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ABSTRACT 

The article is devoted to developing a methodological approach to analyzing the efficiency and competitiveness 

of crop producers, taking into account ecological parameters to ensure the development of organic production. 

The authors propose a system of quantitative and qualitative indicators for a comprehensive assessment of crop 

producers' environmental and economic efficiency. The object of the study was 65 producers of organic and non-

organic crop production of grain and mixed specialization. For comparative analysis, comparability of indicators 

in terms of conditions was ensured through sampling and the scientifically based sampling method, i.e., stratified 

sampling. The initial database contains enterprise reporting indicators and aggregated data by territories in the 

form of categorical data and time series. The study used the sampling method, statistical grouping, comparative 

analysis, and approaches to identifying trends in the time series. The study resulted in the information-analytical 

model for assessing the efficiency and competitiveness of enterprises in order to determine the development trends 

of ecologically responsible and conventional crop producers. This study helps to increase attention to 

environmental issues in the crop production sector and to identify areas for improving the efficiency and 

competitiveness of organic crop producers. 
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INTRODUCTION 

The concept of "Eco-efficiency" was originally developed in 1992 by the World Business Council for Sustainable 

Development (WBCSD) to ensure ecologically friendly and resource-efficient production. On April 21, 2004 the 

European Parliament and the Council of the European Union adopted the Directive No. 2004/35/CE "On 

Environmental Liability to Prevent Environmental Damage and Remedy its Consequences". It initiated the 

formation of new models of interaction between the state and companies on ecological damage prevention in the 

legislation of some EU member states. Low prices for natural resources and underdeveloped ecological legislation 

limited the application of this concept in Russia. A large share of the Russian Federation's subjects are located in 

the zone of risky agriculture. At the same time, the objective goals of ensuring the country's food independence 

and preserving the integrity of territories and their development from the interest of local authorities in creating 

legal and economic conditions. The solution to these problems requires developing a methodological approach to 

analyzing the efficiency and competitiveness of agribusiness enterprises. The scientific novelty of the research 

consists in forming a methodical approach to analyzing the efficiency and competitiveness of ecologically 

responsible crop producers based on the development of an information-analytical model for assessing economic 

and ecological parameters using open data. The peculiarity of the proposed methodological approach is: 

A comprehensive approach (taking into account both the environmental rating of the regions and the economic 

and environmental efficiency of agribusiness enterprises); 
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Using available information (open statistical and financial reporting); 

The flexibility of the multi-attribute model (it is possible to supplement the indicators and change the weighting 

coefficients of the indicators, taking into account the interests of the state, agribusiness enterprises, and investors). 

According to WBCSD, the basic concept of ecological and economic efficiency is explained by an integrated 

index that measures the ecological impact accompanied by economic activity. This concept implies that the pursuit 

of economic growth cannot depend solely on the costs of ecological degradation (World Resources Institute 2001). 

There is a growing interest on the part of authorities to develop ecological ratings for enterprises. It is only logical 

that the problems of uniform assessment of the achieved economic and ecological efficiency results arise at the 

levels of states, regions, and individual economic entities. Due to the increased attention to ecological and 

economic efficiency, scientists offer various models and methods for assessing the effects of production activities 

on ecological systems, for example, data envelopment analysis (DEA; Trukhachev et al. 2016; Wu et al. 2016; 

Moutinho et al. 2017; Ghimire & Johnston 2017; Zhang et al. 2018). Some studies apply the SBM (Stochastic 

Block Model) approach, which consists in clustering objects based on random graph modeling, to assess 

ecological and economic efficiency (Wang & Feng 2015). For our study, however, such methods will not give 

proper results, as heterogeneous quantitative and qualitative indicators are used.The article by Xu et al. (2017) 

considers the DDFM model based on calculating the weighted sum of improved performance indicators as the 

target function. Köne Aylin (2012) reviewed the analytic hierarchy process method (AHP). However, this 

approach is not suitable for rural areas. Houssard et al. (2022) investigated a multidimensional model for assessing 

ecological performance in the agricultural sector at the meso level. Czyżewski et al. (2020) provided a system of 

indicators at the level of districts, characterizing environmental pollution, most of which we used in our analysis. 

