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The extreme value statistics is widely used for predicting the lives of the various structures and the industrial
plants in JAPAN. The program named EVAN, calculating the extreme value statistics, had been developed
and sold by JSCE from 1989. However, a long time has passed through the development and it did not
match a recent computer generation. And it was restricted only in Japanese language. So, a new program
(EVAN-II) was developed. Since the program was arranged for a corrosion engineer to calculate extreme
value statistics easily, generally used spreadsheet software Excel'™ was chosen for the developing platform.
Gumbel distribution and GEV (Generalized Extreme Value) distribution are prepared for the extreme value
analysis. Both MVLUE (Minimum Variance Linear Unbiased Estimator) method and MLH (Maximum
Likelihood) method are applied to calculate the parameters for Gumbel distribution. The prediction of the
extreme value of the total population can be carried out using return period. GEV distribution is so-called
generalized these three extreme value distribution, such as Gumbel, Weibull and Fréchet distribution. The
shape parameter (k) of GEV distribution determines a type of distribution among them. If & is nearly equal
to zero, GEV distribution is equivalent to Gumbel distribution. Thus, a test of this hypothesis indicates

the fitness criterion for Gumbel distribution.
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1. Introduction

Corrosion phenomena are characterized in two different
stages. One is deterministic process, and another is pro-
babilistic process. The data of general corrosion are treated
as former one. The accurate data are obtained by the atten-
tive experiment. And the data of localized corrosion are
treated as latter one. It is well known that the localized
corrosion data are widely scattered and the stochastic
treatment is effective.” Among some statistical appro-
aches, extreme value statistics was widely used for analy-
zing the localized corrosion data of plant materials.”
Gumbel had given a comprehensive treatment of extreme
value statistics.” Aziz had introduced the application of
extreme value statistics for pit depth of aluminum alloys.

The analysis of the localized corrosion by extreme value
statistics was commonly used in Japan. Kowaka er. al.
introduced the application of the life prediction techniques
using extreme value statistics.” And also, the software
named EVAN for calculating extreme value statistics was
developed and sold by JSCE (Japan Society of Corrosion
Engineering).”

228

However, a long time has passed through the develo-
pment of this software and it did not match a recent com-
puter generation. And it was restricted only in Japanese
language. So, a new software named EVAN-II was deve-
loped. Since the software was arranged for a corrosion
engineer to calculate extreme value statistics easily, gene-
rally used spreadsheet software Excel™ was chosen for
the developing platform.

This software was created by the cooperation of the
members of JSCE (Japan Society of Corrosion Engi-
neering) and the Committee of Life Prediction of Industrial
Plant Materials.

2. Characteristics of EVAN-II

Evan-Il was coded by VBA (Visual Basic Application)
language on spreadsheet software EXCEL™. So, it re-
quires the computer environment with ready for EXCEL.
And it requires the version of EXCEL 98 or upper.

Two types of the extreme value analysis are prepared.
One is Gumbel distribution, and another is GEV ( Gene-
ralized Extreme Value) distribution. In Gumbel distri-
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bution, two types of parameter estimation methods are
prepared, MVLUE (Minimum Valiance Linear Unbiased
Estimator) method and MLH (Maximum Likelihood)
method. And maximum value estimation can be done
using return period(7).

In GEV distribution, parameters are estimated by PWR
{Power Weighted Moment) method. And a fitness test of
Gumbel distribution can be done.

2.1 Gumbel distribution

Gumbel proved that maximum value was dependent on
the sample size and increased unlimitedly with increase
of the sample size using extreme value statistics. The
theory proves that the distribution of the extreme value
approaches asymptotically to three types, Gumbel, Fréchet,
and Weibull distribution. The first type of the extreme
value distribution (Gumbel) for the largest value is often
called the extreme value distribution. It is also called
doubly exponential distribution from its formula.

F(x)=exp[~exp{~£fi;&)}}

Where F(x) indicates cumulative probability distribution,
a is the scale parameter and A is the location parameter.
If standardized valuable, y, defined as;

y = oo @

Equation (1) can be expressed as;

)

F(y) = expl-exp(-y)] 3)

When F(x) is determined, a and A are calculated either
MVLUE or MLH methods. In this software, average rank
method is used for calculation of F(x).

