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Annotation: This article compiles different features of waste management systems, as well as its practical implementation in Mathematic 

and Geoinformation analysis. Technological basis of information support of waste management and its indicators, such as adverse impact 

on the natural environment and human health and territorial features of the risk caused by long-term negative impact on the environment 

and public health, are presented. Population, economy, and environment in the Republic of Bashkortostan, Russia are strongly affected by 

thorough decisions made by authorities in the field of waste management, that are: finding places for storage, recycling, and subsequent 

distribution of waste and its derivatives, that also includes taking measures to influence people's understanding of dealing with waste and 

environmental problems. In this paper, the focal point is the technology of mathematical-geoinformation modelling, the basis of which, as 

applied to waste management problems, is a system combination of geoinformation technologies and mathematical-statistical modelling 

methods. Approaches to solving the problem of classifying areas of the territorial system by state indicators are presented in the article. 

 

 

1. Features of waste management systems 

The waste management system falls into the class of open complex 

systems. Waste management involves various interested parties 

with different motivations and different personal ontological 

models of the problem situation conditioned by the generation, 

storing and processing of waste. This makes it necessary to improve 

the methods for developing consolidated decisions that are 

recognized by all interested parties. The provisions of the theory of 

convergent management and evergenetic can serve as a basis for the 

methodological making of consolidated decisions. 

Waste management has to be carried out under uncertainty 

determined by a lack of knowledge about the mechanisms of waste's 

impact on the territorial systems; the difference in goals and 

motives of representatives of state structures, business and the 

population in resolving problem situations; limited data 

characterizing the processes of generation, collection, storing, and 

processing of waste; insufficient knowledge of the cause-effect 

relationships of waste, environment, and public health. The above 

circumstances determine the need to develop a consolidated 

solution for resolving the problem situation on the basis of 

axiological knowledge. Structured personal knowledge of subjects, 

as well as the results of a multidimensional analysis of data from 

departmental information systems for solving diverse tasks related 

to ensuring environmental, technogenic safety and public health, 

serve as the elements of the communication platform. 

System-forming factors, allocating a territorially-distributed waste 

management system, are: 

 The amount and characteristics of industrial and domestic 

waste generated, stored and processed at different sites of 

the territory; 

 The territorial-temporal dynamics of the impact of waste 

on  the environment and public health; 

 Territorial-temporal aspects of  collection, storing, 

transportation, and processing of waste; 

 Territorial-temporal features   of the population's attitude 

towards the problem of waste management. 

As local control loops in the waste management system, it should 

be noted: 

 Management of the negative impact of waste on the 

environment and public health; 

 Management of the choice of places for permanent and 

temporary storing of waste, construction sites for waste 

processing enterprises, taking into account the ratio of the 

volumes of waste produced and already stored in the 

storage areas of various types (industrial and domestic), 

and the state of the transport network in various parts of 

the territorial system; 

 Management of the requirements for the activities of 

enterprises in terms of waste processing; 

 Management of economic consequences of waste storing 

and processing, including pricing for the collection, 

storing, transportation and processing of waste; 

 Management of the values, aspirations, behavior of the 

population in waste management issues, while changing 

the processes, methods, strategies, structure of the waste 

management system. 

The above list is not final; its composition may be adjusted as the 

fundamental and axiological knowledge are being obtained while 

practical activities accumulate. 

For each local control loop, the target groups of clients and 

associated management objectives are defined; indicators of 

effectiveness of management; indicators of management quality. 

The mutual agreement serves for coordination of management 

objectives in local contours. Coordination of processes related to 

local control loops must be reached by balanced combination of the 

following elements: 

 Direct coordination (chief-subordinate); 

 Standardization of goals (setting targets for executors 

who independently choose the means in order to achieve 

the specified management targets); 

 Standardization of activities in the contest of  

implementation of the process approach; 

 Standardization of the population's values in order to 

raise its awareness of the domestic waste management. 

Critical management tasks are: 

 Identification of self-reinforcing growth processes that 

create the basis for significant changes in the waste 

management system; 

 Identification of processes that balk positive changes that 

determine its limiting factors;  

 Development of approaches and the implementation of 

actions for the matching / elimination of limiting factors. 

The main goal of coordination of local loops management is to 

ensure the consonance of self-enabling processes in local control 

loops. 

The complexity of solving weakly formalized problems related to 

the construction of local control systems is due to: 

 Necessity of substantiation of selection in initial 

descriptions of territorial systems of necessary 

knowledge, enabling to allocate control systems from the 

environment; 

 Systematization of knowledge on the components of 

waste management systems and their reflection on 
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semantic concepts, in the basis of which later ontological 

models will be built and will form the communication 

basis for solving waste management tasks; 

 Structuring of knowledge on the components of the waste 

management system for the subsequent presentation as 

structured formalized models (cognitive models). 

