
www.fl andershydraulicsresearch.be

00_144_2
FHR reports

Scientifi c Assistance towards a Probabilistic 
Formulation of Hydraulic Boundary Conditions

Extreme Value Analysis software tool Manual



  
 

   

 

Scientific Assistance towards a Probabilistic 
Formulation of Hydraulic Boundary Conditions 

Extreme Value Analysis software tool Manual 

Leyssen, G.; Blanckaert, J.; Pereira, F.; Nossent, J.; Mostaert, F. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



F-WL-PP10-2 Version 6 
Valid as from 1/10/2016 

Cover figure © The Government of Flanders, Department of Mobility and Public Works, Flanders Hydraulics Research 

Legal notice 

Flanders Hydraulics Research is of the opinion that the information and positions in this report are substantiated by the 
available data and knowledge at the time of writing. 
The positions taken in this report are those of Flanders Hydraulics Research and do not reflect necessarily the opinion of 
the Government of Flanders or any of its institutions. 
Flanders Hydraulics Research nor any person or company acting on behalf of Flanders Hydraulics Research is responsible 
for any loss or damage arising from the use of the information in this report. 

Copyright and citation 

© The Government of Flanders, Department of Mobility and Public Works, Flanders Hydraulics Research 2019 
D/2017/3241/27 

This publication should be cited as follows: 

Leyssen, G.; Blanckaert, J.; Pereira, F.; Nossent, J.; Mostaert, F. (2019). Scientific Assistance towards a Probabilistic 
Formulation of Hydraulic Boundary Conditions: Extreme Value Analysis software tool Manual. Version 3.0. FHR Reports, 
00_144_2. Flanders Hydraulics Research & IMDC: Antwerp. 

Reproduction of and reference to this publication is authorised provided the source is acknowledged correctly. 

Document identification 

Customer: Flanders Hydraulics Research Ref.: WL2019R 00_144_2 
Keywords (3-5): Extreme Value; Flooding; Floodrisk 
Text (p.): 27 Appendices (p.): 7 
Confidentiality:  No  Available online 
 
Author(s): Leyssen, G.; Blanckaert, J. 

Control  

 Name Signature 

Reviser(s): Pereira, F.; Nossent, J.  

Project leader: Pereira, F.  

Approval 

Head of Division: Mostaert, F.  

 

 

Reden: Ik keur dit document goed

Getekend door: Fernando Pereira (Signature
Getekend op: 2019-11-29 15:23:19 +01:00

Reden: Ik keur dit document goed

Getekend door: Fernando Pereira (Signature
Getekend op: 2019-11-29 15:23:39 +01:00

Reden: Ik keur dit document goed

Getekend door: Jiri Nossent (Signature)
Getekend op: 2019-11-29 15:48:08 +01:00

Reden: Ik keur dit document goed

Getekend door: Frank Mostaert (Signature)
Getekend op: 2019-11-29 15:22:24 +01:00



Scientific Assistance towards a Probabilistic Formulation of Hydraulic Boundary Conditions  
Extreme Value Analysis software tool Manual 

Final version WL2019R 00_144_2 III 

 

Abstract 

The Extreme Value Analysis tool (EVA tool) is a Matlab® software package developed in commission of 
Flanders Hydraulic Research (FHR). The tool is a standalone executable which facilitates and automates the 
selection of extremes from time series, e.g. wind speed, wave heights, discharges, water levels, etc., the 
application of frequency analysis and the determinations of the appropriate distributions of these 
extremes. The tool is part of a suite of software tools to facilitate the probabilistic formulation of hydraulic 
boundary conditions. This report is a manual for the tool. It assists the user when installing the tool and 
gives an overview of the workflow. Furthermore is provides a short theoretical overview of the Extreme 
Value Analysis and an in depth description of the workflow and the functionalities of the tool. 
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1 Introduction 

The Extreme Value Analysis tool (EVA tool) is a Matlab® software package developed in commission of 
Flanders Hydraulic Research (FHR). The tool is a standalone executable which facilitates and automates the 
selection of extremes out of a time series, like for example wind speed, wave heights, discharges, water 
levels, etc, the application of frequency analysis and the determinations of the appropriate distributions of 
these extremes.  

The tool is part of a suite of software tools to facilitate the probabilistic formulation of hydraulic boundary 
conditions. An overview of the tools and corresponding reports and manuals is presented in Figure 1-1. 

The Extreme Value Analysis reference guide gives an overview of the methodology and a summary of the 
applied formulae. The theoretical techniques used to fit the extreme value distributions are based on 
international standard literature (Coles, 2001; Kotz, 2000, Nelsen, 2004) and Beirlant’s masterpiece 
(Beirlant, 2004). 

