
Abstract: Dynamic simulation of sustainable 
farm development scenarios using cognitive 
modeling. The paper presents a dynamic simula-
tion system of sustainable development scenarios 
on farms using cognitive modeling. The system 
incorporates relevant variables which affect the 
sustainable development of farms. Its user pro-
vides answers to strategic issues connected with 
the level of farm sustainability over a long-term 
perspective of dynamic development. The work 
contains a description of the model structure as 
well as the results of simulations carried out on 
16 farms in northern Ukraine. The results show 
that the process of sustainability is based mainly 
on the potential for innovation in agricultural 
production and biodiversity. The user is able to 
simulate various scenarios for the sustainable de-
velopment of a farm and visualize the infl uence 
of factors on the economic and social situation, 
as well as on environmental aspects. Upon carry-
ing out a series of simulations, it was determined 
that the development of farms characterized by 
sustainable development is based on additional 
profi t, which serves as the main motivation for 
transforming a conventional farm into a sustain-
able one. Nevertheless, additional profi t is not 
the only driving force in the system of sustain-
able development. The standard of living, mar-
ket condition, and legal regulations as well as 
government support also play a signifi cant mo-
tivational role. 

Key words: agro-ecosystem, decision-making 
tool, farm production systems, renewable energy, 
sustainable agriculture

INTRODUCTION

The challenges faced by agriculture in 
the 21st century require the systemic inte-
gration of the environmental, social and 
economic pillars of development to meet 
the needs of present generations without 
sacrifi cing those of generations to come 
(Fischer et al. 2002). Great emphasis 
has been placed on the suitability and 
sustainability of business undertakings, 
the assessment of which requires appro-
priate methods. Both the theory behind 
and the practical application of impact 
assessment are expanding rapidly. There 
are many different types of impact as-
sessment methods, related to: environ-
mental, social, and economic levels, 
as well as local, national and regional 
aims (Bond, et al. 2012, Schindler et al. 
2015). Sustainable development has be-
come a principle which all governments 
seemingly aspire to abide by; its roots at 
the level of international policy are com-
monly believed to lie in the Brundtland 
Report (1987), which, in itself, was 
a culmination of acknowledging public 
concerns over poorly planned resource 
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use, popularized by reports such as that 
produced by the Club of Rome (Mead-
ows et al. 1972). The Brundtland Report 
(1987) coined a frequently quoted defi ni-
tion of sustainable development, though, 
by no means, the sole defi nition (Bell 
and Morse 2008): “…development that 
meets the needs of current generations 
without compromising the ability of fu-
ture generations to meet their needs”.

Sustainable agriculture is socially 
just, ecologically sound, economically 
viable, and a paradigm that aims to pro-
duce the food needed to achieve food 
security (McIntyre 2009, Cavatassi et 
al. 2011, FAO 2013). An individual ele-
ment of the agricultural system is a farm, 
which is an open system with constant 
fl ows of resources from the environ-
ment. Farmers manage about 50% of the 
Earth’s surface, excluding boreal lands, 
desert, rock and ice (Tilman et al. 2001). 
The increase in agriculture production 
over the past 20 years at an average rate 
of 3.2% is due to an increase in land un-
der cultivation rather than an increase in 
productivity. For example, a 229% in-
crease in cultivated farmland accounted 
for a 70% increase of productivity in re-
gional production (Garrity et al. 2010). 
This intensifi cation of agriculture has 
led to the strong homogenization of ag-
ricultural landscapes and loss of natu-
ral and semi-natural habitats (Foley et 
al. 2005), as well as soil biodiversity, 
which is dependent on the above (Tsia-
fouli et al. 2015). Faced with these, now 
well-documented, negative impacts of 

agriculture as well as global changes re-
quires developing more sustainable agri-
cultural systems, i.e., less dependent on 
anthropogenic activities and petroleum, 
characterized by the effi cient use of re-
sources and low environmental impacts, 
resilient to climate change, and produc-
ing suffi ciently abundant and healthy 
food (Duru et al. 2015). Studies concern-
ing the infl uence of impact factors on the 
sustainable development of farms have 
been conducted previously, including 
vulnerability assessment and modeling 
(Sauer and Fischer 2010, McCown 2012, 
Yearworth and White 2013, Tanure et al. 
2013, van Winsen et al. 2013, Altieri et 
al. 2015, Chen and Zhang 2015, Ciegis 
et al. 2015, Schindler et al. 2015). 

