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SYNOPSIS
GENERALIZED PARETO DISTRIBUTION FOR FLOOD FREQUENCY ANALYSIS

Estimation of hydrologic 1loading (flood peak) based on
preassigned risk, so that a specific service is not
interrupted or stopped because of hydrological reasons is
central to flood frequency analysis. The selection of design
flood for a specific return period 1is in principle an
assessment of the risk involved against the <cost of
interruption or stoppage of a specific service if a flood
greater than the design flood is experienced. Risk is not
confined to civil engineering structures alone, but covers a
wide field of economic activities. Both socio-political and
economic considerations enter into the decision making. The
task of identifying a design flood with a specific return
period is accomplished by choosing an appropriate
probability model. Uncertainty in the flood frequency
analysis <creeps 1in because a hydrologist can never be sure
about a fitted distribution being the same as nature might
have wused to generate flood flows and also the data sample
may not truly reflect the complete characteristics of the
population. To get over this uncertainty, many probability
distributions ranging from two-parameter distribution to
five-parameter distributions and several parameter

estimation techniques need to be examined.
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Decision making values in flood frequency analysis
usually 1lie at the tail end of a distribution and selecting
a distribution shape from amongst established distributions
based on goodness of fit indices is not an easy affair.
There has been multiplicity of reasons in justification for
various distributions. Chow (1954) thought that causative
factors for many hydrologic variables act multiplicatively
rather than additively and so the logarithm of the peak
floods which are the products of these causative factors
should follow the normal distribution. However, if Chow's
feasoning about peak flood formation been wuniversally
applicable, there was no need of numerous frequency
distributions to model the annual peak flood flows. In
reality, numerous probability density functions (pdf's) have
been tested to see if they fit the annual maximum series of
the peak floods. The main problem is that data tend to be

asymmetrical . and no pdf is ﬁniversally applicable.

One family of pdf which have been recommended in the
Flood Studies Report (Natural Environment Research Council,
NERC, 1975) 1is that of general extreme value distributions
(GEV's). A particular example of this 1is the so called
extreme value type-1 (EV1 or Gumbel's) distribution. The EV1
distribution is the simplest of the family of GEV's and its
applicability is limited to the data whose skewness

coefficient 1is in the vicinity of 1.139., There are two more
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members of this family: the EV2 and EV3; but these require
the estimation of a third parameter, known as the shape
factor. Unfortunately, it has not been possible to estimate
the third parameter without any uncertainty. Consequently,
the Flood Studies Report recommended that the third
parameter should be selected according to region, using

results derived from regional pooling of data.

Some of the two parameter distributions such as Normal,
Exponential and Extreme value type-1 are applicable for a
specific skewness and as such refer to fixed shape though
these may provide 1low variability in an estimator. There
have been attempts to indirectly account for the third
parameter by wusing a transformation to normality based
entirely on the <criterion of making the coefficient of
skewness near to zero. Based on the above approacﬁ, Chander
et al. (1978) reported the use of power transformation in
the flood frequency analysis. This process ignored the
kurtoéis of the distribution which governs the tail
thickness of the distribution. However, the authors did make
attempts to correct for deviation of coefficient of kurtosis
away from 3 in the normalized series. Also Cunnane (1985)
pointed out that few random samples from normal population

have skewness equal to or close to zero.

Boughton (1980) believed that the statistics of the flood

data from various catchments strongly demonstrate the need




vi
of three ©parameter frequency distribution instead of twe
parameter frequency distribution. After analysing flood data
from 78 catchments in Australia, he found that the range of
the estimates of coefficient of skewness to extend from 4+
1.43 to -2.26 with a mean value of -0.6. The range is
sufficiently large that no two parameter distribution could

adequately fit all of the data sets.

Other studies (U.S. Water Resources Council, 1967;
Prasad, 1970; NERC, 1975 and Kite, 1977) have tested
different probability distributions and their conclusions
are 1in favour of three parameter distribution, such as log
Pearson type 3 and GEV, because these fit better to data
used. Attempts have been made in the past for correcting the

bias in the estimation of coefficient of skewness.

