ 4.112|  Lecation (E li2¢s.z|  Mean | o
Standard Deviation: | 0_2| Scale(a): 51—,5,1| Standard Deviation: | D|
Skew: [ 0.105|  Shape (k) -0.072]  Skew | A
Percent Chance Flow Percent Chance Flow
Excesdance (cfs) Exceedance {cfs)
10,
20,
50.
a0,
90.
95,
99,

Figure 3 (see page 411) shows the plotted frequency curves for this analysis.
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A Frequency Curves for Mixed Population Test 28 - O X

File Edit View Window
[ 1,000,000

100,000+

10,000+

Flow in cfs

1,000+

100 T T T T T T T
0.9999 0.99 0.9 0.5 0.1 0.0 00

Probability

|— LP3 —— GEV ——— Manual

Press the Compute button to perform the analysis. Once the computations have been completed, a message
window will open stating Compute Complete. Close this window and then select the Results tab. The results
tab should resemble Figure 4 (see page 412). The left portion of the Results tab window displays the computed
mixed population frequency curve and confidence limits. The right portion of the Results tab displays the
input frequency curves in addition to the computed mixed population frequency curve and confidence limits
within a plot. To view the input and results in a separate window, either click Plot Mixed Population
Frequency Curves button or double click on the plot within the Results tab.
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[ Mixed Population - Mixed Population Test 28 - m} X
Mame: Mixed Population Test 23
Description: Combining Three Frequency Curves Example
D88 File Name:  C\PROJECT! Projects\TesnSSP, _EXAMPLES.0s$
Repart File: ‘DJECTSISSPIF i ioniMixed_Population_Test_28\Mixed_Population_|...
General Frequency Curves Resulls
Percent Confidence Limits i Frequency Plot for Mixed Population Test 28
At FLOW in CFS i
Chance (CFs) Ll Retum Period
ancoy R 2 10 11 2 510 50 100 500 10000
01] 1074996 63632 1823798 1,000,000 : : 7 : P
02|  956626|  581428| 1573940 SRR
05 808248| 513247 1272813
10] 669968 446287 1005758
20| 540724|  379785) 769865
50|  391693|  296274| 517843
100] 313971 245278 401904
200 251553 211895 298633
500 174707  15389.4] 198335 100,000
B0O| 126224  110387) 144334
500] 107534 92373) 125183
950/ 94415| 80205 111143
99.0 74193 60983 9026.3
=
5
T 10,000+
5
[T
1.000
100 T T T T T T T T T T
09999 0999 0.99 09 0.5 0z 01 002 0005 0001 00001
Probability
—==Mixed Population Test 28 === 5% Confidence Limit === 195% Confidence Limit —— GEV
—— Manual — LP3
 Compute | Flot Mixed Population Frequency Curves View Report Ok Cancel Apply

In addition to the tabular and graphical results, there is a report file that shows input data and results. To
review the report file, press the View Report button at the bottom of the analysis window. When this button is
selected a text viewer will open the report file and display it on the screen. Shown in Figure 5 (see page 413) is

the report file for Mixed Population Test 28.
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B Mixed_Population_Test_28.rpt - d X
File Edit Search Format

File: CAPROJECTS\SSP\Projedis\TestSSP_ Wlixe dF Wixed_F _Test_28\Mixed_ _Test_28.rpt |
Skew: 0.185 ~
Standard Deviation: 0.2

| Frequency | Flow |

1 Percent | cis 1

L} | 1

1 |

1 0.1 | €1,525.428 |

1 0.2 | 54,787.162 |

1 0.5 | 46,541.402 |

| 1.0 | 40, 764.320 |

L} 2.0 | 35,343.481 |

1 5.0 | 28, 651.528 |

1 10.0 | 23,875.064 |

1 20.0 | 18,243.128 |

1 50.0 | 12,937.086 |

I 80.0 | 8,874.231 |

1 50.0 | 7,344.744 |

1 95.0 | €,307.794 |

1 95.0 | 4,787.285 |

1 |

--- End of Input Data ---

Mixed Population Curve

| Frequency | Flow 1 TUpper | Lower 1

1 Percent | cfs I Confidence | Confidence [}

1 | 1 Limit | Limit ]

| | I | |

L} 0.1 | 107, 499.590 | 63,363.180 | 182,379.766 |

1 0.2 | 95, €62.582 | $8,142.822 |  157,393.970 |

1 0.5 | 80,824.941 | 51,324.663 |  127,281.325 |

1 1.0 | 66, 996.798 | 44,628.724 | 100,575.830 |

1 2.0 | 54,072.449 | 37,978.455 | 76,986,539 |

L} 5.0 | 39,169.311 | 29,627.424 | 51,784.283 |

1 10.0 | 31,397.141 | 24,527.778 | 40,150.368 |

1 20.0 | 25,155,302 | 21,189.45% | 29,863.340 |

1 50.0 | 17,470.708 | 15,388,371 | 19,833.536 |

1 80.0 | 12,622.434 | 11,038,715 | 14,433.368 |

L} 0.0 | 10,753.390 | 9,237.297 | 12,518.315 |

1 $5.0 | 5,441.535 | 8,020.532 | 11,114.298 |

1 95.0 | 7,419.263 | €,098.347 | 9,026.294 |

| — I | I

v
06/04/2019 13:26 PM 41:33.41:33 41:33
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13 Data Filtering Examples

13.1 Data Filtering, Extracting an Annual Maximum Series

This example demonstrates how to extract an annual maximum series from another time series. The original
data for this example consists of daily maximum temperatures as recorded by a weather station at the
Jamestown, ND Municipal Airport. This weather station is operated by the NWS. Daily temperature data was
downloaded from the NWS website ("https://www.ncdc.noaa.gov/") as a .csv file and ingested to the study
using an HEC-DSSVue plugin. The period of record used for this example is from 1948 to 2019. To view the
data from HEC-SSP, right-click on the data record labeled "Jamestown-Daily Max Temp" in the study explorer
and then select Plot. A plot of the data will appear as shown in Figure 1 (see page 416).

B Jamestown-Daily Max Temp - O X

File Edit View
120

Temp iF)

T T T T T T T
1950 1960 1970 1980 1990 2000 2010

|— JAMESTOWN MUNICIPAL AIRPORT ND US DAILY MAXIMUM TEMP-AIR

To begin extracting an annual maximum series, right click on the Jamestown-Daily Max Temp data record
and select Filter Data. Within the Filter editor, click on the Peaks tab. Within the Annual Maxima panel, click
the Filter to Annual Maxima check box and enter a Start of Year of 01Jan, as shown in Figure 2 (see page 416).
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@ Filter - Jamestown-Daily Max Temp X

Dates and Threshold Duration Peaks
Annual Maxima

Filter to Annual Maxima

Start of Year (DDMMM): 01Jan ...

Peaks Over Threshold (Partial Duration)

Filter Data by Peaks Over Threshold (Partial Duration)

Minimum Threshold (DEG F)
(Leave Blank to report all peaks)

Duration of time between peaks (days)
(Leave Blank to report all peaks)

Method for Computing Magnitude Differential

Method for Computing Magnitude Differential
(Leave Blank to report all peaks)

Defined Threshold Value (DEG F) i
Differential of Peak (DEG F) a

Percent of Peak 0

Save Filtered Data SetAs... Cancel

After clicking the Save Filtered Data Set As button, enter a Name of "Jamestown-Daily Max Temp-AMS’,

ensure the E-part is set to IR-CENTURY, and the F-Part is defined as "DAILY MAXIMUM - AMS", as shown in
Figure 3 (see page 416).

[ save as New Data Set — O x

MName Jamestown-Daily Max Temp-AMS

Description

D35S Pathname Parts

A
B: |[JAMESTOWN MUNICIPAL AIRPORT MD US C:  TEMP-AIR D:
E: | IR-CENTURY | F DALY MAXIMUIM - AMS

OK Cancel

241 Figure 3. Name and DSS Pathname Parts for Jamestown Temperature.

After clicking the OK button, a new data set will be added to the study. Out of the original 25870 values, 72
values remained after applying the aforementioned data filter. These 72 values constitute an annual

maximum series of daily maximum temperature. The original data as well as the filtered data is shown in
Figure 4 (see page 417).
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[ Multiple Locations - O X
File Edit View Window
120
@ 7 @ B @
F
WD_'?]EHH [F bt i 5 i IF { I i -
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804
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242 Figure 4. Original and Filtered Jamestown Temperature Data.

13.2 Data Filtering, Extracting a Partial Duration Series

This example demonstrates how to extract a partial duration series from another time series. The original
data for this example consists of daily precipitation accumulations as recorded by a precipitation gage
located near Miami Beach, FL. This precipitation gage is operated by the NWS. Daily precipitation data was
downloaded from the NWS website ("https://www.ncdc.noaa.gov/") as a .csv file and ingested to the study
using an HEC-DSSVue plugin. The period of record used for this example is from 1927 to 2019. To view the
data from HEC-SSP, right-click on the data record labeled "Miami Beach-Daily Precip" in the study explorer
and then select Plot. A plot of the data will appear as shown in Figure 1 (see page 418).
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B4 Miami Beach-Daily Precip - O s

File Edit View
[l 10

Frecip (i

0

1930 1940 1950 1960 1970 1980 1990 2000 2010

|— MIAMI BEACH FL US NCDC PRECIP-INC

To begin extracting an annual maximum series, right click on the Miami Beach-Daily Precip data record and
select Filter Data. Within the Filter editor, click on the Peaks tab. Within the Peaks Over Threshold (Partial
Duration) panel, click the Filter Data by Peaks Over Threshold (Partial Duration) check box and enter a
Minimum Threshold of 3 inches. Additionally, delete the contents of the Duration of time between peaks
entry field, as shown in Figure 2 (see page 419).
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@ Filter - Miami Beach-Daily Precip

Dates and Threshold Duration Peaks
Annual Maxima

Filter to Annual Maxima
Start of Year (DDMMM):

Peaks Over Threshold (Partial Duration)
Filter Diata by Peaks Over Threshold (Partial Duration)

Minimum Threshold (INCHES)
(Leave Blank to report all peaks)

Duration of time between peaks (days)
(Leave Blank to report all peaks)

Method for Computing Magnitude Differential

Method for Computing Magnitude Differential
(Leave Blank to report all peaks)

[] Defined Threshold Value (INCHES)
[] Differential of Peak (INCHES)

[] Percent of Peak

Save Filtered Data SetAs...

Cancel

01Jan|...

After clicking the Save Filtered Data Set As button, enter a Name of "Miami Beach-Daily Precip-PDS", ensure
the E-part is set to IR-CENTURY, and the F-Part is defined as "NCDC - PDS", as shown in Figure 3 (see page

420).

[} save as New Data Set — O ¥
MName Miami Beach-Daily Precip-PDS
Description
0SS Pathname Parts

A

B: [MIAMI BEACH FL US C:  PRECIP-INC D:

E. IR-CENTURY ~ F. NCDC - F'DS|

oK Cancel

After clicking the OK button, a new data set will be added to the study. Out of the original 28481 values, 109
values remained after applying the aforementioned data filter. These 109 peak values constitute a partial
duration series of daily precipitation accumulations in excess of 3 inches. The original data as well as the

filtered data is shown in Figure 4 (see page 420).
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File Edit View Window
]
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i
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13.3 Data Filtering, Using Multiple Filters

This example demonstrates how to use multiple nested filters to extract an annual maximum series from
another time series. The original data for this example consists of unregulated daily average inflows to
Palisades Lake which is located along the Snake River near Irwin, ID. The period of record used for this
example is from 1927 to 2010. To view the data from HEC-SSP, right-click on the data record labeled
"Palisades Dam-Daily Inflow" in the study explorer and then select Plot. A plot of the data will appear as

shown in Figure 1 (see page 421).
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A Ppalisades Dam-Daily Inflow — O *

File Edit View
Fog 60,000

50,000+

40,000

Flom {ofs)

0-—= T T T T T T T
1930 1940 1950 1960 1970 1980 19490 2000 2010

|— PALISADES NO REG NO IRRIGATION FLOW-IN

To begin extracting an annual maximum series, right click on the Palisades Dam-Daily Inflow data record and
select Filter Data. Within the Filter editor, click the Filter Data by Time Window check box and enter a Start
Date of 010¢ct1940 and an End Date of 30Sep1999. Also, click the Filter Data by Season check box and enter
a Start of Season of 01Apr and an End of Season of 31Aug. On the Peaks tab, within the Annual Maxima
panel, click the Filter to Annual Maxima check box and enter a Start of Year of 010ct, as shown in Figure

2 (see page 421).
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@ Filter - Palisades Dam-Daily Inflow

Dates and Threshold Duration Peaks

r Time Window

Start Date:

End Date:

Filter Data by Time Window

010ct1940]...
30Sep1999| .

rSeasonal

Filter Data by Season
Start of Season (DOMMM):

End of Season (DDMMM):

01Apr ..

3Aug..

r Threshold

[] Min Threshaold:
[] Max Threshold:

Save Filtered Data Set As...

Cancel

rAnnual Maxima

@ Filter - Palisades Dam-Daily Inflow

Dates and Threshold Duration Peaks

Filter to Annual Maxima
Start of Year (DDMMM):

010c]

rPeaks Over Threshold (Partial Duration)
Filter Data by Peaks Over Threshold (Partial Duration)

Minimum Threshold (CFS)
(Leave Blank to report all peaks)

Duration of time between peaks (days)
(Leave Blank to report all peaks)

r Method for Computing Magnitude Differential

Method for Computing Magnitude Differential
(Leave Blank to report all peaks)

Defined Threshold Value (CFS)
Differential of Peak (CFS)

Percent of Peak

Save Filtered Data SetAs...

Cancel
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After clicking the Save Filtered Data Set As button, enter a Name of "Palisades Dam-Daily Inflow-AMS",
ensure the E-part is set to IR-CENTURY, and the F-Part is defined as "NO REG NO IRRIGATION - AMS’, as
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shown in Figure 3 (see page 423).

[ save as New Data Set — O *

Name Palisades Dam-Daily Inflow-AMS
Description

DSS Pathname Parts
A

B: |PALISADES C: FLOW-IM Dx

E: |IR-CENTURY ~ | F: [NO REG NO IRRIGATION - AMS

0K Cancel

After clicking the OK button, a new data set will be added to the study. Out of the original 30224 values, 59
values remained after applying the aforementioned data filters. These 59 values constitute an annual
maximum series of daily average streamflow occurring between 01Apr and 31Aug. The original data as well

as the filtered data is shown in Figure 4 (see page 423).

[ Multiple Locations — O *
File Edit View Window
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50,0004
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13.4 Data Filtering, Starting Pool - Elevation Filtering

This example demonstrates how to extract a time series of pool stage or elevation that is appropriate for use
when estimating antecedent conditions within extreme event simulations. When determining a reasonable
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antecedent pool elevation for use in routing extreme events, it may be beneficial to remove pool elevations
that occurred during or shortly after the occurrence of another large event since it takes time for the
atmosphere and/or watershed to "deliver" another large amount of moisture/runoff to the location of
interest.

The original data for this example consists of daily average pool elevations within the lake formed by Foster
Joseph Sayers Dam which is located along Bald Eagle Creek near Blanchard, PA. The period of record used
for this example is from 1995 to 2013. To view the data from HEC-SSP, right-click on the data record labeled
"Sayers Dam-Daily Elevation" in the study explorer and then select Plot. A plot of the data will appear as
shown in Figure 1 (see page 425).

