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New Approaches for Portfolio Optimization 
Parting with the Bell Curve 
 
The traditional models and analysis procedures for portfolio optimization are, in most cases, 
based on the assumption that the distribution of returns of an asset is normal. This means that 
in practice, a portfolio of stocks undergoes small percentage daily losses and gains much more 
often than negligible or extreme fluctuations.  
The German mathematician, astronomer, geodesist, and physicist Johann Carl Friedrich Gauss 
developed the normal distribution to describe exactly this occurrence. The corresponding 
density function for this distribution is thus called the Gauss-function or bell curve. 
B. Mandelbrot, a French mathematician of Polish origin who is known for his research in the 
field of fractal geometry, opposes the applicability of the normal distribution in explaining the 
reality of financial markets. He suggests that extreme movements are much more likely than 
the commonly used models in finance predict. This is why traditional methods in risk 
management and finance are being increasingly criticized.  
“Zari” Rachev and Stefan Mittnik are dedicated to the development of alternative quantitative 
models beyond the scope of the normal distribution. Scientists show that the Gaussian model 
would predict that a crash, like the one that occurred in 1987, would occur only once in 1087 
years. Empirical observations, however, give evidence to show that such crashes can possibly 
occur once every 38 years. 
 
Hence, whoever relies on the normal distribution for the analysis of financial data 
systematically excludes the possibility of high risks which are in fact a possibility. 
 
 
RISIKO MANAGER: Analytical models for portfolio optimization have been in place for 
many, many years now. What are the main weaknesses of these models? 
 
Svetlozar Rachev: There are a number of disturbing shortcomings. One prevailing assumption 
is that the returns on the assets in a portfolio are adequately described by a multivariate 
Gaussian distribution. This assumption has two serious implications. It underestimates the 
probability of large and important price movements for portfolio optimization. Also, by 
relying on the correlation matrices, it fails to capture the relevant dependence structure among 
the assets.  
 
Stefan Mittnik: In addition to these direct consequences, the Gaussian assumption has led to 
overly simplistic factor models, which we need to reduce the dimensionality of large 
portfolios, and the use of inadequate risk measures in portfolio-optimization algorithms. Here, 
we prefer the “Expected Tail Loss” and the “Rachev-Ratio” as measures. 
 
 



 
RISIKO MANAGER: Price changes follow the pattern of a Gaussian distribution – this is a 
basic assumption of the modern theory of financial markets (i.e. à la Markowitz, Sharpe, 
Black-Scholes). Those theories take it for granted that most movements in asset or currencies 
prices are rather small. The more significant those changes become, the less probable they are. 
Isn’t that a contradiction to reality? 
 
Svetlozar Rachev: In virtually all financial markets we observe that the probability of big 
losses is by far larger than predicted by the Gaussian distribution. Its functional form implies 
a rapid decline in the probability as the size of a loss increases. There is, however, 
overwhelming empirical evidence that the probability of large price movements has a power 
decay, which is commonly referred to as “fat-tailed”. The decay is much slower than implied 
by the Gaussian distribution or, say, an exponential distribution. Both of these distributions 
are “thin-tailed”. They decline exponentially fast which, for all practical purposes, ignores the 
possibility of large losses. Returns on financial assets are generally “fat-tailed” and, thus, 
cannot be adequately handled by a Gaussian distribution. 
 
Stefan Mittnik: Due to its rigid shape the Gaussian distribution lacks the flexibility to 
capture crucial features that are presented in financial return data. It not only underestimates 
the probability of large movements but also that of very small movements; and it 
overestimates the frequency of intermediate movements. But clearly, the concern is with the 
large losses. Looking at the Dow Jones index over roughly the last 80 years, we observe on 
average a daily loss of more than 3% approximately every four months. Under Gaussian 
assumption, one expects such losses only about once every 13 months. A drop of 6% or more 
happened about every three years on average and not every 175,000 years as the Gaussian 
assumption implies. Losses of more than 9% occurred about once every 17 years, and not 
once in a period that is about 25,000 times longer than the age of our universe. 
 
 
RISIKO MANAGER: If so, why does the Gaussian distribution play such a dominant role in 
the application of risk models?  
 
Svetlozar Rachev: The Gaussian distribution and the Brownian motion are in the very center 
of disciplines, such as probability theory, stochastic processes and statistics, which build the 
backbone of  classical financial stochastic calculus and portfolio optimization. Therefore, it is 
no surprise that finance theories and financial models still rest on Gaussian building blocks. 
Even more advanced models in finance are “conditionally” Gaussian, meaning that if we 
consider the market time – whose measurement units are given by the arrival of new 
information or new transaction – in lieu of the usual physical time, then the return processes 
viewed on the  market-time-scale, also called tick-by-tick time, are treated as Gaussian. 
 