Singh and Sinclair (1972) suggested the use of mixture of
two distributions with five parameters to model annual peak
flood series. However, Cunnane (1985) discourages the use of
mixture of distributions when there is no physical
explanation for the need for more than two or three
parameters. Houghton (1978a) introduced the five-parameter
Wakeby distribution as the one capable of adequately fitting
flood .records. Although the Wakeby distribution has a
versatile shape characteristics to make satisfactory fit for
flood records, this advantage alone does not ensure robust

estimation of extreme events (Kuczera, 1982b).
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To overcome the presence of the outliers and high
variability of skewness of historical data, Rossi et al.
(1984) suggested the two component extreme value (TCEV) as a
model for analysis of annual flood series in Italy. It has
four parameters to describe a flood series generated by two
distinct independent processes (e.g. Snowmelt and Frontal
storms). Ahmad et al. (1988a) examined the Wakeby and TCEV
distributions. According to the authors, an 1ideal
distribution for flood frequency analysis must possess the
following characteristics: (i) it must reproduce at least as
much variability in flood characteristics as is observed in
empirical data sets; (ii) it must be insensitive to extreme
outliers especially in the upper tail, (iii) it must have a
distribution function and an inverse distribution function
that can be explicitly expressed in a close form and (iv) it
must not be computationally complex nor involve the
estimation of a large number of parameters. The Wakeby and
TCEV distributions have proved successful in terms of
reproductive <criteria (i), and includes the separation of
skewness in observed and simulated floods. The parameter
estimates of Wakeby distribution often have large standard
errors which result in wide confidence intervals for the
quantile estimates and its distribution function can not be
expressed 1in a <closed form giving rise to problems in

parameter estimation by maximum likelihood method. Thus the
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Wakeby distribution fails to satisfy adequately the criteria
(iii) and (iv) as listed above. Similarly, the TCEV fails to
perform adequately in terms of criteria (iii) and (iv),
since the parameter estimation by maximum likelihood method
on selected data can fail to achieve the required
convergence. Furthermore, the inverse form of TCEV does not
exist and thus the estimates of quantities are difficult to

obtain.

Considerable uncertainty exists about the form of the
underlying population distribution of flood at any site.
Owing to the vast hydrogeological variations possible, it is
reasoned that the population distribution may have
remarkably wide range of forms for various sites. With the
inadequacy of two parameter distributions well established,
there is a scope for more three parameter distributions to

be tested for performance for flood frequency analysis.

Various parameter estimation methods are in wuse for
estimating the parameters of a frequency model from the past
records at specific sites. The method of moments (MOM) which
is widely used in hydrology, is subject to some biaé and is
relatively inefficient. The method of maximum likelihood
(ML) provides asymptotically minimum variance estimates. It
is wused to lesser extent, partly because, the application
does not lend itself to easily manipulated algebraic

expression (Landwehr et al., 1979b). Another method wused is



the least squares (LS), but it may not be preferable as a
standard method. Moreover, as a new class of moments,
Greenwood et al. (1979) introduced the probability weighted
moments (PWM) method as a potential technique for estimating
the parameter of distributions which «can be written in
inverse form. Another alternative method used to estimate
the parameters is based on the concept of entropy (Joitte,
1979; and Singh and Singh, 1985), it has not found wide

application.

The generalized Pareto (GP) distribution, a three
parameter distribution, was introduced by Van Montfort and
Witter (1985) and (1986) as a model applicable for rainfall
series wusing the maximum 1likelihood estimates. Moreover,
Hosking and Wallis (1987) developed the GP parameter
estimates by deriving both methods of moments and
probability weighted moments in which the case of lower
bound is known to be zero. It was decided to explore the
possibility of its application as a candidate distribution
in flood frequency analysis. With this in mind the
objectives of the study are set as follows:

1, To prepare brief state-of-the-art report on flood
frequency analysis.

2. To formulate equations for the parameter
estimation of GP distribution using method of moment, method
of maximum likelihood and probability weighted moment method
where the case of lower bound is not equal to zero. The




formulation based on least squares method has also been
done.

3. To study the performance of GP distribution in
comparison to the other commonly used distributions.

4, To evaluate the performance of the these methods
of parameter estimation in terms of commonly used criteria,
such as the bias, root mean square error, etc., using Monte
Carlo simulation.

Analytical equations for parameter estimation using ML,
MOM and PWM methods have been modified with respect the
lower bound of series as a third parameter. Also equations
of the LS method has been formulated. The performance of the
methods of parameter estimation have been evaluated. The PWM
and LS methods decidedly to be the best techniques when c<O0
and ¢>0, respectively. Performance of the GP distribution in
flood frequency analysis has been compared with the other
distributions, such as GEV, log-Pearson type 3,
log-logistic, log-Boughton and power transformation.The GP
distribution performs reasonably well as compared to the

other distributions.
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