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Appendix A: Optimal Design Flood

Assume that sequences of floods are realizations of sequences of independly and identically distributed random variables. The optimal design flood, 

, is defined as that flow magnitude for which the sum of the expected value of damages, discounted to present value, conditioned on floods greater than 

 and the cost of protection against floods less than 

 is a minimum. If 

 denotes the probability density function of floods, then the return period, 

, of 

 is given by 


 EMBED "Equation" \* mergeformat  


(A-1)

By definition, 

 is the 

 flood. Flood frequency analysis is concerned with estimating the 

 via a flood magnitude having a specified return period 

: 

. In general, 

 and 

.

Assume the damage function to be defined as
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(A-2)

where 

 denotes the threshold flood, a value below which no damages are incurred, and 

 denotes the lower bound on flood magnitude. In general 

. It is reasonable to assume that 

  increases with 

, eventually at a decreasing rate. For 

 and 

, 

 may be approximated in term of a Taylor series:
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where
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and 

.

Let 

 denote a specified design flood, where 

. The expected damage is
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(A-5)

Assume the measures of flood protection have an economic life of 

 years. Let 

 denotes the discount rate. The total discounted damages over the economic life is
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where 

 denotes the discount rate. The expected total discounted damages is
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where
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For floods of magnitude 

, the cost of protection is
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where 

 is a monotonically increasing function. In general, 

.

The total cost of flood protection is
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If 

 is a monotonically decreasing function, then there exits an 

 for 

which 

 is a minimum, where 

, the optimal flood, is given by the solution of 
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(A-11)

where
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whereby 

 is given by the solution of
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(A-13)

The probability density function, 

, which is unknown is assumed to be 

. Given 

, the estimate of 

, denoted as 

 is that value for which 
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(A-14)

The opportunity loss incurred in taking 

 to be the optimal design flood is
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(A-15)

The expected opportunity loss, i.e. regret, is
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(A-16)
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