Because the statistical record of the Russian regions is carried out according to a wider nomenclature of attributes, 

we carried out a more profound and detailed analysis of the ecological condition, taking into account the 

availability of data. The main problems with the models reviewed were the need for a comprehensive approach to 

assessing ecological and economic efficiency and using a limited number of characteristics. Many models have 

placed greater emphasis on economic performance at the expense of ecological performance. Schaible et al. (2015) 

noted that government conservation programs' ecological and economic efficiency improves when the 

heterogeneity of farms and the differences in farmers' motivation to invest in management and greening the 

business are more clearly taken into account in their implementation. This approach has necessitated research into 

the particular characteristics of ecological and economic efficiency at the enterprise level. Many researchers 

(Lopes et al. 2011; Gómez-Limón et al. 2012; Maia et al. 2016; Grzelak et al. 2019) have conducted a 

comprehensive comparative analysis of the ecological impacts of conventional and ecologically oriented 

agribusiness enterprises. Karelov (2013) calculated a composite indicator of ecological and economic production 

efficiency (EEPE) for agricultural enterprises. However, only ecological parameters were taken into account to a 

greater extent. According to Anfinogentova's methodology (Anfinogentova 2017), agricultural organizations' 

ecological responsibility level was assessed based on the Mandelbrot set basic formula and the Hurst statistical 

indicator. The limitations of the application of the described techniques are related to the fact that small and 

medium agribusiness enterprises do not fully account for the ecological characteristics of their activities, and in 

large agribusiness enterprises, deliberate and unintentional distortions of information about the level of ecological 

damage are allowed, so the application of this methodology is not transparent and informative enough. To assess 

ecological and economic efficiency, many authors (Dudin et al. 2016; Thompson 2017; Babanskaya et al. 2022; 

Migunov et al. 2021, 2023) include a combination of indicators of production profitability and pollution abatement 

efficiency. We share the authors' approach, introducing the indicator of overall profitability and emphasizing the 

feasibility of implementing economically unprofitable but ecologically effective projects (Babanskaya et al. 

2023). By analogy with this assessment methodology, projects with a positive integral indicator of ecological and 

economic efficiency can be implemented in which the ecological benefits outweigh the insufficient level of 

economic efficiency. "It is clear that ecologically responsible behavior has become one of the main drivers of 

business development and competitiveness. International financial institutions take this into account when 

granting loans. In addition, several major international banks have adopted the so-called "Equator Principles" 

which take into account ecological aspects when lending to businesses" (Wittenberg 2010). In the Russian 

Federation, the problems of ecological responsibility have remained without due attention at the state level for a 

long time. The notion and criteria of an ecologically responsible enterprise are not defined at the legislative and 

methodological levels. 
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MATERIALS AND METHODS 

The methodological approach to analyzing the efficiency and competitiveness of crop producers, taking into 

account ecological parameters, includes seven stages presented in Fig. 1. 
 

 
Fig. 1. Methodological approach of the study*; * developed by the authors.  

 

The first stage assumes the analysis of the RF subjects. Its purpose is to provide the information base for 

developing the mechanism for supporting ecologically oriented management of the territories' development 

necessary for the production of environmentally friendly products in agriculture. The initial database contains 

generalized characteristics by regions in the form of categorical data and time series. Statistical indicators have 

been selected. They reflect the specifics of the territorial structure of the country as fully as possible – the 

significant length from south to north and from west to east, which leads to a high degree of differences in soil 

and climatic conditions, population density, the land endowment of the subjects of the Russian Federation. 

Ivanova E, Myronidis D and Arustamov EA have presented examples of studies of territories by ecological 

characteristics (Arustamov 2017; Ivanova & Myronidis 2022). An analysis of the Russian regions in terms of 

ecological responsibility was carried out using the following system of statistical indicators: atmospheric 

emissions per regional area; share of air pollutants captured and neutralized in the total amount of pollutants 

discharged from stationary sources; ecological protection expenditure per regional area; share of waste 

neutralized. Regions that were favorable for crop production and had a high rating for environmental responsibility 

were selected. The second stage involved the selection of enterprises. Sixty five grain and mixed specialization 

crop producers were selected as the object of the study. There are 227 certified organic producers registered in 

