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In this paper model for organic farming development to support government decision making is presented.
After performing several simulation scenarios we discovered that conversion to organic farming relies on
subsidies which provide the main motivation for conversion from conventional farming to organic farming.
However, the subsidies are not the only driving force in the system, even more important are activities
that promote organic farming, since sufficiently large subsidies could not be provided in order to complete
the conversion from conventional to organic farming to the extent desired. Another important feature
is food demand, determined by population size, which negatively influences the conversion to organic

farming due to the increased demand leading to increased food prices.
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Introduction

Bontkes and Van Keulen [1] argue that the study of agricultural systems requires the use of
non-linear dynamic models that allow the simulation of the system in a qualitative way, based
on a description of the underlying processes. Their approach is illustrated with a regional model
that has been developed to simulate agricultural development in the Koutiala region in the south-
western part of Mali. There are many factors, such as farm type and soil quality, which might
influence farmers’ decisions. However, attempting to consider the complex interactions of all
factors, the authors [2] have adopted the approach of isolating parts of a system and examining
them individually, while assuming that all other things are equal. In their research, the diffusion
of organic farming practices is modeled by a generic agent model, based on the theory of planned
behavior [3], for understanding and modeling the farmer’s decision-making process. Darnhofer
et al. [4] study reasons for converting to organic farming with the use of a decision tree that
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has been tested with survey data, while the complete overview of modeling approaches in the
area of organic farming is provided by [5]. The detailed analysis of organic farming development
scenarios is provided by Zanoli et al. [6] and Zanoli et al. [7].

Besides econometric modeling and mathematical programming, other approaches can also be
used for the modeling of agricultural systems. System dynamics (SD) methodology [9] can be
used as an alternative for modeling policy scenarios [8,15,17]. In particular, SD methodology
has an advantage in cases in which it should be considered that [6]: organic farmings future
development prediction is a difficult task, given the almost total lack of time series data for the
sector. In such cases, scenarios may be considered as hypothetical images of the future evaluated
on the SD based models. In that case, the SD model combined with different scenarios could be
a useful explanatory tool for policy analyses for experts. The most significant work in the field
of simulation of development policy scenarios is presented by Shi and Gill [16] who developed an
SD-based simulation model for ecological agriculture development for Jinshan County (China);
and by study [11] where authors developed an integrated system dynamics model for development
in the Canary Islands, where interactions between agriculture, population, industry and ecology
were taken into consideration. The preliminary investigations into SD simulation of organic
farming development have been conducted by Rozman et al. [13,12]. The model incorporates
key variables affecting organic farming systems and is used to identify the main reasons that
the strategic goal (15% per cent of organic farms) has not been achieved; this research did not
include all aspects of the food market and consumer factors [12]. However, consumer concerns are
inherently dynamic because they respond to complex societal and technological situations and
developments. For example, because of rising concerns about global warming, the carbon dioxide
absorption of crops is now attracting public attention, which means that new requirements are
being proposed for the environmentally friendly production of crops.

This paper presents a system dynamics model for the development of organic agriculture in
Slovenia in order to identify key variables that determine conversion dynamics and to propose
development policy in order to achieve strategic goals as set in the strategic document called
Action Plan for the Development Organic Farming (ANEK) [19]. The paper is organized as
follows: first, we present the basics of system dynamics methodology; this is followed by system
analysis and identification of key variables, showing the main flows and feedback loops within
the system. The results section presents scenarios (different policies in organic farming) and
their evaluation through the application of the developed SD model. The main findings and
suggestions for further study conclude the article.

1. Methodology

This study is based on system dynamics methodology. The fundamentals of system dynamics
were defined by [9] as a method for the modeling of industrial dynamics. In the early 1980s, at
the beginning of the Information Age, the method was renamed as System Dynamics (SD). The
idea of this modeling is based on the assumption that every real system, as well as any business
system, could be described by a system of equations that represent interconnected flow or Rates
and Stocks i.e. Levels.

