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Forecast of agricultural economic sector using artificial neural networks 

The purpose. To substantiate the theoretical and methodical approach of system forecasting of 

agricultural production on the basis of the application of artificial neural networks, taking into account 

quantitative and qualitative factors of influence on the development of the agrarian sector of the economy. 

Methods. Economic-statistical, calculation-constructive, monographic, comparative, correlation analysis, 

artificial neural networks. Results. The theoretical and methodical aspects of using the artificial neural 

network method in the problems of forecasting the development of the agrarian sector of the economy for 

achieving greater objectivity and accuracy are considered. The systematic analysis of the main 

production and economic indicators of the agrarian sector of Ukraine for 2000-2017 was carried out. The 

quantitative and qualitative factors influencing the development of the agrarian sector of the economy 

were determined. A model for forecasting the development of the agrarian sector of the Ukrainian 

economy on the basis of an artificial neural network of architectural type multi-layer perceptron is created, 

which ensures the minimum deviations of the obtained results from the actual values of these indicators. 

Conclusions. The results of research confirm the possibility of practical use of the model of the ANN 

developed on the basis of system analysis for adaptive forecasting of the agrarian sector of Ukraine’s 

economy in the medium and long-term perspective. The proposed model takes into account the factors of 

change of sown areas, livestock, crop yields, animal productivity and resource provision of agrarian 

production. A methodical approach is developed for the practical use of artificial neural networks for 

adaptive forecasting of the agrarian sector of Ukraine’s economy in substantiating different strategies and 

assessing their impact on the economic, social and ecological state of the industry. 
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The Ukrainian agricultural sector development strategy is to ensure its predictability and economic 

growth and competitiveness of production. The traditional model of agrarian development, which has 

ensured a quantitative increase in agricultural production during the last 20 years, requires qualitative 

upgrading and the transition to new principles of sustainable economic activity, innovation and 

technological modernization. Therefore, we need new approaches to forecasting agrarian development. 

A. V. Matviichik, I. V. Parasyuk and other scholars among known today's scientific approaches to 

solving forecasting problems singled out artificial neural networks, which are used as a universal 

reproducer of complex nonlinear functional dependencies. The powerful mathematical apparatus of 

neural networks allows to reveal the main tendencies of changes in the financial and economic indexes 

according to experimental data of previous periods and in accordance with them to make a forecast for 

changing this indicator in the future for a certain number of steps forward [1-2]. 

Actual problems of theoretical, methodological and practical substantiation of ways of using artificial 

neural networks for forecasting are considered in the works of many foreign and domestic authors. Select 

separate scientific work. The researcher S. Haykin [3] pays attention to the main directions of the 

development of artificial neural networks, as well as their role in solving problems of pattern recognition; 

Lakhmi C. Jain, Anna Maria Fanelli and others study the latest advances in pattern recognition, color 

induction, classification [4], James M. Keller examines various aspects of the theory's development [5], M. 

I. Pugacheva explores their use in forecasting GDP Ukraine [6]. 

In recent years, many scientific papers have been published on the practical application of artificial 

neural networks in various fields of activity. However, there is not enough work in agriculture. Here are 

some scientific works in this direction. Raju Prasad Paswan [7] compares the use of statistical methods 

and neural networks to predict crop production; N. K. Vasiliev [8] to forecast the volumes of production of 



various types of agricultural products according to neural networks and econometric models; P. M. 

Gritsyuk [9] in studies of the study of the possibilities of artificial neural networks for long-term forecasting 

of grain crop yields; A. I. Solovyov [10] for neural network modeling and forecasting of efficiency 

indicators of agrarian production management, the use of which allows to create nonlinear systems and 

models that can provide high reliability of the approximation of complex processes in space and time. 

The purpose of the research is to substantiate the theoretical and methodical approach of system 

forecasting of agricultural production on the basis of the application of artificial neural networks, which 

takes into account quantitative and qualitative factors of influence on the development of the agrarian 

sector of the economy. 

Research methodology. To realize the set goal in scientific research used economic-statistical, 

calculation-constructive, monographic, comparative, correlation analysis, artificial neural networks (ANN). 

Research results. Agrarian production is a complex dynamic system of social and economic relations 

based on direct and reciprocal links that are associated with factors of resource, biological, technological, 

innovation, demographic, ecological, climatic deterministic and stochastic nature of influence in a market 

environment. 

