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ABSTRACT

Low streamflow, which is one aspect of drought,
constitutes one of the exiremes of the hydrological
regime. Among the low flow characteristics of rivers,
low flow frequency analysis, that is fundamental to a
wide range of design and operational problems in
area of both water quality and quantity, is the one.
This paper deals with the introduction of the
nonparametric methods in the low flow frequency
analysis and then make comparative evaluation on the
magnitude of low flow quantile corresponding to a
given return period with the parametric siatistics. A
currently used approach to low flow frequency
analysis is based on the assumption made that the
distribution function describing the annual minimum
low flow data is known, which is never known exactly.
Recently, nonparametric method of estimating
probability  distribution  functions have been
developed, which doesn't require a distributional
assumption. This involves the use of a suitable
smoothing function known as a kernel The fixed
kernel nonparameiric method is proposed and
developed for estimating low flow quantiles. Based on
annual minimum low flow data and Monte Cario
Simulation Fxperimenis, the proposed model is
compared with Weibull models both for its descriptive
and predictive ability. Computed restlts showed that
the fixed kernel estimator has small bias and root
mean square error in low flow guantile estimates.
Application of the model 1o data from the Blue Nile at
Eldeim (Sudan} and Komai (South Africa) rivers have
shown that the nonparametric approach is viable
alternative to the Weibull models. It is, therefore,
concluded that the nonparametric method is accurate,
uniform, and particularly switable for the multimodal
dato.

INTRODUCTION

Although investigation of extremes of hydrological
events (maxima and minima) altracts a great deal of
research, the methodology of low flow computalion is
much less reflected in the availabie hydrological
literature (han the theory of floods. Some of the

techniques (hat are commonly used to study low flows
are:(1) Flow duration curves;(2) Low-Flow spells,
and(3) Low flow frequency analysis. This peper only
deals with single site analysis of low flow frequency
analysis by using two different distinct approaches-
parametric and nonparametric frequency analysis
procedures.

A currently used approach to low flow frequency
analysis is based on the concept of parametric
statistical inference. In this analysis the assumption is
made that the distribution function deseribing annual
minimum flow data is known. Several estimation
methods exist which may be used in these
circumslances to obtain estimates of parameters and
quantiles.

However, in hydrological context, there is no
compelling evidence in favor of any one parametric
distribution or fiting procedure. Some of the situations
that cause problems with parametric methods are:
selection of a particular distribution, parameter
estimation, most of commonly used distributions are
unimaodal and sometimes a method can completely fail
to produce a solution for no obvious reason. Therefore,
it is evidenl that the parametric method, which depends
on prior knowledge of the parlicular distribution
function, has its limitations [4] and, as pointed out by
[6], " no amount of statistical refinement can
overcome the disadvantage of not knowing the
Jrequency distribution involved”.

To overcome some of the limitations of the parametric
method, there have been recent

developments 1n the theory of nonparametric statistics
thal could be another passible approach to the low flow
frequency analysis (o estimate the probability density
function nopparameterically. Such a method allows the
annual minimum flow data to "speak for (themselves”,
Le. it does not require assumption of any functional
form of density; it has also the ability of estimating
multimodal distributions and therefore, can be very
attractive in hydrological applications, and is well
worth considering. The application of nonparametric
methods for the esimalion of flood quantiles have been
mvesligaled in the jast decade. For flood studies, it hag
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Figure 3 Bias and RMSE of 100 year flow quantile as a function of sample size forpopulation
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A Monte Carlo Comparison
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Figure 4 Bias and RMSE of different low flow quantile as & function of sample size for population
No. 1(8,=2.0,8,=1,8,=0.1 and Xy = 0.572, Xyop = 0.327 and Xy, = 0.242),

(a) returm peniod = 5, (b) return period = 20, (c) return period = 50
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