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1. Introduction

HEC-SSP is designed to perform statistical analyses of hydrologic data. Similarly to other
members of HEC software family, HEC-SSP originates from US Army Hydrologic Engineering
Centre. Details of Flood Frequency Analysis (FFA) are usually a subject of national standards.
Therefore HEC-SSP is in general adjusted to perform calculations according to US regulations.

This step by step tutorial is intended to show you the general concept of using HEC-SSP, a
typical workflow and main elements of the interface are presented. FFA procedure with HEC-SSP is
really fast, however in order to keep your focus on a real problem, this tutorial contains several
open questions about your results, which we would like you to answer in your report. Try rather to
think critically about your results and answer the questions than to google for the answer.

HEC-SSP can be downloaded from:
http://www.hec.usace.army.mil/software/hec-ssp/

To complete this tutorial, you need the file with data Colorado _metric.xIs which should be
available somewhere at HydroEurope webpage.

2. Importing your data to HEC-SSP
First thing you need to do after starting HEC-SSP is to create a new study. From the top
menu of HEC-SSP window select: Select File - New Studly.

X
Study Name: |Co|0rado
Description: |Co|orado river at Austin (Texas)| |
Directary: |C:xUserSEMarcimDocumentanEClCoIorado =
IJnit System: |5| I LI
Coordinate System: |Ge0graphic Edit... |
OK I Cancel |

Figure 1 Creating new study

Fill in the study name, description, set the Unit system to Sl (metric system) and click OK.

After creating a new study we need to import some historical data, which we are going to
use in FFA. From the top menu of main window select Data—> New. This should open the Data
Import window (fig.2). HEC-SSP offers several importing capabilities including HEC-DSS (a data
storage system, used for sharing data with other HEC programs), direct import from USGS website,
manual data entry and parsing text or MS Excel file.

Switch to MS Excel, click the "browse button" and select Colorado_metric.xls, highlight all
rows, except the header and click OK. Back in the Data importer window, enter data units “cms”
(cubic meters per second). HEC-SSP is quite sensitive to data format, thus your Excel file must be
an old xls (not xIsx!) and the date/time column must keep a specific format. If your block selection
followed the provided Excel file, block range A2,B112 should be provided. Click Import to Study
DSS file to import the data file. The time series data should appear in the data of your study. Click
Plot to check if the data were properly imported. A plot of time series 1900-2011 should appear.
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Question 1: Examine the plotted data. How do you think, are they homogenous? Do they come
from the same probability distribution? What might have happened within the watershed around
the year 19407

Close the plot window and the Data Importer window.

ol
Mame: IColorad0‘1 Short ID: ICU|1
Description: ISome archive data H

Study DSS File: |C:1UsersWIarcimDocuments\HEC\CoIoradocﬂrCoIoradoo\Coloradoo.dss
Study DSS Path: I

Data Source | Details |

. browse
Data Type: ITime Series 'l button™\_
~Location
i~ HEC-DSS " USGS Website &+ 1S Excel ¢ Manual i~ TextFile
Excel File: IG:‘nhec_ssp‘.CoIorado_metric.xIs | =
Worksheet |[arkysz1 IEFIocK 42 B112 []
IData Units: i Type: (jNST-vAL LI
r D53 Pathname Parts
A B | C: [FLOW-PEAK
o E: |IR-CENTURY x| &
Pathname: | IFLOW-PEAKIIR-CENTURYY
Ordinate Date Time Value
Units cms |~
Type INST-VAL
1 06 Apr 1900 24:00 GRE3
2 12 Jul 1801 24:00 813
3 27 Jul 1902 24:00 1017
4 26 Feb 1903 2400 954
5 07 Jun 1904 24:00 892 :I
Import to Study DSS File

=[E Tabulate | Close |

Figure 2 Importing new data to HEC-SSP

3. Performing Frequency Analysis

From the top menu select Analysis > New -> General Frequency Analysis Editor. In the
General Frequency Analysis Editor window enter the name of your analysis and select the data set
(Hint: HEC-SSP allows you to keep multiple calculations, based on the same data set). For the first
calculation, keep the confidence limits and time window as default. Switch the tab to Analytical
(fig. 3), select Log-Normal as distribution type and click Compute. The computation is usually
almost instantaneous.