Fig. 1 provides an example of the symbolic representation of described elements, in which
L represents the Level (stock), R;, the input flow, R,,; the output flow and P; and P, some
arbitrary parameters. One of the common elements is an element representing the Auxiliary
expression (A; and A, in Fig. 1) by which one expresses the arithmetic relations between L, R
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and P. Each level, L, or state element, has its own input rate, R;, and its own output rate,
Rout- In Fig. 1, P; and P, represent the decision parameters by which the flows are regulated

OH—F N

P

A1 A2

P1 P2

Fig. 1. Basic elements in System Dynamics

via the auxiliary elements A; and As. The clouds at the beginning and at the end represent the
environment of the model. This is, therefore, our boundary for the modeling of the addressed
model. From the formal viewpoint, this method is indeed straightforward and clear, as well as
understandable. In the case of a concrete problem, the possible meaning of the L and R elements
are obtained. The conservation-of-mass principle for the above model could be described with
the dynamics equation in the form of difference equation:

L(k+ 1) = L(k) + At(Rin (k) — Rour(k)) k=0,1,2,..,n (1)

in which k represents discrete time, At is the time interval of computation. Each entrepreneur
understands that the value of Level element L(k+1) increases if R;p, (k) > Rout(k); it is unchanged
if Rin(k) = Rout(k), and decreases if R;,(k) < Rout(k). The method for problem solving with
the use of system dynamics methodology is similar to that used with the systems approach, and
can be described as a synthesis of the following steps [10]:

e definition of the problem,

e setting objectives,

e drafting the study,

e formulation of a mathematical model,

e developing a computer program,

e model validation,

e preparation of the experiment (simulation scenario),
e simulation with analysis of results.

In this study, we followed these steps to develop the simulation model of organic farming devel-
opment, which will be presented in detail. Several scenarios were prepared and tested on the
model in order to determine the impact of changes in key parameter values.
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2. The system dynamics model and analysis of the organic
agriculture system

There are approximately 80,000 farms in Slovenia, both conventional and organic. In 2006,
only 1,728 farms were under the organic farm control system, equaling 2.4% of all farms in that
year (77,138), which is 26,831 hectares representing 5.5% of all arable area. Even though a
subsidy had been offered to the farmers, the proportion of organic farms was still low, less than
5%. Recent research [12] has shown that the growth of the number of organic farms slowed down
despite increased subsidies. The short-term strategic goal is to reach 10%, or 15%, of organic
farms by the year 2015. This goal is determined by the state action plan. Although the number
increased to 2,000 in 2007 and 2,067 in 2008, the strategic goal of 15% has still not been achieved.

According to an analysis of state of the art organic farming, the simulation model should con-
sider the key variables that influence the development of organic farming, which are in accordance
with the previous research in this field [6,7,13], such as:

e the number of conventional farms,

e the number of organic farms,

e conversion from conventional to organic farming,

e subsidies,

e the promotion of organic farming (marketing, market development, education),

e the organization of a general organic farming support environment,

e a system of self-support (self organization such as shared processing and marketing),

e the delay constants of process change (for example, an increase in one parameter causes
visible consequences after a time delay),

e the aggregate food demand and supply.

A key variable in the model is the number of organic farms. These are those farms that are
under the system of one of the control organizations. During the development of the Causal
Loop Diagram (CLD) (Fig. 2), as the first step towards the development of the SD model,
the following key variables were identified: a) the number of potential candidates (farms) for
conversion to organic farming, b) the number of farms already converted to organic farming,
¢) the flow between a) and b) which is conversion rate (transition).

A causal loop diagram consists of variables connected by arrows denoting the causal influences
between the considered variables. Each Level and Rate element has a directed arrow assigned
so that one element represents the cause and the other the consequence. Directed arrows from
cause to consequence have the "+" sign if the cause and consequence have the same direction
and "y" if the opposite direction exists.

