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In the last decade, the increasing contribution of physicists to the analysis of so complex systems as financial [1,2] or biological ones [3,4] is observed. In the present work we extend our recent model [5] to describe features of  both  stationary and non-stationary  stochastic time series (STS). Realistic STSs exhibit  important phenomena, namely spatio-temporal coupling coming from the obvious constrain saying that the change of any stochastic variable occurs in a finite time, i.e. always increases or decreases with finite velocity. So far models were developed that took into account only one chosen value of  this velocity [6] and therefore were unable to consider more realistic STSs, e.g. the evolution of stock market indices. In the present paper we develop a tool for studying a wide class of realistic STSs exhibiting a hierarchical structure of the momentary velocities. Since the only averaging procedures that we can perform using STSs are different types of moving-averages (being a kind of thermalizations) which make results stationary, we were obliged to adapt our previous model to such a situation. Essentially, our approach is  based on the continuous-time random walk (CTRW) formalism where the waiting-time distributions (WTDs) or memory kernels play a fundamental role; however, in the current approach the initial WTDs were treated differently by applying necessary moving-averages. By using hierarchical spatio-temporal coupling we were able to define WTDs obeying scaling relations and hence calculate, e.g.: the propagator, time-dependent variance and velocity autocorrelation function as well as its power spectrum. The achievment of this work is the possibility of prooving  that even after performaning of the moving-averaging over the STSs it is still possible to see the non-Gaussian behaviour of the basic stochastic process. As far as the spatio-temporal coupling is obeyed, the scaling (diffusion) exponent has a structure which reflects the possible hierarchical structures (in the  stochastic sense): both time intervals and random variable increments. Our model mades it also straightforward to consider the influence of a truncation procedure on the breakdown of the scaling as well as to observe the role of rare events. The latter is easier to study since we developed a Monte Carlo algorithm to simulate individual realizations of STS, which belongs to a given universality class. We suggest that our model could have other applications such as biological or/and chaotic systems.   
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