Click Plot Analytical Curve to see the results. The fitted distribution is plotted as an
exceedance function curve (fig. 4). Moreover, the horizontal axis is directed left (the more you go
to the right, the lower probabilities you see, but larger return periods). Blue points are the
observed historical flows from the imported data, plotted against the empirical probabilities of
exceedance. Vertical axis is set to logarithmic scale, horizontal axis is set to normal probability

scale, which means that an exceedance function of normal distribution would be seen as a straight
line.
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[E# General Frequency Analysis Editor -*

Name: [First
Description: Wy first professional analysis [ ]
Data Set Colorado1-FLOW-PEAK -
DSSFileName: [CiUsersWardniDocuments HECIColoradoiColoradeo\Goleradoo.0ss ]
Report File: |C:\Us ers\Marcin\Documents\HEC\Coloradoo\Coloradoo\GeneralFrequencyResults\FirstiFirst. rpt =
General | Opuonsl Analytical | Graphical l

rLog Transform—————— r Plotting Position

¥ Use Log Transform % Weibull (Aand B=0)

¢ Median (AandB=0.3)
" Do Notuse Log Transform

¢ Hazen (AandB=0.5)

Confidence Limits
— " Other (Specify A, B)

" Defaults (0.05, 0.95)

Plotting position computed using formula

(m-A){n+1-A-B)
- Where:
Upper Limit: I 0.01 m=Rank, 1=Largest
N=Number of Years
Lower Limit | 0.99 AB=Constants
Time Window Modification g I
DSS Range is 06APR1900 - 07SEP2010
[~ StatDate | =
[~ EndDate | =
~Data Set

" Partial Duration

Period of Record Years: 0

& Annual Maximum:

Plot Analytical Plot Graphical
Compute Curve Curve View Report @ Print: |

Figure 3 General Frequency Analysis

The results, we are usually interested in - quantiles, are flows with high return periods (e.g.
100 years). You can read them from the graph (fig. 4), but it's not a very accurate method. To get
the precise values click View Report button at bottom of the General Frequency Analysis window.

2 General Frequency Analytical Plot for First
File Edit WView Window

Seneral Freguency Analytical Plot for First
Return Period
1.1 =2 & 10 50 100 500
100 000 | | L | | | fi "
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L
10,0004
—_
o
=
=
=
= 1,000+
(]
=i
[
100+
107 T T T T T T T T | —
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Prabahility

—— Computed Curve —=—= & Percent Confidence Limit
——= 95 Percent Confidence Limit o Observed Events (Weibull plotting positions)

Figure 4 Plotting results as exceedance function curve
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File Edit Search Format

File: |C:‘.Users‘.J'u'IarcimDncuments%HEmr::nlnradnmli:nInradnmGeneralFrequencyResultsFirs

<< Frequency Curve >>

Coloradol -FLOW-PELK

| Computed Expected | —EekSEnL I Confidence Limits I
| Curve Probability | Chance | 0.05 0.85 |
| FLOW, cms | Exceedance | FLOW, cms |
[ [ [ I
| 13,598.1 == | 0.2 | 20,875.8 9,573.7 |
I g _7o8_F === | 0.5 | 14,494 § 7. 097, .4 |
I [ 7,473.2 == | ol | 10,733.7 5,54D.E]I
| LT i == 2.0 | T 4,223.5 |
I 3,568.1 === | 5.0 | 4,745.8 2,804.5 |
I 2,405.8 == | 14.0 I 3,084.3 1,942.8 |
| 1,492.8 == | 20.0 | 1,5842.1 1,237.6 |
I 5991 === | 50.0 | T10.4 505.2 |
I 240.4 == | &0.0 I 290.0 154.8 |
I 149.2 == | 0.0 | 154.7 116.4 |
I 100.6 === | o5 | 128.0 75.6 |
I 48.0 == | 95.0 | 64.8 33.4 |
[ [ [ I

Figure 5 Report view presents the most popular quantiles

The report window(fig. 5) presents the same results as the plot (fig. 4) in a tabular
form. Note that the exceedance probability is presented in percent, which means that 1
percent exceedance probability is an equivalent to 100 years return period. Copy the
results with confidence limits and paste them into a text file.

