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INTRODUCTION

In statistics, an outlier is an observation that is numerically distant from the rest of the data (Grubbs, 1969).
Outliers can have one of three causes:
1. a measurement or recording error.
2. an observation from a population not similar to that of most of the data, such as a flood caused by a dam break rather than by precipitation.
3. a rare event from a single population that is quite skewed.
Outliers are often dealt with by throwing them away prior to describing data, or prior to some of the hypothesis test procedures. But they should not. Outliers may be
the most important points in the data set, and should be investigated further (Helsel and Hirsch, 2002).
In this study, five different methods (the z-score method, Box Plot method, QC (Quality Control) test, Maidment (modified Bulletin 17B) method and the G-B
(Grubbs–Beck) test) were used to detect outliers in maximum flow data series.

2 Box-Plot Method

1 z-Score Method
This method computes the z-scores, which are just the
normalized values,

z i  ( xi  x ) / S
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where
is the sample mean and S x is the sample
standard deviation. An outlier is defined as any
observation for which exceeds some cutoff value,
typically 2.5. Standardizing variables converts them to
a standard deviation unit of measurement so that the
distance from the mean for any case on any variable is
expressed in comparable units.

3 QC (Quality Control) Method

A box-plot identifies outliers using a somewhat different
criterion. Cases with values between 1.5 and 3 box
lengths from the upper or lower edge of the box are
identified as outliers. The box length is the inter-quartile
range (IQR), or the difference between the case at the
75th quartile (x0.75 or Q3) and the case at the 25th
quartile (x0.25 or Q1).
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5 G-B Test Method

4 Maidment Method
The USGS (US Geological Survey) proposed in Bulletin 17B the high- and lowoutlier thresholds as follows:

X H  exp( y  k N .S y )

G-B test method (Grubbs and Beck,1972) is also one of the commonly used outlier
detection methods. xH and xL are the high- and low-outlier thresholds which were
described in USGS Bulletin 17B:

X L  exp( y  k N .S y )

where y is the logarithm of the systematic peaks (y=lnX). kN values are given in
Bulletin 17B as Appendix 4 for sample size N. Maidment (1993) proposed
following Equation for kN :

k N  = -0.9043 + 3.345 log N - 0.4046 logN

This method is used to identify outliers which are not
spatially consistent with the neighboring rain gauges
(Kondragunta, 2001). There are four steps involved in
the identification of outliers:
Determination of median (x0.50), 25th (x0.25) and 75th
(x0.75) percentile of the data points.
Calculation of MAD (the median absolute deviation).
Calculation of test index (Madsen, 1993) for each
station as follows:
if MAD= 0 , index =0
else
if x 0.75  x 0.25 , index = xi  x 0.50 /( x 0.75  x 0.25 )
else
index = x i  x 0.50 / MAD
The index calculated in Step three is compared to a
predefined threshold value (typical value is 2). If the
index is greater than the predefined threshold value,
then the data is flagged as an outlier.

X H  exp( y  k N .S y )

X L  exp( y  k N .S y )

kN is the critical value calculated according to the sample size N and significance level
α. The kN critical values are given in Tables for given sample size and significance
levels. Later Pilon et al.(1985) formulized kN values for = 0.10 as follows:

k N  - 3.62201  6.28446N 1/4 - 2.49835N 1/2  0.491436N 3/4 - 0.037911N

STUDY AREA
RESULTS
The maximum annual flows of 14 stations in two neighbor watersheds, Seyhan and
Ceyhan, were examined for outlier detection with five methods. All the outliers
detected with the five methods were high outliers except one low outlier in the
Fraktin Köprüsü station detected with the G-B test. The results of the tests were
given in Table.

CONCLUSIONS
Table shows that,
 All the tests showed different precision in outlier detection.
 Box-plot and Q-C tests were the most precise ones and gave almost same results in outlier
detection.
 z-score test was the second precise test by outlier detection
 Maidment and G-B tests (both based on USGS’s Bulletin 17B) detected minimum number of
outliers compared to other tests.
If the Table was examined in detail, it is remarkable that,
 Almost in every station the observations of the years 1979 and/or 1980 were detected as outliers.
So they are not based on measurement or recording errors, and they cannot be considered as
outliers that should be removed from the series.
 The outliers in 1979 and 1980 have almost in every observation series the highest rank. And the
outliers with lower values than the outliers in 1979 and 1980 also should not be removed from the
series.
 As a result none of the high outliers detected in the series should be removed.
 Other than this, one low outlier in the Fraktin Köprüsü station detected with the G-B test, which
can be considered as the only outlier within the framework of the study.
 As mentioned by Helsel and Hirsch (2002), outliers may be the most important points in the data
set, and should be investigated further before they thrown away.
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*The solely low-outlier detected in the tests