The generalization of the theoretical aspects of the problem under study by the example of the field of 

agricultural production proves the necessity of its systematic research. This requires the use of 

fundamentally new methodological approaches to the analysis and assessment of the problem of 

economic growth in agriculture, which can only be achieved by building adaptive models for forecasting 

the development of the industry. 

«Recently, mathematical models based on the principle of functioning of biological neural networks 

(neural networks), which, in contrast to regression, allow us to take into account the asymmetry of 

information, the presence of nonlinear relationships, uncertainty in the development of economic 

processes, unpredictable rapid change in subjective factors» [6]. 

Artificial neural networks are a mathematical model with their corresponding program realization with 

the help of developed special computer algorithms, which operate on the principle of analogous biological 

structures of a living organism. In a sense, artificial neural networks are a well-developed computing 

system that consists of many parallel processors and connections that are functioning in parallel. 

According to Simon Haykin, neural artificial networks have several advantages and provide the 

following beneficial properties of systems built on them, namely: 

- nonlinearity; 

- inputoutput mapping; 

- adaptivity; 

- evidential response; 

- contextual information; 

- fault tolerance; 

- VLSI Implementability; 

- uniformity of analysis and design; 

- neurobiogical analogy [3, с. 36-37]. 

Significant spread of the use of ANN in various fields of activity is due to the fact that they under 

certain simplifications and assumptions demonstrate the capabilities that are inherent in the human brain. 

It is, first of all, learning based on experience, generalization, extraction of essential data from excessive 

and varied information. 

First and foremost, the adaptive capabilities of the ANN are the ability to change their behavior 

depending on the state of the environment. After the corresponding analysis of received input signals, a 

self-tuning and learning procedure is carried out. These aspects are of paramount importance when 

developing adaptive models of forecasting in agriculture, where there is a complex relationship between 

exogenous and endogenous factors of influence. 



An example of the development of the agrarian sector of the Ukrainian economy is the model of its 

forecasting using the ANN method in the framework of the analytical platform of the software package 

Deductor Academic 5.3.0.88 developed by BaseGroup Labs. This program is a freeware version for 

educational and scientific purposes. In the analytical platform Deductor, the neural network is based on a 

multilayer perceptron with two learning algorithms - the classic BackProp and its modification of RProp. 

For the model, factors were selected that characterize the quantitative (X1-X27) and qualitative (Х28-

Х32) their influence on the development of the agrarian sector of the Ukrainian economy. The productive 

indicator (Y1-Y4) is the production of gross crop and livestock production in all categories of farms (at 

constant prices in 2010, million UAH), the number of people employed in agriculture, forestry and 

fisheries (millions of people), the generation of waste in agriculture, forestry and fisheries (million tons). 

In the first stage, the correlation between input and output indicators was investigated and statistical 

significance was established. 

When substantiating the ANN model it is important to study it based on a set of examples: the input 

state — the initial state by means of an algorithm that provides the minimum deviations of the obtained 

results of the forecasts from the actual values of these indicators. 

The architecture of the model design involves the presence of several inputs and outputs such as a 

multi-layered perceptron. The input and output parameters are a dynamic range of basic production and 

economic indicators of the agrarian sector development in Ukraine for 2000-2017 (Table 1-2). 

At the second stage of the substantiation of the forecasting model, the approach proposed by P. 

Grytsyuk, which recommends a sigmoid activation function with initial values in the range from -1 to 1: 
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where, y is the output signal of the neuron; e is the target nonlinear sigmoid activation function. The 

output signal of the neuron y is determined by passing the level of excitation V through the nonlinear 

function y. 

The coefficient � defines the slope of the sigmoid. According to the Tacens theorem, choosing a 

sufficiently large value of the depth of immersion D can guarantee the uniquely dependence of the future 

value of a series of its past values D:  Dtt 


f , that is, the prediction of the time series reduces to 

the task of interpolating the function of many variables. The neural network can be used to restore this 

unknown function according to the time series data. The value D determines the size of the time window 

that slides along the time series by specifying the input kits [9]. 

The design of the model took into account the choice of one hidden layer with two neurons. We used 

the backpropagation method with the default settings. This teaching method is an iterative gradient 

algorithm used to minimize the mistake of working a multilayered percutron and obtaining the desired 

output. Its main idea is to spread the error signals from the outputs of the network to its inputs, in the 

direction of the reverse direct propagation of signals in the normal mode of operation. 

