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Abstract Currently, there is an urgent need for environmental studies of agricultural production. This is especially 

true for cattle farms. In the situation of uncertainty of the initial information, the most convenient research method 

is mathematical modelling based on the fuzzy-probability approach. An algorithm for extracting and formalizing 

expert knowledge and experience by analytical expression is presented. In contrast to foreign studies, the joint 

influence of seven variables in one model is considered. At the same time, the factor space systematically 

represents the phenomenon under study and contains not only quantitative, but also qualitative variables. The 

impact of only technological factors was assessed, so economic indicators were not considered. An example of 

constructing a fuzzy-probability model of the environmental sustainability of a cattle farm in a seven-factor space 

is given. The validity of the model is confirmed by the factual data for three farms. Quantitative estimates of the 

degree of influence of both the variables themselves and their interactions have been obtained. It is shown that the 

influence of the number of head on the farm and the fields is about twice as significant as the influence of the 

applied technologies. A numerical experiment is carried out and illustrated on the basis of an adequate fuzzy- 

probability model. At the same time, it was found that with a significant increase in the number of cattle, the 

ecological stability of the farm decreases on the scale of the attribute from the level of “high” to “medium”. 
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Introduction 

The concentration of animals in a limited area has caused a number of problems on many issues, 

with the removal, treatment and use of manure being one of the most important problems. It is the 

negative environmental impact of organic matter and biogenic elements of the NPK group in the process 

of moving from animal to plant of particular concern [1]. 

The nature and variety of environmental costs arising from the intensification of agriculture and the 

organization of production in the crop and livestock sectors do not allow us to single out a single criterion 

by which it is possible to comprehensively evaluate the entire variety of environmental problems. 

In conditions of such uncertainty, the main technique of researchers in assessing the ecological load 

on the seedling is the construction of models for various purposes, as well as explicit and implicit expert 

knowledge [2; 3]. 

The analysis of international experience shows that work on the problem of environmental pollution 

with harmful emissions from agricultural production should be based on a systematic approach in 

solving production problems, rational use of food, energy, and minimization of nutrient losses. At the 

same time, despite the many created models of various levels and directions, environmental problems 

in the agricultural sector are far from being solved, making farmers have the final say [4]. 

In [5], it was noted that, despite the abundance of information from multiple sensors and the result 

of manual recording, this information is not used by farmers, since the time spent often outweighs the 

economic benefits. The concept of simulation models in agriculture [6] is also disappointing, since 

models almost always focus on one specific domain, which limits their effectiveness. Thus, feed 

consumption patterns are most valuable when combined with other models that predict animal responses 

to milk yield, changes in body weight, nutrient efficiency and gas emissions [7]. However, the models 

cannot yet be used in this capacity and, according to the authors, oblige the farmer to additionally 

evaluate alternative production strategies or regard them as an exercise in decision support. Innovation 

processes in agricultural production systems need to be facilitated by taking into account the main 

components – biological processes, farm management and advisory services. [8] In practice, farmers 

tend to expect a turnkey solution. 

The Internet of the Future (FI) is seen as a mechanism by which a variety of systems and services 

can be easily integrated into an arbitrary domain, including agriculture [9], but this requires the adoption 

of a distributed intelligence methodology and multi-agent approaches [10]. 

DOI: 10.22616/ERDev.2021.20.TF231 



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 26.-28.05.2021. 

 

1059 

The potential benefits of smart farming are numerous, but how this can be realized in terms of 

productivity, profitability and sustainability remains unclear to researchers [4]. 

However, the future is not so pessimistic, since at present intelligent forecasting systems and 

adaptation of the structure of models describing planning processes in complex technical organizational 

systems based on service-oriented architecture have already been developed and tested [11-13]. Such 

systems in combination with software products are able to put into practice many of the hopes expected 

from the Internet of the future. 

If we consider a cattle farm as a complex object, then from the point of view of modeling it can, in 

a first approximation, be represented by the diagram in Fig. 1. The factor space here appears as a 

hierarchical tree. This means that all the methods and techniques proposed in [11-13] are quite 

applicable. 

 

Fig. 1. Factor space diagram for modeling the state of a cattle farm 

A convenient addition to the developed apparatus is a fuzzy-feasibility approach to the construction 

of multifactor mathematical models based on expert knowledge and experience [1; 3], the application 

of which will be demonstrated by the example of studying the ecological sustainability of a cattle farm. 

Materials and methods 

In this study, the cattle farm is viewed as a complex system (Fig. 1), and environmental 

sustainability as a complex phenomenon. To study a complex phenomenon, an expert is used as an 

“intelligent measuring and diagnostic system” [2], from which “knowledge” is extracted. This explicit 

and implicit expert knowledge is the “material” to formalize in analytical expression. Such a synthesis 

of mathematical models implements the fuzzy-probability approach developed by the authors, which is 

successfully used in agriculture [1; 3]. 