2.2 MVLUE method

Generally, LUE (Linear Unbiased Estimator) method is
a convenient tool for estimating the distribution parameters
from comparatively small number of data. For Gumbel
distribution, MVLUE method is utilized. Put the data point
rn and data x; as follows,

x Sx, < <x (4)

The distribution parameters of Gumbel distribution are
calculated by next equations.

l=ia,(N,n)-xl. a=ib,.(N,n)~xi
=1 i=}

&)
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Where, N is a number of total data and » is a number
of significant data. Usually, N equals to », but in the case
of truncated data included, N is greater than n. For
example, pit depth measurement was done and an error
of these measurements regarded as 0.5 mm. N is a total
number of samples measured and » is a number of samples
whose pit depth is larger than 0.5 mm. (N-n) is number
of truncated samples whose pit depth are smaller than
0.5mm.

The coefficients, a{N,n) and b(N,n) in the equation (5),
are calculated from the complicated matrix equation with
parameter NV and ». Tsuge had calculated these coefficients
up to N =45.” This software includes these parameters
and can be calculated by MVLUE method up to N = 45,

2.3 MLH method

The likelihood function for data x=(x;, x2 - Xx),
which fit the distribution G (x, 4), are determined by,

L(8)= H0 g(x::0) ©

this equation is solved with the condition JL/ 96 =0_ For
Gumbel distribution,

:
A=F-Bl o

-x/

3
a=-2log [ie'%/nJ (7

these two simultaneous equations are derived. The
Newton-Raphson method is used for solving these equa-
tions. Number of iteration and convergence limit is a factor
of this calculation.

2.4 Maximum value estimation using return period

Suppose that the given data set x from the total
population fits Gumbel distribution and the distribution
parameters o and A are determined. The extreme value
of the total population is calculated using return period
(7). T can be expressed as:

T=S/s (8)
Where § is a size of total population and s is a size of
measured data. And 7 is related to cumulative distribution
function, F,

Fy) = 1- UT 9)
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Using this equation, the extreme value is calculated.

For example, water service pipe was analyzed. Total
length of the pipe was 25 m and a 1.6 m long pipe was
sampled from the line and was cut into 8 section of 0.2
m. The maximum pit was measured in each sample pipe.
Then ¢ and A were calculated to 0.10 and 1.40, re-
spectively.

T is expressed, 20 / 0.2 = 125 and F(y) = 0.992. And
the extreme value was estimated by the following equa-
tions.

y =—log(~log F) x =A+a-y (10)

Thus, the extreme value was calculated to 1.96 mm.
In this software, the extreme value can be estimated from
the input values of S and s.

2.5 GEV distribution

GEV (Generalized Extreme Value) distribution is wide-
ly used for modeling extremes of natural phenomena, such
as hydrology. GEV distribution is described as next for-
mula.

1k
G(x; 4,0,k)=exp) —{l—k(xnﬂj }
o an

Where 4, 0 and k are distribution parameters and x is a
random variable. These parameters are calculated by PWM
(Power Weighted Moment) method.

GEV distribution has following characteristics. When
k < 0, this equation corresponds to Fréchet distribution.
When & > 0, this equation corresponds to Weibull distri-
bution. And when k£ = 0, GEV distribution reduces to
Gumbel distribution. Namely, Gumbel distribution is a
particularly simple special case of GEV distribution, and
it is often useful to test whether a given set of data is
generated by Gumbel distribution than GEV distribution.
This is equivalent to testing whether & equals to zero in
GEV distribution.

Here, estimated parameter & is supposed to fit normal
distribution. The hypothesis (Ho) whether the distribution
does not fit Gumbel distribution in 10 % significance level
describes,

Ik/w/0.5633/ﬂ‘ > 1654 < Rejection of Ho. (12)

Hosking et al. introduced the effectiveness of this test.”
In this software, fitness test can be carried out using
within 10 to 50 % significance level.

230

3. Usage

3.1 Data input

This software was written by VBA language on Excel.
The usage of macro language of Excel is referred the Excel
help contents. If you access this software, then the item;
"Extreme Value Analysis", is inserted into the top menu
items of Excel.

The data, which will be analyzed, are input to a new
spreadsheet on Excel. Fig. 1 shows an data input method.
The input data are available in the forms of column vector,
line vector and box style. But an empty cell is not
accepted.

When you have finished the data input, and click the
item; "Extreme Value Analysis", the pull-down menu is
appeared. You can choose either "Gumbel distribution” or
"GEV Analysis" in the menu. And then obey the direction
displayed on your PC.

If the item "Gumbel Distribution" is chosen, the folowed
dialog box (Fig. 2) is opened. You can choose maximum
value and minimum value distribution. Two kinds of
parameter estimation method are available, MLH method
and MVLUE method.