Figure 1-1: Overview of reports, tools and manuals 
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2 Software 

The Extreme Value Analysis tool has been developed by IMDC in a Matlab® environment and compiled into 
an executable, so there is no software license required to use the toolbox. The tool consists of three mean 
visual interfaces which give access to numerous Matlab® functions.  

The user needs to install the Matlab Compiler Runtime (MCR) before the first execution of the EVA-tool. 
The MCR is a Matlab® copy without the graphical interface that can be deployed royalty free and possesses 
all the strengths of the full Matlab® environment. You must have administrative privileges to install the 
MCR on a target machine since it modifies both the system registry and the system path. Running the MCR 
Installer after the MCR has been set up on the target machine requires only user-level privileges. 

2.1 Installation of MCR 

The installation of the MCR Installer is guided by an installation GUI which requires the following steps. 

• When the MCR Installer wizard appears, click Next to begin the installation. Click Next to continue. 

• In the Select Installation Folder dialog box, specify the location where you want to install the MCR 
and whether you want to install the MCR for just yourself or others. Click Next to continue. 

• Confirm your selections by clicking Next. 

• The installation begins. The process takes some time due to the amount of files that are installed. 

A more detailed explanation of the MCR can be found on Matlab (2011).  
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3 Workflow 

The workflow of the EVA-tool consists of 4 successive blocks presented in Figure 3-1. Starting with the 
import of time series followed by the selection of extreme values of the time series. These extreme values 
can be peak over threshold (POT) values or block maxima, like annual maxima. The tool provides the 
functionality to visualise the time series in combination with the selected extremes and generates a plot of 
the properties of these extreme values. This last plot will aid the user in his choice for the appropriate 
distribution. After the third step a distinction is made between marginal distributions, appropriate for the 
block maxima, and conditional distributions, for POT values. 

Figure 3-1: Workflow of the EVA-tool 
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4 Short theoretical overview 

This chapter gives a short theoretical overview of the procedures in the EVA-tool. A more extensive 
theoretical consideration can be found in the Extreme Value Analysis Reference Guide (IMDC, 2015). 
Extreme value statistics is unique as a statistical discipline in that it develops techniques and models for 
describing the unusual rather than the usual. Extreme values are by definition scarce which implies that 
estimates are required for values that are much greater (or smaller) than values that are already observed. 
Extreme value theory provides a number of models specialized in the extrapolation to these extreme values 
combined with a number of tools to choose the appropriate model for the phenomena of interest.  

A distinction can be made between the classic extreme value theory with marginal distributions based on 
block maxima, and the threshold extreme value theory with conditional distributions based on POT (peak 
over threshold) values. It should be noted that every marginal distribution has a conditional counterpart 
and vice versa. 

4.1 Marginal vs conditional distributions 

The first task in extreme value analysis is the selection of appropriate extreme values. Traditionally 
maximum values of each year (or rather storm season) are selected. These are block maxima with a block 
range of one year. There is a wide range of extreme value marginal distributions (all of them member of the 
generalized extreme value (GEV) distribution family) available to quantify the stochastic properties of the 
block maxima. In case of very long datasets this is a strong and straightforward methodology. The 
Generalized Extreme Value distribution can be divided in three classes depending on tail behaviour (Figure 
4-1). If the distribution has a light tail, ξ<0, it is part of the extreme value Weibull domain. Distributions of 
this family have an upper boundary z+. If ξ = 0 the distribution belongs to the Gumbel domain and the tail 
decreases exponentially to infinity. The third family is the Fréchet family (ξ > 0). These distributions have a 
heavy tail which decreases polynomially to infinity (Coles 2001).  
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Figure 4-1: Tail behaviour of GEV with different values of ξ 

 
In reality most datasets contain data from 10 up to 40 years or more. Fitting extreme value distributions 
trough 10 up to 40 data points will result in wide confidence intervals and major uncertainty in the 
extrapolation domain. In most cases each year contains multiple extreme events, for instance several wind 
storms. In case of block maxima only the largest event will be selected. By selecting all the extreme events 
the maximum amount of information can be used to determine the parameters of the appropriate 
distribution. The peak over threshold (POT) values are all independent values that exceed a set threshold. 
The independency is guaranteed by two additional selection criteria: the inter event level and the time 
interval. The inter event level is the maximum value the minimum between two POT values may have. It is 
determined by a factor that has to be multiplied with the minimum of the two POT values. The time 
interval is the minimum time lag between two successive POT values. The initial threshold has to be kept 
sufficiently low to select enough extreme events. In a second step the optimal threshold will be 
determined, i.e. the threshold above which the values are extreme and follow the considered extreme 
value distribution.  