Below we will show the application of the proposed method to the construction of a fuzzy-

possibility model of the ecological sustainability of a cattle farm. 
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The technique of a fuzzy-possibility approach to formalizing expert data with an analytical 

expression is as follows [2]. 

Step 1. Formulation of the problem, selection and substantiation of the factor space, in which the 

decision on the state of the AO is made, and the construction of verbal-numerical scales for all variables 

is completed. 

Step 2. Presentation of the selected characteristics in the form of linguistic variables with 

appropriate measurement scales. Construction of a set of fuzzy production rules of the implicative type 

“if … then …” as a form of representation of expert knowledge. 

Step 3. Preparation, based on the methods of the theory of planning experiments, of the survey 

matrix for the selected factor space and filling it out by an expert. The rows of the matrix are fuzzy 

production rules of the implicative type “situation – assessment”. The construction of a polynomial 

expression is carried out by methods of the theory of planning experiments. 

Step 4. The fulfilment of the requirement for the adequacy of the assessment of the AO state is 

checked on the basis of a comparison of the results obtained using the developed model and the results 

obtained by processing expert opinions. 

Step 5. Conducting a professional analysis of the quality of the constructed models, extracting from 

the constructed adequate models by methods of mathematical analysis of new information about the 

specifics of the functioning of a particular SL. 

According to step 1 of the methodology the experts identified the variables, the factor space of 

which determines the generalized state of the farm in terms of environmental safety as a whole: 

• X1 – livestock of animals, number of heads; 

• X2 – the degree of efficiency of the manure processing technology, expressing the level of 

nitrogen preservation as a percentage of the initial mass, % at the processing stage; 

• X3 – degree of efficiency of the storage technology, expressing the level of nitrogen preservation 

as a percentage of the initial mass, % at the storage stage; 

• X4 – degree of efficiency of the fertilization technology in the soil, expressing the level of 

nitrogen storage as a percentage of the initial mass, % at the stage of application; 

• X5 – availability of fields for the farm, % of the required; 

• X6 – level of technical equipment, % of the required; 

• X7 – quality of personnel work throughout the technology cycle, b·r-1; 

• Y – generalized indicator of the ecological sustainability of a cattle farm, b·r-1. 

Table 1 shows the verbal characteristics of the state of the ecological sustainability of the cattle 

farm, according to which the descriptions are converted into numerical values. 

Table 1 

Verbal-numerical relations when assessing the state  

of ecological sustainability of a cattle farm 

Degree of 

ecological safety 

Modes of states 
Characteristic of state 

verbal numeric 

Low L 0.3 | (-1) 
Environmentally unsustainable cattle farm with 

more than 70% environmental risk 

Below Average BA 0.4 | (-0.5) 
Environmentally unsustainable cattle farm with an 

environmental risk of more than 50% 

Average A 0.5 | (0) 

Cattle farm of average environmental sustainability 

with the risk of local incidents of harm to the 

environment less than 50% 

Above Average AA 0.6 | (+0.5) 
Sustainable farm with minimal risks of local 

environmental damage 

High H 0.7 | (+1) 
Environmentally sustainable farm with no 

significant environmental risks 
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 Figure 2 shows the type (step 2 of the methodology) of linguistic variables to represent the expert’s 

knowledge of each of the factors. In practice, two scales along the abscissa axis are used for the 

dependent variable Y: verbal L, BA,..., H and 0.3 – 0.7 as a graphical reflection of Table 1, and for 

estimating the actual values of the independent variables of the factor space of the scale – verbal and 

standardized for the use of experimental planning methods(“-1”,..., “ +1”). 

Fig. 2. General view of the linguistic variable 

Further, according to step 2 of the methodology, a questionnaire matrix (Table 2) was created for 

an expert, where each row represents a situation (step 3) for assessing the state of the ecological 

sustainability of the farm, taking into account the values of the verbal-numerical Table 1. 