A sayers Dam-Daily Elevation - O X
File Edit View

=T 650

Q 645

G404

635

Nl 1

620+

Elev ()

615

610+

605 T T T T T T T T T T T T T T T T T
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|— SAYERS DCP-REVES ELEV

To begin extracting a time series of pool stage or elevation that is appropriate for use when estimating
antecedent conditions within extreme event simulations, right click on the Sayers Dam-Daily Elevation data
record and select Filter Data. Within the Filter editor, click on the Starting Pool Stage/Elevation tab. Within
the Starting Pool Stage/Elevation panel, click the Filter Starting Pool Stage/Elevation check box, enter a Rate
of Rise of 1 ft/day, and a Typical High Pool Duration of 5 days as shown in Figure 2 (see page 425).
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@ Filter - Sayers Dam-Daily Elevation

Dates and Threshaold Dwuration
Starting Pool Stage/Elevation
Filter Starting Pool Stagel/Elevation
Rate of Rise (FEET / day)

Typical High Pool Duration (days)

Save Filtered Data SetAs...

Starting Pool Stage/Elevation

Cancel
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After clicking the Save Filtered Data Set As button, enter a Name of "Sayers Dam-Daily Elevation-Filtered",
ensure the E-part is set to 1DAY, and the F-Part is defined as "DCP-REV88 - Filtered", as shown in Figure

3 (see page 426).

[ save as New Data Set — O
Mame Sayers Dam-Daily EIevation—FiItered|
Description

DSS Pathname Parts

A
B: SAYERS C: ELEVY D:
E: [ 1DAY ~ | F: | DCP-REVAS - Filtered

DK Cancel

After clicking the OK button, a new data set will be added to the study. Given these inputs, "events" will be
considered to start when the rate of rise exceeds 1 feet/day and "last" for 5 days. Also, if the rate of rise is
found to exceed 1 ft/day on day 4, then again on day 8, the "event counter” will restart. Values between the
start and end of the "event" will be discarded. The remaining values can be considered reasonable to use

when determining appropriate antecedent pool elevations.

Out of the original 6409 values, 5784 values remained after applying the aforementioned data filter. These
5784 values form a time series that does not include pool elevations that occurred during or shortly after the
occurrence of a large event. The original data as well as the filtered data is shown in Figure 4 (see page 426). A
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more detailed view of the filtered time series is shown in Figure 5 (see page 426). As shown, the three largest
remaining values (after applying the filter) occurred within a single event in September 2004. The filtered
time series can be used to estimate a more appropriate pool elevation duration curve, as shown within Figure
6 (see page 426).

[ Multiple Locations - O X
File Edit View Window
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[ Multiple Locations - O X
File Edit View Window
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243 Figure 5. Detailed View of Original and Filtered Sayers Dam Data.
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244 Figure 6. Original and Filtered Sayers Dam Pool Elevation Duration Curves

13.5 Data Filtering, Extracting an n-Day Duration Time Series

This example demonstrates how to extract an n-day duration time series from another time series. The
original data for this example consists of daily average streamflow at the Sinnemahoning Creek at
Sinnemahoning, PA stream gage®. This stream gage is operated by the USGS. The period of record used for
this example is from 1938 to 2016. To view the data from HEC-SSP, right-click on the data record labeled
"Sinnemahoning Creek-Daily" in the study explorer and then select Plot. A plot of the data will appear as

shown in Figure 1 (see page 429).

52 https://waterdata.usgs.gov/nwis/uv?site_no=01543500
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File Edit View Window

@ Sinnemaheoning Creek-Daily
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To begin extracting an n-day duration time series, right click on the Sinnemahoning Creek-Daily data record
and select Filter Data. Within the Filter editor, click on the Duration tab. For this example, a 5-day duration
time series will be extracted. Within the Duration panel, click the Average Data over Duration check box and

enter a Duration of 5 days, as shown in Figure 2 (see page 429).

Data Filtering Examples — 430



@ Filter - Sinnemahoning Creek-Daily

Dates and Threshold Duration  Peaks
Duration
Average Data over Duration

Duration

Duratian in Days: 5

Save Filtered Data SetAs... Cancel
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After clicking the Save Filtered Data Set As button, enter a Name of "Sinnemahoning Creek-Daily-5DAY",
ensure the E-part is set to 1DAY, and the F-Part is defined as "USGS — 5DAY", as shown in Figure 3 (see page

430).
[F] save as New Data Set — O
Mame: Sinnemahoning Creek-Daily-5DAY
Description:
Short 1D:

D35 Pathname Parts

A
B: |SINMEMAHOMIMNG C: |[FLOW D:
E: | 1DAY ~| F: USG5 -50AY

0] Cancel

245 Figure 3. Name and DSS Pathname Parts

After clicking the OK button, a new data set will be added to the study. The original data as well as the

filtered data is shown in Figure 4 (see page 431).
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& Multiple Locations — | >

File Edit View Window
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A sample of the computations for the first ten days are shown in Table 1. As shown within this table, the
filtered data set contains four fewer values than the original data set. This was necessary in order to
compute a 5-day average for the first 5 days of the time series. The 5-day average is computed on day 5
using the following formula:

41 2
358 = ( +38+355+33+3 )
Similarly, the 5-day average is computed on day 7 using the following formula:
38+35+33+32+44
36.4 = SO

Table 1. First Ten Days of Original and Filtered Data

Date Original Data (cfs) Filtered Data (cfs)
01 Oct 1938, 24:00 41 -

02 Oct 1938, 24:00 38 -

03 Oct 1938, 24:00 35 -

04 Oct 1938, 24:00 33 -

05 Oct 1938, 24:00 32 35.8
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Date Original Data (cfs) Filtered Data (cfs)
06 Oct 1938, 24:00 44 36.4
07 Oct 1938, 24:00 90 46.8
08 Oct 1938, 24:00 112 62.2
09 Oct 1938, 24:00 75 70.6
10 Oct 1938, 24:00 61 76.4

A detailed view of the original data as well as the filtered data for the June 1972 time period is shown in
Figure 5 (see page 433). The filtered data set constitutes a moving 5-day daily average streamflow time series.

@ Multiple Locations

File Edit View Window

a X
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246 Figure 5. Original and Filtered Data for June 1972
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14 Correlation Analysis Examples

14.1 Coincident Events - West Branch Susquehanna River

The WBSusquehanna_Correlation example demonstrates the usage of the Correlation Analysis in order to
determine how closely related annual maximum peak discharges at several stream gages are to one
another.

14.1.1 Input Data

In this example, time series representing annual maximum inflow to four multi-purpose reservoir projects
within the West Branch Susquehanna River watershed are analyzed. The first time series is from the West
Branch Susquehanna River at Bower, PA%® stream gage, which is located just upstream of Curwensville

Dam. The second time series is from the First Fork Sinnemahoning Creek at Wharton, PA%* stream gage,
which is located just upstream of George B. Stevenson Dam. The third time series is from the Kettle Creek at
Cross Fork, PA5® stream gage, which is located just upstream of Alvin R. Bush Dam. The fourth time series is
from the Bald Eagle Creek bl Spring Creek at Milesburg, PA%® stream gage, which is located just upstream of
Foster Joseph Sayers Dam. The location of these stream gages is shown in Figure 1. The time series are
plotted within Figure 2 and tabulated within Table 1.

53 https://waterdata.usgs.gov/nwis/uv/?site_no=01541000&agency_cd=USGS

54 https://waterdata.usgs.gov/pa/nwis/uv/?site_no=01543700&PARAmeter_cd=00065,00060,00010
55 https://waterdata.usgs.gov/usa/nwis/uv?01544500

56 https://waterdata.usgs.gov/nwis/uv?01547200
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[ Multiple Locations O X
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248 Figure 2. Input Time Series for WBSusquehanna_Correlation Example
Table 1. Input Time Series for WBSusquehanna_Correlation Example
Date Flow (cfs)
Bower Wharton Cross Fork Milesburg
31 May 1889 27000
09 Nov 1913 5900
07 Jan 1915 8640
03 Jun 1916 9600
22 Jan 1917 6800
20 Feb 1918 12200
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Date Flow (cfs)
Bower Wharton Cross Fork Milesburg

31 0ct 1918 6680

12 Mar 1920 12200

08 Aug 1921 7300

29 Nov 1921 9320

13 May 1923 6850

29 Jun 1924 11200

09 Feb 1925 6960

05 Sep 1926 10500

22 Jan 1927 9810

30 Mar 1928 7940

26 Feb 1929 7440

26 Feb 1930 6550

04 Apr 1931 5500

01 Apr 1932 4160

15 Mar 1933 6930

30 Sep 1934 3540

25 Jul 1935 7120
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Date Flow (cfs)

Bower Wharton Cross Fork Milesburg
18 Mar 1936 31500 20000
22 Jan 1937 7520
18 Dec 1937 9490
15 Feb 1939 4320
31 Mar 1940 12700
06 Apr 1941 2370
05 Jun 1941 4600
09 Mar 1942 6320
22 May 1942 6100
30 Dec 1942 14300 3660
17 Mar 1944 5500
08 May 1944 2580
07 Mar 1945 11200
18 Mar 1945 3520
28 May 1946 11000
13 Jun 1946 8000
06 Apr 1947 2470
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Date Flow (cfs)

Bower Wharton Cross Fork Milesburg
26 Apr 1947 3660
14 Apr 1948 10900
15 Apr 1948 2800
27 Jan 1949 4600
16 Feb 1949 1260
28 Mar 1950 6850
05 Apr 1950 4180
05 Nov 1950 8410
25 Nov 1950 12400
27 Jan 1952 11400
06 Apr 1952 2850
24 Mar 1953 4050
31 May 1953 8000
02 Mar 1954 10200 3670
16 Oct 1954 9270
05 Mar 1955 2460
08 Mar 1956 5140

Correlation Analysis Examples — 439




HEC-SSP Examples — HEC-SSP Examples

Date Flow (cfs)

Bower Wharton Cross Fork Milesburg
03 Jul 1956 9720
06 Aug 1956 4000
06 Apr 1957 7600 1620
09 Apr 1957 4000
21 Dec 1957 2850
26 Dec 1957 2810
08 May 1958 5190
22 Jan 1959 11900 3550
10 Feb 1959 4880
31 Mar 1960 9270 3920
23 May 1960 4770
25 Feb 1961 10200
26 Feb 1961 7600 6340
28 Feb 1962 4740
31 Mar 1962 3670
07 Apr 1962 4400
17 Mar 1963 2410
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Date Flow (cfs)

Bower Wharton Cross Fork Milesburg
18 Mar 1963 7600
27 Mar 1963 7200
10 Mar 1964 15200 7600 8950
03 Jan 1965 5720
13 Feb 1965 1240
24 Mar 1965 1640
13 Feb 1966 5910
14 Feb 1966 10600 3400
06 Mar 1967 7800
29 Mar 1967 2080
29 Sep 1967 5620
25 Oct 1967 3630
31 Jan 1968 5250
23 Mar 1968 1960
30 Jan 1969 4590
20 May 1969 4770
23 Jul 1969 1990
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Date Flow (cfs)

Bower Wharton Cross Fork Milesburg
02 Apr 1970 10100 2610 6530
16 Nov 1970 2600
21 Feb 1971 5920
27 Feb 1971 4330
23 Jun 1972 27500 14300 21300
02 Feb 1973 6270 4540 6290
19 Jan 1974 4950
04 Apr 1974 2090 4400
24 Feb 1975 12700
26 Sep 1975 13400
27 Sep 1975 10900
17 Feb 1976 9270
20 Jun 1976 4230
21 Jun 1976 5620
09 Oct 1976 6920
20 Jul 1977 19200
25 Sep 1977 2700
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Date Flow (cfs)

Bower Wharton Cross Fork Milesburg
15 Mar 1978 11400
14 May 1978 3590
15 May 1978 6500
05 Mar 1979 12100
06 Mar 1979 4430 7760
26 Nov 1979 6020 3640 5780
20 Feb 1981 4360
21 Feb 1981 8820
23 Feb 1981 5500
28 Oct 1981 3210
13 Mar 1982 6820
05 Jun 1982 5180
21 Mar 1983 3310
22 Mar 1983 1990
21 Jun 1983 5790
14 Feb 1984 9810 9080 15000
15 Feb 1984 8790
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Date Flow (cfs)

Bower Wharton Cross Fork Milesburg
25 Feb 1985 2790 1730
29 Mar 1985 8140
01 Apr 1985 2630
16 Nov 1985 9210
20 Jan 1986 4880
15 Mar 1986 3280 6730
27 Nov 1986 2770 3680
05 Apr 1987 6120 3210
02 Feb 1988 8620 3200
19 May 1988 3510 3220
31 Mar 1989 10100
21 Jun 1989 7190 3770 5590
11 Apr 1990 3620 2010
09 Jun 1990 3450
12 Jul 1990 7690
11 Oct 1990 3370
30 Dec 1990 7730
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Date Flow (cfs)

Bower Wharton Cross Fork Milesburg

04 Mar 1991 5830 4740

03 Dec 1991 2790

14 Jul 1992 5920

15 Jul 1992 4390

17 Jul 1992 3240

28 Mar 1993 6020

01 Apr 1993 5160 4760

16 Apr 1993 11400

28 Nov 1993 6870 11900

25 Mar 1994 9150

18 Aug 1994 6530

28 Nov 1994 4320

20 Jan 1995 3880

21 Jan 1995 2860 2740

19 Jan 1996 15400 9820 16800

19 Jul 1996 22000

08 Nov 1996 6000 7960 7870
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Date Flow (cfs)

Bower Wharton Cross Fork Milesburg

09 Nov 1996 5400

08 Nov 1997 15900

08 Jan 1998 5100 4280

09 Apr 1998 5380

24 Jan 1999 8960 4890 3000 3650

26 Nov 1999 4100 2420

04 Apr 2000 1730

17 Apr 2000 3060

18 Oct 2000 3730

22 Mar 2001 2000

10 Apr 2001 2240 1640

26 Mar 2002 5880 5840

13 May 2002 5340 2480

02 Jan 2003 6640

21 Mar 2003 2550

22 Mar 2003 3980

28 Sep 2003 6630
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Date Flow (cfs)

Bower Wharton Cross Fork Milesburg
18 Sep 2004 17100 8590 8880 21100
06 Jan 2005 12300
14 Jan 2005 3500
29 Mar 2005 4490
03 Apr 2005 3280
29 Nov 2005 5990
30 Nov 2005 6080 4750 8380
16 Nov 2006 4370
15 Mar 2007 5480 5230 3070
06 Feb 2008 6330 4570
05 Mar 2008 6310 7070
25 Dec 2008 7260
09 Mar 2009 6020 4380
31 Jul 2009 3340
25 Jan 2010 10900 4940 6830
14 Mar 2010 7600
01 Dec 2010 13200 7410 11400
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Date Flow (cfs)

Bower Wharton Cross Fork Milesburg

10 Sep 2011 11200

23 Nov 2011 4280

23 Dec 2011 1770 1530

27 Jan 2012 5540

31 Jan 2013 5770 4770 3120 5190

22 Dec 2013 4250

13 Mar 2014 6450

16 May 2014 5140

16 May 2014 3650

15 Mar 2015 6310

10 Apr 2015 1840

18 Jul 2015 5300

30 Sep 2015 6860

29 Oct 2015 2080

11 Nov 2015 1350

03 Feb 2016 3040

03 Feb 2016 2750
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Date Flow (cfs)

Bower Wharton Cross Fork Milesburg

21 0ct 2016 11100

13 Jan 2017 4140

06 May 2017 1500

29 May 2017 9590

13 Jan 2018 4630

10 Sep 2018 17200

10 Sep 2018 11700

11 Sep 2018 2830

03 Oct 2018 4950

22 Dec 2018 3150

08 Feb 2019 6550

08 Feb 2019 4140

01 Nov 2019 7220

28 Mar 2020 8990

29 Mar 2020 4270

01 May 2020 2420

25 Dec 2020 6370
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Date Flow (cfs)

Bower Wharton Cross Fork Milesburg

10 May 2021 7790

19 Aug 2021 12700

23 Sep 2021 5100

14.1.2 General Tab

A Correlation Analysis has been developed for this example. To open the analysis, either double-click on the
analysis labeled WBSusquehanna_Correlation from the study explorer or from the Analysis menu select
open, then select WBSusquehanna_Correlation from the list of available analyses. When
WBSusquehanna_Correlation is opened, the General tab within the Correlation Analysis editor will appear as
shown in Figure 3. For this analysis, the Time Series | Coincident Events computational method was selected
and four locations were defined. The default Plotting Position formula (Weibull) and Output Frequency
Ordinates were left unchanged. No modifications were made to the time window.