While the block maxima have an approximating marginal distribution, part of the GEV distribution, the POT 
values have an approximate conditional distribution within the Generalized Pareto family. These 
conditional distributions are only valid above the selected optimal threshold. Similar to the GEV 
distribution, the shape parameter ξ is dominant in determining the behaviour of the GPD. The conditional 
Weibull (CWD) and conditional exponential distribution are members of the conditional Gumbel family with 
ξ = 0, and the conditional Pareto distribution is part of the conditional Fréchet family with ξ > 0. They have a 
tail that decreases exponentially and polynomially respectively. 
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4.2 selection of the appropriate distribution 

Tools are implemented to select the proper distribution for a dataset. A maximum likelihood estimation will 
give the best fit of the selected distribution through a dataset but doesn’t guarantee that this distribution is 
the most appropriate one. The GEV and the GPD distributions cover the entire marginal and the conditional 
domain respectively. In spite of this broad range it is, in most cases, more convenient to use a more 
specialized distribution with less parameters or a shape designed for the dataset.  

4.2.1 Excess functions (conditional distributions) 

By means of the mean excess function it is possible to get an estimate of the proper conditional 
distribution. The mean excess is the mean over the excess values of all the POT values exceeding the 
threshold. Every conditional distribution has a theoretical mean excess function which gives the mean 
excess as a function of a threshold (u). The shape of the empirical mean excess function can be compared 
with theoretical mean excess functions of the different distributions. If the empirical mean excess function 
has an increasing trend, the corresponding distribution will belong to GPD (ξ>0): Pareto distribution or 
conditional Weibull distribution (τ<1). In case of a horizontal mean excess function the data will follow GPD 
(ξ=0): the exponential distribution. If the mean excess function is decreasing in function of the threshold 
the observation set will belong to the GPD (ξ<0), i.e. the CWD (τ>1). This comparison can be made before 
fitting the parameters of a distribution (Figure 4-2). 

Figure 4-2: Theoretical mean excess functions 
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4.2.2 Shape parameter 

The shape parameter is an additional aid to select the appropriate conditional distribution and an aid to 
select the appropriate marginal distribution. The shape parameter of the GEV and the GPD distribution 
gives an indication of the appropriate family. The shape parameter of both the GEV and the GPD 
distribution will be calculated with 95 % confidence interval. Because of the inherent variation of datasets a 
shape parameter with value of exactly zero is not likely. However if the confidence interval of the shape 
parameter contains zero, the distributions corresponding to the ξ=0 can be selected. Table 4-1 displays the 
selection rules based on the shape parameter ξ. 

Table 4-1: Determination of the appropriate distribution by the shape parameter 

Confidence interval contains Marginal domain Conditional domain 

ξ<0 GEV GPD 

ξ=0 GEV, Gumbel GPD, CWD, Exponential 

ξ>0 GEV GPD, Pareto 

4.2.3 RMSE as an estimate for goodness of fit 

After the parameters of the selected distribution are determined by a maximal likelihood fit, the root mean 
square error (RMSE) between the empirical and the model values is calculated. This is done by assigning an 
empirical exceedance probability to each observation above the optimal threshold u. After ranking the 
observations from large to small 

𝑋𝑋1 ≥ 𝑋𝑋2 ≥ ⋯ ≥ 𝑋𝑋𝑘𝑘 

the exceedance probabilities corresponding to the sorted observations are calculated by: 

𝑝𝑝𝑖𝑖 =
𝑖𝑖

𝑘𝑘 + 0.5
 

These probabilities are used in the inverse cumulative distribution to calculate the estimated observations 
M1, …, Mk. The RMSE of X and M gives an estimation of the goodness of fit of the selected distribution. 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = �∑ (𝑋𝑋𝑖𝑖 − 𝑅𝑅𝑖𝑖)2𝑘𝑘
𝑖𝑖=1

𝑘𝑘
 

4.2.4 Confidence intervals of the parameters 

The confidence intervals of the parameters give an impression of the possible variation. Wider confidence 
intervals will result in uncertain return levels. Large variation can be caused by a too small dataset or an 
inappropriate choice of distribution. 

4.2.5 Visual control of the return level plot 

The goal of extreme value analysis is the extrapolation of return periods and corresponding return levels to 
higher values than the empirical values. So the return period-return level plot is of major importance. There 
has to be a satisfying similarity between the calculated curve and the empirical values in the low return 
period domain to give good extrapolation values. A visual check is useful to assess the similarity. 
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4.3 Confidence intervals 

The confidence intervals of the return levels in the EVA-tool are calculated by means of the delta method.  