Table 2 

Fragment of the questionnaire matrix with expert estimates YE  

and calculated values for the model Y 

No. 
(1) (2) (3) (4) (5) (6) (7) (8) 

x1 x2 x3 x4 x5 x6 x7 YE YE Y 

1 -1 -1 -1 -1 -1 -1 1 L 0.3 0.32 

2 1 -1 -1 -1 -1 -1 -1 BA 0.45 0.43 

3 -1 1 -1 -1 -1 -1 -1 L 0.35 0.35 

4 1 1 -1 -1 -1 -1 1 BA-A 0.45 0.49 

… … … … … … … …  … … 

62 1 -1 1 1 1 1 -1 AA 0.60 0.62 

63 -1 1 1 1 1 1 -1 BA-A 0.55 0.54 

64 1 1 1 1 1 1 1 H 0.70 0.68 
Note:

(1) Livestock 

(2) Degree of efficiency of manure processing 

(3) Degree of efficiency of storage technology 

(4) Degree of efficiency of fertilization 

technology  

(5) Sufficiency of fields for the farm 

(6) Level of technical equipment 

(7) Quality of personnel  

(8) Generalized indicator of the ecological 

sustainability of a cattle farm Y 

The processing of expert information in a quantitative form by the methods of the experiment 

planning theory led to the model: 

 Y = 0.475 + 0.04219x1 + 0.01406x2 + 0.01719x3 + 0.01875x4 +  

 + 0.03125x5 + 0.02656x6 + 0.02188x7 + 0.00625x3x6 + 0.01719x4x6 +  

 + 0.00625x1x3x4 + 0.00625x1x3x5-0, 00781x3x5x7,  (1)  

where only terms with significant coefficients are presented, and variables on a standardized scale 

according to the formulas: 
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i – number of variables. 

Practical confirmation of the adequacy (step 4) of the calculations according to the model to the 

actual estimates YF of the ecological safety of farms as a whole is shown in Table 3. The actual state of 

the farms was obtained from a survey of the management representatives of cattle farms. 
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The data for the entire factor space are presented in verbal form as the most convenient for 

evaluating by specialists. For model calculations (1), verbal estimates were converted into numerical 

ones according to the scales in Fig. 2 and then into a standardized form according to the formulas (2).  

Table 3 

Results of assessment for the selected factor space  

of the ecological sustainability of three farms 

Cattle 

farm 
Х1 Х2 Х3 Х4 Х5 Х6 Х7 Y Ye YF 

1 L BA-A A BA L AA AA 0.36 L-BA L 

2 AA-H AA AA A-AA H AA H 0.61 AA AA 

3 A A BA AA A-AA AA H 0.52 A L-BA 

The presence of an adequate model (step 5 of the methodology) allows the use of mathematical 

analysis to obtain new information about the functioning of cattle farms. So, a numerical experiment 

was carried out, when the values of all variables, except one, were fixed at a certain level, and this 

variable changed its values along the entire scale of values of the feature from -1 to +1, as shown in Fig. 

3. By the slope of the graphs one can judge the degree of influence of the investigated factor on the 

dependent variable in the presence of the influence of the rest. 

 

 

Fig. 3. Results of a numerical experiment on the estimated operating state of the farm:  

“-1” – the most unfavorable; “+1” – favorable 

Results and discussion  

The obtained analytical expression (1), which describes the phenomenon under study, is expressed 

as a nonlinear model. The coefficients of the model, in contrast to conventional statistical regressions, 

reflect the explicit and implicit knowledge of the expert. The presence of the calculation model allows 

-1 

+1 
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us to assess the contribution of factors to the change in the environmental safety of the cattle farm and 

the relationship between the variables, the state of the ecological situation of the farm in the seven-factor 

space. In fact, this approach makes it possible to use the Internet of the future, the expectation of which 

is described in [9; 10]. 

The performed numerical experiment represents two extreme states of the farm functioning: in the 

worst case (Fig. 3, “-1”), when all the values of the variables are at the lower levels, the ecological 

sustainability is assessed as “low” and even a significant decrease in the farm population (x1 = +1) can 

increase the sustainability only to a value of 0 , 43, which according to the scale of Table 1 corresponds 

to the level “below average”; in a favourable case (Fig. 3, “ +1”), when the level of environmental 

sustainability is “high”, a significant increase in the farm livestock (x1 = -1), with all favourable values 

of the variables, can reduce the sustainability from the “high” level to “medium - higher average”. 

Even such a brief analysis enables us to conclude that there is a certain maximum permissible 

livestock population, when the stability of the farm, including the ecological one, is within permissible 

limits. In this case, in our opinion, economic factors are critical. 

Conclusions 

For the first time in a seven-factor space, a mathematical model was built on the basis of 

systematically selected variables. The use of the fuzzy-possibility approach makes it possible to fully 

use the knowledge and experience of highly qualified specialists as experts. An expert in such cases is 

used as an “intelligent measuring and diagnostic system” in the sense that he makes “soft” measurements 

of the phenomenon under study and makes a diagnosis of its condition. 

The numerical experiments made it possible to quantify the power of the influence of variables and 

their interaction on the ecological sustainability of a cattle farm. 

Thus, the fundamentally understandable theoretical statements in this particular study were 

quantitatively assessed in practice. 
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