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Abstract. A method of forecasting of performance safety indexes of large engineering structures such as dams, power 
plants, bridges, etc., as complex dynamic systems that evolve very slowly during operation is proposed. It is based on 
inductive analysis of observational in-situ data that form the time series. Index forecasting of dynamical system 
evolving slowly is based on the study of the evolution of simple regression models of the index built on limited time 
intervals. An example of forecasting some safety indexes of the left bank earth fill dam of Kiev hydropower plant 
according to regular observations is examined.  
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1 Introduction  

Classical approaches to solving intellectual problems of forecasting based on mathematical modeling with use of 
observational data frequently lead to the construction of extremely complex mathematical models. Mathematical 
modeling with observational data is based on the principle of optimization. This principle implies limitations in the 
simulation, which in practice is difficult to perform. Often the increase in the number of observational data only 
increases the level of uncertainty of a mathematical model. 

Problems associated with decision optimization problem can occur even in the case of using simple regression 
models. Increasing the dimension of the model by taking into account additional factors, parameters and nonlinear 
effects, etc. are usually accompanied with a violation of the stability of solutions. In result possibilities of modern 
monitoring systems in collecting data to build mathematical models for forecasting are not always used appropriately.  

2 Presentation of the method   

2.1 A few general remarks  

In present time monitoring is considered as an essential component of the structure and organization of modern 
management of complex objects and processes. Monitoring as a tool for effective and reliable management includes 
regular, purposeful and systematic observations of certain components or aspects of an object or process, observations 
that are specially organized in space and time, as well as methods of analysis of accumulated data and methods of 
scientific predicting the behavior of an object, a process, a phenomena on the basis of these data using appropriate 
mathematical models.  

For example, in the last time in the world modern monitoring systems have been actively implemented on large 
dams. Upgrade existing instrumentation control and monitoring of dams and the environment is carried permanently. 
Accidents on dams, as is known, can lead to disastrous social, economic and environmental consequences, and the 
reasons of which dams collapse may be very different. Completely exclude the possibility of future accidents at dams, 
including catastrophic accidents is unlikely to be possible. This is indicated by examples of recent accidents [1]. It is 
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possible, particularly through the  aging  dams, permanent  accumulation of different faults. But monitoring on dams can 
significantly reduce the risk of these accidents.  

Appropriate monitoring on large dams is also being implemented in Ukraine. As part of the renovation of the 
Hydroelectric Power Plants of the Dnister and Dnipro cascades new Automated Safety Monitoring System have to be 
installed at dams. The aim of this program is to upgrade the existing monitoring systems and improve the monitoring 
efficiency of hydraulic structures in compliance with modern safety requirements.   

2.2  General statement of the problem   

The main diagnostic models for assessing and forecasting of  state of dams being under exploitation with using data of 
instrumental control are regression models. Using regression models significantly simplifies the task of operative 
diagnosis of hydraulic structures. This approach to the assessment of state of large dams on the basis of observational 
data is the  accepted approach in the world. The results obtained after regression modeling  can subsequently be used in 
solving complex problems of parametric identification of phenomenological models which use equations of elasticity, 
filtration theory, fluid mechanics, etc. with suitable conditions of uniqueness that may be corrected, tested and validated 
by new observations with next regression models.  

Regression models of behavior of dams being under exploitation are being built on time-series data of observations 
that are usually non-stationary  ones [2]. Examples of time series of observational data on the left bank earth fill dam of 
the Kiev hydraulic power plant for an independent variable x (a) and for a dependent variable y (b) are shown in Fig. 1.   
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Practice shows the construction of adequate regression models for prediction of state of dams can be a daunting task.  
Behavior of dams may change over time, not only due to changes in external factors (load, effects), but also due to 
internal reasons. The evolution of states of dams, which are operating in normal conditions, without apparent violations, 
occurs rather slowly. In general, changes occur constantly in dams, but irreversible changes can accumulate over the 
years.  Processes of wear and aging dams can develop simultaneously with the processes of self-healing. Different 
processes may dominate at different times in dams even when the similar external loads and effects are. This is also 
reflected in the quality of regression models.  It is exactly consideration of evolutionary changes is a condition of 
adequacy of predictive models of behavior of dams, because periods of efficiency of dams and their structural elements 
can be up to several decades.  Examples of the need to take account of changes in the behavior of dams during operation 
are shown in Fig. 2. It is shown that, firstly (a), an increase in the observation period increases the uncertainty of the 
values of the dependent variable, which characterizes the reaction of dam on external loads. Secondly (b), over time, the 
response of the dam can vary under similar conditions or due to similar external influences.  

