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Abstract: The article discusses the possible methods analysis of one-dimensional discrete time series which
cannot be described by standard econometric models. It is shown that the density distribution of the studied
processes does not meet the normal density function. There was demonstrated the use of such methods of
nonlinear dynamics, as the fractal dimension, correlation dimension, correlation entropy to determine the
behavior of the studied process. There was found dependence between the value of the fractal dimension and
the number of factors affecting the system. Attractors for the studied processes were restored and compared
with an attractor of a stochastic process.
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INTRODUCTION Although fractal analysis and methods of

Water supply system is an integral part of the modern analysis of time series in economics [2, 3], physics [4],
city. Monitoring of water using and timely response to a geology [5] and medicine [6], the authors of this article did
leak in the water supply system are important tasks of the not find studies in which these methods were applied to
city authorities. Lack of control over these factors can analysis the time series of water consumption.
affect the quality of life of the population and on the
welfare of the city as a whole. Econometric Models: We used standard econometric

The aim of  this paper is the use of fractal analysis methods for building regression time series (for more
and methods of deterministic chaos theory for modeling, details, see e.g. [7]). For buildings (C6) and (C7) we got
analysis and prediction of discrete time series which are equations (1) and (2) respectively.
based on water consumption in a city.

In the paper were used data which were obtained in
the project “SmartCity”, under development at the
University of Lille-1, France [1]. As objects of study were
chosen discrete time series of water consumption in two
buildings-(C7) and (C6), which are located on the campus
of the university Lille-1. Building (C7) is used as a lecture
and the building (C6) is used for a variety of research and where e = y  –  - prediction error; C2 –a year,
experiments. Based on the fact that the buildings are used substituted the real value (for example 2011 or 2012);
for different purposes, the authors suggest that behavior January.. nivember - binary predictors.
of time series will be different-the process of water We get R  = 51.39% for (C7) and R  = 15.1% for (C6).
consumption in the building (C6) should be more chaotic Obviously, standard econometric methods describe the
than in the building (C7). processes under study with low accuracy.

deterministic chaos theory are used widely for the
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Standard methods of the time series analysis, which Also the multifractal properties of time series occur at
are based on the theory of “random walk”, require that the different scales. We check this property with the behavior
analyzed time series should have a normal distribution. of the time series (C7). We have received that interval
We compared the distribution of the studied time series from 0 to 9500 has a total fractal dimension D from 1.1417
with normal. We obtained that frequency distributions do to 1.1859. However, if the interval is divided into smaller
not satisfy the normal distribution. Thus, for the studied intervals, each of them has its fractal dimension and its
time series is not possible to use traditional statistical range varies from 0.9949 to 1.2489. 
methods which are based on the theory of “random walk”. Moreover in previous a study [9, 10] was obtained

In this case, the effective use methods that do not dependence between the behavior of the time series and
contain requirements for the form of distribution, which is the value of the fractal dimension D. Time series behavior
based on the process under investigation, such as fractal of this article confirms earlier findings. There was lag
analysis methods and the theory of deterministic chaos. between the increase in the fractal dimension D of the time

Fractal  Analysis  of Time Series: The fractal dimension water. For calculating the fractal dimension D was used
D is a fundamental characteristic of fractal objects that the equation (4). There is a relationship between the value
reflect their properties. For the calculation of the fractal of the fractal dimension and the number of factors
dimension we use the method which is based on the affecting the system. Thus, when the fractal dimension is
change in the length of the time curve in the depending less than 1.4 on the system one or more impact forces
on the scale. pushing the system in one direction. In the case of a

Equation (3) determines the dependence of the length fractal dimension of 1.5, the forces acting on the system
L of the scale measuring [delta]: in different directions, but more or less compensate each

L( ) = L (3) than 1.5 indicates the instability of the system. In such0
1–D

where  =  – dimensionless scale averaging

experimental data; D-fractal dimension of the time series;
T-time interval averaging; L -the length of the curve when0

D = 0. The length of the fractal time curve depends
strongly with D  0 on the scale of averaging [delta] and
the greater the deviation D from the 1, the greater the
dependence.

Taking the logarithm of L, we obtain:

lnL( ) = lnL  – (D – 1) ln (4)0

Graph will be a straight line, if the dynamic process is
described exactly fractal time curve [8].

Obviously, the time series of water consumption have
multifractal properties, i.e. fractal dimension D varies in
different areas.

Next, we visualize the multifractal properties of the
time series. To do this, we divided the time series (C6) at
the characteristic sites (division was made arbitrarily, with
based on visual assessment). For each site, we calculated
the fractal dimension D (Fig. 1, Fig. 2). It is seen that one
and same interval fractal dimension varies depending on
the interval of the partition.

series and the emergence of a jump in the consumption of

other. The value of the fractal dimension is much greater

situation, the system is ready to move to a new state.

Methods of Deterministic Chaos Theory for Time Series
Analysis: The correlation dimension. Correlation
dimension shows how complex system is behind the
observed process. More equations are required to
describe more complex the system. Correlation dimension
can be considered as measure of stochastic process.

Correlation integral C( ) shows the relative number of
pairs of points attractor at a distance no greater than r is
calculated as [8]:

(5)

Here M( ) - is the number of cubes with side [epsilon]
covering attractor; (x x )- are the points in the phasei j

space; [ro] – is the distance.

The expression for the numerical calculation of the
correlation integral C( ) is given by:

(6)

where n – is the number of points x  on the attractor.i
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Fig. 1: Fractal dimension D of the time series (C6) (partition No 1)

Fig. 2: Fractal dimension D of the time series (C6) (partition No 2)

Fig. 3: Attractor of the time series (C7)

Thus the correlation integral is the ratio of pairs of Using equation (7) we calculate the correlation
points (x x ) separated by a distance less than [epsilon] dimension for the studied time series.i j

to the total number of pairs of points. For a time series (C7) which is consisting of 32732
Then D  can be estimated as the slope of log C( ) / values in increments of 1 hour, the value of the correlation2 2

log  at small [epsilon]. dimension was 2,242, the space depth-was 12. For a time2

increments of 1 hour, the value of the correlation
(7) dimension was 1,929, the space depth-was 3.

series (C6) which is consisting of 32732 values in
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Since the values of the correlation dimensions are As expected behavior of the time series
finite and fractional these processes in nature are corresponding building for research (C6) was complicated
predominantly determined. than behavior of the time series corresponding building

The correlation entropy. The above-defined for teaching (C7).
correlation integral can also estimate the entropy. In this
case, considering not only its dependence on [epsilon] Outputs: A mathematical model which is based on the
but also on the phase space dimension n. It is believed theory of deterministic chaos and fractal analysis allows
that C( ) e–  from [8]: predicting the behavior of time series by allocatingD nk2

2

(8) Depending on the category of land for it can select the

We used the equation (8) to calculate correlation prediction in further studies.
entropy. Note  that  these  values  were  finite  and
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