Among the greatest current challeng-
es in building models, we can mention 
the correction of the aforementioned 
limitations and the usage of dynamic 
models. Almost all models applied in 
agricultural and livestock production (or 
even in the broad context of agribusi-
ness) employ static criteria and variables 
for creating spreadsheets and describing 
the interconnections between key ele-
ments (Tanure et al. 2013). Agricultural 
scientists are introduced to the concept 
of probability during their training in ex-
perimental design and statistical analy-
sis, while agricultural economists learn 
about probability in formal decision 
analysis. Both, however, are of limited 
value when assisting farmers in contem-
plating and managing uncertainty (Mc-
Cown 2012).
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Therefore, in the present study, we 
propose a novel cognitive model to be 
used as a decision-making tool in farm 
production systems aiming to convert to 
sustainable development. The current re-
search attempts to answer the following 
questions: How can we model sustain-
able development? What impact factors 
should we select for modeling?  How 
does the framework of conditions of the 
internal and external environment affect 
a farm’s sustainability? The aim of this 
paper is to evaluate the infl uence of dif-
ferent factors on the sustainable develop-
ment of farms using cognitive modeling.

MATERIAL AND METHODS

Agriculture in Ukraine secures approxi-
mately 10–11% of national GDP and em-
ploys a quarter of the working population 
(State Statistic Service of Ukraine 2015). 
Ukraine has 42.8 million ha of agricultur-
al land, comprising 71% of the country’s 
total area, of which 32.5 million ha are 
arable (excluding pastures, grasslands, 
permanent plantings). Ukraine has a fa-
vorable climate for large-scale agricul-
ture, rich agricultural soils and access 
to abundant land and water resources. 
Black soil, which contains a very high 
percentage of humus (3 to 15%) along 
with phosphoric acids, phosphorus and 
ammonia, occupies 41% of Ukraine’s 
total area and even higher shares of its 
agricultural land (54%), and arable land 
(58%). Crops constitute about 55% of 
the total agricultural output. Among 
the leading crops are wheat, oil crops, 

sunfl owers and sugar beets. Livestock 
farming includes cattle, pigs, sheep 
and horses (State Statistic Service of 
Ukraine 2015). Most Ukrainian farms 
are recognized as large farms, in which 
the average number of employees for 
the accounting (fi scal) year exceeds 
250 people, and gross revenue from the 
sale of goods (work, services) for the 
year exceeds 100 million USD (State 
Fiscal Service of Ukraine 2011). Ac-
cordingly, the land area of the majority 
of farms is more than 1,000 ha.

The study area covered 16 farms 
from the Chernigov region (north-east-
ern part of Ukraine). The farms are geo-
graphically located in a region of steppes 
with similar agro-climatic conditions. 
The main crops grown by the farms are: 
grains and legumes, open-soil vegeta-
bles and potatoes. In terms of livestock 
– dairy cattle and pigs dominate.

The methodology of cognitive mod-
eling (cognitive map) is aimed at analy-
ses and decision-making in uncertain 
situations. The concept was introduced 
by Edward Tolman (Tolman 1948). 
A cognitive map is a graphical represen-
tation, or visual picture, of the contents 
and structure of a chosen system (Eden 
et al. 1992). The process of cognitive 
mapping was introduced to the fi eld of 
scientifi c management by Axelrod in 
1976 (Markoczy and Goldberg 1995). 
Cognitive modeling encounters two 
major challenges. The fi rst is to iden-
tify and select the impact factors of the 
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sustainable development of farms. The 
second is to visualize the level of the 
factors’ infl uence on farm sustainability.

