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Summary and Conclusions

As prelude to an assessment of uncertainties in flood frequency analysis, the definitions of risk and uncertainty given in the Economic and Environmental Principles and Guidelines for Water and Land Related Resource Implementation Studies (U.S. Water Resources Council: 1983) are briefly reviewed. It is noted that while the Principles and Guidelines are clear in linking risk to probability, the Principles and Guidelines do not make it clear whether or not uncertainty is linked to probability. To render the definition of uncertainty a little clearer, Davidson’s (1991) notion of “true uncertainty” is introduced, where true uncertainty cannot be substituted for by probability, leaving the notion of uncertainty to be used in a probability context, just as risk is used. In doing so, the uncertainties in flood frequency analysis, at least the uncertainties conditioned on the presumption of a probability distribution, objective or otherwise, can be dealt with in probabilistic terms. Thus the 

 flood may be said to be unknown but knowable. It would be a contradiction in terms to say that the 

 flood is unknowable. Probability is in reference to imperfect knowledge, not incomplete knowledge.

Traditionally flood frequency analysis has be based on the assumption that an observed sequence of floods is a realization of a sequence of independent and identically distributed (iid) random variables. Under this assumption, uncertainty in flood frequency estimates as mainly focused on 1) the length of the sequence, 2) the choice of the distribution function, 3) the method used to estimate the parameters of the chosen distribution function and 4) the definition of the plotting position. Because the length of a sequence can only increase with the passage of time, methods of regionalization are often used to transfer information to the site of interest from sites having longer sequences to effectively increase the length of the sequence of interest.

The issue of climate change has prompted hydrologist to question the iid assumption relative to hydrologic processes in general and to flood processes in particular. For the most part, attention has been given to detection of trends in hydrologic processes. Because hydrologic time series are short on a geologic scale, one can never be certain 

that a trend is not part of a slow oscillation unless the series ends. A trend contradicts the iid assumption, more specifically the assumption that the sequence of random variables are identically distributed. Moreover, one can never be certain that a slow oscillation is not a reflection of persistence which contradicts the iid assumption, more specifically the assumption that the sequence of random variables are independently distributed. 

For this study, annual sequences of 1-Day high flows and annual sequences of peak flows at sites in the Upper Mississippi basin and in the Lower Missouri basin are considered. It was assumed that a flood sequence may be characterized by trend or persistence, where trend is linear and persistence is Markovian. Trend was a strong feature of the sequences while persistence was a less prominent feature. However, de-Markoving the sequences reduced the level of significance of trends in most of the sequences, and thereby, reduced the number of sequences having significant trends at the 1% or 5% levels. De-Markoving fully accounted for persistence, i.e. no sequence showed significant residual persistence at the 5% or higher level. De-trending the sequences  reduced the level of significance of persistence in most of the sequences, and thereby, reduced the number of sequences having significant trends at the 1% or 5% levels. De-trending fully accounted for trend, i.e. no sequence showed significant residual trend at the %5 or higher level. These results suggests that their is an interaction between trend and persistence in that one partially accounts for the other.

The matter of trend and persistence is further assessed in relation to the frequency of flooding relative to a threshold elevation. For an arbitrary threshold elevation, flood water at time 

, will either exceed the threshold elevation with probability 

 or not with probability 

. Under the iid assumption, 

, whereby 

 

 – the flood process is said to be Bernoullian. Two non-Bernollian processes are considered, one marked by trend where the iid assumption is relaxed such that 

, varies with 

, and the other marked by persistence where the iid assumption is relaxed, such that the process of flooding is Markovian. In the case where the expected value of 

 is constant for the Bernoullian and the two Bernoullian processes, the non-Bernoullian process marked by trend yields a smaller standard deviation of the number 

of floods in a sequence of length 

 than the Bernoullian process. The non-Bernoullian process marked by persistence yields a larger standard deviation of the number of floods in a sequence of length 

 than the Bernoullian process if the first order autocorrelation coefficient is positive, and a smaller standard deviation if the first order autocorrelation coefficient is negative.

If the expected value of the probability defines the level of risk for a given level of negativity, then the expected risk is the same for the Bernollian and the two non-Bernoullian processes. However, the levels of uncertainty in the risk varies depending upon whether the iid assumption holds or not. In a more general setting of flood frequency analysis, it does not follow that the greater uncertainty, measured by the standard deviation, derives from trend or from persistence. 

Under the iid assumption, a large share of the uncertainty in flood frequency analysis relating to the estimates of flood quantiles derives from the estimates of the parameters of the assumed distribution of floods. Of this share of uncertainty, most is attributed the skewness of the distribution. Because the estimate of skewness derived from a sequence of observed floods is subject to considerable sampling error, Bulletin 17-B places attention on improving at-site estimates of skewness . Bulletin 17-B also recognizes that the smaller floods effect the overall fit of the Log Pearson Type III distribution to an ordered sequence of observed floods. To reduce the uncertainty in the estimates of quantiles introduced through estimates of skewness, Bulletin 17-B gives attention to developing regionalized estimates of skewness and guidelines for censoring the smaller floods in a sequence.

Empirical evidence shows that for sequences of the logs of floods, in the Upper Mississippi and Lower Missouri basins at least, the right tails of observed distributions, on an at-site or on a regionalized basis, may be approximated by the right tails of Normal distributions. A Right-Tail Normal distribution is introduced, i.e. a Normal distribution that is fitted to the logs floods of magnitude greater than a specified threshold value. To assess the merit of a Right-Tail Normal distribution relative to a Pearson Type III distribution, the threshold is taken to be the median of the logs of the flows. 

Three methods are considered for estimating the parameters of the Right-Tail Normal distribution, and are referred to as the inflection point method, the 

 – point method and the mirrored spread method, where 

 and 

.denotes the sequence length. The three methods are neither inclusive or exclusive. The Right-Tail Normal distribution is seen to yield better estimates of the 

 flood than the Pearson Type III distribution in most of the 70 year sequences of annual 1-day high flows on an at-site basis and for the corresponding regionalized sequences. The at-site sequences in log space derived from the regionalized sequences in log space are said to be in quasi-log space. It is seen that all sequences in quasi log space are better fitted by Right-Tail Normal distributions than by Pearson Type III distributions in so far as estimating the 

 for 70 year sequences of annual 1-day high flows. The results for 70 year sequences of annual 1-day high flows carry over to 100 year sequences annual peak flows for both the estimates of the 

 floods and the 

 floods. 

The Right-Tail Normal distribution is a Normal distribution whose parameters, the mean, 

, and standard deviation, 

, are estimated using only the observations of values greater than the threshold value, namely the median. None of the three methods are based on moments greater than the second and are therefore not dependent on the overall skewness of the observations. In effect, the Right-Tail Normal distributions side steps the need to either estimate the skewness of the observations or the censor some of the smaller observation followed by a redistribution of the total probability mass. In a sense, it can be said that using the Right-Tail Normal distribution instead of the Pearson Type III distribution reduces the uncertainty in the estimates of flood quantiles greater than the median.

If the chance negativities giving rise to flood risk are taken into account, it is quite likely that the negativities arise for floods above a threshold value. If that threshold is near the median flood, than a case can be made for choosing the Right-Tail Normal distribution over the Pearson Type III distribution. If the Right -Tail Normal distribution outperforms the Pearson Type III distribution in log space or in quasi-log space, then the Right-Tail Log Normal distribution will outperform the Log Pearson Type III distribution in real space, and conversely.
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