Russia, including 30 certified enterprises – organic producers in the regions selected in the first step. They are 

included in the general population. This ensures that all of the existing production facts under the principles of 

environmental responsibility are considered. This sample was supplemented by an alternative type of producers 

in comparable numbers – 35 leading non-organic crop producers from the same regions, confirming the sample's 

representativeness. The scale of operations of the enterprises noted differs considerably, so it is advisable to group 

them into three segments: large, medium, and small based on the indicator "Revenue" and assess ecological and 

economic efficiency separately for each segment (Kisseleva 2022). The main criteria for selecting enterprises for 

their ecological and economic assessment were the following: type of economic activity, the volume of production 

and sales, and the ecological responsibility rating of the Russian regions. In this study, an enterprise will be 

considered ecologically responsible if it maintains a balance between economic and ecological performance and 

operates not only within the framework of economic efficiency and competitiveness but also takes into account 

the principles of ecological thinking described by UNESCO. In the third stage, a system of indicators 

characterizing crop producers' ecological and economic efficiency (EEE) was offered. Like Moulogianni & 

Bournaris (2021), the study takes a holistic approach, using quantitative and qualitative indicators of local 

conditions, needs, and priorities for sustainable development. Traditionally, the indicators of economic efficiency 

1
•Assessing regions in order to rank them in terms of ecological responsibility

2
•Sample crop producers represented in regions with a high degree of ecological responsibility

3
•Developing a system of indicators for ecological and economic efficiency of selected crop producers

4

•Developing a multi-attribute model for assessing the competitiveness of crop producers according to the level 
of ecological and economic efficiency

5
•Rating crop producers by calculating their level of ecological and economic efficiency

6

•Grouping crop producers according to their level of ecological and economic efficiency and the characteristics 
of the selected groups

7
•Developing recommendations to improve ecological and economic efficiencyof crop producers
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are various types of profitability and business activity, calculated based on open official data of the enterprises' 

accounting financial statements. The indicators of ecological efficiency are those offered by the authors to assess 

the ecological responsibility of enterprises that are not a commercial secret and are simple to collect, analyze, and 

assess the key ecological components of business processes. Five groups of indicators were selected as basic 

characteristics of economic efficiency, characterizing separately different aspects of crop producers: the scale of 

operations, business efficiency in general, return on investment, efficiency of core activities (production and 

sales), and the structure of assets and liabilities (Table 1). Three groups of indicators have been developed to meet 

the criteria of ecological responsibility in the sphere of production, circulation, and administrative parameters to 

assess ecological efficiency (Table 2). 
 

Table 1. Terms for assessing crop producers for economic efficiency. 

Group Characteristic Calculation Details 
Desired 

Value 𝐏𝐣
∗ 

Normative Values 

(Threshold) 

𝐏𝐣
𝐦𝐢𝐧 

Weight 

Factor 

К𝐢
𝐣
 

Economic Efficiency (𝑮𝒊
𝒆𝒄𝒐𝒏𝒐𝒎𝒚

) 

R
an

g
e 

A
ct

iv
it

y
 "

 

(𝐽
𝑖𝑅

𝐴
) Revenues, R (𝑔𝑖

𝑅) 

Natural logarithm of inflation-

adjusted revenues adjusted for 

inflation 

1.155 1.101 0.055 

Cost of Assets, COA (𝑔𝑖
𝐶𝑂𝐴) 

Natural logarithm of inflation-

adjusted balance sheet total 
1.310 1.140 0.045 

E
ff

ic
ie

n
cy

 

o
f 

B
u

si
n
es

s 

(𝐽
𝑖𝐸

𝑂
𝐵

) 

Return on Equity, ROE (𝑔𝑖
𝑅𝑂𝐸) Ratio of net profit to equity 20.000 12.276 0.067 

Return on Assets, ROA (𝑔𝑖
𝑅𝑂𝐴) 

Ratio of net profit to total assets of the 

enterprise 
24.507 5.000 0.082 

E
ff

ic
ie

n
cy

 o
f 

In
v
es

tm
en

ts
 

(𝐽
𝑖𝐸

𝑂
𝐼 ) 

Return on Investment in Fixed 

Assets, ROI (𝑔𝑖
𝑅𝑂𝐼) 

Ratio of operating profit to operating 

costs [(revenue – cost of sales) / cost 

of sales] 

