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Summary 
 

The main research area of expertise of Daniel Traian Pele is represented by statistics of 

financial markets and applied statistical methods to financial industry, and in general, to 

economic phenomena. 

 

This habilitation thesis has two main parts: 

- A. Statistical models for financial markets – where the main scientific results are detailed. 

- B. Career development plan.  

 

The part A of the thesis (Statistical models for financial markets) covers three main topics 

related to the analysis of the financial markets: 

a. Information entropy and its implications on market efficiency and market risk. 

b. Models for stock market crashes. 

c. Statistical analysis of the cryptocurrencies market. 

References are provided at the end of each chapter, keeping the original style of the 

publications. 

 

a. The first topic, information entropy and its implications on market efficiency and 

market risk, is detailed in the chapters A.I-A.III.  

 

The first study [1], investigates the connection between the complexity of a capital market 

and the occurrence of dramatic decreases in transaction prices. The work hypothesis is that 

such episodes, characterized by sudden and dramatic decreases in transaction prices mostly 

occurs in period of market inefficiency, when the level of complexity reaches a local minimum. 

In this regard, complexity estimator it is defined, through differential entropy. The connection 

between the market complexity level and the appearance of extreme returns is illustrated in a 

logistic regression model. 

The third study [2] uses daily data for main stock market indexes of EU countries in order 

to study the uncertainty behaviour of these stock markets before and during financial crisis. 

The results show a significant difference in the uncertainty pattern of EU stock markets before 

and during financial crisis. Also, there is a large variability among EU stock markets in 

uncertainty patterns and this fact could be explained trough inequalities in stock market and 

economic development. 

The fourth study [3] investigates the relationship between the information entropy of the 

distribution of intraday returns and intraday and daily measures of market risk. Using data 

on the EUR/JPY exchange rate, negative relationship between entropy and intraday Value-at-

Risk is found, and also between entropy and intraday Expected Shortfall. This relationship is 

then used to forecast daily Value-at-Risk, using the entropy of the distribution of intraday 

returns as a predictor. 

 

b. The second topic, models for stock market crashes, is detailed in the chapters A.IV-A.VIII.  

 

The first study on this topic [4] investigate the bubble behaviour of Bucharest Stock 

Exchange, using log periodic power laws models (LPPL).  
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Analysing the behaviour of the most speculative index from Bucharest Stock Exchange, BET-

FI, it is proven that LPPL models are a useful tool in recognizing the behaviour of a stock 

market bubble and they have predictive abilities for the critical point of a bubble. 

Iterative calibration of the model for BET-FI regime led to a reasonable estimate of the stock 

market crash in January 2008. Using the same methodology, the anti-bubble regime from 2008 

is fitted and an accurate prediction of the local point of phase transition from 27/10/2008 it is 

documented. 

The second study [5] propose an extension of the approach from Liberatore (2011), using 

a time series peak detection algorithm. LPPL models have been widely used to describe the 

behaviour of stock prices during an endogenous bubble and to predict the most probable time 

of the regime switching. Although their utility has been proved in many papers, there is still 

a lack of consensus on the statistical robustness, as the estimators are obtained through a 

nonlinear optimization algorithm and they are sensitive to the initial values. 

The third study [6] analyses the evolution of BET Index of the Bucharest Stock Exchange 

through an AR-GARCH model and the likelihood of extreme events is estimated using stable 

distributions; the main conclusion is that the stable distributions can significantly improve the 

prediction of an extreme event. 

The fourth study [7] proposes two SAS macros for estimating the parameters of a stable 

distribution using McCulloch method and Kogon-Williams method. The motivation for this 

study is coming from the fact that, although there are several software products dealing with 

the issue of simulating and estimating a stable distribution, SAS, the leading software for 

statistical analysis, has no procedures for stable distributions. 

The fifth study [8] uses a straightforward application of alpha-stable distributions for 

Romanian Stock Market, showing how a relatively simple implementation in the real world 

of a complex mathematical tool can be much more reliable in risk management than the 

classical Gaussian or log-normal distributions. In this paper it is used a SAS macro for 

estimating the parameters of an alpha-stable distribution, using the time-series regression 

method from Kogon and Williams (1998). Using the Fast Fourier Transform, it is estimated 

the probability density function, the cumulative distribution function and consequently, the 

VaR (99.5%) and TVaR (99%). For numerical illustration, daily logreturns of the BET Index are 

used; the measures of market risk, estimated on rolling windows using alpha-stable 

distributions and Gaussian distribution, are then compared to the actual logreturns of the BET 

Index. Numerical experiments show that using alpha-stable distributions for estimating VaR 

and TVaR can be a better alternative for managing the risk of financial assets. 
 

c. The third topic, statistical analysis of the cryptocurrencies market, is detailed in the 

chapters A.IX-A.XI  

 

The first study on this topic [9] investigates the statistical properties of cryptocurrencies by 

using alpha-stable distributions. The validity of the Metcalfe's law (the value of a network is 

proportional to the square of the number of connected users of the system) for the evaluation 

of cryptocurrencies it’s also proven. As the results showed a potential for herding behaviour, 

LPPL models are used to capture the behaviour of cryptocurrencies exchange rates during an 

endogenous bubble and to predict the most probable time of the regime switching for Bitcoin 

and CRIX Index. 

The second study on this topic [10] uses high-frequency entropy to forecast Bitcoin’s daily 

Value at Risk. The study reveals that the entropy of the distribution of intraday logreturns is 
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a better predictor of daily Value at Risk than the classical GARCH models based on the 

Student or Gaussian distribution. 
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