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ABSTRACT 
Extreme Value Theory is one of the most useful techniques 

to make prediction of extreme cases, which have the big 

effect but less occurrence probability. In this study, Block 

Maxima approach, which is one of the main Extreme 

Value technique, has been used. In this approach there is 

no proper block size selection methodology.  It has been 

observed that the block size selection for the estimation 

made in previous studies has been used randomly without 

relying on any assumption. It is necessary for applications 

to find a certain block size that can be used for all of the 

data sets. For solving this problem, it has been proposed a 

methodology to select the best block size with a case study 

on global stock market index SOXX.  
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I. INTRODUCTION 
 

It is very important to predict the possibility of extreme and 
infrequent occurrences in the future. In recent years, Extreme 
Value Theory (EVT) has emerged as an important area of 
probability theory. This technique is used to make scientific 
findings and predict the future from historical data on unusual 
events (Cruz, 2002). [1] According to the literature review, 
this technique is used to model the thick tail in the financial 
return series. The theory of extreme values is a branch of the 
queuing theory, based on the work of named researchers 
Fisher-Tippet (1928), Gnedenko (1943) [2] and Gumbel 
(1958).[3] The extreme values in a real data set are determined 
by two different approaches: Block Maxima (BM) and Peaks 
Over Threshold (POT).[4] 
In  the POT approach, which is based on the Pickands-
Balkema-de Haan theorem [5] , the values above a high 
threshold value in a given time period are selected as extreme 
value and modeled according to Generalized Pareto 
Distribution (GPD). This theory is used to analyze all data that 
exceed a sufficiently high threshold, which may lead to the 
development of extreme value estimates. 
In the BM approach, which is based on the Fisher-Tippet 
theorem, data is divided into periodic time periods and the 
largest (or smallest) value in each time period is chosen. With 
this approach, it is assumed that the selected extreme values 
correspond  to one of the extreme distributions (Frechet, 

Weibull, Gumbel). The generalized extreme value (GEV) 
distribution is a family of continuous probability distributions 
developed within extreme value theory to combine the 
Gumbel, Fréchet and Weibull families also known as type I, II 
and III extreme value distributions. The BM method is widely 
suitable for applying the GEV distribution.  The GEV 
distribution unites the Gumbel, Fréchet and Weibull 
distributions into a single family to allow for a continuous  
 
range of possible shapes. A single three-parameter model 
GEV distribution has the following cumulative distribution 
function: 𝐹 𝑥 = 𝑒𝑥𝑝 {− [ +  𝑥−𝜇𝜎 ]−1

 } ≠  (1) 

 

exp{− [𝑒𝑥𝑝 𝑥−𝜇𝜎 ]}  =       (2) 

 
where, 𝜇 = Location parameter 𝜎 = Scale parameter 𝜉 = Shape parameter 

The GEV distribution encompasses three limiting distributions 
of extreme value, depending on the value of the parameter 
shape: 

If ξ > 0, it suits the Frechet distribution. 
If ξ < 0, it suits the Weibull distribution.  
If ξ =0, it suits the Gumbel distribution. 

In order to apply BM approach on the EVT, it should be 
estimated the parameters of the GEV distribution. In BM 
approach, a large data set is divided into several evenly sized 
subgroups. The maximum data point in each subgroup is then 
sampled. With this sample of maximum data points for each 
subgroup, maximum likelihood estimation is then used to 
determine a value for each parameter and fit the GEV 
distribution to these data points. Hence, the assumption is that 
the distribution of maximum order statistics in subgroups is 
similar to the distribution of the maximum order statistic for 
the entire group.  
Tsay (2005) [6] explains the POT with a vectorel procedure 
for conducting the block maxima method: Let �⃑� ={𝑥 , 𝑥 , … , 𝑥 }be a set of data points. In the block maxima 

method, the original data set },...,,{ 21 n
xxxx  is divided 

into g subgroups (“blocks”) of block size m:  
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�⃑⃑⃑�⃑ = {𝑥 , 𝑥 , … , 𝑥 }, �⃑⃑⃑⃑�⃑ = {𝑥 + , 𝑥 + , … , 𝑥 }, …, 𝑥𝑔⃑⃑⃑⃑⃑ = {𝑥 𝑔− + , 𝑥 𝑔− + , … , 𝑥 }. 
 
For a large enough m, independent time series  is created. 