Stefan Mittnik: The Gaussian assumption in finance was put forth more than a century ago. 
Markowitz developed his portfolio approach, which rests on that assumption, half a century 
ago. This assumption was challenged for the first time by Benoit Mandelbrot in the mid 
1960s. By now most practitioners and regulators – including, for example, Alan Greenspan – 
are well aware of the fat-tail phenomenon. However, for a long time the mathematics and the 



 
practical implementation of full-scale models handling fat tails in a consistent manner has 
been an insurmountable stumbling block. It is only very recently that this has been overcome 
with FinAnalytica’s integrated risk management system Cognity. 
 
 
RISIKO MANAGER: What do you mean by the “Expected Tail Loss” and the “Rachev-
Ratio”? 
 
Svetlozar Rachev: Expected Tail Loss (or Conditional VaR) at the 99%-level is the expected 
loss, given that the loss is greater than VaR (99%), which amounts to the 1%-quantile of the 
return distribution. It is a more informative measure than VaR, as it evaluates the mean of 
large losses beyond the VaR-level. The “Expected Tail Return” is the expected return, given 
that the return is above a certain return quantile level, for example the 90%-quantile of the 
return distribution. The “Rachev-ratio”, or simply R-Ratio, is the ratio of the Expected Tail 
Return at the x%-level and the Expected Tail Loss at the y%-level. By tuning both the x-level 
and the y-level of the R-ratio, a portfolio manager can optimize such that the portfolio tends to 
maximize the high returns and to minimize the potential for big losses. Finally, the R-ratio 
concept leads to R-efficient portfolios that are analogous to the Markowitz efficient frontier, 
but with the expected return, i.e., the mean, being replaced by the Expected Tail Return and 
the standard deviation with Expected Tail Loss. 
 
 
RISIKO MANAGER: Some time ago, it was hawked that you intend to initiate a fund that 
follows the concepts you had developed. Is that correct and what is your motivation for such a 
“backtesting” of your own developments?  
 
Svetlozar Rachev: We are in the process of setting up a US-based fund. Managing a fund is a 
natural step in applying our methodology. I am co-founder of Bravo Risk Management 
Group, where we launched Cognity, which includes a portfolio-optimization module based on 
fat-tailed, stable models for asset returns. We were acquired by FinAnalytica and, thus, able to 
considerably expand the market base for Cognity. We are now ready not only to sell our risk-
management expertise, but also to manage a fund based on our accumulated knowledge. 
 
Stefan Mittnik: We are absolutely convinced that our research results are highly relevant for 
practical finance. For example, fund managers often have elaborate strategies for picking 
assets. However, the construction of a downside-risk protected optimal portfolio from the 
chosen assets is typically done in an ad-hoc fashion or relies again on inadequate Markowitz-
type assumptions. We work on coherent solutions for which there have only been 
smorgasbords of makeshift solutions. For this reason, we founded the Institut für Quantitative 
Finanzanalyse, a Kiel- and Munich-based academic spin-off company, specialized in research 
and knowhow transfer. It not only markets Cognity in Germany but – independently from that 
– also offers portfolio-optimization support for funds. 
 
 



 
RISIKO MANAGER: Let us take a look into the crystal ball: How will the methods of risk 
management change in the next few years? 
 
Svetlozar Rachev: Overall, we will move to unified models for market, credit and 
operational risk, with appropriate factorization of the risk and allocation of risk-concentration. 
That will help us to fully understand the overall risk and to better to hedge it. Portfolio 
optimization should be generally active long-short and not just consist of tracking indices or 
the like, since then we also track the index volatility. There will be hybrids of passive and 
active portfolio management, and also taking care of all types of non-linear execution costs. 
 
The models for portfolio and asset-liability management will incorporate the following, where 
the order somewhat reflects the relevance: 
 
(i) heavy-tailed modeling for asset returns; 
(ii) time varying risk factors (clustering of the volatilities and tail dependencies, factor betas, 
etc.); 
(iii) incorporating prior information (Bayesian methods in portfolio management); 
(iv) factor models and copulas for describing dependencies; 
(v) long-range dependence, i.e., the fact that markets “remember”; and  
(vi) frequency-dependent self-similarity, i.e., models exhibiting dependencies between time 
horizon and trading frequency. 
 
Stefan Mittnik: Portfolio optimization in general and fund optimization in particular will be 
put on a much more solid quantitative footing. Those ignoring the need for that will suffer in 
their rankings. Designers of risk models have to shed the attitude “don’t let facts interfere 
with truth”. Risk models have to be based on empirical realities, since the converse is unlikely 
to happen. This will enable financial institutions to come up with both better risk mitigation 
strategies and internal incentive structures for more decentralized risk management processes. 
Also, regulators and policy makers should become more sensitive to the inadequacy of current 
risk modeling approaches. Their misleading risk assessment may not only jeopardize 
individual financial institutions but, due to the institutions’ synchronization of misjudgment, 
will also be a destabilizing factor in national and international financial systems. 


