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Highlights 

 

 Set order relations are extended to uncertain multiobjective portfolio. 

 Minmax/minmin robust formulations are built, respectively. 

 MOPSO is employed to find robust efficient solutions.  

 Applications to Markowitz M-V model are investigated, and some new discoveries 

identified. 

 

Abstract Markowitz portfolio optimization problem is heavily dependent on the input 

parameters. To this end, the uncertainties are considered in the portfolio problem. Furthermore, 

in order to relax the normality assumption of Markowitz portfolio problem, higher moments 

(skewness and kurtosis) are also incorporated. Introducing the concepts of set ordered relations 

and the idea of robust counterpart from Ben-Tal and Nemirovski (1998, 1999), robust 

multiobjective portfolio models with higher moments are analytically built. Meanwhile, 

multiobjective particle swarm optimization is employed to obtain various (robustly) efficient 

solutions. Finally, using the data from the real stock market, various robustly efficient frontiers 

are characterized as well as the portfolio performances compared. The empirical results indicate 

that the robustly efficient solutions obtained by the combination of uncertainties and higher 

moments in the portfolio problem would be immensely helpful for investors and portfolio 

managers. 
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1. Introduction 

Markowitz’s mean-variance portfolio problem not only assumes that financial asset returns 

follow normal distribution, but also takes the input parameters (i.e., expected return, covariance, 

co-skewness and co-kurtosis) as deterministic. However, a substantial literature suggests that 

returns are driven by fat-tailed and/ or asymmetric distributions rather than normality; see Fama 

(1963); Praetz (1977); Longin (1996). Meanwhile, the adequate empirical evidences also 

indicate that input parameters are often uncertain in advance (that is, they are not deterministic 
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