𝑉𝑉𝑉𝑉𝑉𝑉(𝑧𝑧𝑚𝑚) ≈ 𝛻𝛻𝑧𝑧𝑚𝑚𝑇𝑇 ∗ 𝑉𝑉 ∗ 𝛻𝛻𝑧𝑧𝑚𝑚,    𝑤𝑤𝑖𝑖𝑤𝑤ℎ 𝛻𝛻𝑧𝑧𝑇𝑇 =
𝜕𝜕𝑧𝑧𝑚𝑚
𝜕𝜕𝜕𝜕

 

where V is the variance-covariance matrix of θMLE (parameter set of the log likelihood estimation)  
(Coles 2001). 

A secondary method to generate confidence intervals is the bootstrap technique. The POT values are 
resampled to generate a large number (>1000) of POT sets. An extreme value distribution is fitted through 
each set and the 2.5 and 97.5 percentiles for every return period are the confidence intervals. 

4.4 Check of the Poisson process 

By assigning an empirical probability of i/(1+n) to the POT values an implicit assumption of a stationary 
Poisson process is made. This means that the occurrence of extreme values follows a Poisson distribution 
and are not clustered. A check of this assumption is the dispersion coefficient (Vitolo, 2009). This is the 
ratio of the variance and the mean of the number of POT per year. A dispersion smaller than 1 indicates a 
more regularly process and greater than 1 indicates clustering. 
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5 Part 1: Selection of extremes 

The first graphical interface (Figure 5-1) of the Extreme Value Analysis tool is built to guide the user through 
the input of the data, the selection of extremes and the visualization of the data and the extremes. The file 
menu in the upper left corner contains ‘save’ and ‘load workspace’ functions as well as the ‘new project’ 
function. These functions allow the user to save his work, in order to be able to continue later. The new 
project function resets the tool to start the analysis for a new dataset. 

Figure 5-1: Graphical interface of the EVA-tool: selection of extremes 

 

5.1 Input 

The panel in the upper left corner of Figure 5-1 will guide the user 
through the input of time series or extreme values. 

5.1.1 Load/Unload time series 

The button “Load/Unload time series” will open a new window, 
“Load_data” (Figure 5-2). The current GUI has the ability to read ascii 
files in the inv format and binary mat files. An inv file needs to have 2 
columns, the first with a timestamp (yyyy-mm-dd HH:MM:SS, yyyy-mm-
dd HH:MM or yyyy/mm/dd HH:MM:SS) and a second with data. The 
mat-file has to contain 1 variable with in its first column the time in 
Matlab format (serial date starting at Jan-1-0000 00:00:00) and in its 
second column the data. The missing value is the value assigned to 
wrong or missing values (ASCII only). The properties panel gives the 
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start and end date and the minimum and maximum of the time series. If the input consist of multiple time 
series files the box “Overlap?” will give a warning in case of data with equal timestamps. The last imported 
dataset will not be accepted in this case. The button “Unload time series” will remove unwanted time 
series. Once the close button is clicked the program will check if there are data gaps in the time series. If 
there is missing data for a time span longer than 10 days this is considered a time gap. The total number of 
years real data is recalculated (Figure 5-3) and the user can use this new number of years in the following 
analysis (recommended). 

Figure 5-2: Graphical interface to load or unload time series 
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Figure 5-3: Time management data series 

 

5.1.2 Set outputdir 

This button allows the user to select the output directory. This directory will contain all graphics and 
dataset generated by the EVA-tool. 

5.1.3 Load POT 

POT values selected in previous sessions or projects can be imported by “Load POT”. These POT values have 
to be in a binary mat file generated by the EVA-tool or an Excel file. In case of an Excel file a dialog window 
will appear to ask for metadata (Figure 5-4): the sheet name that contains the POT values and the text 
string in the cell above the POT values.  

An important factor in a conditional distribution is the length of the time series from which the POT are 
obtained. In case there’s no time series available a popup window will occur to ask for these length. Hence 
a time series is not necessary in the further analysis. 

Figure 5-4: Metadata needed to import POT values stored in a excel file 

 

5.1.4 Load Block 

The import of block maxima has the same properties as the import of the POT values. The metadata 
requested for the import of block maxima is the block range and, in case of an Excel file, also sheet name 
and header of the block maxima (Figure 5-5) are required. The available choices for the block range are: 

• Year 

• Month 

• Day 

Other input will result in a warning message and a request to import the proper block range string. 
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Figure 5-5: Metadata needed to import block maxima. 

