EAS 345 HYDROLOGY
LAB #13

STATISTICS OF EXTREME FLOODING EVENTS
In Math Problems, show all work.

Introduction.  Hydrologists must plan for extreme events. Dams must be built high enough to contain or limit extreme floods, while bridges must be built high enough to remain above high water mark.  The problem is how to plan for extreme events considering that they are so rare that we do not have comprehensive data to tell the 500 year event. 

Return Period and Probability  If a flood of a particular size (or greater) occurs on average once every Tr years, then Tr is called the return period and the probability, p, of such an event in any year is,
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Then, the probability that there will be no such flood in a particular year is (1 - p) and the probability that there will be no such flood over the next n years is,
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Example 1: If a flood of 5 feet or greater occurs on average once every 10 years, what is the probability it will not occur for the next 8 years?

Solution: Since the return period Tr = 10, p = 0.1. Then P8 is
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3
Thus, there is a 43% chance that there will be no such flood and a 57% chance that there will be at least 1 such flood. (There may be more than 1 such flood.)

Example 2: You are going to build a bridge and want to be 95% sure that it will not be destroyed by a 1000-year flood. How many years should you expect to have at this level of certainty?

Solution: Solve Equation 2 for n using p = 0.001 and Pn = 0.95
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This means you have 51 years to get out of town.

Example 3: You want to be 99% sure that the bridge will not flood in the next 50 years. You must then prepare for a flood with a return period of ___?

Solution: Solve for Tr = 1/p
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5
Thus, to have a high degree of certainty over an extended time you must prepare for an extremely unusual event.

Our records of floods are too short to accurately include storms with return period of 4975 years.  Thus we must develop statistics for unusual events based on limited samples taken over a century if we are lucky.  To do this we assume that the frequency of large floods is governed by the Gumbel Type I Extreme probability distribution given by,
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Gumbel's distribution is designed to use the existing data record to tell how large a flood with a return period of Tr will be.

There are only three steps.

1. Use the data record to find the mean, eq \O(q) , and standard deviation, (q of the maximum annual floods.
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2. Select the return period, Tr you wish, substitute the values for  eq \O(q)  and (q, and then solve the Gumbel expression for K.
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What this means is that an extreme flood with a return period of Tr will be K standard deviations above the average maximum annual flood.

3. To find the discharge of the extreme flood, solve the equation,
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Example 4: Find K for the 100 year event. (This means Tr = 100).
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Example 5: Find the discharge for the 100 year flood if the mean annual peak flood is  eq \O(q)  = 5000 and the standard deviation is (q = 1000.

From Example 4 we already know that for the 100 year event, K = 3.14. Then
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Example 6: You must build a levee to control the river flood plain against unusual floods. You want to be 99% sure that there will be no flood in the next 50 years that will surmount the levee.  Using the data from Example 5, find the extreme flood's return period and discharge.

Solution: Example 3 gave the return period for this example, namely Tr = 4975.5

Then solve for K
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Then the maximum discharge is 
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STATISTICS OF EXTREME FLOODING EVENTS
In Math Problems, show all work.

1. You must build a levee to control the river flood plain against unusual floods.  You want to be 99% sure that there will be no flood in the next 50 years that will surmount the levee.  This defines the unusual flood for this problem.  A ten year record of previous floods is given below.  Use it and the Gumbel distribution to calculate

a.  The return period for the unusual flood

b.  The discharge of the unusual flood

c.  The stage of the river for this flood.

For this use the Manning formula for stream flow
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where z is the depth, n = .04 is the Manning constant and s = .0016 is the slope of the stream bed, and the river is y = 20 m wide with a simple, rectangular profile.
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Perform all calculations manually. (You may check results against EXCEL)

qavg = ____________

(q2 = _________

Tr =________

qmax = _______

zmax = _______

2. Get records of daily river discharge for your River (see Lab 03) on the Internet at either

http://www.usgs.gov
Then go to Water Resources

http://waterdata.usgs.gov
      http://www.rivdis.sr.unh.edu/   For International Rivers
Save the file in text form
Open the file in EXCEL to get annual maximum daily q (qann) for each year.

Create a file in EXCEL of qann for the 30-year period. Column A = Year, B = qann.

Using that file calculate the statistical quantities for the 30-year period,
 eq \O(q)avg = _____
(q = _____
 qmax(obs) = _____
K = _____ 
Tr = _____ 

and for the 1000-year period calculate
K1000 = ____ 
 q1000 = ______
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