[E Correlation Analysis Editor - WESusquehanna_Correlation — O X
Name: WE’SusquehaﬂnLCnrre\atmﬂ\
Description:
DSSFile Name: | C./PROJECTS/SSP/ProjectsiestiSSP_Examples/SSP_EXAMPLES dss - k
Report File S\SSP\ProjectsitesiSSP_E: oI ly: VB! 1a_Corrs usquehanna_C 1.l
General Location Information
Computation Method Plotting Position Qutput Frequency Ordinates
(® Time Series | Coincident Events @® Weibull (A and B = 0) []Use Values from Table Below
Median (AandB=03
(O Time Series | Coincidentin Time Owm ¢ B Frequency in Percent
(O Hazen (A and B = 0.5) 02
(O Paired Data 05
() Other (Specify A, B) =
Mumber of Locations: | 4% Plotiing position computed using formula 2.0
(m-A)i{n+1-A-B) 5.0
Locations Where 10.0
m=Rank, 1=Largest 20.0
1. Mame: | Bower n=Number of Years 50.0
: AB=Constants 80.0
Data Set | west Branch Susquehanna River-Bower, PA-FLOW-ANNUAL PEAK ~ i 90.0
: 95.0
2.Name: \wharton B: @ 99.0
Data Set: | First Fork Sinnemahoning Creek-Wharton, PA-FLOW-ANNUAL PEAK ~
3.Name: | crossFork
Data Set: | Kettle Creek-Cross Fork, PA-FLOW-ANNUAL PEAK ~
4.Name: |Milesburg
Data Set | Bald Eagle Creek bl Spring Creek-Milesburg, PA-FLOW-ANNUAL PEAK ~
Time Window Modification
D388 Range is
[ start Date
Plot All Time Series []End Date
Compute View Report OK Cancel Apply

249 Figure 3. General Tab
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14.1.3 Location Information Tab

The Location Information tab contains four sub-tabs, one for each of the previously defined locations.

14.1.3.1 Bower

On the Bower sub-tab, the Log and Exceedance Probability (p, Zp) transformations were selected, as shown in
Figure 4. 1000 cfs was entered as the replacement value if/when zeroes or negatives were encountered. A
typical event length of 7 days was also defined. The default Output Labeling was left unchanged. Finally, a
frequency curve that was fit to the Bower time series was defined using a Log Pearson Type Il (LPIII)
distribution and the flow-frequency curve was computed.

[

Name: WBSusquehanna_Correlation

Description:

DSS File Name: |C/PROJECTS/SSPIProjects/test/SSP_Examples/SSP_EXAMPLES dss l
| Report File S\SSP\Projects'testiSSP_E: QT y VB 1a_Corr usquehanna_C 1.rpl

General Location Information

Bower Wharton CrossFork Milesburg

Transformations Frequency Curve
100,000
O None Frequency Curve 1 (for Bower)
Exceedance (0 Use Existing Analysis Q
® Log Probability (p,Zp)
Import
Replace Zeros andlor 1000 (O Wanual Entry
Negative Values with
(®) Analytical Distribution Log Pearsontypelll
Typical Event 7 )
Length (days): Statistics -
Output Labeling Mean 3.802 Lg
DSS DataNameis  FLOW-ANNUAL PEAK Standard Deviation: 01287 i
o 4
[] Change Label |undefined Skew 0.57 3 B
2
DSS Data Units are CFS Compute %
Ed
[ Change Label |undsiined Percent Chance FLOW-ANNUAL PEAK 5
| Exceedance (CFS) z
Data Set: anna River-Bower, PA-FLOW-ANNUAL PEAK 0.2 37156.255
| 0.5 30383.375 o
1.0 25902136
20 21902 443
| 50 17249 907
100 14130117
| 20.0 11272319
50.0 7661.663
1,000 T T T T T T T |
| 80.0 5517.316
200 4749 382 0.9889 099 0.e 0.5 01 0.01 0.001
| 950 4241681 Probability
99.0 3517.354] =
Plot All Input Frequency Data O Observed Events (Weibull plotting positions)
|
Compute iew Report 0K Cancel Apply

250 Figure 4. Bower Location Information Tab

14.1.3.2 Wharton

On the Wharton sub-tab, the Log and Exceedance Probability (p, Zp) transformations were selected, as shown
in Figure 5. 1000 cfs was entered as the replacement value if/when zeroes or negatives were encountered.
A typical event length of 7 days was also defined. The default Output Labeling was left unchanged. Finally, a
frequency curve that was fit to the Wharton time series was defined using a Log Pearson Type il (LPIII)
distribution and the flow-frequency curve was computed.
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[ Correlation Analysis Editor - WESusquehanna_Correlation

Name: WE’SusquehaﬂnLCnrre\atmﬂ\

Description:

D33 File Name: |C/PROJECTSISSP/Projectshest'SSP_Examples/SSP_EXAMPLES dss

Report File: S\SSP\Projec

| 0T

General Location Information

Bower Wharton CrossFork Milesburg
Transformations

) Mone
® Log

Exceedance
Probability (p,Zp)

Replace Zeros and/or
Megative Values with:

1000
Typical Event 7
Length (days).

Qutput Labeling
DSS Data Nameis  FLOW-ANNUAL PEAK

[J Change Label | undefined
DSS Data Units are  CFS

[] Change Label |undefined

Data Set: g Creek-Wharton, PA-FLOW-ANNUAL PEAK

Plot All Input Freguency Data

Compute View Report

ly 1a_CorrelationWBSusquehanna_Correlation.rpi ..

Frequency Curve

Frequency Curve 1 (for Wharton)

(O Use Existing Analysis
Import

(O Manual Entry

@® Analytical Distribution

Log Pearson type Il ~
Statistics
Mean: 3.7
Standard Deviation: 0.221
Skew. 0.167
Compute
Percent Chance FLOW-ANNUAL PEAK
Exceedance (CFS)
0z 24043 531
0.5 20130.499
1.0 7421533
20 4007.935
5.0 1849.433
100 9702 414
200 7655595
500 4941 418
0.0 254137
0.0 2636.463
5.0 2224727
9.0 633636

J|

SIEd

- [m] X
100,000

@

ri

=

x

x

=
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=

>

z
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=]

2

T

1,000 T T T T T T T
09999 099 09 05 01 0.01 0.001
Probability
—— Frequency Curve
O Observed Events (Weibull plotting positions)
OK Cancel Appl

251 Figure 5. Wharton Location Information Tab

14.1.3.3 Cross Fork

On the Cross Fork sub-tab, the Log and Exceedance Probability (p, Zp) transformations were selected, as
shown in Figure 6. 1000 cfs was entered as the replacement value if/when zeroes or negatives were
encountered. A typical event length of 7 days was also defined. The default Output Labeling was left
unchanged. Finally, a frequency curve that was fit to the Cross Fork time series was defined using a Log
Pearson Type Ill (LPIII) distribution and the flow-frequency curve was computed.
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Name:

Description:

WE’SusquehaﬂnLCnrre\atmﬂ\

[ Correlation Analysis Editor - WESusquehanna_Correlation

D33 File Name: |C/PROJECTSISSP/Projectshest'SSP_Examples/SSP_EXAMPLES dss

Report File: S\SSP\Projec

General Location Information
Bower Wharton CrossFork Milesburg
Transformations

) Mone
® Log

Exceedance
Probability (p,Zp)

Replace Zeros and/or
Megative Values with:

Compute View Report

orr Iy

Frequency Curve

Frequency Curve 1 (for CrossFork)

(O Use Existing Analysis
Import

(O Manual Entry

@® Analytical Distribution

Log Pearson type Il ~
Typical Event )
Length (days): Statistics
Output Labeling [em 3.38
DSS Data Nameis  FLOW-ANNUAL PEAK Standard Deviation: 0.251
[J Change Label | undefined Skew. 0.612
DSS Data Units are CFS Compute
[]Change Label |undefined Percent Chance FLOW-ANNUAL PEAK
Exceedance (CFS)
Data Set:  Sreek-Cross Fork, PA-FLOW-ANNUAL PEAK 0z 29473798
0.5 22333.04
1.0 7031.44
2.0 424
5.0 02734
100 7827103
200 5759 679
500 3424088
0.0 2212283
0.0 1816.447
5.0 1567.315
9.0 1231.077
Plot All Input Freguency Data

J|

1a_CorrelationWBSusquehanna_Correlation.rpi ..

SIEd

- [m] X
100,000

@

ri

=

x

x

=

= 10,000

=

>

z

=

=

=

=]

2

T

1,000 T T T T T T T
09999 099 09 05 01 0.01 0.001
Probability
—— Frequency Curve
Observed Events (Weibull plotting positions)
OK Cancel Appl

252 Figure 6. CrossFork Location Information Tab

14.1.3.4 Milesburg

On the Milesburg sub-tab, the Log and Exceedance Probability (p, Zp) transformations were selected, as
shown in Figure 7. 1000 cfs was entered as the replacement value if/when zeroes or negatives were
encountered. A typical event length of 7 days was also defined. The default Output Labeling was left
unchanged. Finally, a frequency curve that was fit to the Milesburg time series was defined using a Log
Pearson Type Ill (LPIII) distribution and the flow-frequency curve was computed.
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[ Correlation Analysis Editor - WESusquehanna_Correlation

Name: WE’SusquehaﬂnLCnrre\atmﬂ\

Description:

Report File: S\SSP\Projec QT

D33 File Name: |C/PROJECTSISSP/Projectshest'SSP_Examples/SSP_EXAMPLES dss

General Location Information
Bower Wharton CrossFork Milesburg
Transformations

O None Exceedance
@®Log Probability (p,Zp)

Replace Zeros andlor 1000
Megative Values with:

Typical Event 7
Length (days).

Qutput Labeling

DSS Data Nameis  FLOW-ANNUAL PEAK
[J Change Label | undefined

DSS Data Units are CFS

[] Change Label |undefined

Data Set | Creek-Milesburg, PA-FLOW-ANMNUAL PEAK

Plot All Input Freguency Data

Compute

Report

ly 1a_CorrelationWBSusquehanna_Correlation.rpi ..

Frequency Curve

Frequency Curve 1 (for Milesburg)

(O Use Existing Analysis
Import

(O Manual Entry

@® Analytical Distribution

Log Pearson type Il ~
Statistics
Mean: 3.733
Standard Deviation: 0.234
Skew. 0.421
Compute
Percent Chance FLOW-ANNUAL PEAK
Exceedance (CFS)
0z 33616.325
0.5 26767.019
1.0 22208.695
2.0 18390.897|
5.0 13925244
100 11001274
200 8387 816
500 5207 448
0.0 410.556
0.0 2790174
5.0 2388181
9.0 827.275
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Probability
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O Observed Events (Weibull plotting positions)
OK Cancel Apply

253 Figure 7. Milesburg Location Information Tab

Each of the previously mentioned time series and frequency curves can be plotted by pressing the
Plot All Input Frequency Data button, as shown in Figure 8.
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254 Figure 8. Plot All Input Frequency Data

14.1.4 Computing the Analysis

Once all of the General and Location Information details have been selected and/or defined, the user can
press the Compute button to perform the analysis. A Compute Warnings message will be shown noting that
some values for each pair of time series were removed from consideration within the correlation
calculations. For instance, when comparing the Bower and Wharton time series, 98 values were removed
from consideration. This was partly due to the fact that the Bower time series begins in 1889 while the
Wharton time series begins in 1984. However, several values within the Bower time series could not be
found within the Typical Event Length of 7 days, which was defined on the Location Information sub-tab,
when compared against the Wharton time series. This is visualized within Figure 9, these values for the 1994
water year were removed from the analysis since the measurements were not recorded within 7 days of one
another.
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255 Figure 9. Example of Events That Were Removed from Consideration

Only events like those shown within Figure 10, which both fell within the Typical Event Length of 7 days were
used within the correlation computations.
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256 Figure 9. Example of Events That Were Considered in the Correlation Computations

Once the computations have been completed, a message window will open stating Compute Complete.

14.1.5 Results Tab

Upon a successful compute, the Results tab will become selectable. The Results tab contains three sub-
tabs, one for each of the previously defined transformations.
Within each transformation sub-tab, results will be presented consisting of:

A Correlation Matrix of computed correlation coefficients,

A plot of the selected pair(s),

A Statistics table of the entire time series (all values are considered within these statistics), and

An Events table consisting of the overlapping date range and number of values that were considered
within the correlation computations for the selected pair(s).

One or more pairs within the correlation matrix can be selected. By default, the upper-left most cell will be
selected upon navigating to these sub-tabs for the first time, as shown in Figure 11. However, if more than
one cell is selected, additional information will be shown within the plot as well as the Events table, as shown

in Figure 12.
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A Correlation Analysis Editor - WBSusquehanna_Correlation - O b4
Name: |WBSusquehannaﬁcwre\a{mn |
Description: | |:||
D38 File Name: |C/PROJECTSISSPIPojectsfestSSP_Examples/S3P_EXAMPLES.dss [}
Report File: | \SSPF | ly m_CorreIanan\WEISusquehanna_carre\anon.rplDl
General Location Information  Results
Linear/Log Exceedance Probability Standard Normal Deviate
Linear/Log Correlation Matrix —
Bower ‘Wharton CrossFork Milesburg II =
{log) (log) (log) (log) Q
o
Bower 1
(log) 3.9
Wharton 1
(log)
CrossFork 0545 0846 1 & 3.8 o
(log) &
LIEH 0.636 0.730 0307 1 3 o
(log) i ] °
o 37 =)
= o
<
2 o
z
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e
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T 359
£
2
3.44
o
Statistics Events
Statistic Mean StDev Skew Pairs Qverlapping MNumber of T T T T T T
o~ T ems | G 36 a7 38 39 4 4.1 42 43
tog) |20 0.189 0.607 values Bower FLOW-ANNUAL PEAK (CFS)
Bower-Wharton |1984-2019 11 O Wharton - Be
‘('"‘:]";;m” 3700 0221|0184 I ol
CrossFork w | Plot all Pairs Plot all Transformations

257 Figure 11. Linear/Log Tab with One Selected Pair
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Name:
Description:

D23 File Name:

WBSusquehanna_Correlation

[ Correlation Analysis Editor - WESusquehanna_Correlation*

C:/PROJECTSISSP/Projectshest'SSP_Examples/SSP_EXAMPLES dss

Report File: \SSPF
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258 Figure 12. Linear/Log Tab with Multiple Selected Pairs

14.1.5.1 Log

The results using the Linear or Log transformation will be shown on this sub-tab, as shown within Figure 11.