In this section, we will present some 
of the key methodological choices in 
creating and analyzing cognitive maps, 
with an emphasis on techniques that are 
most likely to be of practical use in the 
context of human factors in manufac-
turing environments. This section will 
include: methods of eliciting informa-
tion, the role of the facilitator, mapping 
methods (software), and methods for 
the analysis and interpretation of maps 
(Village et al. 2013). Eleven diagnostic 
variables were selected for the dynamic 
simulation of sustainable farm develop-
ment scenarios. The variables were in-
cluded in the following thematic groups 
(using available data):
1. Environmental indicators
Х1 – innovative capacity – the level 
of implementation and use of energy, 
saving technologies in the enter-
prise;
Х2 – biodiversity – pesticide use (kg/
/ha), total nitrogen input (kg/ha), to-
tal direct and indirect energy input 
(kg fuel equivalents), average size of 
farm size (ha);
Х3 – availability of natural resources 
– potential of solar energy (kW), total 
amount of organic fertilizers (t), wa-
ter resources (km3);

2. Social indicators
Х4 – level of professional develop-
ment of labor force – participation 
rate in education and training (%);

●

●

●

●

Х5 – social climate of farm – the ratio 
of the average salary in farm to the 
average salary in industry (+/–), level 
of automation and standardization 
of farm manufacturing (proportion), 
level of satisfaction of the personnel 
with working conditions;
Х6 – social climate – survey different 
group of society;
Х7 – society’s standard of living – GDP 
aggregates per capita (USD), income 
quintile share ratio (%), long-term 
unemployment (% of active popula-
tion), expenditure on education (% 
of GDP), expenditure on medicine 
service (% of GDP), total fertility 
rate (%);

3. Economic indicators
Х8 – fi nancial capacity of the farm 
– profi t margin (%), profi tability (%), 
coeffi cient of reinvestment of net 
profi t to farm equity (%);
Х9 – management capacity of farm – 
ratio of management staff constancy, 
profi tability management costs (%), 
the share of administrative staff who 
has worked in farm for more than 
fi ve years (%);
Х10 – government support and regula-
tion – nominal protection coeffi cient, 
nominal protection rate, effective 
protection coeffi cient, effective pro-
tection rate, level of total government 
support of farm (%);
X11 – market condition – increase of 
market share (%), availability of own 
distributing markets (amount), ex-
perience in the market sales (years), 

●

●

●

●

●

●

●
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effectiveness of participation in pub-
lic events (%), sales and profi ts from 
new products (USD), customer satis-
faction (amount of reclamations). 
The cognitive model of farm sustain-

ability has been presented as the graph:

G = (x, e)

x = {Х1, Х2, Х3, Х4, Х5, Х6, Х7, Х8, Х9,
              Х10, Х11}                              (1)

where:
x – a set of vertices that show the pa-

rameters of the external and internal 
environment comprising the system 
of the sustainable development of 
farms;

e  – a set of curves refl ecting the direct in-
fl uence of parameters on each other.

The defi nition of scenarios for each 
situation is carried out by the impulsive 
impact on some vertices. Considering 
that Ui, i = 1, 2, …, n – 1, the numeric 
value of vertices equals 1, and pj(t) – is 
the change in vertex Vj at moment t, then 
the impact of this change in Vi at moment 
t describes the function ±pj(t) depending 
on the sign of the lines connecting Vi and 
Vj and equal to 1. Using the rule of the 
distribution of disturbances on the graph, 
numerical values Qi = 1 of perturbation 
were determined according to formula 
(2) (Zinoviev et al. 2009):

1
( 1) ( ) ( ) ( )

n

i i i j j
j

U t U t f VV p t
=

+ = + ⋅    (2)

Calculation of the matrix of initial 
data was carried out in MathCad.

RESULTS AND DISCUSSION

Strong ecological modernization of 
agriculture, hereafter referred to as bio-
diversity-based agriculture, is similar 
to “ecologically intensive agriculture” 
or “eco-functional intensifi cation” 
(Levidow et al. 2012) and “the sustain-
able intensifi cation of agriculture” 
(Pretty et al. 2011, Garnett and God-
fray 2012). It refers to an ecocentric 
approach (Hill 1998) that relies on the 
high biological diversifi cation of farm-
ing systems (Karmen and Miles 2012, 
Kremen et al. 2012) and the intensifi ca-
tion of ecological interactions between 
biophysical system components that 
promote fertility, productivity, and resi-
lience to external perturbations (Bellon 
and Hemptinne 2012, Malézieux 2012).

