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RWater Module 7
Flood Frequency Analysis to Assess Return Period of Extreme Events

Learning Goals

Urban development directly effects streamflow by increasing the peak discharge. These changes are
becoming more significant with the ongoing process of climatic change. The climate being highly
variable in recent times, we have been facing cyclones, tornados, droughts and high intensity rainfalls
more frequently. Although climate change is a much slower process compared to urbanization, together
they can lead to more frequent high flow events in the streams. The image below shows such an
example, being published by USGS. Number of times per year that daily discharge exceeded 1000 cfs on
the Northeast Branch of the Anacostia River in Maryland (USGS 01649500) increased from once or twice
per year in the 1940s and 1950s to as much as six times per year in the 1990s.

Under these circumstances, it is important to quantify how frequent an extreme flow condition would
be over a designated period of time. The Flood Frequency Analysis is a helpful tool in this regard. This
analysis involves fair amount of calculation and data processing, requiring significant level of
understanding of the process and expertise. However, this RWater module is designed in a way that
after completing this module, students will be able to:

i. perform flood frequency analysis using USGS peak flow records by writing RWater scripts
without any sort of data pre-processing,

ii. understand the concepts of return period and probability of occurrence at which a flow of
specific magnitude may occur over a certain period of time, and calculate them for an actual
stream location,

iii. identify how does the return period of a specific magnitude flood at the same location get
altered in course of time as a result of climate and landuse change.

Year

Number of occasions in a year
daily discharge exceeds 1000 cfs

Figure 1. Source: http://pubs.usgs.gov/fs/fs07603/
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Flood Frequency, Return Period and Probability of Occurrence

The method for Flood Frequency Analysis uses long-term annual peak discharge data to construct a plot,
which quantitatively tells the expectancy or likelihood of various discharge values as a function of return
period.

The general meaning of return period (also called the recurrence interval) is the average number of
years between the occurrences of an extreme event having certain magnitude. Very often we encounter
terms like “this city will withstand a 100-year flood”. This obviously refers to a specific discharge
magnitude where 100 years being its return period. It does not necessarily mean that such a flood is
likely to occur only once in every 100 years. Because, return period (T) is by-definition designated with
the “probability of occurrence” or the exceedance probability (p) in one year, which is simply the inverse
of T. Thus, from the relationship of p and T, there will be a 1-in-100 (1/100 = 0.01 = 1%) chance that a
flood this size will happen in any year (USGS Fact Sheet 229-96, http://pubs.usgs.gov/fs/FS-229-96/).
Accordingly, in a span of 100 years, such an event may occur once, twice, more, or not at all. Just for an
example, consider we are interested to know the chances for a 100-year flood to occur not just in a
single year, rather in a period of whole 25 year time.

 Let, ‘1’ be all the possible flows that might occur, over the whole time period (n).
 p is the chance of the particular peak discharge occurring, in any  year.
 (1–p) is the chance of that particular flow not occurring, or the non–exceedance probability, in

any year.
 (1–p)n is the non–exceedance probability for that particular flow, over the whole time period.

This virtually refers to all the flows that are less than the peak discharge in concern.
 Finally, ‘1’, meaning all possible flows, minus (1–p)n, all flows during the time period that are

lower than our flood of interest, leaves us with 1– (1–p)n, the probability of those flows of
interest occurring over the whole stated time period (n).

So, if we want to calculate the chances for a 100-year flood (p = 0.01) over a 25 year time period (n =
25), we can use the formula: 1– (1–p)n. Hence, there is 1– (1–0.01)25 = 0.22 or 22% chance for that 100-
year event to occur once or more in the 25 year span, with (100-22) = 78% chance of not occurring at all.

There are four widely used methods for flood frequency analysis. In this module, we will be using one of
those methods called the “Gumbel Distribution”.

Flood Frequency Analysis for Blackberry Creek near Chicago Area

So far in the previous modules we have only used the daily streamflow data. But, to perform Flood
Frequency Analysis, we are going to need the annual peak discharge values. This is basically the
maximum discharge that might have taken place in any day within a year. Figure 2 below shows a daily
streamflow hydrograph. Letter A on the figure denotes the largest value per year. Only these values (A)
comprise a data set of annual peak discharges for subsequent use in flood frequency analysis.

The annual peak discharge values for a gage station can be downloaded from USGS website. To aid the
easy usage of this module, we have prepared the peak discharge dataset for three watersheds located in
Chicago, Charlotte and Las Vegas city areas. We are going to perform flood frequency analysis for the
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watershed in Chicago area only (USGS 05551700: Blackberry Creek). The remaining datasets can be used
as supplementary exercises.

Follow the RWater script given below. Each step of the script is associated with relevant explanations
(lines with # sign).

Days

Daily Streamflow (cfs)

Figure 2. Source: http://comet.ucar.edu/
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You have just created flood frequency graphs for the two periods. Use the left/right arrows in the Plots
window to see the desired graph.
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The dots inside the plot are the actual observed peak discharge values. The thick straight line in the
middle is the calculated probability distribution. To read the graph, pick the flood value of your concern
from Y axis and trace a horizontal line up to where it intersects the line of calculated probability
distribution. From that point of intersection, trace a vertical line towards X axis to find out the
corresponding return period. You can simply do the opposite if you want to find out the flood
magnitude for a given return period. Peak discharge/ return period read from the line of calculated
probability distribution can have errors due to the limited sample data used. Hence, a pair of lines (red
and blue) are also plotted which denotes the confidence band, indicating 95% chance for the calculated
values to lie within this limit.

Now, let’s find out the return period for a flood event of 1050 cfs magnitude from the plots which you
have generated.  The results are as follows:

 During 1971-1990, a flood of 1050 cfs has a return period of 4 years.
 During the recent period of 1991-2010, the same magnitude flood shows a shorter return period

of only 2.4 years.

Clearly, extreme flow events have become more frequent in recent time in this particular watershed.