35.000 7.000 0.041 

Return on Fixed Assets, ROFA 

(𝑔𝑖
𝑅𝑂𝐹𝐴) 

Ratio of operating profit to cost of 

property, plant and equipment 
25.000 10.000 0.034 

E
ff

ic
ie

n
c

y
 o

f 

S
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es
 

(𝐽
𝑖𝐸

𝑂
𝑆
) Return on Sales, ROS (𝑔𝑖

𝑅𝑂𝑆) 
Ratio of profit on sales to revenue 

 
15.000 5.000 0.069 

Asset Turnover, АТО (𝑔𝑖
𝐴𝑇𝑂) 

Ratio of revenue to total assets of the 

enterprise 
0.500 0.300 0.056 

S
tr

u
ct

u
re

 

o
f 

A
ss

et
s 

an
d

 

L
ia

b
il

it
ie

s 
 (

𝐽 𝑖𝑆
𝑂

𝐴
𝐿
) Capitalisation/Financial 

Leverage Ratio, LR (𝑔𝑖
𝐿𝑅) 

Ratio of total assets to equity 1.500 0.500 0.028 

Current Ratio, CR (𝑔𝑖
CR) 

Ratio of current assets to current 

liabilities 
1.700 1.000 0.023 

* developed by the authors based on the results of the analysis. 

The source of information for assessing economic efficiency is the State Information Resource for Accounting 

(Financial) Reporting of the Russian Federation. The study period is from 2018 to 2021. The sources of 

information for assessing ecological efficiency are the survey results, data from the official websites of 

organizations and statistical reporting (Federal Service for Supervision of Natural Resources Management 2021). 

All input, intermediate, and output parameters have been considered based on available (open) data that are not 

commercially sensitive to crop producers for a comprehensive and accurate assessment of ecological and 

economic efficiency. Based on the ecological block of indicators, the criteria for differentiation of agribusiness 

enterprises according to the level of ecological responsibility was developed. When taking into account only the 

ecological indicators to assess the ecological responsibility of the enterprise, the authors offer to use the following 

system of differentiation: high level of ecological responsibility scores from 16 to 21 points, sufficient level of 

ecological responsibility – from 10 to 15 points and low level of ecological responsibility of enterprises – from 1 

to 9 points. The fourth stage consists of constructing a multiattribute model of the competitiveness of crop 

producers according to the level of ecological and economic efficiency. The problem of comparing quantitative 

and qualitative indicators of ecological and economic efficiency, presented in Tables 1 and 2, will be solved by 

applying the method of unit utility, adapted by the authors for crop producers (Bashina et al. 2016.). According 

to this approach, the assessment is carried out using a multiattribute model characterized by three components: 

the structure of the model, reflecting the relationship of macroattributes, microattributes, and indicators; weight 

factors; and the method of assessment. The formalization of requirements for crop producers in terms of ecological 
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and economic efficiency in order to implement the principles of ecological responsibility is carried out in several 

stages: 

The construction of a hierarchical multiattribute model of the competitiveness of enterprises (Fig. 2); 

The construction of an additive model of the competitiveness of enterprises; 

The calculation of ecological and economic efficiency of enterprises (using the unit utility calculation method). 

Transforming the structure of the multiattribute model of a crop producer's competitiveness according to the level 

of ecological and economic efficiency allows for modification. With sufficient information, ecological costs, 

production performance, using ecologically friendly technologies, environmental conditions, bioclimatic 

potential, land quality, and other factors can be considered. 

The authors of this paper offer to determine the ecological and economic efficiency of a crop producer in order to 

implement the principles of ecological responsibility, based on the macro attribute "Economic Efficiency" (Table 

1) and the macro attribute "Ecological Efficiency" (Table 2).  

To determine the weight factors of the hierarchical multi-attribute model for assessing the competitiveness of crop 

producers, we conducted a survey among 135 respondents to obtain a representative sample. The interviewees 

were agricultural university professors and crop producers' employees. The authors considered the compensatory 

method of assessment the most applicable for a multiattribute model for assessing the competitiveness of a crop 

producer according to the level of ecological and economic efficiency to implement the principles of ecological 

responsibility. In this method, the weaknesses of the enterprise can be compensated by strengths (Bashina et al. 