 
 

5.2 Selection of extremes 

The selection of extremes can be divided in the selection of POT (peak 
over threshold) values and block maxima. The selection of POT values is 
more complicated, but POT values have the advantage to contain more 
information of the extremes. The smaller a dataset becomes, the more 
important this advantage will be. Block maxima on the other hand are 
still commonly used and are included for comparison. The POT and 
block maxima selection can be done on the same dataset and the 
results can be compared. The graphical user interface (GUI) for this 
selection is displayed in Figure 5-6. 

 

Figure 5-6: Pot and Block maxima selection GUI 

 



Scientific Assistance towards a Probabilistic Formulation of Hydraulic Boundary Conditions  
Extreme Value Analysis software tool Manual 

Final version WL2019R 00_144_2 13 

 

5.2.1 POT selection 

Peak Over Threshold (POT) selection searches for all extreme events above a threshold. The independency 
of the events is guaranteed by use of an inter-event level and a time interval. The tool automatically sets 
the threshold to 60 % of the maximum value. This initial value can be adapted by the user. The initial 
threshold has to be sufficiently low in order to include enough events. In the next step the initial threshold 
will be increased to the optimal threshold. Variables with a strong “memory” (autocorrelation), like 
discharge or water level, will generate multiple successive measurements with extreme values. These 
extreme values are strongly dependent and belong to 1 (independent) extreme event. The maximum value 
of one extreme event is a POT value. To make a distinction between events there are 2 extra selection 
criteria implemented: the inter-event level and a time lag: 

• Inter-event level: 

The default value of the inter-event level ratio is 0.37. This is the multiplier by which the lowest of 
two successive possible POT values is being multiplied to get the inter-event level. The minimum 
value between 2 successive POT values has to be lower than this inter-event level. 

• Time lag: 

The time interval is the minimum amount of time between 2 POT values.  

The number of POT values is displayed in the assigned box and the POT record can be saved in a binary mat 
format. The POT values can be visualized and checked in a table by the “POT inspection” button. If no time 
series is available, for example if the POT values are loaded directly, a table will open (Figure 5-7). This table 
allows the user to deselect unwanted POT values by clicking on the check box next to the POT value and 
eventually pressing the OK button. 

Figure 5-7: POT Table 

 

If a time series is available a new window will open which allows the user for a detailed POT inspection. The 
time series together with the POT values and the initial threshold can be found in the figure, while the POT 



Scientific Assistance towards a Probabilistic Formulation of Hydraulic Boundary Conditions 
Extreme Value Analysis software tool Manual 

14 WL2019R 00_144_2 Final version  

 

values with date are ranked from largest to smallest in a table. The buttons °Overview° and °Year° will 
switch from the total time range to a time range of 1 year. The standard Matlab zoom and pan functions 
are also available in the menu bar. The buttons °Previous° and °Next° will set the display respectively the 
previous and the next year. A first click on a POT value will enlarge the red diamond while a second click will 
deselect the POT value. A click on the time series will select a possible POT value by selecting the maximal 
value in a time range of 3h around the click. The minimal time interval and the inter event level factor of 
the selected maximum will be displayed. A second click on the big red diamond will add the maximum to 
the set of POT values.  

Figure 5-8: POT inspection GUI 

 

5.2.2 Selection of Block maxima 

A block maximum is the maximum value in a fixed time interval, the block range. The block start value gives 
the start date, month or hour of the blocks. It is recommendable, in case of a yearly storm season, to use a 
one year time interval setting the block start in between two storm seasons. This way the possibility that 
one extreme event is selected for the block maximum of two successive years is fairly negligible. The 
available ranges with corresponding block start formats are displayed in Table 5-1. The number of block 
maxima is displayed in the assigned box and the block maxima record can be saved in a binary mat format.  

Table 5-1: Available block ranges and corresponding block start formats  

Block range Block start 

Year dd/mm 

Month dd 

Day hh 
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5.3 Visualization 

The tool uses the strong Matlab visualisation functionalities. The 
imported time series can be visualised together with the selected POT 
values and block maxima. The title and the label of the abscissa and 
ordinate can be adapted by the figure panel. Toolbars at the top of the 
GUI contains zoom or pan and a data cursor to obtain the data for a 
specific point. A useful tool for time series is the horizontal zoom. This 
function enables the user to zoom on the x-axis leaving the y-axis 
unchanged. This function in enabled by selecting the zoom function, 
right clicking on the figure, selecting zoom options and horizontal zoom. 
The figure can be exported in the .fig and .png format (Figure 5-9). 

 

 

Figure 5-9: Example of a time series with POT values and Block maxima. 