14.1.5.2 Exceedance Probability

The results using the Exceedance Probability transformation will be shown on this sub-tab, as shown within

Figure 13.
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[E Correlation Analysis Editor - WBSusquehanna_Correlation* - O X
Name: WBSusquehanna_Correlation
Description:
DSS File Name: |C:/PROJECTSISSPIProjectsitest’SSP_Examples/SSP_EXAMPLES . dss L
Report File: \SSPF | ly 1a_CorrelationWBSusquehanna_Correlation.rpi ..
General Location Information Results*
Linear/Log Exceedance Probability Standard Normal Deviate
Exceedance Probability Correlation Matrix
Bower Wharton CrossFork Milesburg I
(log) (log) (log) (log) o
Bower 1 0.8
(log)
Wharton 1 0.8+
(log)
CrossFork 0.241 0.840 1 0.7
(log) o
Milesburg a ©
e 0.458 0.782 0782 1 S o5 -
@
o
g 054 °
[}
o
8 o
& 04+
=
£ [+
|5
= 024
=
0.2+
[}
0.1+ ©
Statistics Events
Statistic Mean StDev Skew Pairs Overlapping Mumber of 0.0 T T T T T T T T T
Sower Date Range Overlapping 0 01 0z 03 04 0.5 0.6 07 0.8 0.9 1
togy 0497 0281 0.032 Values Bower EXCD. PROB. (UNDEF)
Bower-Wharton |1984-2019 1 O Wharton - B
Whatte s 409 |0286 0022 e
(log)
CrossFork v Plot all Pairs Plot all Transformations
Compute View Report OK Cancel Apply

259 Figure 13. Exceedance Probability Tab

14.1.5.3 Standard Normal Deviate

The results using the Standard Normal Deviate transformation will be shown on this sub-tab, as shown

within Figure 14.
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[E Correlation Analysis Editor - WBSusquehanna_Correlation* - O X
Name: WBSusquehanna_Correlation
Description:
DSSFile Name: | C./PROJECTS/SSP/ProjectsiestiSSP_Examples/SSP_EXAMPLES dss . k
Report File: S\SSP\Projec | QT ly 1a_CorrelationWBSusquehanna_Correlation.rpi ..
General Location Information Results*
Linear/Log Exceedance Prabability Standard Normal Deviate
Standard Normal Deviate Carrelation Matrix —
Bower Wharton CrossFork Milesburg lz‘ 2
(log) (Iog) (log) (log) Q o
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{log) 1 20 5]
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CrossFork 0462 0852 1 5 ° °©
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m o
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L 5 o ©
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s c
E o
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Statistics Events
Statistic Mean StDev Skew Pairs Qverlapping MNumber of -1.5 T T T T T T T T |
Sower Date Range Overlapping -2 1.5 -1 -0.5 0 05 1 15 2 25
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CrossFork v Plot all Pairs Plot all Transformations
Compute View Report OK Cancel Apply

260 Figure 14. Standard Normal Deviate Tab

In addition to the tables and plots on each sub-tab, two buttons are available to create summary plots for all
data and transformations: Plot all Pairs and Plot all Transformations. When the Plot all Pairs is clicked, a
figure is created that shows the correlation matrix at the top with multiple plots below, one for every pair of
time series, as shown in Figure 15. The results for this plot will be shown for the currently-selected tab.
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261 Figure 15. All Pairs Plot for Standard Normal Deviate Tab

When the Plot all Transformations button is pressed,
a figure will be created that has the correlation matrix and one plot containing the data pairs for all the
currently selected cells in the correlation matrix for every selected transform. For example, when the Bower-
Wharton and Milesburg-Wharton pairs are selected for this study, the Plot all Transformations button will
generate a plot that resembles Figure 16.
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262 Figure 16. All Transformations Plot for Two Selected Pairs

The Plot all Transformations button will only be active when the Exceedance Probability
transform has been selected for at least 2 time series on the Location Information tab and a
compute has been successfully completed.

The correlation coefficients computed for this example are very strong. Per EM 1110-2-1415%,

datasets are often considered well correlated when the absolute value of the correlation
coefficient is greater than 0.4. Also, Bulletin 17C%® recommends the usage of data with high
cross correlation when performing record extension, an example of which can be found here®.

57 https://www.publications.usace.army.mil/LinkClick.aspx?fileticket=rKeAcMVfr2g%3d&tabid=16439&portalid=76&mid=43544
58 https://pubs.usgs.gov/tm/04/b05/tm4b5.pdf
59 https://www.hec.usace.army.mil/confluence/display/SSPTutorialsGuides/Annual+Peak+Flow+Record+Extension
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14.1.6 Report File

In addition to the tabular and graphical results, there is a report file that echoes the input data, selected
computational options, and results. To review the report file, press the View Report button at the bottom of
the analysis window. When this button is selected a text viewer will open the report file and display it on the
screen, as shown in Figure 17.

@ Different types and amounts of information will show up in the report file depending on the data
and the options that have been selected for the analysis.

[ wesusquehanna_Correlation.rpt - m] b4

File Edit Search Format

File: | c\PROJECTSISSPProj P_ExamplesiCorrelati BSusquehanna_Correlation\WBSusquehanna_Correlation.rpt

2 Correlation Analysis
19 Jul 2022 04:27 BM

¢ --- Input Data ---

¢ Rnalysis Name: WBSusquehanna Correlation
¢ Description:

Project Path: C:\PROJECTS\SS5P\Projects\test\5SP_Examples
Report File Name: C:\PROJECTS"SSP\Projects\test\55F_Examples\Correlationhnalysis\WBSusquehanna Correlation\WBSusquehanna_Correlation.rpt
Result File Name: C:\PROJECTS\SSP\Projects\test\SSP_Examples\Corrslationhnalysis\WBSusquehanna Correlation\WBSusquehanna Correlation.xml

g

15 Input DSS File Name: C:\PROJECTS\SSP\Projects\test\55SP_Examples\355P_EXAMPLES.dss

Computation Method: TsCoincidentEvents
Number of locations: 4

) --- Data Locations ---

22 --- Bower -——

23 Use Log Transform: true

24 Use Exceedance Probability Transform: true
25 Replacement Value: 1000.0

¢ Typical Event Length: 7.0

9 << Frequency Curve >>

| Excesdance | FLOW-RNNUAL EFERK |
331 Percent | CE5 |

| | |

| | |

—--- Wharton —---—

) Use Log Transform: true

1 Use Exceedance Probability Transform: true
2 Replacement Value: 1000.0

3 Typical Event Length: 7.0

4€ «< Freguency Curve >> v
< >

07/19/2022 16:27 PM 11,11 11

263 Figure 17. Report File

14.2 Coincident in Time - Tar River

The TarRiver_Correlation example demonstrates the usage of the Correlation Analysis to determine how
closely related annual maximum peak discharge within a river is with tidal stages within a receiving body of
water.
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14.2.1 Input Data

The primary time series is from the Tar River at Greenville, NC® stream gage. The secondary time series
represents hourly stage within the Pamlico Sound. The actual data for this time series was taken from the
Beaufort, Duke Marine Lab, NC® tide buoy. The time series are plotted within Figure 1.

[ Multiple Locations — O 4
File Edit View Window

k 80,000
70,000
50,000
50,000
40,000
30,000 d
20,000 o o 4 o

10,000 o o o o

Flow (cfs)

Elev (ff)

T 1 1 1 1 T T T T T T T T T T T T T T T 1T T 11
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

< TAR RNER-GREENVILLE, NC-FLOW-ANNUAL PEAK
PAMLICO SOUND-TAR RIWVER-ELEV

264 Figure 1. Input Time Series for TarRiver_Correlation Example

General Tab

A Correlation Analysis has been developed for this example. To open the analysis, either double-click on the
analysis labeled TarRiver_Correlation from the study explorer or from the Analysis menu select open, then
select TarRiver_Correlation from the list of available analyses. When TarRiver_Correlation is opened,

the General tab within the Correlation Analysis editor will appear as shown in Figure 2. For this analysis,

the Time Series | Coincident in Time computational method was selected and two locations were defined.
The default Plotting Position formula (Weibull) and Output Frequency Ordinates were left unchanged. No
modifications were made to the time window.

60 https://waterdata.usgs.gov/nc/nwis/uv?site_no=02084000
61 https://tidesandcurrents.noaa.gov/stationhome.html?id=8656483
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[F correlation Analysis Editor - TarRiver_Carrelation — O %
MName: Taerer_Correlanon\
Description:
DSS File Name: |C:/PROJECTS/SSPIProjectsitest/'SSP_Examples/SSP_EXAMPLES.dss . k
Report File C\PROJECTS\SSP\Projects\tesf\SSP_Examples\CorrelationAnalysis\TarRiver_Correlation\TarRiver_Caorrelation.rpt
General Location Information
Computation Method Plotting Position Qutput Frequency Ordinates
(O Time Series | Coincident Events @® Weibull (Aand B = 0) [] Use Values from Table Below
Median (AandB=03
(@ Time Series | Coincident in Time Owu ¢ ) Frequency in Percent |
(O Hazen(AandB=0.5) 2
() Paired Data EI
() Other (Specify A, B)
Mumber of Locations: 205 Plotting position computed using formula
(m-A){(n+1-A-B)
Locations Where 1
m=Rank, 1=Largest 2
Primary: | Greenville n=Number of Years 5
AB=Conslants 8
DataSet | TAR RIVER-GREENVILLE, NC-FLOW-ANNUAL PEAK ~ \ - 90.0
. L 950
Secondary’ | PamiicoSound B 0 89.0
DataSet | PAMLICO SOUND-TAR RIVER-ELEV v
Time Window Modification
D388 Range is
[] Start Date
Plot All Time Series []End Date
Compute View Report oK Cancel Apply

265 Figure 2. General Tab

14.2.2 Location Information Tab

The Location Information tab contains two sub-tabs, one for each of the previously defined locations.

14.2.2.1 Greenville

On the Greenville sub-tab, the None transformation was selected, as shown in Figure 3. All other default
settings were retained.
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[ Correlation Analysis Editor - TarRiver_Correlation - O 4
Name: TarRiver_Correlation
Description:
DSSFile Name: | C./PROJECTS/SSP/ProjectsiestiSSP_Examples/SSP_EXAMPLES dss . L
Report File: C:\PROJECTS\SSP\Proj _Examples\C 1Analysis\TarRiver_Correlation\TarRiver_Correlation.rpt
General Location Information
Greenville  PamlicoSound
Transformations Frequency Curve
80,00
Frequency Curve 1 (for Greenville
@® Mone
SEEEE Use Existing Analysis o
OlLe Probability (p,Zp)
a 70,000
Import
Replace Zeros andlor Manual Entry
Megative Values with: 60,000
Analytical Distribution | |og Pearson type Ill '
Typical Event )
Length (days Statistics
Output Labeling ez o & 50,000+
i S
DSS Data Nameis  FLOW-ANNUAL PEAK Standard Deviation: [1] v
<
y i
[] Change Label |undefined Skew. 0 & 40,000
<
DSS Data Units are  CFS Compute %
=
<
[ Change Label |undefined Percent Chance FLOW-ANNUAL PEAK 2 30,000 P
Exceedance (CFS) = 5
e
Data Set:  -R-GREENVILLE, NC-FLOW-ANNUAL PEAK 0z o
0.5
20,0004 o
1.0 &
20
50 s
10.0 10,000+ e cd
200
500 °©
0.0
0.0 0 T T T T T T T
5.0 0.9999 0.99 09 05 0.1 0.01 0.001
9.0 Probability
Plot All Input Freguency Data (=] Observed Events (Weibull plotting positions)
Compute View Report OK Cancel Apply

266 Figure 3. Greenville Location Information Tab

14.2.2.2 Pamlico Sound

On the PamlicoSound sub-tab, the None transformation was selected, as shown in Figure 4. All other default
settings were retained.
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[ Correlation Analysis Editor - TarRiver_Correlation - O 4
Name: TarRiver_Correlation

Description:

DSSFile Name: | C./PROJECTS/SSP/ProjectsiestiSSP_Examples/SSP_EXAMPLES dss . L

Report File: C:\PROJECTS\SSP\Proj _Examples\C 1Analysis\TarRiver_Correlation\TarRiver_Correlation.rpt ..

General Location Information

Greenville PamlicoSound

Transformations Frequency Curve
Frequency Curve 1 (for PamlicoSound
® Mone Excesd i ‘
HEERE ST Use Existing Analysis
OlLog Probability (p,Zp)
Import
Replace Zeros andlor Manual Entry

Megative Values with:

Analytical Distribution  |og Pearson type IIl
Typical Event )
Length (days Statistics

Qutput Labeling Mean:

D388 DataMameis ELEV Standard Deviation:
[J change Label |undefined Skew:
Please select either a valid exceedance probability
DSS Data Units are FT Compute curve and/ or an Irregular Time Series/ Paired Data
data set (if applicable) to display a plot.
[]Change Label  undefined Percent Chance &y (if appl ) play apl
Exceedance (FT)
Data Set:  PAMLICO SOUND-TAR RIVER-ELEV 0z
100
200
50.0
20
90
95
99
Plot All Input Freguency Data
Compute View Report OK Cancel Apply

267 Figure 4. PamlicoSound Location Information Tab

14.2.3 Computing the Analysis

Once all of the General and Location Information details have been selected and/or defined, the user can
press the Compute button to perform the analysis. A Compute Warnings message will be shown noting that
one value within the only Primary-Secondary pair was removed from consideration within the correlation
calculations. This was solely due to the fact that the Greenville time series begins one year prior to the start
of the PamlicoSound time series. Values from the Secondary time series (i.e. PamlicoSound) were extracted
at the same time as each of the values within the Primary time series (i.e. Greenville), as shown within Figure
5. These values were then carried forward within the correlation computations.

Correlation Analysis Examples — 468



HEC-SSP Examples — HEC-SSP Examples

File

[ Multiple Locations - O X
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268 Figure 5. Example of Events That Were Considered in the Correlation Computations

Once

the computations have been completed, a message window will open stating Compute Complete.

14.2.4 Results Tab

Upon

a successful compute, the Results tab will become selectable. The Results tab contains a single sub-

tab since the None transformation was previously selected for all locations, as shown in Figure 6.
Within this sub-tab, results are presented consisting of:

A Correlation Matrix of computed correlation coefficients,

A plot of the selected pair,

A Statistics table of the entire time series (all values are considered within these statistics), and

An Events table consisting of the overlapping date range and number of values that were considered
within the correlation computations for the selected pair.
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[ Correlation Analysis Editor - TarRiver_Correlation

Name: TaererﬁCnrre\aUuﬂ\
Description:

D33 File Name: |C/PROJECTSISSP/Projectshest'SSP_Examples/SSP_EXAMPLES dss

General Location Information  Results
Linear/Log

Linear/Log Correlation Matrix

Report File: C:\PROJECTS\SSP\Proj _Examples\C 1Analysis\TarRiver_Correlation\TarRiver_Correlation.rpt ..

(linear) (linear)

Greenville PamlicoSound

Greenville 1
(linear)

PamlicoSoun
1
(linear)

PamlicoSound ELEV (FT)

Statistics Events
Statistic Mean StDev Skew Pairs Qverlapping MNumber of T T T T T T |
PR——— Date Range Overlapping 20,000 30,000 40,000 50,000 60,000 70,000 80,000
finear) 17910.000 | 14271802 |3.289 Values Greenville FLOW-ANNUAL PEAK (CFS)
i Greenville-Pa... [1998-2020 19
PamiicoSou 155|123 0.053
(linear)
Plot all Transformations
Compute View Report

OK Cancel Appl

269 Figure 6. Results Tab

The correlation coefficient computed for this example is very weak. Per EM 1110-2-1413%?,
datasets are often considered effectively independent when the absolute value of the correlation
coefficient is less than 0.4. In this case, it appears the annual maximum peak discharge for the
Tar River at Greenville, NC has no relationship to the water level within the Pamlico Sound. This
makes physical sense since the Pamlico Sound is a much larger body of water, compared to the
Tar River, that can drain/fill through many connections to the Atlantic Ocean. This is very
valuable information for a flood risk management study, as the assumption of independence
greatly simplifies a coincident frequency analysis that is likely the next step in the project.