 



1. The main indicators of the dynamics of the agrarian sector of Ukraine's economy in the period 2000-2017. 

Indexes Хn 2000 y. 2005 y. 2010 y. 2011 y. 2012 y. 2013 y. 2014 y. 2015 y. 2016 y. 2017 y. 
Sown area (thousand hectares) and livestock (thousand heads) in all categories of farms 

cereal crops Х1 13646,5 15004,8 15090 15723,8 15449 16209,9 14800,8 14738,4 14401,2 14623,6 
sugar beet (factory) Х2 855,6 652,2 500,9 532,4 458,4 279,8 331 237,4 292,4 316,1 
sunflower Х3 2942,9 3742,9 4572,5 4739,2 5194,1 5051,3 5256,5 5104,6 6073,4 6033,7 
soy Х4 64,8 438,5 1076 1134,2 1476,4 1369,9 1805,8 2158,1 1869,4 1999,8 
rape Х5 214,3 207,4 907,4 870,0 566,0 1017,4 881,6 682,4 455,1 788,5 
potato Х6 1629,3 1513,9 1408,4 1439,2 1439,8 1388,1 1348,2 1291,2 1312,2 1323,2 
vegetable crops Х7 538,1 464,7 461,8 497,7 494,4 483,4 463,3 440,4 441,5 439,2 
fruits and berries Х8 424,9 299,2 255,3 254,9 254,9 253,2 239,2 234,8 224,4 225,5 
forage crops Х9 7063,1 3737,8 2599,1 2477,3 2474,9 2288,7 2101,2 1990,2 1931,9 1858,1 
cattle (without cows) Х10 5195,5 2976,9 2090,2 1863,2 1843,6 2091,6 2025,2 1621,3 1583,7 1573,4 
cows Х11 5431,0 3926,0 2736,5 2631,2 2582,2 2554,3 2508,8 2262,7 2166,6 2108,9 
pigs Х12 10072,9 6466,1 7576,6 7960,4 7373,2 7576,7 7922,2 7350,7 7079,0 6669,1 
sheep and goat Х13 1884,7 1754,5 1832,5 1731,7 1739,4 1738,2 1735,2 1371,1 1325,3 1314,8 
bird of all kinds Х14 126079,8 152783,2 191446,4 203839,8 200760,6 214070,6 230289,8 213335,7 203986,2 201668,0 

Average crop yield and livestock productivity in all categories of farms (t / ha, kg / head) 
cereal crops Х15 1,94 2,60 2,69 3,70 3,12 3,99 4,37 4,11 4,61 4,25 
sugar beet (factory) Х16 17,67 24,82 27,95 36,33 41,08 39,89 47,65 43,58 48,15 47,49 
sunflower Х17 1,22 1,28 1,5 1,84 1,65 2,17 1,94 2,16 2,24 2,02 
soy Х18 1,06 1,62 1,62 2,04 1,71 2,05 2,16 1,84 2,3 1,97 
rape Х19 0,84 1,46 1,7 1,73 2,2 2,36 2,54 2,59 2,57 2,79 
potato Х20 12,16 12,84 13,25 16,8 16,1 15,97 17,64 16,14 16,58 16,78 
vegetable crops Х21 11,23 15,71 17,36 19,5 19,92 19,99 20,78 20,61 21,05 20,79 
fruits and berries Х22 3,84 6,37 7,82 8,49 8,99 10,35 9,52 10,45 10,19 10,31 
cattle (without cows) Х23 209,8 291,8 312,8 343,9 364 322,3 284,6 371,7 382,1 361,4 
cows Х24 2359 3487 4082 4174 4361 4446 4508 4644 4735 4820 
pigs Х25 83,6 112,5 120,8 117,3 132,4 138,3 128,4 139,3 142,4 147,8 
sheep and goat Х26 20,7 18,4 22,2 23,1 22,2 22,4 15,8 20,6 22,7 20,8 
bird of all kinds Х27 2,1 4,4 6,7 6,5 7,0 7,3 6,7 7,1 7,5 7,9 

 

Source. Own calculations of the author according to the data of the system analysis of the information of the State Statistics Service 

 

 

 

 

 



2. The main indicators of the dynamics of the agrarian sector of Ukraine's economy in the period 2000-2017. 

 

Indexes 
Хn, 
Yn 

2000 y. 2005 y. 2010 y. 2011 y. 2012 y. 2013 y. 2014 y. 2015 y. 2016 y. 2017 y. 