 
To get more insight in the selected extreme values, the POT values or block maxima, 4 property plots are 
made by clicking buttons “POT properties” and “Block properties” (see example in Figure 5-10). These plots 
are a histogram, a QQ plot with the standard exponential quantiles, a mean excess function in function of 
the threshold and one in function of the number of POT. The QQ plot and the mean excess function will 
provide a first indication with respect to the appropriate distribution. If the QQ plot is linear the 
exponential distribution will be an appropriate approximation of the tail behaviour of the extreme values. 
In case of a steeper increase than linear the appropriate distribution will have a heavier tail than the 
exponential distribution (GPD ξ>0, conditional Weibull τ<1 or Pareto distribution). In case of a smaller 
increase the appropriate tail will be lighter (GPD ξ <0, conditional Weibull τ>1). The distribution can also be 
determined by comparing the mean excess function in the lower left corner of Figure 5-10 with the 
theoretical mean excess functions in Figure 4-2.  

The mean excess function above the highest thresholds will usually be strongly influenced by the sample 
variation and therefore not reliable with respect to the overall trend. 
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The example in Figure 5-10 displays a linear trend above a threshold around 7 m/s. This inclination is also 
noticeable in the QQ plot. The optimal threshold will most likely be situated around 7 m/s. The sample 
variation is responsible for the deviation of the mean excess functions above the threshold of 16 m/s. 

Figure 5-10: Example of POT properties figure. 

 
 

All important manipulations are logged and visualized in the left corner. These manipulations include data 
import, selection of extremes, visualizations, etc. (Figure 5-11)  

Figure 5-11: Log file 
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5.4 Extra functionalities 

Figure 5-12: Extra menu tabs and info 

 

There are some extra functionalities implemented in the menu tab ‘Extra’ (Figure 5-13). The first one 
‘Trademark’ (Figure 5-13) allows the user to change the trademark included in the figures. The default is 
\copyright-IMDC-WL which gives ©-IMDC-WL in a TEX interpreter.  

Figure 5-13: Trademark input 

 

The second option set timeframe allows the user to overrule the automatic calculated timeframe of the 
time series (Figure 5-14). This automatic calculation uses the first and last timestamp in the dataset. In case 
of a time series with large gaps this will give an overestimation of the total time frame which is important 
to calculatie the return period.  

Figure 5-14: Overrule timeframe 

 

The third option should only be used by experts in extreme value distributions. The ‘highest extremes 
special’ allows the user to take the frequency but not the value of the n highest POT values into account 
(Figure 5-15).  



Scientific Assistance towards a Probabilistic Formulation of Hydraulic Boundary Conditions 
Extreme Value Analysis software tool Manual 

18 WL2019R 00_144_2 Final version  

 

Though an iterative procedure the value of the n highest POT values is replaced by the value predicted by 
the extreme value distribution for the same frequency as the POT value. Due to the iterative procedure the 
fitting of the extreme value distribution will take more time.   

A fourth option is the visualization of the dispersion coefficient in function of the threshold. . The POT 
values should follow a Poisson point distributions which has a dispersion coefficient of 1. If the dispersion 
coefficient is less than 1 the process is under-dispersed. The pattern of occurrence is more regular than the 
randomness associated with a Poisson process. If the dispersion coefficient is higher than 1 the process in 
over-dispersed. The pattern of occurrence is more irregular than the randomness associated with a Poisson 
process. The data is clustered in certain intervals. 

Figure 5-15: Highest extremes special 

 
 

The POT values can be can be divided into different directions by the fifth option under extra, Directional 
statistics. This function displays the tab in Figure 5-16. A filter time series with dimensions [time value 
direction] in mat or inv format is needed to assign directions to the POT values. The time range of this filter 
has to be at least the range of the POT values. The number of directional categories has a default value of 
16. The button ‘Filter’ divides the POT in the categories. The number of POT in each category is visualized in 
the table under the column amount. This table can be exported with the button ‘Save filter properties’. 
Only the selected categories will be taken into account in the further analysis.  
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Figure 5-16: Directional division of the POT values 

 



Scientific Assistance towards a Probabilistic Formulation of Hydraulic Boundary Conditions 
Extreme Value Analysis software tool Manual 

20 WL2019R 00_144_2 Final version  

 

6 Part 2: Conditional distributions 

Four conditional distributions are implemented in the EVA-tool: 

• GPD 

• Pareto 

• Conditional Weibull 

• Exponential 

In this part of the analysis the appropriate distribution with the optimal 
threshold value has to be determined. Six graphics are available to aid 
this choice: the root mean square error (RMSE) as a function of the 
number of POT values, the parameter values with confidence intervals 
as a function of the number of POT values, a probability plot, a QQ plot 
and the resulting return level plot (Figure 6-1). 