Situational management is a perspective approach to solving 

problems of waste management in real time. It involves the use of 

pre-prepared "situation-solution" scenarios, which are then selected 

by the management entities in accordance with current situations. 

Currently, the solution of the above tasks is carried out largely 

empirically and heuristically due to the territorial features of the 

impact of waste on the environment and public health in the first 

place, and in the second due to the territorial features of the 

population's attitude to the problem of collecting, transporting and 

processing of waste. As a result, the quality of the models that form 

the basis of situational management depends on many subjective 

factors that are: 

 Uncertainness in reaching a guaranteed result in the 

modeling process; 

 Difficultness of assessing the completeness and 

correctness of the situational models constructed this way.  

The combination of the factors in many cases leads to the rejection 

of modeling as an information support for management, and the 

subject-operator remains completely responsible for the 

management tasks. 

2. Technological basis of information support of waste 

management 

The presentation in structured form of knowledge and information 

of the involved entities as well as multidimensional analysis of 

available data characterizing the negative impact of waste on the 

environment and public health form the basis of information 

support for the development of a consolidated solution for resolving 

problem situations.  

The implementation of this activity creates the basis for the 

formation of alternatives to solve tasks related to the collection, 

organization of temporary storing, and transportation of waste.  

The technological basis for the creation of the management 

information platform includes: 

 Cognitive modeling technologies; 

 Convergent control technologies; 

 Mathematical-geoinformation modeling technologies. 

In this paper, the focal point is the technology of mathematical-

geoinformation modeling, the basis of which, as applied to waste 

management problems, is a system combination of geoinformation 

technologies and mathematical-statistical modeling methods.  

The use of geoinformation modeling technologies creates the basis 

for presenting in reference form (in the form of thematic 

cartographic layers) for the following: 

 Information and data characterizing the natural 

components of geotechnical objects;  

 Characteristics of origin of various types of waste 

(industrial, domestic) in different parts of the territorial 

system;  

 Places of storage and processing of wastes; 

 Characteristics of the transport network.  

The use of mathematical and statistical methods creates the basis for 

the analysis of the territorial-temporal variability of the indicators 

of the components of territorial systems under conditions of 

uncertainty of the properties of interrelated processes, conditioned 

by natural, social, technogenic factors, including the processes of 

generation, storing, transportation and processing of waste. 

3. Mathematics and Geoinformation analysis of indicators of 

waste management system 

The territorial-temporal analysis of symptoms indirectly 

characterizing the processes controlled by means of the local 

control systems identified above [15-17] serve as the basis for 

assessing the state of the waste management system. 

The table describes a number of indicators that indirectly 

characterize the state of the waste management system. 

In Fig. 1 - 2 as an example, the following results are given: 

assessing the state of the territorial system, diagrams for the 

distribution of one of the indicators for the municipal districts of the 

Republic of Bashkortostan, as well as maps where the most critical 

areas can be identified, regarding the current problems of waste 

management system. 

The results were obtained in solving the problem of zoning of the 

territory of the Republic of Bashkortostan by private indicators, 

which creates the basis for analyzing the effectiveness of solving 

local problems of waste management. 

 

Table 1: Waste management quality indicators 

Indicator name Indicator content Local control loop 

The amount of waste per capita / km2 Adverse impact on the natural 

environment and human health 

Management of the negative impact on the 

natural environment and human health 

Number of employed and neutralized 

waste per capita / km2 

Parrying the negative impacts of 

waste on the environment and 

public health 

 Management of the negative impact 

on the natural environment and 

human health 

 Management of requirements for the 

activities of enterprises in terms of 

waste processing 

The amount of landfilled waste per 

capita / km2 

Territorial features of the risk 

caused by long-term negative 

impact on the environment and 

public health 

 Management of the negative impact 

on the natural environment and 

human health 

 Control of the selection of permanent 

and temporary places of storage and 

processing of waste 

 Management of economic indicators 
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of storing and processing of waste 

 Management of values, aspirations, 

behavior of the population in waste 

management issues 

Volume of output per capita Territorial features of placing 

production (as a source of industrial 

waste) 

 Management of economic indicators 

of storing and processing of waste 

 Control of the location for permanent 

and temporary places of storage and 

processing of waste 

 Management of values, aspirations, 

behavior of the population in waste 

management issues 

Population density Territorial features of the places of 

residence of the population (as a 

source of household waste) 

 Management of economic indicators 

of storing and processing of waste 

 Control of the selection of permanent 

and temporary places of storage and 

processing of waste 

 Management of values, aspirations, 

behavior of the population in waste 

management issues 

 

In papers devoted to the study of complex systems, it is noted that 

the classification problem solution is the basis of the analysis of 

heterogeneous dynamic objects [1, 6, 7, 8, 11]. Regarding the 

analysis of the territorial systems, this is expressed in the 

classification of areas of the territory (in case of waste management 

- municipal entities) by the values of the state characteristics [5, 9, 

10, 12, 13]. Classification of areas of the territory is based on the 

development of formal methods for the regularization of spatial 

data, allowing each area to be assigned to a particular class of 

states. 