Odum (1971) established ecology as 
a systemic approach and gave credentials 
to the concept of ecosystems through 
which matters and energy circulate and 
introduced the properties of agroecosys-
tems (Odum 1984, 1997), their speci-
fi citions as compared with ecosystems. 
Agroecology, as seen by Altieri (1987, 
2015) and Gliessman (2007), fi ts well in 
Odum’s framework.

Based on the sensitivity analysis of 
literature, three types of factors were 
identifi ed:

target factors – the change or stabili-
zation of which is the aim of system 
management;

●
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controlling factors – the potential for 
infl uencing and controlling the pro-
cess of the sustainable development 
of a farm; 
factor indicators – refl ecting and ex-
plaining the development process in 
a problematic situation.

The links between selected impact 
factors of a farm’s sustainable develop-
ment were analysed and are presented 
in Figure 1, as a novel cognitive mod-
el. Each type of arrow shows how one 
factor impacts the others. A continuous 
(solid) arrow in one direction demon-
strates the impact of one factor on the 
others as being “the more..., the more”, 

●

●

whereas a dotted arrow means that the 
factor affects other factors according to 
the relationship “the more…, the less”; 
an arrow with double ends means that 
the both factors are interrelated.

Based on the cognitive mapping of 
the sustainable development of farms, 
we constructed several scenarios of farm 
development with different infl uences 
of factors. Examples of some cognitive 
maps have been provided in Figures 2–4.

The analysis of the results of the fore-
cast of a farm’s sustainable development 
shows that as the people’s standard of liv-
ing increases, factors of both the external 
and internal environment are improved 

Factors affect – the more, the more; 
Factors affect – the more, the less; 

               Factors are interrelated.   

FIGURE 1. Cognitive map of impact factors on the sustainable development of farms 
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FIGURE 2. Impulse process – graph of the impulse changes in Х1–Х11 causing disturbance q = + 1 on 
Х7 (the standard of living)

FIGURE 3. Impulse process – graph of the impulse changes in Х1–Х11 causing disturbance q = + 1 on 
Х8 (fi nancial capacity)

FIGURE 4. Impulse process – graph of the impulse changes in Х1, X9, Х11 causing disturbance q = + 1 
on Х10 (government support and regulation)
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after the second cycle of modeling. Bio-
diversity remains unchanged, while gov-
ernment support deteriorates rapidly.

The forecast data for an increase in 
the fi nancial capacity of a farm (Fig. 3) 
in comparison with the standard of living 
(Fig. 2) is slightly worse. This allows us 
to conclude that the profi t of a farm is 
not the main factor behind its effi cient 
development.

Scenario analysis is aimed at mod-
eling the sustainable development of 
farms with a specifi c number of impuls-
es in vertices on an active cognitive map 
and determining changes in the values 
of vertices in respective cycles of mod-
eling. Vertices ought to be understood as 
the factors which have a potential stimu-
lating effect on the system of sustainable 
development: Х7 – society’s standard 
of living; Х8 – fi nancial capacity of the 
farm; Х10 – government support and 
regulation; and further recommended X3 
– natural resources.

In order to limit the number of the 
possible disturbances on the vertices of 
graphs, a following experiment focused 
on building scenarios of the sustainable 
development of farms aimed at target-
ing individual factors was conducted 
(Fig. 4).

Natural resources and improvement 
of the fi nancial capacity of farms in-
creases the trust factors after the second 
simulation of the measure. However, 
natural resources are not always in avail-
able in adequate quantities, so it is worth 
developing innovative production based 
on energy-saving technologies. 

Cognitive mapping provides a tool 
to compose a comprehensive overview 
from the fragmented information in the 
farmer’s mind. Cognitive maps can help 
to focus on one part while not losing 
track of the context and the bigger pic-
ture. They provide a useful method for 
facilitating understanding and commu-
nication about complex problems (Wood 
et al. 2012).

Cognitive maps can be useful tools to 
guide and improve bi-directional learn-
ing between the farming community 
and policy, industry and research. The 
boundaries previously described are im-
portant, but not exclusive in this regard 
(van Winsen 2013).