Figure 6-1: Conditional distribution fitting GUI 
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6.1 Practical use 

The control panel in the middle of the Conditional distribution tool contains all control buttons and the 
obtained parameter values.  

• Listbox distributions: 
This allows the user to select a distribution.  

• Set return period: 
This button allows the user to change the values of the return periods. The default return periods are  
1, 2, 5, 10, 25, 50, 100, 500 1000, 2500, 4000 and 10000 years. The return level corresponding to these 
return periods will be included in the output. 

• Fit distribution: 
This button makes a maximum likelihood fit of the selected distribution for every possible threshold. The 
results of the parameter estimations and RMSE are visualized in the left-hand graphics. The result of the 
automatically selected optimal threshold is visualized in the right-hand figures. This can be a time 
consuming process for large sets of POT values. 

• Calculate Confidence Interval: 
The confidence interval of the return level is calculated with A bootstrap method (default) or by the use 
of the parameter confidence intervals determined in the maximum likelihood estimation (delta method). 

• Accept distribution: 
This button will start the output generation module. This module will generate 10 output files  
(Table 6-1). The files will overwrite eponymous files in the output directory. 

Table 6-1: Output files conditional distribution (example in Annex A) 

File Description Extension 

Distribution fiche 
Formulas, parameters, return level plot, 

probability plot, QQ-plot, histogram and return 
level table 

.png 

Parameter fiche 
RMSE as a function of nr of POT 

Parameter as a function of nr of POT 
.png 

Stratified sampling of 
synthetic event 

Return period as a function of return level 
Return level as a function of return period 

Return level as a function of freq of exceedance 
Synthetic event as a function of freq. 

.png 

Distribution parameters 

Cdf formula 
Return level formula 

Parameter values 
Return level table 

.txt and .mat 

Selected POT values Sorted POT above optimal threshold .txt and .mat 

Synthetic extremes Table with synthetic extremes .txt 

Copula/ synthetic events 
input 

Time series 
POT above optimal threshold 

Distribution parameters 
.mat 
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6.2 Selecting the appropriate distribution 

Some guidelines are available to select the appropriate distribution. One should keep in mind that the end 
goal is to obtain a distribution with a realistic estimation of return levels for the high return periods. The 
red line in the lower right corner of the Conditional distribution fitting GUI (see Figure 6-1) has to be a good 
approximation of the data and needs to have ‘realistic’ values in the extrapolation domain. The tool allows 
to easily swap between the different distributions. When in doubt one can try to fit all of them for 
comparison. 

In a standard analysis it is recommendable to fit the GPD distribution as a first step. The GPD distribution 
covers the entire conditional domain. The drawback is consequently a large confidence interval (Coles 
2001). The estimation of the GPD ξ parameter will give a good estimation of the tail behaviour. This should 
be confirmed in the mean excess function, as explained in the section 4.2.1. If the confidence interval of ξ 
contains zero, a conditional Weibull or exponential distribution is likely. 

The same argumentation can be adopted for the Conditional Weibull distribution. This distribution covers 
the conditional domain with tails that decrease exponentially. If the confidence interval of the parameter τ 
contains the value 1, it is recommendable to use the exponential distribution. The exponential distribution 
has less parameters to fit; accordingly the confidence interval will be smaller. 
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6.3 Optimal threshold 

Once the appropriate distribution is selected, the optimal threshold has to be determined. The optimal 
threshold of a distribution is the threshold above which the POT value behaviour is in best confirmation 
with the distribution. This optimal threshold has to be selected in an area with constant parameter value, 
small parameter confidence intervals and a local minimum of the RMSE. The tool will automatically select 
the optimal threshold corresponding to the minimum RMSE. The optimal threshold with corresponding 
optimal threshold number (the rank of the POT value equal to the optimal threshold) and the parameter 
values are displayed in the Control panel shown in Figure 6-2. 

Figure 6-2: Conditional distribution control panel 
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7 Part 3: marginal distributions 

Two marginal distributions are implemented in the EVA-tool: 

• GEV 

• Gumbel 

These marginal distributions can be fitted through the block maxima. The 
goodness of fit is evaluated by a probability plot, a QQ plot, a histogram 
and a return level-return period plot with corresponding table (Table 
7-1). The GUI to fit the marginal distribution with the demo data is 
visualised in Figure 7-1. 

 

 

 

Figure 7-1: Marginal distribution fitting GUI 
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7.1 Practical use 

The control panel of the Marginal distribution GUI is situated on the left hand side. The GUI will 
automatically fit the GEV distribution with confidence intervals. The fit of a marginal distribution is easier 
because the optimal threshold is irrelevant. There are four user controls: 

• Distribution popup menu: 
This menu allows the user to choose between the GEV and the Gumbel distributions. The fit will be 
executed when selecting a distribution. 