14.2.5 Report File

In addition to the tabular and graphical results, there is a report file that echoes the input data, selected
computational options, and results. To review the report file, press the View Report button at the bottom of
the analysis window. When this button is selected a text viewer will open the report file and display it on the

screen, as shown in Figure 7.

62 https://www.publications.usace.army.mil/Portals/76/Users/227/19/2019/EM_1110-2-1413.pdf?ver=2018-09-13-125346-687
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@ Different types and amounts of information will show up in the report file depending on the data
and the options that have been selected for the analysis.

[ TarRiver_Correlation.rpt - [m] X
File Edit Search Format

File: | C\PROJECTSISSPProjec P_Examples\Corr | ‘TarRiver_Correlation\TarRiver_Correlation.rpt

2 Correlation Analysis
3 1% Jul 2022 05:01 BM

€ -—- Input Data --—-

2 hnalysis Name: TarRiver Correlation
9 Description:

11 Project Path: C:\PROJECTS\SS5P\Projects\test\55P_Examples

12 Report File Name: C:\PROJECTS\S5P\Projects\test\S5P_Examples\Correlationknalysis\TarRiver_Correlation\TarRiver_Correlation.rpt
13 Result File Name: C:\PROJECTS\SSP\Projects\test\SSP_Examples\Correlationknalysis\TarRiver Correlation\TarRiver Correlation.xml
15 Input DSS File Name: C:\PROJECTIS\SS5P\Projects\test\S55P_Examples\5SP_EXAMPLES.dss

17 Computation Method: TsCoincidentTime
12 Fumber of locations: 2

20 --- Data Locations --—-

22 --- Greenville ———

23 Use Log Transform: false

24 Use Exceedance Probability Transform: false
25 Replacement Value: -Infinity

¢ Typical Event Length: -Infinity

9 <« Frequency Curve >>

| Exceedance | FLOW-ANNUAL PERK |
331 Percent | CFS |
| |
| |

39 --- PamlicoSound --—-—

40 Use Log Transform: false

41 Use Exceesdance Probability Transform: false
42 Replacement Value: -Infinity

43 Typical Event Length: ~Infinity

16 << Frequency Curve >> v
< >

07/19/2022 17:01 PM 1111 11

270 Figure 7. Report File

14.3 Paired Data

The PairedData_Correlation example demonstrates the usage of the Correlation Analysis to determine how
closely related the values within paired data curves (i.e. curves with no date/time axis) are with one another.

14.3.1 Input Data

The paired data used within this example were made available by the Census Bureau® and National Science
Foundation®. The four paired data curves represent arcade revenue ($ billion), Computer Science
doctorates awarded, per capita cheese consumption, and Civil Engineering doctorates awarded (all within
the U.S.). The paired data are plotted within Figure 1 and tabulated within Table 1.

63 https://www.census.gov/library/publications/2011/compendia/statab/131ed.html
64 https://www.nsf.gov/statistics/infbrief/nsf11305/
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[] PairedData_Correlation - All Time Series Plot - O X
File Edit View Window
i =
_ E 1.8: o
@
o 1.6 o
< ] o
5 1.4: 3
J 121 ki u
i ] ) e
[ 16007 &
5 ‘1,2[]0: il ]
J
g 8004 o @ 7 P o [v] o
a 400 [v] ° s s
3 o
W 10.83 s i
w1023 = e
3 0 e L
T 963
7] I I | | | | I I [
@ 1 2 3 4 5 B 7 8 9 10
UNT COUNT
[ RANDOM-ARCADE REVENUE-COUNT-REVENUE MANUAL 0
o RANDOM-CS DOCTORATES-COUNT-DOCTORATES MANUAL 0
8] RANDOM-CE DOCTORATES-COUNT-DOCTORATES MANUAL 0
[ RANDOM-PC CHEESE-COUNT-CHEESE MANUAL 0
271 Figure 1. Input Time Series for PairedData_Correlation Example
Count Arcade Revenue (§ | Computer Science Per Capita Civil Engineering
billion) Doctorates Consumption of Doctorates Awarded
Awarded Mozzarella Cheese
(Ibs)
1 1.196 861 9.3 480
2 1.176 830 9.7 501
3 1.269 809 9.7 540
4 1.24 867 9.7 552
5 1.307 948 9.9 547
6 1.435 1129 10.2 622
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Count Arcade Revenue (S | Computer Science Per Capita Civil Engineering
billion) Doctorates Consumption of Doctorates Awarded
Awarded Mozzarella Cheese
(Ibs)
7 1.601 1453 10.5 655
8 1.654 1656 11 701
9 1.803 1787 10.6 712
10 1.734 1611 10.6 708

14.3.2 General Tab

A Correlation Analysis has been developed for this example. To open the analysis, either double-click on the
analysis labeled PairedData_Correlation from the study explorer or from the Analysis menu select open, then
select PairedData_Correlation from the list of available analyses. When PairedData_Correlation is opened,
the General tab within the Correlation Analysis editor will appear as shown in Figure 2. For this analysis, the
Paired Data computational method was selected and four locations were defined. The default Plotting
Position formula (Weibull) and Output Frequency Ordinates were left unchanged. No modifications were

made to the time window.
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[ Correlation Analysis Editor - PairedData_Correlation*

Name: Pa\redDat:LCnrrelalmﬂ\

Description:

DSS File Name: |"ROJECT: P\Project _Examplesh
Report File: 2ROJECT: P\Proj | QT

General Location Information Results*
Computation Method
(O Time Series | Coincident Events
(O Time Series | Coincidentin Time

(®) Paired Data

Number of Lacations: | 4 %

Lacations

1.Name: | arcade Revenue

Data Set. | RANDOM-ARCADE REVENUE-COUNT-REVENUE

2.Name: |Cs Doctorates

Data Set | RANDOM-CS DOCTORATES-COUNT-DOCTORATES

3.Name: |Per Capita Cheese Consumption

Data Set | RANDOM-PC CHEESE-COUNT-CHEESE

4.MName: |CE Doctorates

Data Set | RANDOM-CE DOCTORATES-COUNT-DOCTORATES

Plot All Paired Data

Compute View Report

ionAnalysis\PairedData_Correlation\PairedData_Correlation.ds: ... l

airedData_Correlation\PairedData_Caorrelation.rpi ...

Plotting Position
(® Weibull (Aand B = 0)
() Median (Aand B=0.3)
(O Hazen (AandB=05)
() Other (Specify A, B)
Plotting position computed using formula
{m-A)/(n+1-A-B)
Where:
m=Rank, 1=Largest

n=Number of Years
A,B=Constants

Qutput Frequency Ordinates

[ Use Values from Table Below

Frequency in Percent |
0.2
31

20

50
100
200
50.0
80.0
90.0
95.0
93.0

Time Window Modification

DSS Range is
[] Start Date

[] End Date

OK Cancel Apply

272 Figure 2. General Tab

14.3.3 Location Information Tab

The Location Information tab contains four sub-tabs, one for each of the previously defined locations.

14.3.3.1 Arcade Revenue

On the Arcade Revenue sub-tab, the None transformation was selected, as shown in Figure 3. All other

default settings were retained.
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[ Correlation Analysis Editor - PairedData_Correlation* - O 4
Name: Pa\redDat:LCnrrelalmﬂ\
Description:
DSS File Name: |"ROJECT: P\Project _Examplesh ionAnalysis\PairedData_Correlation\PairedData_Correlation.ds: ... L
Report File: 2ROJECT: P\Proj | QT ly airedData_Correlation\PairedData_Caorrelation.rpi ...
General Location Information  Results*
Arcade Revenue (S Doctorates Per Capita Cheese Consumption CE Doctorates
Transformations Frequency Curve
Frequency Curve 1 (for Arcade Revenue:
@® Mone
PE"CEEgEI‘"CE 2 Use Existing Analysis
O Log robability (p,Zp) 12 L
Import
Replace Zeros and/or Manual Entry [+]
MNegative Values with: 174
Analytical Distribution | |og Pearson type Il
Typical Event ) o
Length (days Statistics
Qutput Labeling Hzz a 181 ©
DSS DataMame is  REVENUE Standard Deviation: o S
3
[ Ghange Label |undefined Skew 5 é azd
w
DSS Data Units are  BILLION Compute 2
= o
[J change Label |undefined Percent Chance REVENUE g aal
Exceedance (BILLION)
Data Set: :CADE REVENUE-COUNT-REVENUE 0.2
33 134 o
2.0 °
50 e
10.0 129 ©
200 (o]
500
0.0
0.0 11 T T T T T T T
5.0 0.9999 0.99 09 05 0.1 0.01 0.001
9.0 Probability
Plot All Input Frequency Data [s] Observed Events (Weibull plotting positions)
Compute View Report OK Cancel Apply

273 Figure 3. Arcade Revenue Location Information Tab

14.3.3.2 CS Doctorates

On the CS Doctorates sub-tab, the None transformation was selected, as shown in Figure 4. All other default
settings were retained.
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[ Correlation Analysis Editor - PairedData_Correlation* - O 4
Name: Pa\redDat:LCnrrelalmﬂ\
Description:
DSS File Name: |"ROJECT: P\Project _Examplesh ionAnalysis\PairedData_Correlation\PairedData_Correlation.ds: ... L
Report File: 2ROJECT: P\Proj | QT ly airedData_Correlation\PairedData_Caorrelation.rpi ...
General Location Information  Results*
Arcade Revenue CS Doclorates  Per Capita Cheese Consumption CE Doctorates
Transformations Frequency Curve
E 1,80 =
@ None Frequency Curve 1 (for CS Dodlorates:
SR Use Existing Analysis Q
OlLog Probability (p,Zp) o
Import
i 1,600 o
Replace Zeros and/or Manual Entry
Negativi lues with:
Analytical Distribution || og Pearson type Il
Typical Event ) o
Length (days Statistics
- 1,400
Output Labeling Hzz v
D38 DataName is DOCTORATES Standard Deviation: 0 =
se : @
[J change Label |undefined Skew 5 g
i
DSS Data Units are Compute g 1,200
y S
[ change Label |undefined Percent Chance DOCTORATES o °
Exceedance 0
Data Set: \OCTORATES-COUNT-DOCTORATES 0.2 1,000
[+
o0
100 o
200 800 o
500
T T T T T T T
0.9999 0.99 09 0.5 0.1 0.01 0.001
Probability
Plot All Input Frequency Data O Observed Events (Weibull plotting positions)
Compute View Report OK Cancel Apply

274 Figure 4. CS Doctorates Location Information Tab

14.3.3.3 Per Capita Cheese Consumption

On the Per Capita Cheese Consumption sub-tab, the None transformation was selected, as shown in Figure
5. All other default settings were retained.
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[ Correlation Analysis Editor - PairedData_Correlation*

General Location Information  Results*

Arcade Revenue CS Doctorates Per Capita Cheese Consumption  CE Doctorates
Transformations Frequency Curve

Frequency Curve 1 (for Per Capita Cheese Consumption

@® Mone
Exceedance Use Existing Analysis
O Log Probability (p,Zp)
Import
Replace Zeros andior Manual Entry

MNegative Values with:
Analytical Distribution | |og Pearson type Il

Typical Event )

Length (days Statistics

Output Labeling Mean .

DSS DataNameis CHEESE Standard Deviation: o

undefined Skew. &

[ Change Label

DSS Data Units are  LBS Compute

Name: Pa\redDat:LCnrrelalmﬂ\

Description:

DSS File Name: |"ROJECT: P\Project _Examplesh 1Analysis\PairedData_Correlation\PairedData_Correlation.ds: ..
Report File: 2ROJECT: P\Proj | QT ly airedData_Correlation\PairedData_Caorrelation.rpi ...

undefined CHEESE

(LBS)

Percent Chance
Exceedance

[] Change Label

Data Set: IDOM-PC CHEESE-COUNT-CHEESE 0z

Plot All Input Frequency Data

Compute View Report

CHEESE (LBS)

1

1

1

10.2+ ]

10.0+

0.8+

0.6+ [eRle}

0.4+

ooo

T T T T
09 05 01 001 0001

Probability

=]

Observed Events (Weibull plotting postions)

OK Cancel Apply

275 Figure 5. Per Capita Cheese Consumption Location Information Tab

14.3.3.4 CE Doctorates

On the CE Doctorates sub-tab, the None transformation was selected, as shown in Figure 6. All other default

settings were retained.
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[E Correlation Analysis Editor - PairedData_Correlation* - O X
Name: Pa\redDat:LCnrrelalmﬂ\
Description:
ile Name: PIProject _Examples! 1Analysis\PairedData_Correlation\PairedData_Correlation.ds:..
DSS File N 'ROJECT: j E les\ ionAnalysis\PairedData_Correlation\PairedData_Correlation.d l
Report File: 2ROJECT: P\Proj | QT ly airedData_Correlation\PairedData_Caorrelation.rpi ...
General Location Information  Results*
Arcade Revenue CS Doctorates Per Capita Cheese Consumption CE Doclorates
Transformations Frequency Curve E
Frequency Curve 1 (for CE Dodlorates: o
® Mone o
SR Use Existing Analysis Q 700 o
OlLog Probability (p,Zp)
Import
Replace Zeros and/or Manual Entry
MNegative Values with: o
Analytical Distribution || og Pearson type Il 650+
Typical Event )
Length (days Statistics
Qutput Labeling Hzz o ©
DSSDataMNameis DOCTORATES Standard Deviation: =
@ 6004
[J change Label |undefined Skew E
DSS Data Units are Compute g
<
[ change Label |undefined Percent Chance DOCTORATES o 5
Exceedance 0 550+ (%]
Data Set: \OCTORATES-COUNT-DOCTORATES 0z °
500 °
100
200 o
500
T T T T T T T
0.9999 0.99 0.9 05 01 0.01 0.001
Probability
Plot All Input Frequency Data (=] Observed Events (Weibull plotting positions)
Compute View Report OK Cancel Apply

276 Figure 6. CE Doctorates Location Information Tab

14.3.4 Computing the Analysis

Once all of the General and Location Information details have been selected and/or defined, the user can
press the Compute button to perform the analysis. Values from each paired data curve are compared

against each other "1 for 1", as shown within Figure 7. These values were then carried forward within the
correlation computations.
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File

[] PairedData_Correlation - All Time Series Plot - O X
Edit View Window

BILLION REVENUE

DOCTORATES

LES CHEESE

1,600
1,200
500
400
10.83
10.23

9,63

T
18

wfrF e e

gt oo g

2.2 24 26 28
UNT COUNT
[< >|

32

RANDOM-ARCADE REVENUE-COUNT-REVENUE MANLUAL 0

-OCTORATES-COUNT-DOCTORATES MANUAL O
OUNT-CHEESE MANLUAL 0

[slalale]

277 Figure 7. Values That Were Considered in the Correlation Computations

Once the computations have been completed, a message window will open stating Compute Complete.