2016). Estimated weight factors are defined as the product of the weight factor of the indicator itself, the weight 

factor of the microattribute, and the weight factor of the macroattribute in which the indicator is included. For 

example, for Return on Assets, the estimated weight factor would be: 

 

 К𝑖
𝑅𝑂𝐴 = 𝑎𝑖

𝑅𝑂𝐴 × 𝑎𝑖
𝐸𝑂𝐵 × 𝑎𝑖

𝑒𝑐𝑜𝑛𝑜𝑚𝑦
= 0.0825                (1) 

 

Table 2. Terms for assessing crop producers for ecological efficiency 

Group Characteristic Calculation Details 
Desired 

Value 𝐏𝐣
∗ 

Normative 

Values 

(Threshold) 

𝐏𝐣
𝐦𝐢𝐧 

Weight 

Factor 

К𝐢
𝐣
 

Ecological Efficiency (𝑮𝒊
𝒆𝒄𝒐𝒍𝒐𝒈𝒚

). 

S
p

h
er

e 
o

f 
P

ro
d
u

ct
io

n
 "

 (
𝐽 𝑖𝑆

𝑂
𝑃

) 

Waste Management, 

WM (𝑔𝑖
𝑊𝑀) 

One point for each of the indicators: "Recycling", "Waste 

management" 
2 1 0.070 

Power Supply, PS 

(𝑔𝑖
𝑃𝑆) 

One point for each of the indicators: "Hybrid energy 

systems", "Alternative energy sources (wind, water, 

solar)" 

2 0 0.040 

Resource and 

Technological 

Potential, RATP 

(𝑔𝑖
𝑅𝐴𝑇𝑃) 

One point for each of the indicators: "Precision farming, 

breeding and genetic innovation", "Intensive closed-loop 

technology" 

2 0 0.060 

Ecological 

Parameters of 

Products, EPOP 

(𝑔𝑖
𝐸𝑃𝑂𝑃) 

One point for each of the indicators: "Organic, 

ecologically friendly products", "Several eco benefits 

(products made from recycled raw materials, natural 

composition, biodegradable, etc.)", "Eco-brand, eco-

labelling of products" 

3 1 0.030 

S
p

h
er

e 
o

f 

T
re

at
m

en
t 

" 

(𝐽
𝑖𝑆

𝑂
𝑇
) 

Transport and 

Logistics Parameters, 

TALP (𝑔𝑖
𝑇𝐴𝐿𝑃) 

One point for each of the indicators: "Sustainable 

transport (rail, sea, river)", "Alternative modes of 

transport (electric vehicles)", "Sustainable logistics 

(transport minimization)" 

3 1 0.096 

Packaging and 

Storage, PAS (𝑔𝑖
𝑃𝐴𝑆) 

One point for each of the indicators: "Renewable 

packaging materials used", "Reusable packaging" 
2 1 0.078 

A
d

m
in

is
tr

at
iv

e 

P
ar

am
et

er
s 

(𝐽
𝑖𝐴

𝑃
) 

Ecological 

Management 

Parameters, EMP 

(𝑔𝑖
𝐸𝑀𝑃) 

One point for each of the indicators: "Ecological 

development programs of the enterprise", "Internal 

Ecological audit", "Basic Ecological documentation, 

waste disposal contracts" 

3 1 0.044 

Ecological Taxation 

and Payments, ETAP 

(𝑔𝑖
𝐸𝑇𝐴𝑃) 

One point for each indicator: "Payment of Ecological 

taxes", "Ecological payments of non-tax nature 

(utilization fees, charges for negative impact and use of 

natural resources) 

2 1 0.056 
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Ecological Reporting, 

ER (𝑔𝑖
𝐸𝑅) 

One point for each of the indicators: "Reporting reflects 

general Ecological information", "Reporting reflects 

indicators that characterize the level of Ecological status" 

2 1 0.025 

* developed by the authors based on the results of the analysis. 

Tables 1 and 2 present the justification of the desired and normative (threshold) values and the results of weight 

factor calculations. Achieving thresholds is the criterion for a crop producer's efficiency and competitiveness. 

This paper uses a method for assessing the ecological and economic efficiency of an enterprise based on assessing 

the degree of proximity of the real values of ecological and economic efficiency indicators in the enterprise in 

question to the desired "ideal" value of these indicators. Efficiency is assumed to be higher in those enterprises 

where the real characteristics are least different from the desired ones in the system for assessing ecological and 

economic efficiency. 