In general, the classification problem is represented in the form: 

 
   ,,, yxSyx   (1) 

Where  yx,  is the surface topography and  yxS ,  is a spatial 

mosaic, formed by sections of the study area, with each element of 

the mosaic is associated with a certain class of state territorial 

system [5]. 

The basis for the transformation of  yx,  into  yxS ,  is the use 

of different scales that establish a correspondence between the 

ranges of values of the relief indexes of characteristics and the 

classes of state of the territory, that is 

  ,, Cii
yx

i
  

 
(2) 

Where i  and  i
are boundaries of the i  -th sub-interval of the 

classification scale; C i  is the i -th class of the state of the site of 

the territory. 

In solving practical problems related to the assessment of the state 

of a territorial system, it is rather typical that when 

only    yxyx iiiiZ ,,  ,  Nii ;  are known instead of 

 yx,  corresponding to the nodes of the non-uniform 

measurement grid. In this case, the model (3.1) is transformed to the 

form: 

 
     ,;,,

~
, NiiS

P
Z yxyx iiii    (3) 

Where  yxS ,
~

is the estimate of  yxS , depending on N , the 

locations of the measurement grid nodes, and the chosen P  

transformation method of the terrain transformation into the spatial 

mosaic. 

When solving applied problems of classification of territorial 

systems, one often has to deal with a situation where the 

classification scale is a priori unknown. In this case, P
~


should 

strive for actually available sample data. 

It is noted in [2, 3, 4, 5] that if  ii yxZ ,  are random variables, the 

distribution function  zF
~

 is an integral characteristic of the 

statistical relief. In this connection, the classification process should 

take into account features of evaluation  zF
~

, obtained from the 

values  ii yxZ , ,  Nii ;  and the model (3) is transformed to the 

form: 

 zF
~

  

(4) 

  yxZ ,                      yxS ,
~
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Fig 1. Amount of waste generated per capita in the Republic of Bashkortostan for 2015 
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Fig 2. Amount of waste generated per 1 km2 in the territory of the Republic of Bashkortostan for 2015 
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From this model it follows that the quality of the mosaic  yxS ,
~

 is 

determined by the closer score  zF
~

to the distribution law  zF ,

which corresponds to sample  ii yxZ , . 

The generalized scheme for classifying areas of the territorial 

system from the sample data is based on the following: 

 All information on the state of the territorial system is

contained in the sample data, with the estimate  zF
~

being an exhaustive (regarding the parameter z ) state 

characteristic; 

 The estimation of the spatial mosaic  yxS ,
~

 is reduced to

the division of the territory into areas, each of the areas

being related to one of the classes of state. Sites

belonging to the same class are assigned the same value

of the relief characteristic, by which the integral

estimate  zF S
~ can be constructed. Thus, the number of

state classes and the boundaries of disjoint classes must

be chosen in such a way that the following condition is

satisfied:

     min,,
~

~ zzF FP Sj (5) 

Where P j is j -th comparison rule for  zF
~

and  zF S
~ . 

Assuming that the sample values  ii yxZ , , Nii , are random 

variables to which the distribution function  zF
~

   corresponds, for 

formalization of the classification scale procedure it is rational to 

use a grouping approach to statistical data. In [14] various 

approaches to the construction of  zF
~

 estimates from samples of

finite (including small) volume are described, as well as different 

approaches to solving the problem (5). It also describes the 

engineering methodology that allows to completely formalize the 

procedure for classifying a territorial system based on homogeneous 

samples  ii yxZ , , Nii , . 

Approaches to solving the problem of classifying areas of the 

territorial system by state indicators should be linked to the 

management levels: thematic, and operational. In this connection, it 

is expedient to introduce the concepts of "absolute", "relative" 

classification scales. The purpose of constructing a "relative" 

classification scale is to present, in a visual cartographic form, the 

current (operational) situation, corresponding to the l -th time slice. 

In this case, the data,
  ii
l yxZ , , Nii , corresponding to the l -

th research conditions, serve as sampling elements. 

The goal of constructing an "absolute" classification scale is to 

create a basis for comparing the state of a territorial system in 

different time slices. 

The absolute scale is formed on the basis of data corresponding to a 

set of time slices and is designed to compare the states of territories 

in different time slices  hl ,...,2,1 . As sample elements in this

case, serves the combined sample: 

     .;1,,
1

Niz yxz ii
h

l
l 

 (6) 

Limitations of this approach are the need to observe the conditions 

of homogeneity of sample data acquired at the nodes of the mesh 

measurement. 

The results of the research presented in the article are partially 
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