Flood Recurrence Intervals and Hazards
Introduction:

Flooding is a common natural hazard and environmental concern in many communities around the world.  In southwest Wisconsin, with the hilly terrane and steep river valleys, there are many local stream systems that flood on a regular basis.  For this lab activity, stream discharge data for a local river that has a long flood history (the Kickapoo River) will be examined.  You will access annual peak discharge data for the Kickapoo River from the USGS water data website; and perform a flood-frequency analysis for a local community (Gays Mills, WI) which lies on the floodplain of the Kickapoo River.   

Flood-Frequency Analysis:
The objective of a flood-frequency analysis is to determine how often a particular area may expect a flood of a certain size.  Calculating recurrence intervals and probability of occurrence of discharges allows us to make flood predictions and better prepare for such events.  Flood frequency is often expressed as a “recurrence interval”.  
Recurrence intervals are determined by examining past events.  A flood recurrence interval is the average length of time (generally expressed in years) between floods of a given size.  We can then use the recurrence interval data to forecast the likelihood of a flood event happening with that same recurrence interval in the future.  The probability of occurrence of a particular discharge is simply the reciprocal of the recurrence interval.  Flood frequency information can be determined from knowledge of the peak discharge (highest discharge) in any given year provided enough years of information has been collected.  The recurrence interval for a given discharge can be calculated by first ranking the discharges.  
1. Visit the USGS Water Resources Division web site:
http://waterdata.usgs.gov/nwis/ .  Here you can obtain discharge data from thousands of gaging stations throughout the United States.  Go to this web site and do the following:

A. On the upper right-hand side of the main page find  the heading "Data Category". Use the down arrow to change the search box to read "Surface Water".

B. Under the heading "Geographic Area" select the down arrow in order to change the search box to read "Wisconsin".  You should automatically be taken to the next page, if not, click on the "Go" button.  This will take you to the Wisconsin surface water page.

C. Scroll down the page and click on the tab for "Peak Flow Data" in order to specifically search through the highest discharge data.  Click the box in front of “Site Name” to place a check mark in the box in order to be able to search the data by using the name of the river, and then click on the "Submit" button.

D. On the next page- “Peak Streamflow for Wisconsin”, type “Kickapoo River” in the box under “Site Name” then select “Submit” at the bottom of the page.

E. There are several gaging stations along the Kickapoo River; for this exercise select the station located at Gays Mills, WI. Click on the Site Number for that location. 

F. From the “Peak Streamflow for WI…Kickapoo River at Gays Mills…” page, find and record the elevation of the gaging station at Gays Mills (labeled “Gage datum”).

G. Under the heading “Output formats” select “tab-separated file” and then scroll down the page that appear until you see the stream data table (first left-hand column is “USGS”, followed by site number, date, discharge, etc). Select and copy this information.
2. Open an Excel file and select the first cell in column A and row 2 (A2).  Right-click this cell and select “paste special” to paste your copied data. Choose the “Unicode Text” option.  In the Excel file, there will now be extra columns of data that you copied and pasted from the USGS water data table that you will not need.  You will only need three columns of information which are:  the dates of the records; the peak discharge column; and the gage height column.  Delete all the other columns before proceeding.  After you have deleted the information that you don’t need, you will next need to add two additional columns. Add a new column between the date and discharge column, and another between the discharge and gage height column.  
A. In Row 1 of your Excel spreadsheet, add headings to your columns.  The heading should look like the following (in the order shown). 

	Date
	Recurrence Interval, 

R (yrs)
	Discharge (cfs)
	Rank (m)
	Gage Height 

(ft)


B. Next determine the rank of each discharge.  Select all the data in all columns (including the headings) and do a “custom sort”.  Check the box labeled “My data has headers”; sort using the column containing the “discharge”, sort on “values”, and the order should be “largest to smallest”. 
C. After performing the sort, the first row will contain the largest discharge (rank 1), the second row with contain the second highest discharge (rank 2) and so on.  Fill in the “Rank column” by typing “1” into the first cell; select that cell and drag the lower right corner (you should see a “+” sign) to the last row, right-click and select “fill series”.  This will add all the additional rank values to the column (1,2,3,4,….)
D. After the Rank column has been filled in, you can now calculate the Recurrence Interval for each peak discharge.  The recurrence interval (R) is calculated by the equation: 

                                                      R = (n+1)/m
Where:

 n = number of years of record  
m = rank or position of each discharge in the series.  
**(The addition of the number 1 in the calculation of recurrence interval is to account for the fact that there is always the probability, regardless of how small, that a flood will occur that is larger than the largest flood on record.)
Use this equation to calculate the recurrence intervals for each of the records.   To do so, in the recurrence column of your excel file enter the proper formula in the first cell and then copy it to the remaining cells in the column.  
E. Next, create a graph of discharge (y-axis) versus recurrence interval (x-axis) such as the blank graph below.  Note that the x-axis uses a logarithmic scale.  
· To begin, select the recurrence and discharge data in your chart. 