We will calculate the parametric indicators of proximity to the "ideal" enterprise using the formula: 

gi
j
=

Pi
j
−Pj

min

Pj
∗−Pj

min,       (2) 

 

where 𝑃𝑖
𝑗
 is the value of the indicator j for the enterprise i; 

𝑃𝑗
∗ is the value of the indicator j at which the criterion of efficiency, competitiveness (the desired value) is fully 

met; 

𝑃𝑗
𝑚𝑖𝑛 is the minimum value of the indicator j to be included in the system for assessing ecological and economic 

efficiency [regulatory (threshold) value]. 

The formula for calculating the integral indicator of an enterprise's ecological and economic efficiency can be 

represented as follow: 

EEEi = ∑ Ki
jn

j=1 × gi
j
,      (3) 

where n is the number of indicators of the enterprise; 

𝐾𝑖
𝑗
 is the weight factor of the microattribute j of the enterprise i; 

𝑔𝑖
𝑗
 is a parametric proximity indicator of the microattribute j of the enterprise i. 

The fifth stage of the methodological approach consists in rating crop producers according to the level of 

ecological and economic efficiency. 

Two parameters are used as the basis for rating enterprises: the ecological and economic efficiency of the 

enterprise and the deviation value of the enterprise in question from the ideal one. 

The higher the value of eco-efficiency, the higher the enterprise's competitiveness and investment attractiveness 

in the current market environment. However, the value of the integral indicator of EEУ according to the unit utility 

method does not show the degree of proximity of enterprises' characteristics to each other. 

The deviation value of the enterprise i in question from the "ideal" enterprise can be determined by using the ratio: 

𝑙𝑖 = √∑ (gj
0 − gj

i)2n
j=1        (4) 

where n is the number of indicators of the enterprise; 

𝑔𝑗
0 is the value of a single parametric proximity indicator j for the "ideal" enterprise; 

𝑔𝑗
𝑖  is the value of a single parametric proximity indicator j for the enterprise i. 

For the "ideal" enterprise the value 𝑃𝑗
0 of each indicator j is equal to the desired value of 𝑃𝑗

∗, i.e. 𝑃𝑗
0 = 𝑃𝑗

∗. 

The introduced indicators are used as rating coordinates for enterprises. The ecological and economic efficiency 

(EEEi) that we have calculated determines the first rating indicator, and the second coordinate is the deviation 

value li. At Stage 6, the rating results were used to identify groups of crop producers according to the degree of 

their ecological and economic efficiency: highly efficient, efficient, low-efficient, and inefficient. At the seventh 
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stage, each group is characterized, and recommendations are offered to improve the crop producer's 

competitiveness and ecological and economic efficiency. 

 

RESULTS AND DISCUSSION 

Based on the developed methodological approach, the ecological responsibility rating of the Russian regions was 

calculated without the autonomous districts and federal cities of St. Petersburg, Moscow, and Sevastopol (Table 

3). Since the study is based on an assessment of environmentally responsible business practices, the top region 

group is of the utmost interest. 
 

Table 3. Grouping of the Russian regions by level of ecological responsibility. 

Group Intervals by Level of Ecological Responsibility, point Number of Regions 

lowest up to 29 20 

medium 30 to 49 33 

top over 50 26 

                                          * developed by the authors based on the results of the analysis. 

The Moscow Region leads the rating, which is generally explained by the highest ecological expenditure, more 

than 20 times the national average, and a high level of waste management. The high level of ecological expenditure 

and a well-developed waste management system compensate even for the high level of air pollutant emissions 

from stationary sources, almost five times as high as the Russian average. The region is predominantly home to 

agricultural holdings and large agro-industrial producers but primarily processing companies with a high degree 

of ecological responsibility. There are organic producers, but their number is small. Overall, agriculture does not 

play a significant role in forming the gross regional product. However, regional enterprises should be primarily 

considered when analyzing large businesses (Fig. 3). The regions of the top group, by the degree of ecological 

responsibility, also include the subjects of the Russian Federation, which has a predominantly agricultural 

orientation. First of all, we should mention the regions with a developed crop-producing sector (the Kaluga, 

Lipetsk, Tula, Tambov, Voronezh, Belgorod, Bryansk and Rostov Regions, Stavropol and Krasnodar Territories). 