14.3.5 Results Tab

Upon a successful compute, the Results tab will become selectable. The Results tab contains a single sub-
tab since the None transformation was previously selected for all locations, as shown in Figure 8.
Within this sub-tab, results are presented consisting of:

A Correlation Matrix of computed correlation coefficients,

A plot of the selected pair,

A Statistics table of the entire time series (all values are considered within these statistics), and

An Events table consisting of the overlapping date range and number of values that were considered
within the correlation computations for the selected pair.
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[ Correlation Analysis Editor - PairedData_Correlation* - O 4
Name: PairedData_Correlation
Description:
DSS File Name: |"ROJECT: P\Project _ExamplesiCi ionAnalysis\PairedData_Correlation\PairedData_Correlation.ds: ... l
Report File: 2ROJECTS\SSPYF | relationAnaly airedData_Correlation\PairedData_Caorrelation.rpi ...
General Location Information Results*
Linear/Log
Linear/Log Correlation Matrix —
Arcade Revenue CS Doctorates Per Capita Cheese CE Daoctorates 1,800 v
(linear) (linear) Consumption (linear) Q
lrcade c ©
Revenue 1,600+ ©
Z
E]:Sc] " 0985 1 =
oclorates j o
- @ d
Per Capita 0018 0028 1 E 1,400
Cheese =1
3 i
Doctorates i i U %
o 1,200
w
2z e}
®
£
& 1,000
& o
°
5 0% °©
g 8004 =
=
,§ ! o [} [+
a
@ 6004 =
5] ° 5 b
©g
Statistics Events
Statistic Mean StDev Skew Pairs Qverlapping MNumber of 400 T T T T T T T
o . Dats Range | Overlapping 11 12 13 14 15 16 17 18
Reverye |V441 0237 0382 Values Arcade Revenue COUNT (UNT)
cs Arcade Reven... |1899-1899 10 O CS Doclorates - Arcade Revenue O CE Doclorates - Arcade Revenue
Doctorates| 1195100 |390.061 0.468 Arcade Reven... |1899-1899 10
Per Capita w Plot all Pairs Plot all Transformations
Compute View Report OK Cancel Apply

278 Figure 8. Results Tab

£, The seemingly random values considered within this example are all very well correlated with
one another (r > 0.9). For example, as arcade revenue increases, the number of computer
science doctorates awarded within the U.S. increase. However, the sample sizes considered in
this example are all small and may not be adequately large to predict the long-term behavior of
each data type.

14.3.6 Report File

In addition to the tabular and graphical results, there is a report file that echoes the input data, selected
computational options, and results. To review the report file, press the View Report button at the bottom of
the analysis window. When this button is selected a text viewer will open the report file and display it on the
screen, as shown in Figure 9.

@ Different types and amounts of information will show up in the report file depending on the data
and the options that have been selected for the analysis.
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[ pairedData_Correlation.rpt - [m] X
File Edit Search Format
File: | c\PROJECTS\SSPProjectsiestSSP_Examples\Correlati airedData_Correlation\PairedData_Correlation rpt
1 ~
2 Correlation Analysis
3 18 Jul 2022 09:16 BM
4
5
€ --- Input Data -—
8 Bnalysis Name: PairedData_Correlation
5 Description:
10
11 Project Path: C:\PROJECTS\S5P\Projects\test\55P Examples
12 Report File Name \PROJECTS\SSP\Projects\test\SS5P_Examples\Correlationknalysis\PairedData Correlation\PairedData Correlation.rpt
13 Result File Name: C:\PROJECTS\SS5P\Projects\test\55P Examples\Correlationhnalysis\PairedData Correlation\PairedData Correlation.xml
14
15 Input D55 File Name: C:\PROJECTS\SS5P\Projects\test\S5S5P_Examples\SSP_EXRMPLES.dss
18
17 Computation Method: PairedData
1% Number of locations: 4
15
20 --- Data Locations ———
21
22 --- Arcade Revenue ---
Use Log Transform: false
Use Exceedance Probability Transform: false
5 Replacement Value: -Infinity
Typical Event Length: -Infinity
<< Frequency Curve >>
| Exceedance | REVENUE |
| Bercent | BILLICN |
| | |
| | |
—--- C5 Doctorates ---
Use Log Transform: false
Use Exceedance Probability Transform: false
2 Replacement Value: -Infinity
: Typical Event Length: -Infinity
© << Frequency Curve >> "
< >
07/19/2022 21:16 PM 1141 11

279 Figure 9. Report File
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15 Record Extension Analysis Examples

15.1 Annual Peak Record Extension - MF Eel River

The MFEelRiver_RecordExtension example demonstrates the usage of the Record Extension Analysis in
order to extend a shorter annual maximum flow time series using a site with a longer period of record.

15.1.1 Input Data

In this example, time series representing annual maximum flow at two locations within the Eel River
watershed in California are analyzed. The primary (i.e. long record) time series is from the Eel River at Scotia,
CASS stream gage, which has a drainage area of approximately 3113 square miles (sq mi) and a period of
record from 1911 - 2021. The secondary (i.e. short record) time series is from the M®iddle Fork Eel River
near Dos Rios, CA% stream gage, which has a drainage area of approximately 745 sq mi and a period of
record from 1966 - 2021. The location of these stream gages is shown in Figure 1. The time series are
plotted within Figure 2 and tabulated within Table 1.

65 https://waterdata.usgs.gov/usa/nwis/uv?11477000
66 https://waterdata.usgs.gov/pa/nwis/uv/?site_no=01543700&PARAmeter_cd=00065,00060,00010
67 https://waterdata.usgs.gov/nwis/uv?site_no=11473900
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MF,Eel River,at Dos Rios, CA}
DA=.7455qmij
L
1966 = 2021

125456 39458

280 Figure 1. Stream Gage Locations

Record Extension Analysis Examples — 483



HEC-SSP Examples — HEC-SSP Examples

@ Locations Scotia DosRios

File Edit Wiew Window
800,000
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200,000 2 lo e e .
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U | ] ] ] ] ]
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281 Figure 2. Input Time Series for MFEelRiver_RecordExtension Example

Table 1. Input Time Series for MFEelRiver_RecordExtension Example

Date Flow (cfs)
Scotia Dos Rios
20 Jan 1911 136000
26 Jan 1912 170000
18 Jan 1913 150000
22 Jan 1914 309000
02 Feb 1915 351000
25Feb 1917 292000
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Date Flow (cfs)
Scotia Dos Rios

07 Feb 1918 78600

17 Jan 1919 149000
16 Apr 1920 62000

19 Nov 1920 148000
19 Feb 1922 123000
28 Dec 1922 73400

08 Feb 1924 73400

06 Feb 1925 127000
04 Feb 1926 176000
21 Feb 1927 221000
27 Mar 1928 233000
04 Feb 1929 41000

15 Dec 1929 120000
23 Jan 1931 87000

27 Dec 1931 127000
17 Mar 1933 58100

29 Mar 1934 50900
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Date Flow (cfs)
Scotia Dos Rios

08 Apr 1935 79900

16 Jan 1936 216000
05 Feb 1937 134000
11 Dec 1937 345000
03 Dec 1938 133000
28 Feb 1940 305000
24 Dec 1940 150000
06 Feb 1942 209000
21 Jan 1943 315000
04 Mar 1944 57800

03 Feb 1945 99100

27 Dec 1945 239000
12 Feb 1947 86100

08 Jan 1948 114000
18 Mar 1949 140000
18 Jan 1950 117000
22 Jan 1951 249000
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Date Flow (cfs)
Scotia Dos Rios
27 Dec 1951 262000
09 Jan 1953 215000
17 Jan 1954 245000
31 Dec 1954 52400
22 Dec 1955 541000
25 Feb 1957 153000
25 Feb 1958 202000
12 Jan 1959 145000
08 Feb 1960 343000
11 Feb 1961 113000
14 Feb 1962 107000
01 Feb 1963 252000
21 Jan 1964 178000
23 Dec 1964 752000
04 Jan 1966 70200
05 Jan 1966 311000
05 Dec 1966 154000
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Date Flow (cfs)

Scotia Dos Rios
29 Jan 1967 42600
14 Jan 1968 40000
15 Jan 1968 148000
13 Jan 1969 223000
20 Jan 1969 52300
23 Jan 1970 90500
24 Jan 1970 310000
04 Dec 1970 234000
16 Jan 1971 59900
23 Jan 1972 133000 33000
16 Jan 1973 152000 49200
16 Jan 1974 387000 89500
18 Mar 1975 231000
25 Mar 1975 41700
26 Feb 1976 109000 23700
21 Feb 1977 1470
10 Mar 1977 5790
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Date Flow (cfs)

Scotia Dos Rios
09 Jan 1978 35800
17 Jan 1978 169000
11 Jan 1979 96100 25100
13 Jan 1980 61700
14 Jan 1980 226000
28 Jan 1981 98700
14 Feb 1981 25100
20 Dec 1981 300000
16 Feb 1982 67000
26 Jan 1983 76800
27 Jan 1983 296000
10 Nov 1983 23600
09 Dec 1983 112000
12 Nov 1984 133000
08 Feb 1985 20200
17 Feb 1986 364000 93100
12 Mar 1987 25000
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Date Flow (cfs)

Scotia Dos Rios
13 Mar 1987 94500
10 Dec 1987 118000 27000
23 Nov 1988 137000 33900
08 Jan 1990 102000 18800
04 Mar 1991 22700
05 Mar 1991 105000
20 Feb 1992 54200 10800
20 Jan 1993 33700
21 Jan 1993 290000
23 Jan 1994 7220
24 Jan 1994 48500
09 Jan 1995 368000 65000
12 Dec 1995 155000 30000
01 Jan 1997 360000 135000
12 Jan 1998 40300
17 Jan 1998 170000
08 Feb 1999 125000
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Date Flow (cfs)

Scotia Dos Rios
09 Feb 1999 27500
14 Feb 2000 166000 34600
05 Mar 2001 59000 13000
02 Jan 2002 119000 24800
16 Dec 2002 226000 53700
17 Feb 2004 59700
18 Feb 2004 217000
08 Dec 2004 93800
18 May 2005 32600
30 Dec 2005 107000
31 Dec 2005 307000
26 Dec 2006 20600
27 Dec 2006 74900
04 Jan 2008 42500
05 Jan 2008 142000
24 Feb 2009 64300
02 Mar 2009 18300
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Date Flow (cfs)

Scotia Dos Rios
25 Jan 2010 17700
26 Jan 2010 94400
29 Dec 2010 119000 24700
21 Jan 2012 21800
28 Mar 2012 98000
02 Dec 2012 202000 70300
29 Mar 2014 79500 19400
11 Dec 2014 33000
07 Feb 2015 148000
18 Jan 2016 177000 27000
08 Jan 2017 61600
11 Jan 2017 252000
07 Apr 2018 101000 26000
27 Feb 2019 272000 62900
26 Jan 2020 50200 17500
02 Feb 2021 30100 5560
24 Oct 2021 28400
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Inspecting the 56 years of overlapping data, it is evident that some of the annual peaks are not "truly"
concurrent (i.e. the annual peak for a given water year at the long term site occurred during a different runoff
event when compared to the short term site), as shown in Figure 4. Per Bulletin 17C: "For the purposes of
record extension, concurrent flood peaks are those that occurred in the same water year, not on the same
flood event." As such, the entire overlapping record was considered concurrent within this example.

@ The Correlation Analysis within HEC-SSP can be used to identify any peak flow data points that
are many days apart. For an example of how to create a Correlation Analysis for this purpose,
see Using a Correlation Analysis to Select a Suitable Nearby Gage for Record Extension®®,

@ Locations Scotia DosRios
File Edit View Window

k ]

200,000+

150,000+ =)

100,000+

Flow (cfs)

50,0004

T T T
Jan Jul Jan Jul Jan Jul
2013 | 2014 2015 2016
[< > ]

2 SCOTIA CA USGS FLOW-ANNUAL PEAK =  DOSRIOS CA USGS FLOW-ANNUAL PEAK

282 Figure 3. Example of Annual Peaks That Are Not From the Same Event

15.1.2 General Tab

A Record Extension Analysis has been developed for this example. To open the analysis, either double-click
on the analysis labeled MFEelRiver_RecordExtension from the study explorer or from the Analysis menu
select open, then select MFEelRiver_RecordExtension from the list of available analyses. When
MFEelRiver_RecordExtension is opened, the General tab within the Record Extension Analysis editor will

68 https://www.hec.usace.army.mil/confluence/display/SSPTutorialsGuides/
Using+a+Correlation+Analysis+to+Select+a+Suitable+Nearby+Gage+for+Record+Extension
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appear as shown in Figure 4. For this analysis, the MOVE.3 (Bulletin 17C) computational method and the
Annual Maximum (One Per Year) data type was selected. The Scotia time series was selected as the Primary
(Long Record) while the Dos Rios time series was selected as the Secondary (Short Record). The default Year

Specification (Water Year) was left unchanged. No modifications were made to the time window or the
output labeling.

[2 Record Extension - MFEelRiver_RecordExtension

- a *
MName: MFEeIRiver_RecordExtensmn|
Description:
DSS File Name: | C:/PROJECTS/SSPIProjectsitestiSSP_Examples/SSP_EXAMPLES.dss . l
ReportFile: | R 1sionResults\MFEeIRiver_RecordExtension\MFEeIRiver_RecordExtension.rpt .
General Data Record Extension
Computational Method Locations Time Window Modification
Primary (Long Record
O MovE1 HLTE, ) DSS Range is
@ MOVE 2 (Bulletin 17C) Name Scolia [ Start Date
Data Set EEL R-SCOTIA CA-FLOW-ANMUAL PEAK ~
Data Type [] End Date
® Date Range: 20 January 1911 - 2 February 2021
Annual Maxima (Cne Per Year) Year Specificati
Secondary (Short Record) R
\
(O Regular (Many Per Year) Name DosRios (®) Water Year (starts Oct 1)
Data Set: MF EEL R-DOS RIDS CA-FLOW-ANNUAL PEAK v O Calendar Year (starts Jan 1)
Date Range: 4 January 1966 - 24 October 2021 ) Other

Plot All Time Series Start of Year (DDMMM

Qutput Labeling
DSS Data Name is

[] Change Label

D83 Data Units are

[]Change Label

Compute View Report 0K Cancel

283 Figure 4. General Tab

15.1.3 Data Tab

The Data tab contains several tables detailing the complete, concurrent (i.e. overlapping), and non-
concurrent (i.e. non-overlapping) records. Additionally, a plot showing the concurrent record is included. The
primary record (Scotia) is shown on the x-axis while the secondary record (Dos Rios) is shown on the y-axis.
Prior to a successful compute, the plot will only contain the concurrent record (blue circles), as shown in

Figure 5. Following a successful compute, the extended record (red circles) will be added to the plot, as
shown in Figure 6.
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[Z] Record Extension - MFEelRiver_RecordExtension - u] X
MName: MFEeIRiver_RecordExtensmn|
Description:
DSS File Name: | C:/PROJECTS/SSPIProjectsitestiSSP_Examples/SSP_EXAMPLES.dss . L
ReportFile: | 1sionResults\MFEeIRiver_RecordExtension\MFEeIRiver_RecordExtension.rpt .
General Data  Record Extension
o ot R ” MFEeIRiver_RecordExtension Data Plot
omplete Recor 1,000,00
Statistic Y (DosRios) X (Scotia)
Number of Values 57| 110
Mean (of log) 4509 5160
'Variance (of log) 0.110 0.085
Std Dev (of log) 0332 0.292
Skew (of log) -1.241 -0.994]
100,000
Concurrent Record
Statistic Value
Number of Values 56 —
Linear Correlation 0.956 & k
g 3
Statistic Y (DosRios) X (Scotia) 4 S ol
] .
Mean (of log) 4510 5140 a
'Variance (of log) 0.112] 0.099
Std Dev (of log) 0334 0.314] 10,000
Skew (oflog) -1.241 -1.599 :
Non-Concurrent Record
Statistic Y (DosRios) X (Scotia)
Number of Values 1 54/
Mean (of log) 4.453] 5181 .
'Variance (of log) 0.000 0.072
Std Dev (of log) 0.000 0.268 1,000 T T
1,000 10,000 100,000 1,000,000
Skew (oflog) 0.000 0.078
‘Scotia (cfs)
< Concurrent Record
Compute View Report 0K Cancel Apply

