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Example No. 10-1  Flood Frequency Analysis 

Station Name - Agua Fria River near Mayer, Arizona 

Station Number - 09512500 

Drainage Area - 588 square miles 

Period of Record - 1940 through 1989 

Flood Data 

A continuous, 50-year systematic record is available; the entire record is used in the analysis. All 

annual floods are considered to be caused by rainfall. There are no historic data. There are no 

zero flow years. The high and low floods of record are 31,100 cfs (1980) and 740 cfs (1974), 

respectively. The record is considered stationary. 

Flood Frequency Analysis 

The high outlier limit is calculated at 47,000 cfs, and no high outliers are identified. The low 

outlier limit is calculated at 652 cfs, and no low outliers are identified. No extraordinary floods 

are identified. 

The length of the systematic record is for the period 1940 through 1989 (Nt = 50). There are no 

zero flow years or low outliers (Z = 0), and the effective length of the systematic record is 50-

years (Ns = Nt - Z = 50 - 0 = 50). There is no special treatment in calculating the plotting 

positions. 

The annual flood peak discharges are plotted on the three probability papers at their respective 

plotting positions. The extreme value (EV) graph shows a concave up form to the data points, 

and a linear trend to data with Pe less than about 0.17. The log-extreme value (LEV) graph 

shows a concave down form to the data points, and a linear trend to data with Pe less than 

about 0.31. The lognormal (LN) graph shows a good linear trend to the data points for all but 

the smallest flood peak discharges. The LN is selected as the best representation of the 

probability distribution of floods with return periods that are equal to or longer than 2-years. 

Confidence limits are set about the LN best fit line. The 43 largest floods (Nc = 43) are used to 

establish the best fit line. The estimated 100-yr flood peak discharge is 37,000 cfs with 90 

percent upper and lower confidence limits of 54,900 cfs and 25,000 cfs respectively. 

Discussion 

This example illustrates a flood frequency analysis that does not require any special treatment 

of the data. The LN graph provides the best straight line fit to the data. The results represent an 

example of the best graph to select. The range for the confidence limits is relatively tight 

because the 43 largest floods can be used to establish the best fit line. 
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Example No. 10-2  Flood Frequency Analysis 

Station Name - Cave Creek near Cave Creek, Arizona 

Station Number - 09512300 

Drainage Area - 121 square miles 

Period of Record - 1958 through 1979 and 1981 through 1989 

Flood Data 

A broken, 31-year systematic record is available; the entire record is used in the analysis. All 

annual floods are considered to be caused by rainfall. There are no historic data. Zero flow 

years occurred in 1969, 1977, 1981, 1987 and 1989. The high and low floods (other than zero 

flow years) of record are 12,400 cfs (1968) and 148 cfs (1984), respectively. The record is 

considered stationary. 

Flood Frequency Analysis  

The high outlier limit is calculated at 34,400 cfs, and no high outliers are identified. The low 

outlier limit is calculated at 83 cfs, and no low outliers are identified. No extraordinary floods 

are identified. 

The data set contains zero flow years. The length of the broken, systematic record is for the 

period 1958 through 1979, and 1981 through 1989 (Nt = 31). There are five zero flow years (Z = 

5). The effective length of the systematic record is 26-years (Ns = Nt - Z = 31 -5 = 26). These 

parameters are used in calculating the plotting positions. 

The annual flood peak discharges are plotted on the three probability papers at their respective 

plotting positions. The log-normal (LN) graph shows a concave down trend to the data and a 

poor linear trend to the data with Pe smaller than about 0.34. The log-extreme value (LEV) 

graph is also concave down and a linear trend to data with Pe smaller than about 0.18. The 

extreme value (EV) graph shows a good linear trend for data with Pe less than about 0.34. The 

EV graph is accepted as the best representation of the probability distribution of floods with 

return periods that are longer than about 3-years. 