These regions of large and medium-scale high-intensity production also have significant ecological costs and high 

levels of air pollutant emissions with adequate waste management. The enterprises of these regions are most 

interested in analyzing medium- and large-scale crop producers, which makes it necessary to include them in the 

sample. Some of the regions in the top group of ecologically responsible ones can also be characterized as low-

urbanized, mainly with extensive traditional agriculture (Karachai-Cherkess Republic, Republic of Crimea, 

Republic of Mari El, Chuvash Republic, Republic of Adygeya, Republic of North Ossetia-Alania). These regions 

are characterized by low emissions and low levels of waste, with relatively low ecological expenditure. Small 

businesses prevail in these regions. In general, the Russian region's ecological responsibility level is variable, and 

there are also significant differences in its development trends (both positive and negative dynamics, including 

the presence of structural shifts). This indicates that the agricultural development processes in the regional context 

are far from uniform and are largely due to the existing specifics of farming. Data on 65 crop producers (including 

30 certified organic producers) from the regions at the top level of ecological responsibility were selected and 

analyzed for comparative economic analysis of organic and non-organic producers, which mainly had grain 

specialization. They were differentiated into six groups by the average annual volume of revenues and affiliation 

to organic agriculture (Fig. 4). The average values of economic indicators were calculated using the arithmetic 

mean weighted formula in the grouped distribution series. The weight factors were the number of units in the 

aggregate in the different groups. Fig. 4 shows that the range activity of the enterprises causes differences in 

efficiency and competitive strategies between organic and non-organic crop producers. In this situation, only large 

representatives of the organic business will be sufficiently efficient and competitive in the produce market. 

Meanwhile, medium-scale organic crop producers in Russia show low efficiency in many respects, and small-

scale producers could be more profitable. Nevertheless, the medium-scale organic and non-organic crop producers 

form the largest group, being the engine of rural development and employers for almost 50% of the rural labor 

force. Significant differences in the economic efficiency of medium-scale organic and non-organic crop producers 

necessitated further comparative analysis of their ecological and economic efficiency levels. This will make it 

possible to assess differences in economic efficiency as well as ecological and economic efficiency and also to 
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identify areas to improve crop producers' competitiveness. Using the developed methodological approach to the 

integral assessment of ecological and economic efficiency of organic and non-organic crop producers, a 

multiattribute model of competitiveness assessment was built, and the level of ecological and economic efficiency 

of medium-scale enterprises was calculated. The results of the rating of medium-scale crop producers in terms of 

ecological and economic efficiency are presented in Fig. 5. As the dots are grouped, this indicates that there are 

groups of crop producers qualitatively homogeneous in terms of the level of ecological and economic efficiency 

with marked differences between the groups. The developed rating of crop producers according to the level of 

ecological and economic efficiency are as follows: high-efficient – with an EEE value of 0.96 and above, efficient 

– from 0.5 to 0.96, low-efficient – from 0 to 0.5, and inefficient – less than 0. 

 
Fig. 2. Structure of the multiattribute model for assessing the competitiveness of a crop producer according to the level of 

ecological and economic efficiency*; * developed by the authors.  
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Fig. 3. Ecological responsibility rating of the top group of the Russian regions, 2021*; * compiled by the authors on the 

basis of calculations. 

 

Fig. 4. Comparative analysis of economic efficiency of organic and non-organic crop producers in Russia, differentiated by 

revenues*, 2021*; * large – average annual revenues of more than 1,000,000 thousand rubles; medium – average annual 

revenue from 500,000 to 1,000,000 thousand rubles; small – average annual revenue less than 500, 000 thousand rubles; ** 

compiled by the authors based on the results of the analysis.  
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and, while they have a good return on sales, a very low return on equity, indicating management errors in 

organizing activities and managing resources. Such enterprises have underestimated economic potential and lack 

the financial resources to develop eco-oriented production. 

 
Fig. 5. Rating of crop producers by level of ecological and economic efficiency (EEE) *; * compiled by the authors based on 

the calculation results of the multiattribute EEE model. 

