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Summary: In the hydraulic structures design process, the reliable flood estimation is
essential for designing the structure. Statistical analysis of observed flood flows, i.e. the
flood frequency analysis is one way to obtain the design flood of a specified probability.
The problems that can threaten the credibility of flood estimates are related, among
other issues, to the treatment procedure of exceptional values (outliers) in the observed
flood flow data sets. In this paper a detection of upper and lower outliers in a series of
streamflow annual maxima is performed by the Grubbs and Beck statistical test on 68
hydrological stations in Serbia. The data observation period considered is from the
establishment of the stations until 2012. The outlier detection results are compared to
the previous results obtained for the data processing period until the year 2006.
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1. INTRODUCTION

Standardization of methods and procedures for the analysis of floods is essential for
consistent and reliable assessment of design floods for sizing the hydraulic structures.
Statistical analysis of the observed flow data is the basis for determining flood estimates
for design projects, which in turn are the basis to estimation of design floods and the
regional flood frequency analysis. Development of the “Guidelines for flood frequency
analysis at hydrologic stations (in gauged basins)” for Serbia is in the final stage [1].
These guidelines propose the way to treat exceptional values (outliers) in the observed
flood series of annual maximum flows, which makes the sample for frequency analysis.
The proposed approach is new to the existing engineering practice in Serbia. The
presence of outliers in the sample can lead to problems in formulating a statistical model
and fitting an appropriate theoretical distribution from the observations. Given that
finding a correct model that will allow extrapolation of the flow outside the range of
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observed values is very important for estimation of design floods, the effect of the high
outliers on the choice of the theoretical distribution is usually considered to be crucial.
However, low outliers can significantly affect not only the choice of the best
distribution, but also the distribution parameter estimates.

The goal of the study presented in this paper is to determine the differences that arise
from different approaches to outlier detection and to identify the problems that may arise
in application of the proposed procedures.

2. METHODOLOGY

Outlier detection in the annual maximum flood series in this paper is based on the
Grubbs and Beck test [2]. This test examines the presence of high and low outliers in the
series. It is used under the assumption that the logarithms (or some other transformation)
of the original series are normally distributed. When natural logarithm of the variable is
used, the upper and lower limits for outliers are given with:

Xp=exp(m,—K,s,) i Xg=exp(m,+K,-s,). (1)

where m, and s, are the mean and standard deviation of the natural logarithms of the
original variable, and K, is the frequency factor representing the test statistic that
depends on the significance level a and the sample size n. For the 10% significance level
and sample size n, approximate expression for K, is given with [3]:

K, =-0.9043 +3.345,/logn —0.4046logn, 2)
The above equation gives approximately the same results as the expression [4]:
K, =—-3.6220 + 6.28441n°% —2.498351"° 4 0.4914361n"7° —0.037911n . (3)

For the 5% significance level, the following formula has been obtained from information
in [5]:

K, =-0.5148+3.19,/logn —0.3837logn . @

For flood flow series and their logarithms for which distributions other than normal are
assumed, the limits that define outliers are estimated from the given distribution for
normal probability of K,,:

Xp=F{'(-p), Xs=F5'(p)., p=0(K,). Q)

where ®(.) is the cumulative distribution function of the standard normal distribution,
and F(.) is the assumed parent distribution for the sample data.

The sample data is tested for normality by testing the hypothesis that the skew
coefficient is equal to zero. The critical region for this test is defined using the Fisher’s
asymptotic variance of the sample skewness [6]:

6n(n-1)
(n=2)(n+)(n+3) ©)

var[c, ] =
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The annual maxima series for which the skewness of the logarithmic flows was not in
the critical test region (|c,| < Zuvar[cs]o‘s, where Z, is the standard normal variate for the
given significance level o) were considered to be log-normally distributed (and denoted
LN2). The series for which the normality hypothesis was rejected were fitted with other
skewed distributions including Pearson type III (PT3), log-Pearson type III (LPT3) and
the general extreme value distribution (GEV). The best distribution was selected on the
basis of the goodness-of-fit tests and visual checks. Where it was possible, the same
distribution type was adopted for the sites from the same large basin.

An iterative procedure for outlier detection was applied. For positively skewed samples
the largest observation X, is first compared to the upper limit X;, and for the negatively
skewed samples the smallest observation X; is compared to the lower limit Xp. If X, or
X turns out to be an outlier, it is removed from the sample. The sample statistics are
then recalculated, and the detection procedure starts from the beginning. Such an
approach is especially important for samples with two similar extreme values that are not
readily detected as outliers. According to [5], in the samples in which the second
extreme value was also an outlier, both values were treated as outliers; in the opposite
case neither value was treated as an outlier.

The most common recommendation for further frequency analysis of the samples
featuring low outliers is to remove them from the sample (the censoring approach) [4]. A
quantile x, is estimated from a censored sample by correcting the new distribution
function F(x) because of removing 7, values. This is done by conditioning F(x) with
the reduced sample size:

F(x)=P{X <x}=P{X <x| X >XpP{X>X,}+

n—ny

ny - @)

+PIX <x|X<XpPX<Xp}=F(x) +1-

A high outlier can be treated using different approaches according to [7]: a) the outlier is
removed from the sample, b) the outlier is replaced with the second largest flow in the
same year in which the outlier has occurred, c¢) the outlier is replaced with the second
largest value in the sample, and d) the outlier remains in the sample. Another possible
approach is to replace the outlier with the flood of the 50 or 100 year return period from
a neighbouring station or region. As a rough estimate, an outlier can be assigned an
apparent return period 7* > n, estimated as the return period of the same flood event at
neighbouring stations or by using information on historical floods [8]. Such approaches
are currently not applicable for Serbia, because the results of a regional flood frequency
analysis for the considered period are not available.