Confidence limits are set about the EV best fit line. The 11 largest floods (Nc = 11) are used to 

establish the best fit line. The estimated 100-yr flood peak discharge is 14,600 cfs with 90 

percent upper and lower confidence limits of 22,600 cfs and 6,640 cfs, respectively. 

Discussion 

This example illustrates a flood frequency analysis for a data set that containing five zero flow 

years. The EV graph provides the best fit straight line to the large floods (Pe less than 0.34). This 

is a fairly clear choice of the best graph. The EV graph shows a linear trend for the 11 largest 

floods. The range for the confidence limits is broad because only the 11 largest floods can be 

used to establish the best fit line. 
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Example No. 10-3  Flood Frequency Analysis 

Station Name - Hassayampa River near Wickenburg, Arizona 

Station Number - 09515500 

Drainage Area - 417 square miles 

Period of Record - 1938, 1946 through 1982 

Flood Data 

A broken, 38 -year systematic record is available; the entire record is used in the analysis. All 

annual floods are considered to be caused by rainfall. There are no zero flow years. The high 

and low floods of record are 58,000 cfs (1970) and 154 cfs (1975), respectively. The 1925 

(25,500 cfs), 1927 (27,000 cfs), and 1937 (22,000 cfs) floods are indicated in the records of the 

U.S. Geological Survey (USGS) as historic data. The 1951 flood (27,000 cfs) is indicated in the 

records of the USGS as being the largest since 1927. The 1970 flood (58,000 cfs) is indicated in 

the records of the USGS as being the largest since 1890. The record is considered stationary. 

Flood Frequency Analysis  

The high outlier limit is calculated at 130,000 cfs, and no high outliers are identified. The low 

outlier limit is calculated at 107 cfs, and no low outliers are identified. Extraordinary floods are 

identified for 1951 (27,000 cfs) and 1970 (58,000 cfs) because these floods, from the systematic 

record, are known to be larger than any flood since 1927 and 1890, respectively, prior to the 

start of the systematic record. The 1980 flood (24,000 cfs) is also extraordinary because it is 

larger than the 1937 historic data (22,000 cfs). The station was discontinued after 1982; 

however, the USGS records that were used are for a period through 1989. Because of the 

presence of historic data and extraordinary floods, the effective length of record can be 

extended, and because of the information that is available, the record can be extended at both 

ends of the record. The record can be extended backward to 1890 because the USGS records 

indicate that the largest flood of record (58,000 cfs) is the largest since 1890. The record can 

also be extended for the period 1982 to 1989 because estimated floods would be reported by 

the USGS, or others, for that period if floods had occurred that were as large as or larger than 

any of the six historic and extraordinary floods (22,000 cfs to 58,000 cfs). 

The effective record length, as previously described, is for the period 1890 through 1989 (N = 

100). The length of the systematic record is for the period 1938 and 1946 through 1982 (Nt = 

38). There are no zero flow years or low outliers (Z = 0), and the effective length of the 

systematic record is 38 years (Ns = Nt - Z = 38 - 0 = 38). There are three historic floods (h = 3), 

and there are three extraordinary floods in the systematic record (e = 3). The sum of historic 

plus extraordinary floods is six (k = h + e = 3 + 3 = 6). There are 41 systematic plus historic floods 

(Ng = Ns + h = 38 + 3 = 41). The parameters are used in calculating the plotting positions. 

The annual flood peak discharges are plotted on the three probability papers at their respective 

plotting positions. The extreme value (EV) graph does not show a linear trend. The log-extreme 

value (LEV) graph shows a concave down trend to the data points, and a weak linear trend to 
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data with Pe less than 0.42. The log-normal (LN) shows a slight break in the data points at about 

Pe = 0.45, and a reasonable linear trend for the data points with Pe less than 0.42. The LN graph 

is selected as the best representation of the probability distribution of floods with' return 

periods that are longer than about 3-years. 

