ESS 326 Geomorphology  



Name: ____​__________________

Lab 3: Flood Frequency Analysis
Due: Beginning of lab 4
Purpose:
The purpose of this lab is to gain an understanding of how flood frequency analyses are conducted.  After looking at some of the typical statistical methods used to determine flood frequency, we will construct some flood frequency curves for rivers in Washington State.  

Introduction:
We’ve all heard statements regarding flood frequency like the 100-year flood.  What does this statement actually mean, how is something like a 100-year flood determined, and why should we care about it in the first place?

Flood frequency analysis is a way to try to predict the likelihood that a flood of a certain discharge will happen in any given year.  Floods with high discharges are less likely to occur in any given year than medium discharge floods.  Many people, including engineers, city planners, developers, and geomorphologists need to be able to predict the likelihood of floods of various discharges.

For example, if Sue Developer wants to build a bunch of riverside homes in Snoqualmie, Washington, she may want to know how likely those houses will be flooded.  Given this situation, you could go to the development site and find an answer for her.  You would first find the elevation of the proposed houses relative to the Snoqualmie River and find what discharge would result in that water elevation.  By constructing a flood frequency curve for the Snoqualmie River, you may find that this discharge has an annual exceedance probability of 0.02.  You could then tell Ms. Developer that there is a 2% chance that those homes will be flooded in any given year.  To that, she may say, “hey, that’s not so bad,” to which you might say, “however, there is a 33% chance the houses will be flooded sometime in the next 20 years.”  Now that location doesn’t look so good.  

Understanding flood frequency is also important from a purely geomorphic perspective.  River channels are in part shaped by the water’s ability to move sediment around, and in general, bigger discharges can move more sediment than smaller ones.  One can imagine that the pattern of flooding on a river may have a large influence on the geomorphic characteristics of that river, for example, the width and depth of the channel, the relative elevation of the floodplain, maybe even channel migration rates.  

Flood Frequency Analysis:
The goal of a flood frequency analysis is to find the annual exceedance probability (p) of a given flow.  Annual exceedance probability (p) is defined as the probability that a given flow will be equaled or exceeded in a given year.  The percent probability is p x 100, as in “a X % chance per year.”  The recurrence interval (T) is the inverse of p (1/p), and is measured in years.  For example, the inverse of a probability of 0.01, (or 1%) corresponds to a T of 100 years.  This is what is referred to as a “100-year flood.”  So a 100-year flood is NOT a flood that only happens every 100 years, it is a flood with a 1% chance of happening every year.

Here are the steps in constructing a flood frequency curve and determining T and p for the Snoqualmie River:

1. Collect Data Set.  The only data needed for a frequency analysis are annual peak discharges (Q), and these can be downloaded from the USGS website (http://waterdata.usgs.gov/nwis).  The instructions for importing these data to Excel are on the last page of this handout.  After you have downloaded the data you should construct a table with the following columns:

	Date
	Q (ft3 s-1)
	m
	p
	p (%)
	T (years)

	
	
	
	
	
	

	
	
	
	
	
	


2. The number of data points (number of years in the record) is denoted by the letter n.  In this case for data from 1958 to 2010 n = 52.  Our data set for the Snoqualmie comes from a USGS Surface Water database, which contains annual peak discharges for thousands of rivers at gaging stations in the US. Note that the annual peak daily discharge has been identified for each water year (Oct. 1 to Sept. 30), hence there may be two or zero peak values for any given calendar year.

3. Rank Discharges.  Once the data have been tabulated, they need to be ranked in order of descending discharge. Excel is very handy for this sort of thing (hint: highlight the date and Q columns and select Data>Sort…).  Rank is denoted by the letter m.  The biggest flood is ranked m = 1, the 12th largest flood is ranked m = 12, and so on.  

4. Calculate Annual Exceedance Probability (p) and Recurrence Interval (T).  There are several ways to calculate p (and therefore T).  The one most commonly used in the United States is the Weibull Plotting Formula:
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5. Plot Q vs. p on log-probability paper.  Log-probability paper is designed to make a bell-shaped curve (data with a “normal” distribution) plot on a straight line.  Data from a real river may or may not be normally distributed, meaning we will probably have to estimate a best-fit straight line through them.  Traditionally, Q is plotted on the y-axis and p (and/or T) is plotted on the x-axis. 
6. Use curve to make predictions.  Now that the curve (or, on these graphs, the straight line) has been plotted, it can be used to determine the annual exceedance probability (p) or recurrence interval (T) of any given discharge (Q).  Conversely, we can find the discharge for a particular probability of flood.

