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Appendix A: Spectrum of Annual Extreme Flows

At a given site, the time stream of daily flows may be partitioned into annual sets consisting of 

 events. An annual sequence is defined as begining with the daily flow for October 1 in year 

 and ending with the daily flow for September 30 in year 

, the yearly period being the “water year”. 

Let 

 denote the annual sequence of 

 daily flows in year 

 at an arbitrary site. The 

 moving average is defined by
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(A-1)

where 

 and 

. The annual 

 low, 

, and high, 

, flows are given by
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(A-2)
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(A-3)

Let 

 denote the instantaneous peak flow. The instantaneous “trough” discharge, 

, is ill defined and therefore it is not considered. A stream may experience not just an instantaneous dryness, but sustained dryness over a period of several days. Sustained dryness may be experienced in one or more years over the observational period of 

 years.

For 

,
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i.e. the annual 

 low and high flows are equal, both being the annual mean flow.

Let 

 denote the set of the values of 

:
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The number of elements belonging to 

 is denoted as 

. If all integer values of 

 , where 

 and 

 are considered, then 

. The set 

 may be written as
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where
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The numbers of elements in the subsets 

, 

 and 

 are 

, 

 and 

:
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The flow spectrum is given by the 

 matrix
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The matrix 

 may be partitioned as
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where the partitions 

, 

 and 

 are the low “end”, the central “portion” and the high “end” of the flow spectrum:
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The flow spectrum has no particular hydrologic significance in and of itself. It is a spectrum of extreme flows. For a given stream, the spectrum may not be fully defined. In arid regions, the low flow end of the spectrum may not be defined for values of 

, where 

. In extremely arid regions, the spectrum loses all meaning. Where the spectrum is meaningful, it provides an ordered approach to assessing consistency in the characterization of hydrology extremes.

Each column vector of the flow spectrum 

 is a sequence of extreme flows. If the theory of extremes (see e.g. Galambos: 1978) held for each vector, then there would be continuity in the distribution of the flows over the values of 

. The implied continuity of the theory derives from the fact that the theory yields three distinct distribution of maximum flows and three distributions of minimum flows. Whether extreme value theory holds for the vectors is arguable.

In the following discussions, the spectrum is defined for the respective subsets of 

, 

 and 

, namely
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