
Risk and Economic Analysis: 
Flood Frequency Estimation 
 
53:171 
Water Resources Engineering 













The Great Iowa Flood of 2008 

Cedar Rapids 

Iowa City 



Flood Frequency 
How rare (or common) 

are floods of this 
magnitude? 



Annual Flood Time Series 

~33,600 cfs 

2008 
145,000 cfs 

Flood 

No flood 

31 floods 
in 106 years 

1993 



Probability of a Flood? 
Sample estimate 

 
 
Estimate relative frequency of the event 

31 (floods) in 106 (years)m N= =

31 0.290
1 107

mp
N

= = =
+

~29% chance of a flood each year 



Time Interval Between Floods? 
Average recurrence interval 

Average time between floods is ~3.5 years 

Assumes floods are random occurrences 

1 1 3.5 (years)
0.290

T
p

= = =



Flood Frequency Analysis 
Hypothesize the mathematical form of 
the relations between Q and p 
Estimate exceedance probability pi for 
each peak discharge Qi in the sample 
Plot Qi versus pi  

Use specialized graph paper, or plot 
transformed variables on rectilinear paper 

Fit the mathematical model 



Flood Probability Model 
Form (Extreme Value Type I) 

 
 
Q (p)  flood magnitude with probability p 
p  exceedance probability 
α, β  model parameters 

( ) ln( ln(1 ))Q p pα β= − − −



Flood Probability Model 
Define the EV1 score: 

 
 

Linearized flood probability model:  

( )Q p zα β= +

ln( ln(1 ))z p= − − −



Flood Frequency Analysis 

Fitted EV1 
Flood 

Probability 
Model 

7.965 



2008 Cedar Rapids Flood 
Flood probability 

 
 
 

Average recurrence interval:  
1 1 2900 years!

0.0003475
T

p
= = =

7.965 ln( ln(1 ))p= − − −
7.965

1 0.0003475ep e
−−= − =



Cedar River at Cedar Rapids 
Flood frequency estimates 

T p Q(p)
(years) () (cfs)

25 0.04 70,000
50 0.02 81,000

100 0.01 92,000
200 0.005 103,000
500 0.002 118,000

1000 0.001 128,000
5000 0.0002 154,000



Summary 
Engineers use mathematical models to 
estimate flood probabilities (risk) and average 
recurrence intervals from a flood data sample 
The 2008 flood at Cedar Rapids was an 
extraordinary rare event 

~3000 year recurrence interval 
In contrast, at Cedar Rapids, 1993 Mississippi 
River flood was a much more common event 

~30 year recurrence interval 
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