Confidence limits are set about the LN best fit line. The 20 largest floods (Nc = 20) are used to 

establish the best fit line. The estimated 100-yr flood peak discharge is 42,000 cfs with 90 

percent upper and lower confidence limits of 88,900 cfs and 19,800 cfs, respectively. 

Discussion  

This example illustrates a flood frequency analysis for a data set containing historic data and 

extraordinary floods. The effective record length was extended beyond the length of the 

systematic record. The LN graph is selected as the best straight line fit to the 20 largest floods. 

The results represent an example of the best graph paper to select. The range for the 

confidence limits is somewhat broad because only the 20 largest floods can be used to establish 

the best fit line. 
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Example No. 10-4  Flood Frequency Analysis 

Station Name - Santa Cruz River near Lochiel, Arizona 

Station Number - 09480000 

Drainage Area - 82.2 square miles 

Period of Record - 1949 through 1989 

Flood Data 

A continuous, 41-year systematic record is available: the entire record was used in the analysis. 

All annual floods are considered to be caused by rainfall. There are no historic data. There are 

no zero flow years. The high and low floods of record are 12,000 cfs (1978 and 1984) and 8 cfs 

(1962), respectively. Two floods of 12,000 cfs in 1978 and 1984 are indicated in the records of 

the U.S. Geological Survey as being the largest since 1926. The record is considered stationary. 

Flood Frequency Analysis  

The high outlier limit is calculated at 35,600 cfs, and no high outliers are identified. The low 

outlier limit is calculated at 50 cfs, and a low outlier is identified for 1962 (8 cfs). Extraordinary 

floods are identified for 1978 and 1984 (12,000 cfs each) because these floods, from the 

systematic record, are known to be larger than any flood since 1926, prior to the start of the 

systematic record. 

The data set contains a low outlier and extraordinary floods. The effective record length is the 

period 1926 through 1989 (N = 64). The length of the systematic record is the period 1949 

through 1989 (Nt = 41). There is one low outlier (Z = 1), and the effective length of the 

systematic record is 40 years (Ns = Nt - Z = 41 - 1 = 40). There are no historic data (h = 0), but 

there are two extraordinary floods (e = 2); and, k = h + e = 0 + 2 = 2. There are 40 systematic 

plus historic floods (Ng = Ns + h = 40 + 0 = 40). These parameters are used in calculating the 

plotting positions. 

The annual flood peak discharges are plotted on the three probability papers at their respective 

plotting positions. The extreme value (EV) graph does not show a linear relation for the two 

largest floods. The log-extreme value (LEV) graph indicates a concave down trend to the data. 

The log-normal (LN) graph indicates a reasonably good linear fit for virtually all of the data. The 

two largest floods, being at the same magnitude, make it impossible for those two points to lie 

in a straight line with the other data. The LN graph is clearly the best linear fit to the data, and it 

represents the probability distribution of floods with return periods that are equal to or longer 

than 2 years. 

Confidence limits are set about the LN best fit line. The 40 largest floods (Nc = 40) are used to 

establish the best fit line. The estimated 100-yr flood peak discharge is 12,000 cfs with 90 

percent upper and lower confidence limits of 19,200 cfs and 7,500 cfs, respectively. 

 

Discussion  



HIGHWAY DRAINAGE DESIGN MANUAL 

VOLUME 2 - HYDROLOGY 

APPENDIX D

FLOOD FREQUENCY EXAMPLES

 

January 2014 Page: D-45  

This example illustrates a flood frequency analysis for a data set containing a low outlier and 

extraordinary floods. The effective length of record was extended beyond the length of the 

systematic record. The LN graph is selected as the best straight line fit to the data. The results 

represent an example of the best graph paper to select. The data are nearly linear with little 

scatter about the line. The range of the confidence limits is tight because all 40 data points are 

used to establish the best fit line. 
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Flood Frequency Forms and Graphs 

 