3. RESULTS AND DISCUSSION

In this paper, the presence of outliers in the annual maximum flow series at 68
hydrological stations on the territory of Serbia is investigated. The observation record at
these stations spans from the establishment of the stations until the year 2012 (sample
size ranges from 39 to 85 years). Testing for normality of the log-transformed series
showed that the LN2 distribution can be applied to 44 out of 68 stations. The PT3
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distribution is applied to two stations, the LPT3 distribution to six stations and the GEV
distribution to 16 stations. It should be noted that stations on the Drina River are not
considered since the well-known historical maximum in 1896 requires special attention
and application of the methods for frequency estimation of historical extremes from pre-
systematic observations. At the 10% significance level, low outliers were identified at 8
stations and high outliers at 3 stations, while one station (the Studenica River at Usce)
had both a high and a low outlier. At the 5% significance level, almost all of the outliers
detected at the 10% significance level were detected again, except for one low outlier
(the Ibar River at Lopatnica Lakat) and one high outlier (the Studenica River at Usce).
The results of testing for presence of outliers (equations 2 and 4) are shown symbolically
in Figures 1 and 2 along with the results published in [9], where the annual maxima
series with data until 2006 were tested at the 10% significance level. It should be noted
that the approach used in [9] is somewhat different from this study in that only the series
with | ¢; | > 0.4 were tested for presence of outliers, that only the LPT3 distribution was
considered, and that the limits for outlier detection were not determined from equation
(5) but rather with an assumption of a normal parent distribution (eq. 1). In addition, the
results of an evaluation of the detected outliers’ return period that was carried out in [9]
is also shown symbolically in Figures 1 and 2 with circles of different sizes.
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Figure 1. Low outliers detected in the series of annual maxima flows: triangles — the
results from this study, circles — the results from [9].
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Figure 2. Hzgh outliers detected in the series of annual maxima ﬂows triangles — the
results from this study, circles — the results from [9].

In comparison to the results from [9], new outliers are detected in data after 2006 (low
outliers in the Toplica River basin), while the high outliers in the Vlasina River basin in
1988 and the low outliers in the Kolubara River catchment that have exceptionally small
probability of occurrence are detected again. The differences in detected outliers
between the results from this study and the results from [9] can be attributed to different
samples and to the fact that the study [9] did not consider possible limitations for the
application of the Grubbs-Beck test in regard to the assumption on the log-normal parent
distribution.

4. CONCLUSIONS

The main conclusion drawn in this study is that the assumption about the type of the
annual maximum flows’ parent distribution is extremely important for outlier detection,
because transformation (5) yields different limits for the outlier detection. The study has
shown that the outliers detected under assumption of the log-normal distribution in cases
when this assumption was not supported by the sample properties (because the skew
coefficient of the log-transformed data was significantly different from zero) were
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generally not detected under assumption of a theoretical distribution identified as the
best fit for the given empirical distribution.

The example of the Studentica at US¢e station, for which both high and low outliers were
detected, has shown that the order of the outlier detection (high/low or low/high) has an
important role. In such cases, the series asymmetry is a useful indicator to select the
order of the detection.

Finally, the procedure for outlier detection is certainly of great importance for the
subsequent estimation of quantiles from the selected distributions and hence the design
flood flows, which is the subject of the ongoing investigation in this study.
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INOCTYITAILE CA U3Y3ETHUM BPEJHOCTHUMA Y
CTATUCTUYKOJ AHAJIM3HU BEJIMKUX BOJIA

Pezume: YV npoyecy npojekmosarea XuopomexHuukux objexama, noy30aHa npoyeHa
MepOoOasHUXx BeIUKUX 800d je 00 CYWMUHCKO2 3HAYaja 3a OUMeH3UOHUCarbe objekama.
Cmamucmuyka aHaiu3a HU3068d OCMOMPEHUX NPOMOKA je jedan 00 HAYUHA 34 OYEHY
MepooasHux eeauxux 6ooa. Ilpobremu xoju mozy 0a yzposze 8epoo0OCHmOjHOCH oyeHe
BeIUKUX 600a NOBe3aHU cy, usmehy ocmanoe, U ca HAYUHOM HA KOju ce NOCMyna ca
UZY3EMHUM BPEOHOCTHUMA (U3V3eyuma) Yy OCMOMPEHUM HU308UMA nodamaka. ¥ 08om
paoy cnposedena je OemeKyuja 20proux U OOFUX U3V3eMaKd Y HU308UMA 200UUUTLUX
maxcumyma cmamucmuykum mecmom Grubsa i Beka 3a 68 xudporowxux cmanuya y
Cpouju y nepuody 00 ocuusara cmanuya 0o 2012. eoodune. [lobujenu pesyamamu
ynopehyjy ce ca objasmenum pezyamamuma 0odujeHum 3a nepuod oo 2006. 2odune,
WMo je NoKa3aio 0a HA NOCMYNax OemeKyuje KbYYyHU Ymuyaj uma npemnocmaskd o
pacnodenu Kojy npame pasmampanu HU308iu.

Kawyune peuu: Benuxe 600e, 00U usy3eyu, 20proll Uzy3eyu, Cmamucmuyka aHaiusa
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