CONCLUSIONS

This paper presents a methodology for 
understanding the sustainable develop-
ment of farms and modelling the inter-
actions between its components. Unlike 
frameworks which are available to as-
sess the sustainability of farm-ecosys-
tems based on predefi ned hierarchical 
guidelines placing the responsibility of 
proper understanding of the system on 
specialists, the approach presented in 
this paper emphasizes the importance 
of local knowledge in capturing the key 
components of sustainability and the 
interactions between its components, 
as per the local experience, values and 
perceptions. Furthermore, the usefulness 
of a fuzzy inference system to model 
these interactions based on qualitative 
knowledge as presented in this paper is 
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a promising step towards the formal cap-
ture and analysis of information which 
is ignored by conventional techniques 
relying on quantitative data.

The approach has the potential to be 
universal in its applicability, as it does 
not attempt to force preconceived no-
tions about a system. It facilitates ho-
listic understanding through actors who 
are actually living and participating in 
the sustainability interactions. The pro-
posed approach to model the sustain-
ability interactions is also cost-effective, 
with minimal requirements in terms of 
trained manpower and resources, and 
suitable for widespread application in 
developing nations until suffi cient capac-
ity is developed to adopt more rigorous 
methods which demand higher exper-
tise and more resources. The combina-
tion of cognitive mapping and a fuzzy 
inference system can be used to develop 
expert systems for understanding the 
sustainability of agro-ecosystems with 
similar profi les/key components, which 
can aid decision makers in developing 
initiatives in the policy of social devel-
opment, and for assessing the impact of 
projects, plans, policies and programs, 
as well as enhancing the quality of deci-
sions arrived at.

REFERENCES

ALTIERI M.A. 1987: Agroecology: The scientif-
ic basis of alternative agriculture. Westview 
Press, Boulder.

ALTIERI M.A., NICHOLLS C.I., HENAO A.,  
LANA M.A. 2015: Agroecology and the 
design of climate change-resilient farming 

systems. Agronomy for Sustainable Develop-
ment 35 (3), 869–890.

BELL S., MORSE, S. 2008: Sustainability indi-
cators: measuring the immeasurable? Earth-
scan.

BELLON S., HEMPTINNE J.L. 2012: Reshap-
ing boundaries between farming systems 
and the environment. In: Farming Systems 
Research into the 21st century: The new dy-
namic. Springer, Netherlands, 307–333. 

BOND A., MORRISON-SAUNDERS A., POPE 
J. 2012: Sustainability assessment: The state 
of the art. Impact Assessment and Project Ap-
praisal 30 (1), 53–62. 

BRUNDTLAND G.H. 1987: Report of the World 
Commission on environment and develop-
ment: “our common future”. United Nations.

CAVATASSI R., SALAZAR L., GONZÁLEZ 
FLORES M.,  Winters, P. 2011: How do ag-
ricultural programmes alter crop production? 
Evidence from Ecuador. Journal of Agricul-
tural Economics 62 (2), 403–428.

CHEN H., ZHANG Y.P. 2015: New biorefi neries 
and sustainable agriculture: Increased food, 
biofuels, and ecosystem security. Renewable 
and Sustainable Energy Reviews 47, 117–132. 
doi:10.1016/j.rser.2015.02.048.

CIEGIS R., RAMANAUSKIENE J., MAR-
TINKUS B. 2015: The concept of sustainable 
development and its use for sustainability 
scenarios. Engineering Economics 62 (2), 
28–37.

DURU M., THEROND, O., MARTIN G., MAR-
TIN-CLOUAIRE R., MAGNE M.A., JUSTES 
E., ... SARTHOU J.P. 2015: How to implement 
biodiversity-based agriculture to enhance 
ecosystem services: a review. Agronomy for 
Sustainable Development 35 (4), 1259–1281.

EDEN C., ACKERMANN F., CROPPER S. 
1992: The analysis of cause maps. Journal of 
Management Studies 29 (3), 309–324.

FAO 2013: WFP. The state of food insecurity in 
the world.

FISCHER G., SHAH M.M., Van VELTHUIZEN 
H.T. 2002: Climate change and agricultural 
vulnerability.