 
Fig. 6. Comparison of economic efficiency and ecological and economic efficiency of crop producers*; * compiled by the 

authors based on the calculation results of the multiattribute EEE model. 
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efficiency of crop producers of traditional and ecologically-oriented production has several advantages compared 

to similar studies conducted in Russia and abroad. The main advantage of this methodological approach is its 

universality, based on the use of exclusively official statistical information available to all users. The ecological 

efficiency indicators offered by the authors are the indicators to assess the ecological responsibility of enterprises, 

which are not a commercial secret and are easy to collect, analyze, and assess the key ecological characteristics. 

All characteristics included in the system of indicators comply with Russian and international statistical practices, 

as well as Russian and international financial reporting standards, which makes it possible to use the 

methodological approach not only for Russian but also for foreign companies. The methodological approach is 

highly flexible due to the possibility of managing weight factors and including additional characteristics 

corresponding to the research request. The methodological approach can be combined or individually to assess 

economic or ecological characteristics. Limitations are related to the difficulty of collecting data on the objects 

under analysis. In Russia, agribusiness enterprises have no legally established content or requirement to provide 

full information on the environmental costs. A more in-depth analysis of environmental and economic efficiency 

can be carried out using the example of other countries where full environmental reporting by agribusiness 

enterprises is generated. The next stage of the study will involve developing environmental reporting forms to 

improve the analytical capacity for assessing the level of environmental responsibility of agribusiness enterprises. 

The proposed approach has been developed for regions with low, medium, and high environmental responsibility 

ratings. The approach was tested on one of the types of regions with a high level of environmental performance. 

The greatest amount of environmental information is available for regions of this type. The selection of regions 

ensures the comparability of indicators when comparing objects. This methodological approach is further 

developed by providing the possibility to compare regions of different types by expanding the system of indicators 

to assess the rating of regions and refining the system of weight factors. The methodological approach for 

assessing ecological and economic efficiency has been developed, taking into account the 2030 Agenda for 

Sustainable Development (UN General Assembly Resolution 70/1), the "State Policy for Environmental 

Protection," and regional programs for the development of the "Green Economy." 

The created database and the developed methodological approach can be used for: 

developing ecological and economic ratings of enterprises when addressing state support for crop producers; 

tracking progress in the indicators of ecological responsibility of enterprises and ecological protection; 

strengthening the integration of enterprises interests of the state in the sectoral policy. 

Based on the results of the comparative analysis and integral assessment of ecological and economic efficiency, 

recommendations for increasing the level of ecological responsibility and competitiveness of crop producers are 

offered: 

Firstly, it is advisable to start developing ecologically responsible business with large crop producers by cascading 

their activities' transformation towards greening business processes and increasing their eco-benefits. 

Secondly, further development of state support and subsidy programs is required to scale up the ecologically 

responsible approach in medium-scale crop producers and strengthen their competitive position in the market. 

Such programs are already being implemented in many Russian regions by providing subsidies, budget 

investments, and state and municipal guarantees for the obligations of small and medium-scale enterprises, 

introducing "green" standards and ecological management according to the International Organization for 

Standardization (ISO) of series 9000 and 14000. The offered integral assessment of ecological and economic 

efficiency can serve as the basis for making decisions on the allocation of budgetary resources and state support 

to enterprises, considering the parameters of ecological responsibility. Thirdly, the implementation of the state 

support mechanism will not significantly affect small-scale organic crop producers. This group should pay 

attention to the possibilities of cooperation to strengthen business processes and activities' efficiency. Fourthly, 

while rating enterprises, the methodological approach based on ecological and economic assessment increases the 

investment attractiveness of organic agriculture and ecologically responsible businesses, motivating owners to 

implement ecological development programs. Fifthly, the developed methodological approach will help the 

regions to strengthen the ecological orientation of crop producers and strengthen their competitive positions in the 

ecological responsibility rating of the Russian regions. The developed methodological approach makes it possible 

to create a reasonable system of economic incentives for waste recycling for federal and regional authorities and 

businesses through stimulating levels of environmental payments, tax preferences and preferential lending and to 

change the system of key performance indicators (KPI) by incorporating ecological parameters into it, which helps 
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to stimulate environmentally responsible behavior related to improving the quality parameters of the environment 

and the waste recycling industry. 
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