Therefore, if the data points �⃑⃑� = {𝑌 , 𝑌 , … , 𝑌𝑔}  are taken such 
that, 𝑌 = max 𝑥 , 𝑥 , … , 𝑥 , 𝑌= max 𝑥 + , 𝑥 + , … , 𝑥 , … , 𝑌𝑔= max(𝑥 𝑔− + , 𝑥 𝑔− + , … , 𝑥 ), 
 

then�⃑⃑�  should be a collection of data from a common GEV 
distribution. Using maximum likelihood estimation, the 

parameters can be estimated with the data from𝑌 ⃑⃑⃑⃑ . 
BM approach creates a tradeoff problem between bias and 
variance. In this study, It has been proposed a new 
methodology on a financial data set to select best block size. 
Because a block size that is too small may lead to a biased 
estimation (Coles, 2013:54) [7], whereas a one that is too large 
may result in a few extracted extreme values, and 
subsequently, a large variance. However, in this study we 
checked that our data set is not suitable for the GEV 
distribution. It has been seen that Beta distribution more 
efficient than GEV. When we checked all kinds of continuous 
distribution for the finding the best fitting one (Easy Fit Trial 
version) Our best distribution for the SOXX data is fitted Beta 
distribution reverse the literature.  
Beta distribution is any continuous  distribution that models 
events which are constrained to take place within an interval 
defined by a minimum and maximum value. 
Beta probability density function is given by 

where  

 α is a positive shape parameter 
 β is a positive shape parameter 

 

II. METHODOLOGY 

 

The proposed methodology to choose best block size includes 
eight steps. 
Step 1: The data has chosen to operate. We chose the SOXX 
index for the methodology part.  
 SOXX is made up of the stocks of the top 500 companies in 
America. It also covers about 75% of the US stock market. 
The data set of the work is determined. 10% of the generated 
data set (for the test part of the analysis) is allocated. 
Step 2: Minimum and maximum block numbers are decided 
and data is divided into blocks. The block number is called k. 

The actual data is divided into different blocks starting from 
10 block and the block number is maintained until 59. 
Step 3: For each “k” block size, a minimum/maximum set of 
values is generated by computing the minimum/maximum 
value of each block. 
In this step, a data set is created for k = 10, 11, 12, ..., 59 and 
k, and the minimum/maximum values of each block are taken 
separately for these data sets. 
Step 4: k data is properly set for the general extremum value 
distribution. 
Various tests are applied to find out whether over distribution 
of all blocks is appropriate (Like as Anderson Darling, 
Kolmogorov Smirnov test). The most appropriate distribution 
is determined. 
Step 5:  The parameters of the optimal distribution for each k 
value are determined. 
Step 6: For each k value, new variables are constructed by the 
parameters calculated in step 5 as the over-value distribution 
or the number of observations separated for testing with 
optimal distribution, and these variables are called predictors. 
Step 7: For each k, the similarity between the test data and the 
k sets of data we estimate is checked. 
It is desirable that these two data should be equal if possible. 
There are many ways to measure the similarity between these 
two sets of data. In this study we preferred to check similarity 
used the absolute difference technique. 
Step 8: The best block size is defined as the block with the 
highest correlation / similarity. 
 

III. APPLICATION AND FINDINGS  
 

The time interval of the SOXX index starts from 02.01.2008 
until 23.12.2015 and consists of 2031 observations. As a first 
step, 10% of the data set is reserved for future testing. The 
time interval of the data set to be separated is 12.02.2015 - 
23.12.2015. 
As a second step, the data set consisting of 2031 observations 
is dividedinto blocks of different sizes. In this study, the 
minimum block size was determined as 10 and the maximum 
block size as 59 because this is the trade off problem between 
the bias and variance. 
Table 1 shows the first two blocks obtained when the SOXX 
data set is divided into 10 blocks according to the dates so that 
the decomposition into blocks can be seen in detail. 
 
Table 1:  SOXX Sample Application 

SİZE Date 
First 

Block 
Date Second Block 

1 2.1.08 4339.23 16.1.08 4108.34 

2 3.1.08 4333.42 17.1.08 4065.76 

3 4.1.08 4270.53 18.1.08 3995.17 

4 7.1.08 4283.37 21.1.08 3703.05 

5 8.1.08 4295.23 22.1.08 3753.68 

6 9.1.08 4258.32 23.1.08 3577.99 
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7 10.1.08 4237.62 24.1.08 3809.07 

8 11.1.08 4225.31 25.1.08 3777.06 

9 14.1.08 4236.68 29.1.08 3810.01 

10 15.1.08 4140.94 30.1.08 3789.31 

Min. 
 

4140.94 
 

3577.99 

Max.   4339.23   4108.34 

 
After all the blocks are obtained, a maximum and minimum 
values of the blocks are calculated as shown in Table 1, and a 
data set different from the maximum values and a minimum 
value are obtained. In figure 1, a graph of all the minimum and 
maximum values obtained from 10 blocks is drawn. As can be 
seen from Figure 1, the two variables obtained from minimum 
and maximum wave behave in a similar structure. 

 
Fig . 1. Maximum and Minimum values with a size of 10: 

SOXX 

 
In order to investigate whether this similar structure is 
observed in variables obtained from blocks of different sizes, 
two variables are constructed from the minimum and 
maximum values obtained from blocks of 40 and the graph is 
drawn in figure 2. 