FOLEY J.A., DEFRIES R., ASNER G.P., BAR-
FORD C., BONAN G., CARPENTER S.R., 
HELKOWSKI J.H. 2005: Global conse-



52    K. Tuzhyk, E. Hewelke, P. Hewelke

quences of land use. Science 309 (5734), 
570–574.

GARNETT T., GODFRAY C. 2012: Sustain-
able intensifi cation in agriculture. Navigating 
a course through competing food system pri-
orities. Food climate research network and 
the Oxford Martin programme on the future 
of food. University of Oxford, UK. 

GARRITY D.P., AKINNIFESI F.K., AJAYI 
O.C., WELDESEMAYAT S.G., MOWO J.G., 
KALINGANIRE A., ... BAYALA J. 2010: 
Evergreen Agriculture: a robust approach to 
sustainable food security in Africa. Food Se-
curity, 2 (3), 197–214.

GLIESSMAN S.R. 2007: Agroecology. The ecol-
ogy of sustainable food systems. CRC Press, 
Taylor & Francis Group, Boca Raton.

HILL S.B. 1998: Redesigning agroecosystems for 
environmental sustainability: a deep systems 
approach. Systems Research and Behavioral 
Science 15 (5), 391–392.

KREMEN C., ILES A., BACON C. 2012: Di-
versifi ed farming systems: an agroecological, 
systems-based alternative to modern indus-
trial agriculture. Ecology and Society 17 (4), 
art. 44.

KREMEN C., MILES A. 2012: Ecosystem ser-
vices in biologically diversifi ed versus con-
ventional farming systems: benefi ts, externali-
ties, and trade-offs. Ecology and Society 17 
(4), art. 40.

LEVIDOW L., BIRCH K., PAPAIOANNOU T. 
2012: EU agri-innovation policy: two con-
tending visions of the bio-economy. Critical 
Policy Studies 6 (1), 40–65.

MALÉZIEUX E. 2012: Designing cropping sys-
tems from nature. Agronomy for Sustainable 
Development 32 (1), 15–29.

MARKOCZY L., GOLDBERG J. 1995: A meth-
od for eliciting and comparing causal maps. 
Journal of Management 21 (2), 305–333.

McCOWN R.L. 2012: A cognitive systems 
framework to inform delivery of analytic sup-
port for farmers’ intuitive management under 
seasonal climatic variability. Agricultural 
Systems 105 (1), 7–20. 

McINTYRE B.D. 2009: International assessment 
of agricultural knowledge, science and tech-

nology for development (IAASTD): global 
report.

MEADOWS D.H., MEADOWS D.H., RAND-
ERS J., BEHRENS III, W.W. 1972: The lim-
its to growth: a report to the club of Rome. 
Universe Books, New York.

ODUM E.P. 1971: Fundamentals of ecology. 
W.B. Saunders Company, Philadelphia.

ODUM E.P. 1984: Properties of agroecosystems. 
In: R. Lowrance, B.R. Stinner, G.J. House 
(Eds), Agricultural ecosystems unifying con-
cepts. Wiley, New York, 5–11. 

ODUM E.P. 1997: Ecology: a bridge between 
science and society. Sinauer Associates In-
corporated.

PRETTY J., TOULMIN C., WILLIAMS S. 2011: 
Sustainable intensifi cation in African agricul-
ture. International Journal of Agricultural 
Sustainability 9 (1), 5–24.

SAUER U., FISCHER A. 2010: Willingness to 
pay, attitudes and fundamental values. On the 
cognitive context of public preferences for di-
versity in agricultural landscapes. Ecological 
Economics 70 (1), 1–9. 

SCHINDLER J., GRAEF F., KÖNIG H.J. 2015: 
Methods to assess farming sustainability in 
developing countries. A review. Agronomy for 
Sustainable Development 35 (3), 1043–1057.

TANURE S., NABINGER C., BECKER J.L. 
2013: Bioeconomic model of decision sup-
port system for farm management. Part I: 
Systemic conceptual modeling. Agricultural 
Systems 115, 104–116.

TILMAN D., FARGIONE J., WOLFF B., 
D’ANTONIO C., DOBSON A., HOWARTH 
R., ... SWACKHAMER D. 2001: Forecasting 
agriculturally driven global environmental 
change. Science 292 (5515), 281–284.