Fig. 1.  Examples of  time  series of observational data on the dam for an independent variable 
x (a) and for a dependent variable y (b)  
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2.3 Evolutionary modeling using regression models  

Usually, regression models are adjusted after the appearance of new data. This is done in different ways. The forecast 
period can be varied, confidence interval for diagnostic parameter may be increased, new data can be considered more 
important, etc. And valuable information about the behavior of the object of diagnostics in the past may be lost.  

In particular, the values of the diagnostic parameter may vary both monotonically as within the selected regression 
model and abruptly, when there is the transition of the system to a new level with the advent of the new monotonic 
change of the diagnostic parameter (Fig. 3).   
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Indeed each adequate regression model, which was built for certain time interval of observation, reflects in fact the 
current phase state of the dam as a dynamic system in this range. A regression model becomes a kind of a phase portrait 
of the dynamic system in this interval. Accordingly, the evolution of diagnostic models presented as regressions that 

Fig. 2. Fields scattering values of the dependent variable in different time intervals of observations 

Fig. 3. A fragment of the time series of observational data (a) on the dam for an independent variable 
x with different tendencies and illustrations of changes (b, c) of a diagnostic parameter y  
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correspond to specific time intervals can reflect the evolution of the state of the dynamic systems throughout the all time 
period selected for the study.  

Time periods, according to which the random regression models are being built, are usually characterized by 
different dynamics independent variables. For example, these periods may characterize varying the direction or the 
intensity change of the independent variable. These  time intervals  can be allocated: there is a zero  dynamics of values 
of independent variable; values of independent variable  are slowly increasing; values of the independent variable are 
rapidly increasing; the independent variable decreases  slowly; the independent variable decrease rapidly. This can be 
very different options of forecasting background . 

Evolutions of model values of diagnostic parameters at each step of regression modelling  are determined at fixed 
values of the exogenous variables. The values of the independent variables are chosen among the values which have 
been observed in time intervals, where the samplings data in constructing the regression models were formed. In some 
cases, allowed to go beyond the observed values of the independent variables in the regression models which have been 
built inside relatively short intervals of changing the values of  the independent variable if there are analogues of the 
corresponding regressions constructed under similar conditions or forecasting background . An example of evolutions 
of model values of the diagnostic parameter that reflect different phase states of the dynamical system in different time 
periods are shown in Fig. 4.   
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Thus obtained evolutions can be used to predict the appropriate diagnostic parameter and modelling regressions of 
next time periods depending on new observational data and the current forecasting background.   

3  Conclusion   

A method to predict diagnostic parameter or safety indexes of  dynamic systems as large  dams, power plants, bridges, 
etc., that  evolve  very slowly  during operation is proposed. It is based on inductive  analysis  of observational in-situ data 
that form the time series. According to the method regression models are considered as a kind of phase portraits of the 
dynamic system in different time intervals.  

The proposed method for the simulation and prediction the behaviour of dynamic systems taking into account of 
observational in-situ data  allows using  simultaneously both the principle of optimization and the principle of adaptation 
to situational changes that occur in a dynamic system. In constructing situation models for short time intervals 
compared with the total duration of observations, it is easier to ensure uniformity of sample data and independence 
diagnostic parameter from less important factors. Accordingly, under the modelling  and prediction of safety indexes of 
complex dynamic systems can be used simple regressions, usually univariate regression models.   
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Fig. 4.  Evolutions of model values ym of the diagnostic parameter  y, which were built  
according to  data  shown in Fig.  1 
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