If MLH is chosen, two parameters, convergent condition

(Column)Measurement (Line)
-0.440 - -

-0.280
1.170

0.820
2.220
0.370
0.600
2.310
Fig. 1. Data Input Method

Gasmbe| Distribution 12y E
Distnbution MHL Condition - =
~ Madmum Value Convergent Cond. 0.001
Maximum iteration |
T Minimum Value [ 4 20_ ]
Parameter Estimation — E j

& Maximum Likellhood(MHL) | i
{24

. MVLUE Method Return Period(T)

| Total Area(s) [0
¥ Make Gumbel Plot | Measured Area(s) | | |
W Estimation wth Retumn

| Return Period(T) 10

O K Cancel l

Fig. 2. Menu for Calculating Gumbe! Distribution parameters.
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and maximum iteration number, can be selected. In
ordinary case, the default value is utilized, but in the case
of divergence, the convergent condition or maximum
iteration number may be changed to larger value.

If MVLUE method is chosen, the total number, N, and
measured number, #, can be selected, as mentioned above,
Gumbel plot is also available when the item of "Make
Gumbel Plot" is checked. If you estimate the extreme
value of the total population from the sampling data, the
estimation method using return period (7) is prepared. If
the box, "Estimation with Return Period" is checked, total
area (S) and measured area (s) are required. Then the
extreme value will be calculated.

3.2 GEV distribution

When "GEV Analysis” is selected, the menu shown in
Fig. 3 is displayed. Maximum and minimum value distri-
bution can be chosen and can also be selected whether
GEV plot will be made or not.

Each parameter is calculated by PWM (Power Weighted
Moment) method. If k <0, the GEV distribution represents
the Frechet distribution and &£ > 0, then GEV distribution
represents Weibull distribution,

In the case of £ = 0, GEV distribution represents Gumbel!

GEV distribution

%
G(x;,n,0, k)= em[— {1 _k(x:;l-l]}

k = 0: GumbelDistribution
k <0 : Frechet Distribution
k > 0: Weibull Distribution

Distribution -~ RiRE
@ [Maximom Valde] € Minimum Value
¥ Make GEV Plot
0K l cancel Help(?)

Fig. 3. Menu for GEV Calculaten

distribution. And fitness test can be carried out as men-
tioned above,

4. Analytical results

4.1 Gumbel distribution

Table 1 shows the data analyzed. And the analytical
result is shown in Fig. 4. In this case, parameters were
calculated by MVLUE method.

Fig. 4. Analytical Result of Gumbel Distribution
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Table 1. Measurements for analysis.

31, 31, 32, 37, 43,
43, 43, 44, 48, 60,
64, 31, 43, 38, 50,

Table 2. Difference between parameter estimation method.

Estimation Method r;da:ﬁ,gg MLH method
a (um) ! 7.744 7.641
A (um) 37.883 38.034
Return Period(T) 60 60
Estimated Maximum Depth (ym) 69.524 69.256
Error of Estimation(um) | 7.583 7211

The columns name F(i) and x are cumulative frequency
and measured data, respectively. And the columns named
Ai(N,n) and Bi(N,n) are MVLUE coefficients. The para-
meters of distribution, o and A are shown in the right
hand side of the table. The maximum value was estimated
using return period, and the calculated results are also
displayed in the right hand side columnns.

Table 2 shows the difference of calculation method. The
same data listed in Table 1 were used. The results calcu-
lated by both MVLUE and MLH methods are compared.
The calculated o, A estimated maximum depth and error
of estimation are not so different and these are in the range
of an error of measurement. This result indicates both
methods can be used for analysis. But MLH method does
not deal with truncated data, MVLUE is recommended
for truncated data included.

4.2 GEV distribution

GEV analysis was performed by the same data and the
results are shown in Fig. 5.

The columns name F(i) and x are cumulative frequency
and measured data, respectively. And the columns named
alpha0 to 2 are the calculation intermediates. and £, o and
u are the calculated parameters for GEV distribution.
Fitness test was also done and results are summarized.
In this case, calculated & value is about -0.008. This value
is relatively small and fitness test indicates that these data
fit Gumbel distribution in 50 % significant level. And the
result also indicates that GEV plot was not performed and
suggested to use Gumbel plot.

5. Summary

Program for calculating the extreme value statistics
(EVAN-II) has been developed on the spreadsheet soft-
ware. This program was aimed to develop for many corro-
sion engineers to calculate the extreme statistics easily.

Parameter estimation for Gumbel distribution can be
carried out either MVLUE or MLH method and the calcu-
lated errors of both methods are under the experimental
errors. Fitness test for Gumbel distribution can be done
using GEV distribution. The sample data fitted Gumbel
distribution proved a benefit of this procedure.

This program is prepared for distribution by JSCE through
the Internet.
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