Hydrologic Engineering Center

Training Course on

FLOOD FREQUENCY ANALYSIS

Davis, California

Course Objectives:

The objective of this course is to provide the participant with the background required for practical
application of techniques for frequency analysis. The primary references will be the "Guidelines for
Determining Flood Flow Frequency" (Bulletin 17B) and EM 1110-2-1415, "Hydrologic Frequency
Analysis." An emphasis will be placed on the application of HEC Windows-based flood frequency
computer program. Lectures and workshop sessions will provide the background required to apply the
program and evaluate the output.

Prerequisites

The course nominees should be staff who perform professional work in the fields of hydrology and
hydraulics. Nominees should have one or more years of experience in these fields. It is required that
course participants be in positions, or anticipate being in positions in the next year or two, where they will
be involved in developing frequency curves, performing regional analysis, or determining generalized
skew coefficients.



Monday

8:00 — 8:45 a.m.
8:45-9:00 a.m.
9:00 - 9:15a.m.
9:15-11:30 a.m.
11:30 - 12:30 p.m.
12:30 - 1:30 p.m.
1:45 - 4:30 p.m.

Tuesday

8:00 — 9:00 a.m.
9:00 — 9:15 a.m.
9:15-10:30 a.m.
10:40 — 11:30 a.m.
11:30 - 11:35 a.m.
11:35-12:35 p.m.
12:35-1:35 p.m.
1:50 — 4:15 p.m.
4:15 - 5:00 p.m.

Wednesday

8:00 — 9:00 a.m.
9:00 - 9:15 a.m.
9:15-11:15a.m.
11:15-11:45 a.m.
11:45 - 12:45 p.m.
12:45 — 2:00 p.m.
2:15 - 4:15 p.m.
4:15 - 5:00 p.m.

Thursday

8:00 — 9:00 a.m.
9:00 - 9:15a.m.
9:15-10:30 a.m.
10:30 — 12:30 p.m.
12:30 — 1:30 p.m.
1:30 — 2:15 p.m.
2:15-3:30 p.m.
3:45 — 4:45 p.m.

Friday

8:00 — 9:00 a.m.
9:00 —9:15a.m.
9:15-10:15a.m.
10:30 - 10:45 a.m.
10:45-11:30 a.m.

Break
Lecture 1.1:
Lunch
Lecture 1.2:

Workshop 1.3:

Break
Lecture 2.1:
Lecture 2.2:

Lunch
Lecture 2.3:

Workshop 2.4:

Lecture 3.1:
Break

Workshop 3.2:

Lunch
Lecture 3.3:

Workshop 3.4:

Lecture 4.1:
Break
Lecture 4.2:

Workshop 4.3:

Lunch

Lecture 4.4:
Lecture 4.5:

Lecture 5.1:
Break
Lecture 5.2:

INTRODUCTION
Pre-course assessment

Introduction to Probability, Statistics And Distributions

Graphical Frequency Analysis

Statistical Distributions and Graphical Frequency Analysis

REVIEW

Analytical Frequency Analysis
Application of Generalized Skew
CLASS PHOTOGRAPH

Frequency Analysis by Computer
Development of Frequency Curves
REVIEW

Statistical Treatment Of Data

Computation of Frequency Curve with Zero Flows
REVIEW

Outliers and Use of Historic Information
Low Outliers, High Outliers and Historic Information
REVIEW

Coincident Frequency Analysis

Censored and Mixed Distribution Analysis
Applications to Mixed and Censored Distributions

REVIEW
Uncertainty in Frequency Estimates
Risk and Uncertainty

Development of Frequency Curves for Urbanization

Ecosystem Functions Model
Quiz

Critique and Completion



Monday
8:00—-8:45a.m. INTRODUCTION
Welcome to HEC, class and staff introductions, and course overview.
8:45-9:00 a.m. Pre-course assessment
9:00 —9:15a.m. Break

9:15-10:25 a.m. Lecture 1.1: INTRODUCTION TO PROBABILITY, STATISTICS AND
DISTRIBUTIONS

Objectives of statistical analyses; definitions; types of variables; histograms;
cumulative distributions; concepts of parent population; binomial and normal
distribution; parameters used to define distributions - mean, median, mode,
standard deviation, skew coefficient.

10:35 — 11:30 a.m. (Continuation of Lecture 1.1)
Purpose of frequency analysis; the nature of hydrologic, phenomena; data
considerations; characteristics of random variables; distinction between risk and
uncertainty; use of binomial equation to determine risk.

11:30 — 12:30 p.m. Lunch

12:30 - 1:30 p.m. Lecture 1.2; GRAPHICAL FREQUENCY ANALYSIS

Order statistics, plotting positions; annual series; partial duration series;
advantages; probability graph paper.

1:45-4:30 p.m. Workshop 1.3: STATISTICAL DISTRIBUTIONS AND GRAPHICAL
FREQUENCY ANALYSIS

Example application of graphical frequency analysis

Read Prior to Course

Lecture 1.1: EM 1110-2-1415, "Hydrologic Frequency Analysis," March 1993, Chapters 1 and 2.

Reading Assignment

Lecture 2.1: EM, Sections 2-5, 3-1 and 3-2c; Bulletin 17B, Sections V.B.1 and V.B.2 and Appendix 3.
Lecture 2.2: EM. Section 3-3; Bulletin 17B, Section V.B.4.
Lecture 2.3: Users Manual "HEC-SSP”



Tuesday
8:00 — 9:00 a.m.
9:00 — 9:15 a.m.

9:15-10:30 a.m.