7. Use caution and common sense when making predictions!  Always remember that these are our statistically generated “best guesses,” and the validity of them is based on the quality and number of data.  It’s a little sketchy to predict the 100-year flood if we have only 30 years of data, especially if those data are not normally distributed. 

Assignment:




Construct a flood frequency curve for the Snoqualmie River.  First, make a table containing all the pertinent information.  Hand-plot the points on the log-probability paper included in this packet (the TA will have extras if you need them).  Draw a best-fit straight line through the plotted points.  

1. Using your flood frequency curve for the Snoqualmie, estimate the 2.5-year (commonly referred to as the “bankfull” discharge), 50-year, and 100-year flood discharges.  Mark and label these on your graph (here is where a colored pencil can come in handy) and write the discharges (and units!) here.

2.5-year discharge:
   50-year discharge:______      100-year discharge:


2. Using the following equation, where P is the probability that a flood of recurrence interval T will happen in N years, what is the probability that the 50-year flood will occur within the next 20 years (please show your math):
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3. Let’s pretend the peak flow for the Snoqualmie River in 2011 was 112,000 cfs (it was actually about 17% of this).  Using your graph, estimate the percent probability and return interval for this size flood.  Now, actually calculate these parameters (hint: what happens to m and n when you add a data point?) (YOU DO NOT NEED TO REDO YOUR GRAPH).  Write both estimates for both % p and T below.  

Estimates from graph:  % p



T





      Calculations:  
       % p



T





What does this say about the precision of frequency calculations, especially for very large floods?  Which do you suppose is a “better” estimate, the one from the graph or the one you calculate?  Why?

4. Find annual peak discharges for a different Washington river on the USGS database (again, use the directions on Page 5).  Make sure your river has at least 20 years of record.  This time, construct a flood frequency curve using Excel.   Note that Excel does not have a probability plotting option, so your discharge versus probability curve will not be a straight line.  Click on your chart, and use Chart>Add trendline to add a best-fit straight line for this new river.  Click the options tab and select “Display equation” and Display R-squared”.  Experiment with different trendline types until you find the one that best fits your data (determined by the R-squared value).  Use the equation for the trendline to determine the bankfull (2.5-year) and 100-year discharges.  Please turn in your graph for this river as well.  

River:





Gaging Station location:



Bankfull discharge:




100-year discharge:


5. Add the data from the Snoqualmie River to the graph with your new data?  Is your new curve different than the curve for the Snoqualmie? If so, in what way?  For example, are overall discharges higher or lower?  Is there a bigger or smaller range of discharges?  Is it easier or more difficult to fit a trendline to the points?

6. What factors do you suppose make the flood frequency curves of the two rivers similar or different?  Think about factors like topographic characteristics of the basin, climate, human influence, etc.

Instructions to download data from the USGS Streamflow web site using Microsoft Explorer

1. Go to the main USGS water data site at http://waterdata.usgs.gov/nwis
2. Click on “Surface Water.”

3. Click on “Peak-flow data.”  Notice you can also get to real-time, daily, and monthly streamflow data from this site.

4. Under “Site Location,” check “State” and submit.

5. Under “Select Sites,” scroll down, click on Washington, and submit.

6. You will now see a list of all the USGS gages in Washington with peak annual stream flow data.  Find the SNOQUALMIE RIVER NEAR SNOQUALMIE, WA (site no. 12144500).    Click on the site number to bring up the data.

7. You will now see a graph of peak annual discharges for your river, along with some information about the river and drainage basin at that location.  Click on “Tab-separated file.”

8. Under the Page menu, click on “Save As…” (if using Firefox, right-click and select “Save page as…”) and save the page as a *.txt file (give it an appropriate name so you will be able to find it again).

9. Open Excel, click on “Open,” get to the correct folder, select “all files” or “text files” for file type, and double click on your text file with the data.

10. You will now see the Text Import Wizard.  Make sure the “Delimited” button is highlighted, and click “next.”

11. Make sure “Tab” is checked, and click “finish.”

12. Save the file as an *.xls file.

You now have an Excel file with the new river’s peak annual discharge data.  These spreadsheets contain a lot of data and explanation: at this point you can decide which information you think is relevant and keep just that.
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