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Statistical Basics for High- and Low-
Flow Frequency Analyses
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In 1951, Ven Te Chow published a paper titled “A General
Formula For Hydrologic Frequency Analysis”

STATION 02191300, BROAD RIVER ABOVE CARLTON, GEORGIA
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In 1951, Ven Te Chow published a paper titled “A General
Formula For Hydrologic Frequency Analysis”

=
=
Q
[X]
]
]
|
@
=1
E
Q
&
o
=
=
]
=
=
=
L
=
L]
=t]
o
=
]
D
-
[0}
QL
ot
g

STATION 02191300, BROAD RIVER ABOVE CARLTON, GEORGIA

In a data set, any particular peak flow, y;, is
composed of two parts: the mean of the
data and the its deviation from the mean.

=y + Ay
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In 1951, Ven Te Chow published a paper titled “A General
Formula For Hydrologic Frequency Analysis”
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The departure from the
mean may be positive
or negative, large or
small. From a
statistical perspective,
this quantity
possesses two
important properties:
(1) the tendency to
deviate from the mean;
and (2) the frequency
of occurrence.



In 1951, Ven Te Chow published a paper titled “A General
Formula For Hydrologic Frequency Analysis”
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Property 1

If you sum up all the
deviations from the
mean, by definition,
the value would be
zero. Thus, an average
of the deviations does
not provide any useful
information.

One way to overcome
that problem is to
square the deviations
and take the average
of that value. However,
the resulting value is
now in different units
than the original data.



In 1951, Ven Te Chow published a paper titled “A General
Formula For Hydrologic Frequency Analysis”
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To get back to the
original units, we can
take the square root of
the summed
deviations.
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Thus, the tendency to
deviate from the mean
can be measured by
the resulting equation,
which is the standard
deviation.

Consequently, knowing
the mean and SD of a

data set provides very

useful information.



In 1951, Ven Te Chow published a paper titled “A General
Formula For Hydrologic Frequency Analysis”
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Going back to our
earlier slide: Property 2

The departure from the
mean may positive or
negative, large or
small. From a
statistical perspective,
this quantity
possesses two
Important properties:
(1) the tendency to
deviate from the mean;
and (2) the frequency
of occurrence.



In 1951, Ven Te Chow published a paper titled “A General
Formula For Hydrologic Frequency Analysis”
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This second property
IS measured by a term
called the frequency
factor, K, which
depends upon the law
of occurrence of a
particular hydrologic
event under
consideration and is a
function of the return
period and distribution
parameters.

This all comes
together in the log-
Pearson Type Il
equation.



Log Pearson Type Ill Distribution

The log Q corresponding to specific exceedance probabilities, P,
are calculated as:

log Q=X + KS
Where X = mean of logarithms of peaks

K =frequency factor = f(skew, P)
S = standard deviation of logs of peaks

&

USGS



T-Year Recurrence Interval

Historically, flood-frequency flows in USGS reports
were expressed as T-year floods based on the
recurrence interval of the particular flood quantile.

°* Recurrence interval (or return period) is the average interval of
time within which the given flood will be equaled or exceeded
once.

°* The words “recurrence” or “return” do not imply regular
predictable occurrence in time.

°* An exampleis the 10-year flood. If we had a 100 years of
streamflow data, we would expect 10 floods of equal or greater
magnitude than the “10-year flood”. However, those floods
would not occur at regular 10-year intervals.

= USGS
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An Example For A 10-year Recurrence



Annual Exceedance Probability

Return period (or recurrence interval),T =1/ AEP

P-percent chance exceedance = AEP * 100

T-yearrecurrence  Annual exceedance  P-percent chance
interval probability exceedance

0.5 50
0.2 20

0.10 10

0.04
0.02
0.01
0.005
0.002




Example of an LPIII Analysis
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Importance of Long-Term Records

STATION 02191300, BROAD RIVER ABOVE CARLTON, GEORGIA
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Populations versus Samples

There is a “population” of potential events (in our case, annual
peak flows).

All that is available to us are samples from the population
(periods of record). We infer magnitudes and frequencies of
events from the sample.

An assumption is made that the samples are “representative”.

Different samples will yield different estimates.