10:40 — 11:30 a.m.

11:30 - 11:35 a.m.
11:35-12:35 p.m.

12:35-1:35 p.m.

1.50 — 4:15 p.m.

4:15-5:00 p.m.

Reading Assignment

REVIEW of workshop
Break
Lecture 2.1: ANALYTICAL FREQUENCY ANALYSIS

Applications; selection of distributions; determination of statistical parameters;
application of the log-Pearson type Il distribution; example computations.

Lecture 2.2: APPLICATION OF GENERALIZED SKEW

Estimating regional skew, use of skew maps, uncertainty in computed skew
coefficient; mean square error; computation of weighted skew, limitations

CLASS PHOTOGRAPH
Lunch
Lecture 2.3: FREQUENCY ANALYSIS BY COMPUTER

Introduction to HEC’s windows-based computer program; program capabilities;
input windows; review of output.

Workshop 2.4: DEVELOPMENT OF FREQUENCY CURVES

Compute statistics of log-Pearson 1l distribution from sample data, compare to an
application of the flood frequency program.

REVIEW of workshop

Lecture 3.1; Bulletin 17B, Sections V.B.5 - V.B.8, pg. 12-2 of App. 12, App. 4 and 5; EM, Sections 3-
2d - 3-2f, 3-6, Chapter 10.

Lecture 3.3: Bulletin 17B, Sections V.B.9 and V.B.10, App. 6, and pg. 12-3 of App. 12; EM, Sections
3-2g and 3-2h.



Wednesday

8:00 — 9:00 a.m.

9:15-11:15a.m.

11:15-11:45 a.m.
11:45-12:45 p.m.

12:45 — 2:00 p.m.

2:15 - 4:15 p.m.

4:15-5:00 p.m.

Reading Assignment

Lecture 3.1: STATISTICAL TREATMENT OF DATA
Procedure for treating broken record, incomplete record, zero flood years

Workshop 3.2: COMPUTATION OF FREQUENCY CURVE WITH ZERO
FLOWS

Compute log-Pearson lll frequency curve when zero-flows present in data. Apply
conditional probability adjustment and synthetic statistic formulas to obtain curve
and compare results to FFA program.

REVIEW of workshop

Lunch

Lecture 3.3: OUTLIERS AND USE OF HISTORIC INFORMATION

Procedures for computing criteria and treating high and low outliers; use of
historical flood information; the Expected Moments Algorithm.

Workshop 3.4: LOW OUTLIERS, HIGH OUTLIERS AND HISTORIC
INFORMATION

Apply the statistical tests and estimators for low outliers, high outliers and historic
information to sample data and compare to frequency program results.

REVIEW of workshop

Lecture 4.1: EM, Chapter 11.

Lecture 4.4; EM, Chapter 8; Bulletin 17B, Section VI.A and App. 9., ETL 1110-2-153, Uncertainty
Estimates for Non-Analytic Frequency Curves(Included in notebook following lecture
outline)

Lecture 4.5: EM, Sections 3-4 and 3-5; Bulletin 17B, Section VI and App. 10 and 11;

ETL 1110-2-205 Risked Based Analysis for Evaluation of Hydrology/Hydraulics and
Economic studies (included in notebook following lecture outline).



Thursday

8:00 — 9:00 a.m.

9:00 — 9:15 a.m.

9:15-10:30 a.m.

10:30 — 12:30 p.m.

12:30 - 1:30 p.m.
1:30 — 2:15 p.m.

2:15-3:30 p.m.

3:30 — 3:45 p.m.

3:45 — 5:00 p.m.

Reading Assignment

Lecture 5.1:

Lecture 4.1: COINCIDENT FREQUENY ANALYSIS

Situations in which coincident frequency analysis is required, assumptions and
technique to compute coincident frequency.

Break

Lecture 4.2: CENSORED AND MIXED DISTRIBUTION ANALYSIS
Application of regression to censored distributions (top half fitting), computation of
mixed distributions

Workshop 4.3: APPLICATIONS TO MIXED AND CENSORED
DISTRIBUTIONS

Example application of simple regression to “top-half fitting,” computation of a
mixed distribution.

Lunch
REVIEW of workshop
Lecture 4.4: UNCERTAINTY IN FREQUENCY ESTIMATES

Techniques for determining reliability; sampling errors of mean, standard deviation,
and skew; statistical significance, confidence limits.

Break
Lecture 4.5: RISK AND UNCERTAINTY

Risk-based analysis for flood damage reduction studies. Examples of uncertainty,
use of risk and uncertainty in project formulation and evaluation.

EM, Section 3-9, 3-10.



Friday

8:00 — 9:00 a.m.

9:00 — 9:15 a.m.

9:15-10:15a.m.

10:15 - 10:30 a.m.
10:30 — 10:45 a.m.

10:45 - 11:30 a.m.

Lecture 5.1: DEVELOPMENT OF FREQUENCY CURVES IN AREAS
UNDERGOING URBANIZATION

Statistical considerations and assumptions in frequency analysis of rainfall and
runoff as they pertain to watershed undergoing urban development; methods of
analysis.

Break

Lecture 5.2: ECOSYSTEM FUNCTIONS MODEL

The Ecosystem Functions Model (EFM) is a software tool that helps to translate
changes in flow regime to ecosystem responses. EFM relies on statistical methods,
including flow frequency and flow duration, to link hydrology and ecology. This
presentation will introduce EFM, discuss its statistical capabilities and application,
and, if time allows, demonstrate model use.

Break
Quiz

CRITIQUE AND COMPLETION