Incorporation of mineral fertilizers by agricultural enterprises in terms of 100% of nutrients, ths. tons 
fertilizers in crop production Х28 281,9 560,5 1064,2 1266,9 1346,6 1493,8 1471,7 1415,0 1728,9 2028,0 

Introduction of organic fertilizers by agricultural enterprises, ths. tons 
fertilizers in crop production Х29 28964,1 13387,3 9963,6 9954,2 9685,2 9652,9 9898,4 9662,7 9162,9 9273,9 

Expenditures of feed of all kinds for feeding farm animals in all categories of farms, thousand tons of feed units 
feed in animal husbandry Х30 42513 37481 33874 33659 34093 34644 32515 30987 30439 29738 

Share of capital investments in agriculture, forestry and fisheries development as a percentage of the total result for all types of economic activity,% 
investment Х31 5,1 5,4 6,1 6,8 6,9 7,4 8,6 11,0 14,1 14,3 

Share of households in the structure of total agricultural output,% 
production structure Х32 61,6 59,5 51,7 48,2 49,3 46,0 44,7 44,9 43,0 43,6 

Gross agricultural output in all categories of farms, UAH million 
crop production Y1 92838,9 114479,9 124554,1 162436,4 149233,4 175895,2 177707,9 168439 185052,1 179474,6 
livestock products Y2 58183,3 65125,9 70332,4 71259,9 74021,4 76963,8 73730,7 71028,3 69588,4 69682,4 

Number of people employed in agriculture, forestry and fisheries, million people 
employment Y3 4,37 4,01 3,12 3,41 3,51 3,39 3,09 2,87 2,87 2,86 

Waste generation in agriculture, forestry and fisheries, million tons 
ecological state Y4 1,25 2,59 8,30 12,2 10,03 10,08 8,45 8,74 8,72 6,19 

Source. Own calculations of the author according to the data of the system analysis of the information of the State Statistics Service 

 

 

 

 

 

 

 

 



In the Deductor Academic 5.3.0.88, the input sample selection was divided into 2 sets: educational 

(95% data) and test (5% data). As an activation function, a sigmoid with steepness was used. The 

training of the ANN was conducted prior to the onset of 100,000 epochs. The number of neurons in the 

input and output layers, respectively, was 32 and 4, and in the hidden one - 1. Dependence was found 

using 100% of the sample for maximum and average errors in the training - 0,5 and testing - 0,5. 

Received graph of the neural network copy of the program window is shown in Fig. 1. 

 

Fig. 1. A graph of the neural network model of the forecast of the agrarian sector of Ukraine's 

economy 

Source: developed by the author independently on the basis of methodological approaches [1,2,3,9] 

 

Compare the results of the forecast. The analysis of the estimated error rate (ERR) of the developed 

АNN in comparison with the real statistical data shows their high accuracy (Fig. 2). 

 

 

Fig. 2. Graphical representation of the interface of the Deductor Academic 5.3.0.88 program 

and the results of the estimation of the forecast and its errors. 

Source: developed by the author alone 



 

The maximum error estimating the accuracy of the forecast for Y1 did not exceed 5.9%; for Y2 — 9.7%; 

for Y3 — 7.6%; for Y4 — 5.3%. The generated forecasting model based on ANN is simulated and allows to 

determine in the future different variants of the basic parameters of the agrarian sector development — the 

value of gross production of crop and livestock, the number of employed population and the volume of 

waste generation. 

 

Conclusions. 

The results of the conducted research confirm the possibility of practical application of the model of 

the ANN developed on the basis of system analysis for adaptive forecasting of the agrarian sector of 

Ukraine's economy in the medium and long-term perspective. The proposed model takes into account the 

factors of change of sown areas, livestock, crop yields, animal productivity and resource provision of 

agrarian production. The use of the model is possible in substantiating different agrarian sector 

development strategies and the forecast of their impact on the economic, social and ecological state of 

the industry. 

The methodical approach developed by the practical application of ANN for adaptive forecasting of the 

agrarian sector of Ukraine's economy allows taking into account the dependence on the influence of 

various factors and ensuring less error and higher accuracy. 

Prospects for further scientific research are the development of the direction of developing new 

models of artificial neural networks for forecasting the state of the agrarian sector of the economy at the 

regional level. 
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