284 Figure 5. Data Tab Prior to a Successful Compute
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15.1.4

[Z] Record Extension - MFEelRiver_RecordExtension - u] X
MName: l‘ﬂFEeIRiver_RecordExtensmn
Description:
DSS File Name: | C:/PROJECTS/SSPIProjectsitestiSSP_Examples/SSP_EXAMPLES.dss . l
ReportFile: | R 1sionResults\MFEeIRiver_RecordExtension\MFEeIRiver_RecordExtension.rpt .
General Data  Record Extension
MFEelRiver_RecordExtension Data Plot
Complete Record 1,000,00
Statistic Y (DosRios) X (Scotia)
Number of Values 57 110
Mean (of log) 4509 5160
'Variance (of log) 0110 0.085
Std Dev (of log) 0.332 0.292
Skew (of log) ~1.241 -0.994]
o)
o
100,000
Concurrent Record &
&
Statistic Value f
Number of Values 56 — ©
Linear Correlation 0.956 k=) Cf
3
Statistic Y (DosRios) X (Scotia) x oo
2
Mean (oflog) 4510 5.140 a 5 &
'Variance (of log) 0112 0.099 @c
Std Dev (of log) 0.334] 0.314] 10,000+ o
Skew (oflog) -1.241 -1599
Non-Concurrent Record
Statistic Y (DosRios) X (Scotia)
Number of Values 1 54
Mean (of log) 4453 5181
'Variance (of log) 0.000 0072
Std Dev (of log) 0.000 0.268 1,000 T T
1,000 10,000 100,000 1,000,000
Skew (oflog) 0.000 0.078
Scotia (cfs)
Concurrent Record ©  Extended Record
Compute View Report 0K Cancel Appl
285 Figure 6. Data Tab Following a Successful Compute

Computing the Analysis

Once all of the General information has been selected and the data reviewed on the Data tab, the user can
press the Compute button to perform the analysis. Once the computations have been completed, a message
window will open stating Compute Complete.

15.1.5

The Record Extension Analysis will use all values within the concurrent time period when
computing correlation coefficients, estimators for augmentation, and the extended record. No
values will be removed from consideration even though they may not have resulted from the
same runoff event, as was mentioned above.

Record Extension Tab

The Record Extension tab contains several tables detailing the Matalas-Jacobs Estimators (MJ-Mean and
MJ-Variance), the Estimators for Augmentation, and statistics of the extended record. Additionally, a plot
showing the input time series is included. Prior to a successful compute, the plot will only contain the

primary r

ecord (Scotia; green circles) and the secondary record (Dos Rios; blue circles), as shown in Figure 7.
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Following a successful compute, the extended record (red circles) will be added to the plot, as shown in
Figure 8.

@ Record Extension - MFEelRiver_RecerdExtension - ) X
Name MFEEIRwsLRsmrdEmsnsmn
Description:
DSS File Name: |C./PROJECT: PIF | _EXAMPLES.dss l
ReportFile: sHSSP_Examples\RecordExtensionResults\MFEeIRiver_Recor EelRiver_RecordExtension.rpl...
CGeneral Data Record Extension
Year Scotia (efs) DosRios (cfs) Extend? Matalas-Jacobs Estimators lz‘ Record Extension Plot for MFEeIRiver_RecordExtension
Statistic | Value 800,000
1911 136000.0 ®? Q
Concurrent Values ‘ 56 o
1912 170000.0
1913 150000.0
700,000
1914 309000.0 Ldle
1915 351000.0 Statistic Walue
1917 292000.0 IEENEIEN) £E
n_+ overlap (vears: 600,000+
1918 78600.0 e P (years) 101,345
n_(years:
1919 149000.0 , rears) 45.345) o
Variance of Mean 0.001
1920 62000.0 500,000
1921 148000.0
1922 123000.0
1923 73400.0 R @
IJ-Variance £ 400,000
1924 73400.0 Statistic Value 5 i
o
1925 127000.0 WVariance (of log) 0.098 2 o ] @
1926 176000.0 Std D fl 0.313] °
ev (oflog) 300000 %, @ % g 4 | ®
1927 221000.0 ne+overlap (years) 04,229 d
1928 233000.0 n_ (vears) 38229 5 8o |o o ©
o o
1929 41000.0 Variance of Varian.. 0.000 S ol o o n e %
200,000 o Q
1930 120000.0 o o
o S0
1931 87000.0 o =] QG e ] o ©
00 0 @ o o 00 o
1932 127000.0 d @ o 0@ o o [}
. 100,000 s m® Lo
1933 58100.0 Estimators for Augmentation o @ ) ° o 049 o &
o ]
1924 50900.0 v Estimator value P o2 9 ol % % SO
9 o ae” 0 ¥ B,
M Criginal Data [l Extended Data Intercept (of lag) 0 o G
T T T T T U
SelectUnselect All Extended Data [ Slope (oflog) 1920 1940 1960 1980 2000 2020
Save Extended Record to New Data Set o Scotia o DosRios
Compute View Report oK Cancel Apply

286 Figure 7. Results Tab Prior to a Successful Compute
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@ Record Extension - MFEelRiver_RecerdExtension - ) X
Name "v'IFEEIRWELREEﬂmE}dEnS\Uﬂ
Description: -
D88 File Name: C:./PROJECTSISSP/Projectsfest’SSP_Examples/SSP_EXAMPLES.dss . l
ReportFile: sHSSP_Examples\RecordExtensionResults\MFEeIRiver_Recor EelRiver_RecordExtension.rpl...
CGeneral Data Record Extension
Year Scotia (efs) DosRios (cfs) Extend? Matalas-Jacobs Estimators Record Extension Plot for MFEeIRiver_RecordExtension
Statistic | Value 800,00
1911 136000.0 32127.2 O * Q
Concurrent Values | 56 o
1912 170000.0 399628 O
1913 150000.0 35358.3 O T 700,000
1914 300000.0 71692.0 O
1915 351000.0 si2001] O TEAE ekt
1917 292000.0 6783200 [ MET W"“’ SRl 00,000
n_+ overlap (years ,000
1918 78600.0 7924 0O = DS U]
n_(years
1919 149000.0 1277 O  (vears) 45.345 o
Variance of Mean 0.001
1920 62000.0 149009 O 500,000
1921 148000.0 348971 O
1922 123000.0 291203 O
1923 73400.0 17575 5 -Vari @
O MJ-Variance g 400,000
1924 73400.0 175755 O Statistic Value 3 © o
[}
1825 127000.0 300462 ] Variance (of log) 0.098 2 o o & ©
1926 176000.0 41341 8 ] Std Dev (of log) 0.313] o o° o0 Q
300,000 5 @& o
1927 221000.0 516534 [ n_ +overlap (years) 94.229 q
1928 233000.0 543949 n_ (years) 33.229 o & |o o ©
o
1929 41000.0 9943 6 Variance of Varian... 0.000 aemend 9 °olg o o oo ® o
1930 120000.0 284255 ' 5 . o °
1931 87000.0 20754.4 o G ®o ° o
0. o0 © o |00 o ©
1932 127000.0 300462 EREET 9 o CO . ol 0 o@ °, 0 o
,000+ o
1933 58100.0 13983.5 Estimators for Augmentation o oe, ° ° ﬁm 0900&
O
1924 50900.0 12286 M v Estimator Value h r -' l- .Q, 2 % ap o oG
M Original Data [l Extended Data Intercept (oflag) 4562 . % " O%OQ)& 0&8 O@&O
SelectUnselect All Extended Data [] Slope (of log) 0.878 1920 1940 1950 1930 2000 2020
‘ Save Extended Record to Mew Data Set o Scotia o DosRios & DosRios- Extended
Compute View Report oK Cancel Apply

287 Figure 8. Results Tab Following a Successful Compute

Since this example made use of the MOVE.3 (Bulletin 17C) computational method and the Annual Maximum
(One Per Year) data type, following a successful compute, the effective record length (n.) of the variance will
be used to select data for extension. Specifically, the most recent n. years will be selected and the Save
Extended Record to New Data Set button will become enabled.

a

The user may select a different portion of the extended record to save to a new data set.
However, the Estimators for Augmentation were computed using the most recent ne years. As
such, choosing a different portion of the extended record will not result in the Matalas-Jacobs
estimators being reproduced within the extended record. It is recommended that the user
selects the default extended record when saving to a new data set.

The Save Extended Record to New Data Set button will only be active following a
successful compute.
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When the Save Extended Record to New Data Set is clicked, a dialog will be presented allowing for the
definition of a Name, Description, Short ID, and DSS Pathname Parts for the new data set, as shown within
Figure 9.

[] save as New Data Set b4
MName: MFEeIRiver_RecordExtension-MOVE3-Extended
Description:
Short ID: MFEelRiver_RecordExtension-MOVE2-Extended
Pathname Parts
A MFEELR
B: |DOS RIOS CA C: |FLOW-AMMUAL PEAK D:
E: | IR-CENTURY ~ | F |USG3-MOVE3-Extended

Pathname: /IMF EEL R/DOS RIOS CAFLOW-ANNUAL PEAKIHR-CENTURY/USGS-MOVE3-Extended/

= Back Mext = Cancel

288 Figure 9. Save As New Data Set Dialog

Upon clicking the Next button, a

Save As New Data Set Summary dialog will be shown allowing the user to review the metadata of the new
data set as well as

a tabulation and plot of the data that is about to be imported, as shown in Figure 10.
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[F4 save as Mew Data Set X

Review Data

Please Review the Selected Information Prior to Import

DataSet

Name: MFEeRiver RecordExtension-MOVE3-Extended
Description:

Short ID: MFEelRiver_RecordExtension-MOVE3-Extended

DSS Information

DSS Path: /MF EEL R/DOS RIOS CA/FLOW-ANNUAL PEAE/IR-CENTURY/USGS-MOVE3-Extended/
DSS Type: INST-VAL

DSS Units: CFS

FLOW-AN. . B
Ordinate Date Time -~ °

Units CFS[A|  fumod .

Type INST-VAL . o
1| 27 Mar 1928 2400 54,395 o
2| 04 Feb 1929 2400 9,944| | _ tonenq io o
3[ 15 Dec 1929 2400 28425 | & mmdt o ° o .
4| 23 Jan 1931 2400 20,754 o] S P L N ° o o0
5[ 27 Dec 1931 2400 30,046 P R R ol o
B| 17 Mar 1933 2400 13,983 o 0oF & %%, 0 0. £908,° o %
7| 29 Mar 1934 2400 12,286 2% o7 o R R °
B| 08 Apr1935 2400 19,096 N e ey ey B Sy B
9| 16Jan 1936 24:00 50510| v TR MR mw s mm

= Back ' Import l Cancel

289 Figure 10. Save As New Data Set Summary Dialog

@ Once the extended record is saved to a new data set, it can be used to compute updated flow-
frequency information. An example of this type of application is shown here®.

15.1.6 Report File

In addition to the tabular and graphical results, there is a report file that echoes the input data, selected
computational options, and results. To review the report file, press the View Report button at the bottom of
the analysis window. When this button is selected a text viewer will open the report file and display it on the
screen, as shown in Figure 11.

@ Different types and amounts of information will show up in the report file depending on the data
and the options that have been selected for the analysis.

69 https://www.hec.usace.army.mil/confluence/display/SSPTutorialsGuides/
Task+5.+Fit+an+LPllI+Distribution+to+the+Extended+Data+and+Compare+the+Results
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[ MFEelRiver_RecordExtension.rpt - o ®
File Edit Search Format
File: C\PROJECTS\S5P\Projects\testiSSP_Examples\RecordExtensionResults\MFEelRiver_RecordExtension\MFEelRiver_RecordExtension.rpt
-- End of Initial Results --- ~
-- Final Results ---
Matalas-Jacobs Estimators |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |
Statistic | Value |
-------------------------- [-mmmmmmmn |
Concurrent Values | s6 |
_____________________________________________________ |
Mean |
_____________________________________________________ |
Mean (of log) | 4,531 |
ne (years) | 45.345 |
ne + overlap (years) | 101.345 |
Variance of Mean | 0.00110388 |
_____________________________________________________ |
Variance |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |
Variance (of log) | 0.098 |
std Dev (of log) | 8.313 |
ne (years) | 38.229 |
ne + overlap (years) | 04.220 |
Variance of Variance | 2.6845E-4 |
Intercept (of log)
Slope (of log)
Log Space (y) = 4.562 + 8.978 (log(x) - 5.190)
Real Space | y = 0.386 x ~ ©.978 |
v
01/09/2023 16:21 PM 1111 11

290 Figure 11. Report File

15.2 Daily Average Record Extension - Yellowstone River

The Yellowstone_RecordExtension example demonstrates the usage of the Record Extension Analysis in
order to extend a shorter daily average flow time series using a site with a longer period of record.

15.2.1 Input Data

In this example, time series representing daily average flow at two locations within the Yellowstone River
watershed in Montana are analyzed. The primary (i.e. long record) time series is from the Yellowstone River
at Sidney, MT”? stream gage, which has a drainage area of approximately 68,407 square miles (sq mi) and a
period of record from 1910 - 2022. The secondary (i.e. short record) time series is from the Yellowstone
River at Glendive, MT’" stream gage, which has a drainage area of approximately 66,039 sq mi and a period
of record from 1900 - 2022. However, the Glendive record has significant missing periods spanning 1911 -
1931 and 1934 - 2002. The location of these stream gages is shown in Figure 1. The time series are plotted

within Figure 2.