TOLMAN E.C. 1948: Cognitive maps in rats and 
men. Psychological Review 55(4), 189–208. 

TSIAFOULI M.A., THÉBAULT E., SGARDEL-
IS S.P., RUITER P.C., PUTTEN W.H., 
BIRKHOFER K., ...  BJORNLUND L. 2015: 
Intensive agriculture reduces soil biodiver-
sity across Europe. Global Change Biology 
21 (2), 973–985.

van WINSEN F., de MEY Y., LAUWERS L., 
VAN PASSEL S., VANCAUTEREN, M., 
WAUTERS E. 2013: Cognitive mapping: A 



Dynamic simulation...    53

method to elucidate and present farmers’ risk 
perception. Agricultural Systems 122, 42–52.

VILLAGE J., SALUSTRI F.A., NEUMANN 
W.P. 2013: Cognitive mapping: Revealing 
the links between human factors and strategic 
goals in organizations. International Journal 
of Industrial Ergonomics 43 (4), 304–313.

WOOD M.D., BOSTROM A., BRIDGES T., 
LINKOV I. 2012: Cognitive mapping tools: 
review and risk management needs. Risk 
Analysis 32 (8), 1333–1348.

YEARWORTH M., WHITE L. 2013: The uses of 
qualitative data in multimethodology: Devel-
oping causal loop diagrams during the coding 
process. European Journal of Operational 
Research 231 (1), 151–161.

ZINOVIEV P., ZINOVIEV I. 2009: The Research 
Method in Economics. Phenix, Simpheropol.

State Fiscal Service of Ukraine 2011: Критерії 
розподілу платників податків на великі, 
середні, малі при поданні податкової 
звітності [Division criteria of taxpoyers to 
large, medium and small groups during fi ll-
ing taxes] [n.d.]. Retrieved from http://sfs.
gov.ua/media-tsentr/novini/55630.html (ac-
cessed: 08.08.2016) [in Ukrainian].

State Statistic Service of Ukraine 2015: Agricul-
ture, forestry and fi shing [n.d.]. Available at 
http://ukrstat.gov.ua/ (accessed: 20.06.2015) 
[in Ukrainian]. 

Streszczenie: Dynamiczna symulacja scena-
riuszy zrównoważonego rozwoju gospodarstw 
rolnych z wykorzystaniem modelowania poznaw-
czego. W niniejszym opracowaniu przedstawio-
no system dynamicznej symulacji dla scenariuszy 
zrównoważonego rozwoju gospodarstw rolnych 
z wykorzystaniem modelowania poznawczego. 
System zawiera istotne zmienne, które wpływa-
ją na zrównoważony rozwój w gospodarstwach. 
Użytkownik udziela odpowiedzi w strategicz-
nych kwestiach związanych z poziomem zrów-
noważenia gospodarstwa w długoterminowej 
perspektywie dynamicznego rozwoju. Praca 
zawiera opis struktury modelu i wyniki symula-

cji przeprowadzonych na przykładzie 16 gospo-
darstw północnej Ukrainy. Wyniki pokazują, że 
podstawą procesu zrównoważenia jest potencjał 
innowacyjny w produkcji rolnej i bioróżnorodno-
ści. Użytkownik jest w stanie symulować różne 
scenariusze dla zrównoważonego rozwoju go-
spodarstwa i wizualizować wpływ czynników na 
sytuację gospodarczą, społeczną i aspekty środo-
wiskowe. Po wykonaniu serii symulacji ustalono, 
że rozwój w gospodarstwach o zrównoważonym 
rozwoju  możliwy jest tylko wtedy, gdy generuje 
dodatkowy zysk, który stanowi główną motywa-
cję przekształcenia gospodarstwa z konwencjo-
nalnego na rzecz zrównoważonego. Dodatko-
wy zysk nie jest jednak jedyną siłą napędową 
w systemie zrównoważonego rozwoju. Istotną 
funkcję motywującą pełnią również jakość ży-
cia, warunki rynkowe oraz regulacje prawne 
i wsparcie ze strony rządu.
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