USGS



Samples
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Populations versus Samples

I00-YEAR PERIODS

10

ANOD3S ¥3d 1334 218ND NI ‘FDUVHOSIA

=

-

-y
:
)
=
£
Ll
o
z

Lol
o=
o
=
Q
dal
o

Ficure 23.—Frequency curves for 100-year periods.




Importance of Long-Term Records

Longer records tend to capture a broader range of hydrologic conditions and will
better represent the “population” value.

Early 20th
Century Drought
1930s Drought
Mid-Century
Early 21st
Century Drought
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zUSGS Unfortunately, the period from about 1905-1922, which time and additional
research as shown was an unusually wet period, was used to estimate water
production allocation under the Colorado River Compact.



Importance of Long-Term Records

‘Lowest Qbserved=—_

1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000
Ending Year of 5—yr Running Mean

- This reconstructed (tree rings) record going back to the 1400s shows how truly
USGS unfortunate it was for the Colorado River Compact water allocations were based
on river flow data from the short period of record in the earlier 1900s.



Lets Look At An Example of How The 1% Chance Flood
Changes Over Time Based on Record Length and Hydrologic
Conditions

Station 02191300, Broad River above Carlton, GA (DA = 760 mi?)
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How the 1% AEP Changes With Additional Record

Station 02191300, Broad River above Carlton, GA (DA = 760 mi?)

120,000
110,000
Q,0, = 74,100 ft3/s
100,000
90,000
80,000
70,000
60,000

r Quy, = 48,400 ft3/s
50,000 f v

40,000

-
=
=]
o
@
]
[
@
=
-
@
@
£
2
o
=
o
z
=2
[
e
]
@
=8

30,000 o
* *
[ t e
20,000 ¢ FURE SN * * *
R i 8 . * @
P et e %
* I . + &
* + pr
* & “Q +4 "

[]-||||I||||I||||I|||’|I||||I||||I||||I||||I||||I||||I||||I||||I||||

18390 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Water Year

10,000 | MR 2el 9

+— Peak Flows —=—011% AEP




It’s Important to be Aware of the Uncertainty

Station 02191300, Broad River above Carlton, GA (DA = 760 mi?)
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What If The Record Had Been Collected In Reverse Order?
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What If The Record Had Been Collected In Reverse Order?

Station 02191300, Broad River above Carlton, GA (DA = 760 mi?)

Period of record
(and hydrologic
conditions captured
in that record) is a
big deal.
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Station 02169500

Peak Flow, in cubic feet per second
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A Low-Flow Example: 7Q10

& Annual minimum
7-day average
flow
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Basics of Regionalization
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Murphy’s Law for Hydrology

If a region has al00 gaged streams and
one ungaged stream, the most pressing
need for immediate streamflow

Information will be for the stream with no

gage...

USGS
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Regionalization Analysis

Purpose:

°* Provide estimates of flow characteristics at ungaged sites using
iInformation from other gages in the area.

°* Provide a second estimate of a flow characteristic at gaged sites
to develop a weighted estimate (especially if only short records
are available at the gage).

&
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Rural Flood Frequency: Through
Water Year 1999

EXPLANATION
Blue Ridge physiographic province
Piedmont physiographic province

‘|
Upper Coastal Plain physiographic province | . T - v o\ ) V_).H_"Q_Ph
My \ “ - !
Lower Coastal Plain physiographic province | y w3 b o She o - \”i)-:f /:j Atlantic Ocean
o O \ i

Approximate area where regional I " 5 | LT 3 ‘_ Y, \
equations do not apply e 5 — i A
State boundary AN " ] 5

Stream or lake

Gaging station with chserved data and
station index number

Gaging station with synthesized data and
station index number

Gaging station with cbserved data that was | Y y b "\ -1 ,
omitted from the regionalization and station . - \ AN ¥ &0 80 MILES
index number " \ o =

T
B KILOMETERS

84 ¥
Figure 1. Physiographic provinces and locations of streamflow gaging stations on rural streams in South Carolina and parts of North Carolina and Georgia.
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Toby Feaster

Hydrologist
405.College-Avenue,-Suite 200
Clemson, South-Carolina- 29631
tfeaster@usgs.gov
864-656-6747