70 https://waterdata.usgs.gov/nwis/uv?site_no=06329500
71 https://waterdata.usgs.gov/nwis/uv?06327500
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ellowstone River,at;
P Sidiey MT,
{DA=168407,5q mi
T19107 2022
QUSIUCTRL )
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4Yellc€wﬁone Riverat;

L, North Daks
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Ell==3== ! — =
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291 Figure 1. Stream Gage Locations
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File Edit View Window

@ Locations Sidney Glendive

160,000

140,000+

120,000+

100,000+

80,0004

Flow (cfs)

60,0004

I

40,000

20,000

|
|

I

0
1900

T
1920

I
1940

T
1960

T
1980

1
2000

T
2020

—— Sidney MT USGS FLOW

Glendive, MT USGS FLOW

292 Figure 2. Input Time Series for Yellowstone_RecordExtension Example

15.2.2 General Tab

A Record Extension Analysis has been developed for this example. To open the analysis, either double-click
on the analysis labeled Yellowstone_RecordExtension from the study explorer or from the Analysis menu
select open, then select Yellowstone_RecordExtension from the list of available analyses. When
Yellowstone_RecordExtension is opened, the General tab within the Record Extension Analysis editor will
appear as shown in Figure 3. For this analysis, the MOVE. 7 computational method and the Regular (Many Per
Year) data type was selected. The Sidney time series was selected as the Primary (Long Record) while the
Glendive time series was selected as the Secondary (Short Record). The time window was modified to start
on 16Mar1903. No modifications were made to the year specification or the output labeling.
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[Z Record Extension - Vellowstone RecordExtension

- m] x
Name: N’e\Iawstoﬂe_RecumEﬂensmﬂ
Description
DSS File Name: |C/PROJECTS/SSP/Projectsitest/SSP_Examples/SSP_EXAMPLES dss l
Report File: CAPROJECTS\SSP\Projects\testiSSP_Examples\RecordExtensionResults\Yellowstone_RecordExtensionty
General Data Record Extension
Computational Method Locations Time Window Modification
Primary (Long Record
® MOVE1 TLIE, ) DSS Range is
() MOVE 2 (Bulletin 17C) Name Sidney Start Date 18Mar1203
Data Set Yellowstone River-Sidney MT-FLOW ~
Data Type []End Date
o Date Range: 1OQctober 1910 - 15 July 2022
Annual Maxima (One Per Year) Year Specification
Secondary (Short Record) P
Regular (Many Per Year] Water Ye Oct 1)
®) Regular (Many ) . Glendive ater Year (starts Oct 1)
Data Set Yellowstone River-Glendive, MT-FLOW ~ Calendar Year (starts Jan 1

Date Range: 1.January 1900 - 15 July 2022 Other

Plot All Time Series Start of Year (DDMMI

Qutput Labeling
DSS Data Name is

[J Change Label
DSS Data Units are

[J Change Label

Compute View Report

oK Cancel Appl

293 Figure 3. General Tab

15.2.3 Data Tab

The Data tab contains several tables detailing the complete, concurrent (i.e. overlapping), and non-
concurrent (i.e. non-overlapping) records. Additionally, a plot showing the concurrent record is included. The
primary record (Scotia) is shown on the x-axis while the secondary record (Dos Rios) is shown on the y-axis.
Prior to a successful compute, the plot will only contain the concurrent record (blue circles), as shown in

Figure 4. Following a successful compute, the extended record (red circles) will be added to the plot, as
shown in Figure 5.
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[Z Record Extension - Vellowstone RecordExtension m] pe
Name: ”‘fe\Iawstone_RecurdExlensmn ‘
Description | I:”
DSS File Name: |C/PROJECTSISSPIPTojectshesUSSP_Examples/SSP_EXANPLES dss =]
Report File: |C\PRDJECTS\SSP\F‘\ P_Exampl dExtensionResults\Y 7RscurdEx15nsmn\Y|:|‘
General Data Record Extension
Yellowstone_RecordExtension Data Plot
Ci lete R d -
omplete Recori 3 1,000,000
Statistic Y (Glendive) X (Sidney) Q
Number of Values 11135 40100
Mean (of log) 3.952] 3.956
Variance (of log) 0.105] 0.104
Std Dev (of log) 0.324 0.323
Skew (of log) 0.987 0.629
100,000
Concurrent Record
Statistic Value
Number of Values 7648 =
Linear Correlation 0977 =1
o
S
Statistic Y (Glendive) X (Sidney) E
Mean (of log) 3.940 3912 S
Variance (of log) 0.092] 0.102
Std Dev (of lag) 0.303 0319 10,000
Skew (of log) 1.017 0.739
Non-Concurrent Record
Statistic Y (Glendive) X (Sidney)
Number of Values 3487 32452
Mean (of log) 3.980 3967
Variance (of log) 0.133] 0.104
§td Dev (of log) 0.365, 0.323 0 T T T
100 1,000 10,000 100,000 1,000,000
Skew (of10g) 0.863 0.608
Sidney (cfs)
©  Concurrent Record

294 Figure 4. Data Tab Prior to a Successful Compute
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Name:

Description

Report File:

[Z Record Extension - Vellowstone RecordExtension

N’e\Iawstoﬂe_RecumEﬂensmﬂ

General Data Record Extension

Complete Record

Statistic Y (Glendive) X (Sidney)
Number of Values 11135 40100
Mean (of log) 3.952 3.956
Variance (of log) 0.105 0.104]
Std Dev (of log) 0.324 0.323
Skew (of log) 0.987 0.629

Concurrent Record

Statistic Value
Number of Values 7648
Linear Correlation 0.977

Statistic Y (Glendive) X (Sidney)

Mean (of log) 3.940 3.912

Variance (of log) 0.092 0.102

Std Dev (of log) 0.303 0.319

Skew (of log) 1.017 0739
Non-Cencurrent Record

Statistic Y (Glendive) X (Sidney)
Number of Values 3487 32452
Mean (of log) 3.980 3.967
Variance (of log) 0.133 0.104]
Std Dev (of log) 0.365 0.323
Skew (of10g) 0.863 0.608
Compute View Report

Q

DSS File Name: |C/PROJECTS/SSP/Projectsitest/SSP_Examples/SSP_EXAMPLES dss

CAPROJECTS\SSP\Projects\testiSSP_Examples\RecordExtensionResults\Yellowstone_RecordExtensionty

m] x
Yellowstone_RecordExtension Data Plot
1,000,000
100,000+
=
= 10,000
=
=
=
z
o)
1,000 o
100 T T T
100 1,000 10,000 100,000 1,000,000
Sidney (cfs)
Concurrent Record o Extended Record
oK Cancel Apply

295 Figure 5. Data Tab Following a Successful Compute

15.2.4 Computing the Analysis

Once all of the General information has been selected and the data reviewed on the Data tab, the user can
press the Compute button to perform the analysis. Once the computations have been completed, a message
window will open stating Compute Complete.

15.2.5 Results Tab

The Results tab contains several tables detailing the Matalas-Jacobs Estimators (MJ-Mean and MJ-
Variance), the Estimators for Augmentation, and statistics of the extended record. Additionally, a plot
showing the input time series is included. Prior to a successful compute, the plot will only contain the
primary record (Sidney; green bars) and the secondary record (Glendive; blue bars), as shown in Figure 6.
Following a successful compute, the extended record (red bars) will be added to the plot, as shown in Figure

7.
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[Z Record Extension - Vellowstone RecordExtension — m] pe
Mame: ”‘fe\Iawstone_RecurdExlensmn ‘
Description | I:”
DSS File Name |CfPRDJECTSISSP!PmJemsnesUSSF‘iExamplssfSSF‘iEXAMPLES dss I:H
Report File: |C\PRDJECTS\SSP\F‘\ P_Exampl dExtensionResults\Y 7RscurdEx15nsmn\Y|:|‘
General Data Record Extension
Date Sidney (cfs) Glendive (cfs) Extend? Matalas-Jacobs Estimators E‘ Record Extension Plot for Yellowstone_RecordExtension
Statisic | Valus 160,00
16Mar1903 24:00 16000.0 o Q
Concurrent Values ‘ 7648
17Mar1903 24:00 15500.0
18Mar1903 24:00 16000.0 MJ-Mean
" 140,000+
19Mar1903 24:00 17100.0/ Statistic Value
20Mar1903 24:00 17100.0/ Wean (of log) 3.981
21Mar1903 24:00 177000 0 & e 91831
221121903 24:00 166000 n, years) 70.892 20000y
23Mar1903 24:00 17100.0 Variance of Mean 0.000
241ar1903 24:00 17100.0 WJ-Variance
25Mar1903 24:00 17700.0 Statistic value
26Mar1903 24:00 17700.0) Variance (oflog) 0093
27Mar1903 24:00 17100.0) StdDev (of log) 0306 5
28Mar1903 24:00 177000 n_+ overlap (years), 79.432 5
2911ar1903 24:00 19400.0, n_(vears) 58.493 H
SN AT 00 2600 Variance of Varia... 0.000 =
31Mar1903 24:00 20600.0 §0.000
01Apr1903 24:00 27600.0, Estimators for Augmentation
02Apr1903 24.00 36900.0/ Estimator Value
03Apr1903 24.00 39200.0/ Intercept (of log) 40,000
3 i -
04Apr1903 24.:00 36900.0 Slope (of log) || | || | | ‘
05Apr1903 24.00 320000 -
06Apr1903 2400 15000.0 G\end.lve-Extended Record 29000
07Apr1903 24:00 12600.0 Statistic Value : \' I ||||
0341903 24:00 10600.0 v || [Number of Values |
Klean (of lo
[l original Data [l Extended Data fion]
Variance (of log) T T T T T T
SelectlUnselect All Extended Data [7] Std Dev (oflog) 1920 1940 1980 1980 2000 2020
Save Extended Record to New Data Set Skai{}oa) —— Sidney Glendive

296 Figure 6. Results Tab Prior to a Successful Compute
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160,000
Q

[Z Record Extension - Vellowstone RecordExtension
Name: h’e\Iawstoﬂe_RecumExlensmﬂ
Description
DSS File Name: |C/PROJECTS/SSP/Projectsitest/SSP_Examples/SSP_EXAMPLES dss
Report File: CAPROJECTS\SSPPr P_Exampl dExtensionResults\Y
General Data Record Extension
Date Sidney (cfs) Glendive (cfs)  Exend? Matalas-Jacabs Esfimators
16Mar1903 24:00 16000.0 SElee | elus
TMar1903 2400 155000 Cnncurrsnl\laluss‘ 7648
18Mar1903 24:00 16000.0 WJ-Mean
19Mar1903 24:00 17100.0¢ Statistic Value
20Mar1903 24:00 17100.0¢ Wean (of log) 3981
21Mar1903 24:00 17700.0 B SCE 91.831
221121903 24:00 16500.0 n, ears) 70892
23Mar1903 24:00 17100.0 Variance of Mean 0.000
241ar1903 24:00 17100.0 MJ-Variance
25Mar1903 24:00 17700.0 Statistic value
26Mar1903 24:00 17700.0/ Variance (of log) 0.093]
27Mar1903 24:00 17100.0¢ Std Dev (of log) 0.306
28Mar1903 24:00 17700.0 n_+overlap 79.432
29Mar1903 24:00 19400.0 n, (years) 58403
SN AT 00 guseul Variance of Varia... 0.000
31Mar1903 24:00 20600.0
01Apr1903 24:00 27600.0 Estimators for Augmentation
02Apr1903 24.00 36900.0/ Estimator Value
03Apr1903 24.00 39200.0/ Intercept (of log) 3.940
04Apr1903 24:00 36900.0 Slope (of log) 0.948
05Apr1903 24.00 320000
06Apr1903 2400 150000 Glendive - Extended Record
074pr1903 24:00 125000 Statistic Value
03Apr1903 24:00 10600.0 MNumber of Values 32452
[l original Data [l Extended Data L@ 292
Variance (of log) 0.093
SelectilUnselect All Extended Data (] 5td Dev (oflog) 0308
‘ Save Extended Record to New Data Set Skew (oflog) 0.608
Compute View Report

_RecordExtensioniy’

Record Extension Plot for Yellowstone_RecordExtension

140,000

120,000

Flow (CFS)

60,000

20,000

%Mw

T T T T T T
1920 1940 1960 1980 2000 2020

Glendive

Glendive- Extended

oK Cancel Apply

297 Figure 7. Results Tab Following a Successful Compute

Since this example made use of the MOVE.7 computational method and the Regular (Many Per Year) data
type, following a successful compute, the entire extended record will selected for extension and the Save
Extended Record to New Data Set button will become enabled.

@ The Save Extended Record to New Data Set button will only be active following a
successful compute.

When the Save Extended Record to New Data Set is clicked, a dialog will be presented allowing for the
definition of a Name, Description, Short ID, and DSS Pathname Parts for the new data set, as shown within

Figure 8.
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@ Save as New Data Set

MName: Yellowstone_RecordExtension-MOVE1-Extended
Description:
Short IO Yellowstone_RecordExtension-MOVE1-Extended|

Pathname Parts
A Yellowstone River

B: |Glendive, MT C: [FLOW Dx:

E  1DAY ~ F |USGS-MOVE1-Extended

Pathname: /Yellowstone RiveriGlendive, MT/FLOWIMDAYIUSGS-MOVE 1-Extended!

< Back Mext =

Cancel

298 Figure 8. Save As New Data Set Dialog

Upon clicking the Next button, a

Save As New Data Set Summary dialog will be shown allowing the user to review the metadata of the new

data set as well as
a tabulation and plot of the data that is about to be imported, as shown in Figure 9.

@ Save as Mew Data Set

Review Data

Please Review the Selected Information Prior to Import

DataSet

Name: Yellowstone RecordExtension-MOVEL-Extended
Description:

Short ID: Yellowstone_RecordExtension-MOVE1-Extended

DSS Information

DSS Path: /Yellowstone River/Glendive, MT/FLOW//1DAY/USGS-MOVE1-Extended/
DSS Type: PER-AVER

DSS Units: CFS

FLOW
Ordinate Date Time
Units CFS| ~
Type PER-AVER
1] 16 Mar 1803 24:00 16,000
2| 17 Mar 1903 24:00 15,500
3| 18 Mar 1803 24:00 16,000 3'
4| 19 Mar 1903 24:00 17,100 -
5| 20 Mar 1903 24:00 17,100
6| 21 Mar 1803 24:00 17,700
7| 22 Mar 1903 24:00 16,600
8| 23 Mar 1903 24:00 17,100
9| 24 Mar 1803 24:00 17,100
ANl 28 Mar 40073 24-00 A an N

Cancel

299 Figure 9. Save As New Data Set Summary Dialog
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@ Once the extended record is saved to a new data set, it can be used to compute updated flow-
frequency and/or flow-duration information. An example of this type of application is shown
here’2,

15.2.6 Report File

In addition to the tabular and graphical results, there is a report file that echoes the input data, selected
computational options, and results. To review the report file, press the View Report button at the bottom of
the analysis window. When this button is selected a text viewer will open the report file and display it on the
screen, as shown in Figure 10.

@ Different types and amounts of information will show up in the report file depending on the data
and the options that have been selected for the analysis.

[ vellowstone RecordExtension.rpt — a *

File Edit Search Format

File: | CAPROJECTS\SSPProj ionResultstYell tone_RecordExtensioniYellowstone_RecordExtension.rpt

2 Record Extension
26 Jul 2822 84:46 PM

7 --- Input Data ---

o Analysis Name: Yellowstone_RecordExtension
10 Description:

12 Input DSS File Name: C:\PROJECTS\SSP\Projects\test\SSP_Examples\SSP_EXAMPLES.dss

14 Computational Method: MOVE.1
15 Year Specification: Water Year

17 Primary DSS Pathname: /Yellowstone River/Sidney MT/FLOW//IDAY/USGS/

1% Primary Date Range: 16 March 1983 - 15 July 2022

1% Secondary DSS Pathname: /Yellowstone River/Glendive, MT/FLOW//1DAY/USGS/

20 Secondary Date Range: 16 March 1983 - 15 July 2022

21 Output DSS File Name: C:/PROJECTS/SSP/Projects/test/SSP_Examples/SSP_EXAMPLES.dss

23 Start Date: 16 Mar 1983
24 End Date:

Project Path: C:\PROJECTS\SSP\Projects\test\SSP_Examples
7 Report File Name: C:\PROJECTS\SSP\Projects\test\SSP_Examples\RecordExtensionResults\Yellowstone RecordExtension\Yellowstone RecordExtension.rpt
Result File Name: C:\PROJECTS\SSP\Projects\test\SSP_Examples\RecordExtensionResults\yellowstone RecordExtension\Yellowstone RecordExtension.xml

End of Input Data ---

2 --- Initial Results ---

| | |

a1 | |
41| Humber of Values | 1135 | 48100

| | |

| | |

|
42 Mean (of log) 3.952 3.9 |
43 variance (of log) 8.185 e.104 | -

07/26/2022 16:47 PM 1111 11

300 Figure 10. Report File

72 https://www.hec.usace.army.mil/confluence/display/SSPTutorialsGuides/Daily+Flow+Record+Extension+with+MOVE.1
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