• Set return periods: 
The return periods can be manually adapted. The default levels are 1, 2, 5, 10, 25, 50, 100, 500, 1000, 
2500, 4000 and 10000.  

• Fit distribution: 
This control button will refit the chosen distribution, e.g. after a change of return levels. 

• Accept Distribution: 
This button will start the output generation module. This module will generate 7 output files (Table 7-1). 
These files will overwrite eponymous files in the output directory. 

Table 7-1: Output files marginal distribution (examples in Annex B) 

File Description Extension 

Distribution fiche 
Formulas, parameters, return level plot, 
probability plot, QQ-plot, histogram and 

returnlevel table 
.png 

Stratified sampling of 
synthetic event 

Return period as a function of return level 
Return level as a function of return period 

Return level as a function of freq of exceedance 
Synthetic event as a function of freq. 

.png 

Distribution parameters 

Cdf formula 
Return level formula 

Parameter values 
Return level table 

.txt and .mat 

Selected block maxima Block maxima .txt and .mat 

Synthetic extremes Table with synthetic extremes .txt 
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7.2 Selecting the appropriate distribution 

There are some guidelines to select the appropriate distribution. One should keep in mind that the end goal 
is to obtain a distribution with a realistic estimation for the return levels for the high return periods. The 
thick red line in the return level plot of the distribution fitting GUI (see Figure 7-1) has to be a good 
approximation of the data and needs to have ‘realistic’ values in the extrapolation domain. The tool allows 
for easily swapping between the different distributions. When in doubt one can try to fit all of them for 
comparison. The wide domain of the GEV distribution causes wider confidence intervals for return levels 
(Coles 2001). This drawback makes the GEV less appropriate for applications which take these return levels 
into account (probabilistic design, risk analysis, …). 
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Appendix A: Output conditional distribution  

Figures: Demo 

Figure A-1: EVA-distribution sheet 
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Figure A-2: Distribution parameters as function of number of POT 
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Figure A-3: Stratified sampling 
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Text files: Demo 

Figure A-4: Distribution parameters 

 

Figure A-5: Selected POT values 

 

Figure A-6: Synthetic extremes created by stratified sampling 
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Appendix B Output marginal distribution 

Figures: Demo 

Figure B-1: EVA-distribution sheet 
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Figure B-2: Stratified sampling 
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Text files: Demo 

Figure B-3: Distribution parameters 

 

Figure B-4: Selected Block maxima 

 

Figure B-5: Synthetic extremes created by stratified sampling 

 



DEPARTMENT MOBILITY & PUBLIC WORKS
Flanders hydraulics Research

Berchemlei 115, 2140 Antwerp
T +32 (0)3 224 60 35
F +32 (0)3 224 60 36
waterbouwkundiglabo@vlaanderen.be 
www.fl andershydraulicsresearch.be


	Abstract
	Contents
	List of tables
	List of figures
	1 Introduction
	2 Software
	2.1 Installation of MCR

	3 Workflow
	4 Short theoretical overview
	4.1 Marginal vs conditional distributions
	4.2 selection of the appropriate distribution
	4.2 selection of the appropriate distribution
	4.2.1 Excess functions (conditional distributions)
	4.2.2 Shape parameter
	4.2.2 Shape parameter
	4.2.3 RMSE as an estimate for goodness of fit
	4.2.4 Confidence intervals of the parameters
	4.2.5 Visual control of the return level plot

	4.3 Confidence intervals
	4.3 Confidence intervals
	4.4 Check of the Poisson process

	5 Part 1: Selection of extremes
	5.1 Input
	5.1.1 Load/Unload time series
	5.1.2 Set outputdir
	5.1.3 Load POT
	5.1.4 Load Block

	5.2 Selection of extremes
	5.2.1 POT selection
	5.2.1 POT selection
	5.2.2 Selection of Block maxima

	5.3 Visualization
	5.4 Extra functionalities
	5.4 Extra functionalities

	6 Part 2: Conditional distributions
	6.1 Practical use
	6.1 Practical use
	6.2 Selecting the appropriate distribution
	6.2 Selecting the appropriate distribution
	6.3 Optimal threshold

	7 Part 3: marginal distributions
	7.1 Practical use
	7.2 Selecting the appropriate distribution

	8 References
	Appendix A: Output conditional distribution
	Figures: Demo
	Text files: Demo

	Appendix B Output marginal distribution
	Figures: Demo
	Text files: Demo
	Text files: Demo