Question 2: Go back to General Frequency Analysis window (fig. 3) and set the confidence
limits to (0.01,0.99) and rerun the computation. Check how new settings influence your
results. Repeat the same procedure for (0.1, 0.9). What is the consequence for confidence
limits at 100 and 500 years return period? How would you interpret the confidence limits?

Question 3: Go back to General Frequency Analysis window (fig. 3). As you remember,
there was a change in variance of the input data around 1940. This is a clear symptom, that
the data does not come from the same statistical distribution. Set the time window to
period 1900-1940 and repeat the computation. Do the same for period 1941-2011.
Compare the results (flows with high return periods). Which of the three time windows
(including 1900-2011) would you trust most? Why?

4. Graphical curve fitting

The analytical fitting assumes that the historical sampling of high flows was totally random.
This assumption may be violated in case of small samples (just by coincidence more "dry" years
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might have been covered) or in case we know that some changes in flow conditions appeared (e.g.
a big reservoir has been built recently). For such cases graphical fitting may be helpful.

In General Frequency Analysis window (fig. 3) switch to Graphical tab (fig. 6). Your
observed values with empirical probabilities should be already plotted there. Enter 20 as the value
of Equivalent flow records. Click the Multi point edit tool (fig. 6). Draw a polyline, which
approximates the points. End drawing with a right click. The line should be smooth and points shall
be given in ascending order. If you fulfilled these requirements, the probability curve, together
with confidence limits should appear.

[ General Frequency Analysis Editor -* o) x|
Mame: [rrst
Description:  [uyfrst professional anaysis [
Dl Sel |Coloadot-FLOW-PEAK =1
MSE File Name |c1ucera\Mar:m\mcumama\HEC\Comr;dnn\cm-adamcnlmadon dss =
Report File: [ciusersarcinDocuments\HEC\Colorzdoo\Colo'adao\GeneralFrequencyRes lts\FirstiFirstp: I
seneral| Up(mrs|.l\na\ytca\| Graphica || =
N .  General Frequeney Graphical Plor for First LIS
Multi point edit Return Period # florma (Top N Everts € Log (All =vents
Q - Data Type
1.1 2 5 10 50100 500 10000 10000C P
.. 1,000 000 + t —— T t t = === T L L & Flow " Stage
1 | 1 [ e b ot B |
: : } : : : : : : : :__,‘I/'l Equiva enlYears 27
100 000 1 1 1 L1 of Record
[ 1 i —
T | ¥ ~Uszr-Defined Grapical Cune
100004 11 ! s
1 1 | 60’0 P Frequency Ordinates
1 [ | 1 1_LA="] 7
- | [ R I L B Percen Chance Data Value
= 1 oood 1 1 Exceedance
2 1= ] 0.2 37,345.5
= r 0.5 2,761.0
= 1N d o odg I | .0 17,184.1
[ == A4 1 2.0) 11,393.%
1~ A AT 1 I 1 I 11 5.0 6,293.1
1 // o 1 I e I I B | 10.0 3,000.3
104 7 I I I 20.0 2,008.6
7z ,f 1 1 1 50.0) 585.7
7 (I 1 80.0) 187.0
" {==o=f== | [ Ry B | = 2
¥ o 1 o ety et o | E2:0 2.5
| [ | I I I I | E2a0 25
ot T t T t t T —t—t—t T T T
Ugsy U Uy 15 uz U1 UUZ UUU= UU U LU
Exceedance Prabability =
©  Obsered Evants (We bull plotting positions) User Cure j
Plot Analgtical Plol Craphical
Compute Curve Curve & Prt oK Cancel Apply |

Figure 6 Graphical curve fitting

To check the exact results - click View Report. Scroll down the report window to User-
Defined Graphical Frequency Curve to see quantiles obtained from your graphical fitting.

Question 4: Compare the results of graphical and analytical fitting (both plots and values of
quantiles with confidence limits). Which of these two types of results would you trust more? How
can you quantitatively evaluate which results of frequency analysis are better?
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