 
Fig. 2. Maximum and Minimum Values with a size of 40: 

SOXX 

 

In the minimum/maximum analysis of SOXX, it was observed 
that the data sets obtained from all the blocks are fits to the 
Beta distribution. However, although the literature support, ın 
the study best fitting is not GEV is also Beta distribution. The 
parameters are calculated and the graphs of all parameters are 
presented in figure 3. The likelihood function L(θ) factorizes 
in two terms; the first term depends only on α and the second, 
only on (µ,φ). [8] 

 
K    Q 

 

 
M    L(1) 

 
L(2)    B 

Fig. 3. Beta Parameters of the Data Set: SOXX 

 

When any block is taken into consideration for the SOXX 
index, two random variables are calculated from the minimum 
and maximum values obtained from this block, and the 
parameters of these distributions are noted by finding out how 
these variables are distributed or best distributed. The block 
length starts from 10 to 59 (due to data sparsity), as it is done 
for each block size, which block size is better explained or is 
wanted to be predicted. 
In summary, these operations are repeated for all different 
block size. The random variable is then derived from the 
parameters for each block size as much as the observed value 
of the data set originally reserved for the test. What we want to 
do here is how close the variables are to the real data, or how 
similar are they. 
In order to measure the resemblance between the test data and 
the initial data, the SOXX index data used in the application is 
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the same as the first dataset in which 10% of the test data is 
initially allocated for each   
Block size starting from 10 to 59, the transactions carried out 
are presented in Table 2. What is desired here is how close the 
variables are to the actual data divided in the first step, or how 
similar. This similarity relationship can also be estimated 
using different measurement methods. 
 

Table 2: Example for Predicted and Control Data Set: 

SOXX 

 
 
Data blocks that are set as 10,11 and 12 are generated from the 
blocks allocated for the SOXX index SOXX. The column 
totals for the block size of each of the 205 data sets are 
calculatedstarting from 10 to 59, apart from the maximum and 
minimum values of the generated block sizes. Therefore, the 
best and worst results can be matched among the selected 
blocks. In other words, the results demonstrate which are the 
worst and best blocks in this implemented analysis. 
 

Table 3: Best and worst Block Size Ranking Maximum: 

SOXX 

 

SOXX- Maximum (Best) 

Ranking Difference Block Size 

1 117782.4 58 

2 118223.9 54 

3 120127.3 40 

4 121852.4 29 

5 122049.7 50 

6 122884.5 56 

7 122977.7 33 

8 123163 51 

9 123407.2 57 

10 124653.4 53 

SOXX- Maximum (worst) 

Ranking Difference Block Size 

40 142615.3 22 

41 143898.7 21 

42 146484.8 13 

43 148907.7 17 

44 149724.6 14 

45 151426.7 18 

46 152706 19 

47 154256.8 15 

48 160106.3 16 

49 171474.8 12 

 
The block size achieving the best prediction for the estimation 
method obtained from the maximum (minimum) values of the 
SOXX index is found as 58 (10) and the second best block 
size as 54 (11). 
 

Table 4: Best and Worst Block Size Sequence Minimum: 

SOXX 

 

SOXX- Minimum (Best) 

Ranking Difference Block Size 

1 152378.4 10 

2 160800.9 11 

3 167216.5 25 

4 167513 24 

5 167599 39 

6 167675.4 28 

7 167944.4 23 

8 168070.3 37 

9 168521 31 

10 168522.4 30 

SOXX- Minimum (Worst) 

Ranking Difference Block Size 

40 184905.8 54 

41 184921 50 
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42 185986.2 16 

43 186253.3 41 

44 186714.2 14 

45 187136.7 32 

46 187954.7 15 

47 189796.7 20 

48 194198.9 19 

49 194614.2 17 

 
The block size 22 (54), which gives the worst estimation for 
the estimation method obtained from the maximum 
(minimum) values of the SOXX index, and the second worst 
block length, 21 (50). 
 

IV. CONCLUSION 
 
This study suggests a methodology that selects the most 
suitable block size on financial data set. The determination of 
block size is crucial for correct estimation in the next time 
periods. While creating larger blocks as needed increases the 
variance, the creation of narrower blocks increases the bias. So 
this is the trade off for the method. 
When the previous studies are examined, it is observed that 
different block sizes are preferred in the extreme value 
theorem in which data is divided into blocks. In the study, if 
the block size is selected smaller than 10, the block sizes are 
started from 10, which is the smallest value, since it can not be 
estimated because of the data loss, and it is seen that each 
block has a prediction result corresponding to each block. In 
the literature, the question of why the block size is chosen 
differently for each data set predicted by random selection has 
been investigated as a possible block size method, which can 
be used for all of them  by searching for a specific block used 
of these applications. When we look at the applications that 
have been studied previously, we have not found any study 
about which criterion has been chosen. For this reason, it is 
uncertain to claim that another block size would make a better 
forecast than the chosen one. In this article, it is aimed to show 
the block sizes that have shown better results in comparison to 
others. When studies done in the literature are examined, it is 
seen that they concentrate on the block maxima method in 
order to find the optimal distribution and there is no work on 
the minimum analysis. In this study, the best block size was 
found by means of the getting difference predicted data and 
tested data. 
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