· Next, insert a chart by using the menu ribbon located under the “insert” tab. Select the “scatter plot (with only markers)” option.
· Once the graph is made, delete the “series 1” legend.

·  Using “chart tools” and “layout”, give your plot a title and label the axes, see example below.  
· Change the X-axis scale to a logarithmic scale.  Do this by right-clicking on the X-axis, and choose “format axis”. Under “Axis Options” place a check in the logarithmic scale box; change the maximum scale to 1000 by selecting the “fixed” button and typing in 1000 in the box; and add “minor tick mark” on the outside.  
· Go back to “Chart tools”, “layout”, and “axes” and add “minor tick marks” to the y-axis also.  
· From “Chart Tools”, and “Layout”, select “Gridlines” and add both major and minor gridlines to the horizontal and vertical gridlines.

· Add a best fit line through the data points. To do this, right-click on any of the data points on the chart and select “add trend line”.  When the “trend line options” window pops up, select “logarithmic” and then “close”.
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F. Few streams have records spanning 100 years or beyond so we must often extend plots beyond the data to estimate the magnitude of 100-year events or larger.  In order to extrapolate your trend line in excel, right-click on the trend line and select format trend line.  Under “forcast” change the “forward” value to 500 from 0 (which means draw the trend line out for 500 years).  
G. Save your Excel file and print your chart by selecting the chart and then using the “print” option under “file” in the top left corner of Excel.  Do a print preview first to make sure the chart is enlarged to fill the entire page. Make sure your name is on your chart. 
Questions:

3. Use the graph you created to answer the following:

A. What is the recurrence interval for the largest discharge on your graph?

B. What is the discharge value of the Kickapoo River during a 25-yr flood?  A 100-yr flood?  A 500-yr flood?
4. From reading of your text and lecture notes, is it possible that discharges associated with a 100-year flood could occur 5 years apart, 10 years apart, or even one year apart?  (explain) 

5. The annual exceedence probability, Pe, is the probability that a given discharge will occur in a given year.  It is calculated as the inverse of the recurrence interval, R: 

                                                Pe = 1/R x 100
Thus, the probability that a flood with a ten year recurrence interval will occur in any year is 1/10 = 0.1 or 10%.  Create a new column in your excel file for exceedence probabilities.  Calculate the Pe for each discharge.  
A. What is the probability of a discharge equal to the highest ranking discharge occurring in any one given year? (In other words, what is the Pe for rank #1?)
B. What is the Pe for the 20th ranked discharge?
6. The mean peak annual discharge can be calculated by summing the peak annual discharges and dividing by the number of years.  What is the mean peak annual discharge for the Kickapoo River?  
7. Another useful website for flood information comes from the National Weather Service located on the NOAA web page.  Go to the Advanced Hydrologic Prediction Service page at: http://water.weather.gov/ahps2/hydrograph.php?wfo=arx&gage=gmiw3  in order to find out more information about the Kickapoo River at Gays Mills.
A. What is the height of the flood stage of the Kickapoo River at this location?

B. Refer to your Excel data from the USGS waterdata site.  How many times has the Kickapoo River reached flood stage or higher at Gays Mills according to this data?

C. Recall the elevation of the gaging station from step 1 above and the flood stage height from question 7A above.  What is the elevation of the water at flood stage? 
D. What is the highest stage recorded from the USGS waterdata? Convert that height to an elevation.  On which date did this flood occur? 

E. Refer to the USGS topographic map of Gays Mills.  Using a red color pencil, outline the contour line closest to the flood elevation level from the problem above. Make sure to mark both sides of the Kickapoo River Valley.  Using the map, how did this water level affect the town of Gays Mills? (use a few sentences to describe the extent of the flood water)
8. Refer back to the National Weather Service webpage above.  On the left-hand side of the page you will find more historical crests heights on the Kickapoo River at this location.  (click on “show more historical crests” to get the entire list)
A. How many times has the Kickapoo River at Gays Mills overtopped its banks?

B. Which year was the highest flood crest and how high was it?

C. In some years the Kickapoo River has been known to flood multiple times. Which year had the most floods?
9. Using what you have learned from the above exercise, make recommendations to the residents of Gays Mills concerning what they might do to reduce their loss from the effects of flooding or protect their community against future floods.  Each method you may recommend has its benefits and limitations, discuss each.    
PAGE  
5