Loop B1 represents a negative loop, with a goal value of 0 (depleting the number of Conven-
tional Farms). The number of "Conventional Farms" divided by the "Total Number of Farms"
yields the "Concentration of Conventional Farms", which is initially high, meaning that there
should be a high initial preference for "Conversion". "Concentration of Conventional Farms"
positively influences the "Communication". This variable represents the general communication
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between the conventional approach members and the organic approach members. "Conversion"
positively influences the number of "Organic Farms". If the number of "Organic Farms" in-
creases, the "Information Spread" increases above the level that it would otherwise have been.
"Information Spread" by "Organic Farms" members is positively influenced by the "Information
Spread Factor", which could be, for example, increased by marketing campaigns. "Information
Spread" positively influences "Communication". The number of "Conversion" is determined by
the "Success Factor" , which determines the "Communication Success", yielding the number of
convinced conventional members that decide to make a "Conversion". Loop Rl is a reinforcing
feedback loop compensated for by the initial balancing feedback loop marked with B1. If the
number of "Organic Farms" increases, the "Promotion and Market Development" ; supported by
the "Policy Support Factor" , increases above the level that it would otherwise have been. Higher
"Promotion and Market Development" positively influences the "Self Organization Resources",
which contribute positively to the "Support Resources" on which the "Conversion" is dependent.
Here, it is assumed that "Promotion and Market Development" contributes to the "Self Organi-
zation Resources" , for example new processing facilities. However, it takes time to provide new
facilities that would contribute to the better marketing and distribution of products.

+ +

Communication

Success
Factor
. + +
Concentration of Communication Information
Conventional Success Spread
Farms (—) @
+
+ Information
@ + @ Spread
Factor
Conventional Conversion Organic
Farms \/ \_/ Farms
Total - + / + +
Number of )
Farms — proguction Cgﬂ,ﬂe (_)
Ly Copmatyol
f f - Demand .
o per Farm Policy
rice Prod. + Support Support
Efficiency Resources Factor
Desired + g +
Production
i + + /+
o Application of
Subsidies Resources

Self

Promotion and

Organization Market
Resources + Development
+

Fig. 2. Causal Loop Diagram (CLD) of system structure
There is a delay mark between the "Promotion and Market Development" and "Self Orga-

nization Resources". Long (such as two- or three-year) delays should be expected here since
a significant amount of time is needed in order to promote the organic farming idea and the
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marketing channels that will support organic farming; [13]. The parameter "Delay" should be
considered as the time needed for supporting actions, such as marketing and promotion, to
provide proper result, i.e. increase in organic farming support resources.

The "Support Resources" are significantly dependent on the government "Subsidies" that
determine the intensity of the conversion to organic farming. The interconnections marked with
"R2" have the characteristic of reinforcing feedback loops. According to government policy, the
growth in the number of "Organic Farms" should be properly supported in order to promote an
increase in self-organization of, for example, organic food marketing and promotion. Thus, the
reinforcing feedback loop R2 should serve as a growth generator in the system.

Loop B2 represents a balancing loop. If the number of "Organic Farms" increases, the
"Application of Resources" increases above the level that it would otherwise have been. The
"Application of Resources" is also dependent on the resources needed per farm i.e. "Support
Demand per Farm". Higher "Application of Resources" can cause the depletion of the "Support
Resources". The conversion is dependent on the "Support Demand per Farm" and "Application
of Resources". If more resources are needed per farm, fewer organic farms can be supported,
and therefore lower numbers of "Conversion" should be expected. In considering a real case, the
negative loops B1 and B2 are dominant, leaving the system in an undesirable state of equilibrium.
This would mean that the number of organic farms is constant and well below the desired level.
In order to move the system away from the equilibrium, one should consider the policies that
would raise the impact of the reinforcing feedback loops R1 and R2, which should move the
system state, i.e. the number of "Organic Farms" , to the higher equilibrium values. "Price",
"Desired production" and "Production efficiency" are also key factors that impact the intensity
of the transition.

3. Model development

A system dynamics model structure is shown in Fig. 3. The model consists of 36 variables
and 60 links. There are two levelelements applied in the upper part of the model: The variable
"Conventional farms" represents the number of conventional farms. By the flow "Conversion"
the "Conventional" farms" become "Organic farms". This structure is commonly known as
the market absorption model. "Conversion" is dependent on the "Support resources" available,
modeled as a level element that actually determines the goal value of the organic farms. The
desired conversion can only be achieved if there are enough "Support resources" present in order
to make a "Conversion". The "Support resources" are not only the financial means. Here, the
support of society is also considered; for example, education should create positive attitudes in
relation to organic farming. In this category, the market development, as well as the demand,
should also be considered. However, at present the "Support resources" are mainly dependent on
subsidies from the government. The key variable "Self organization resources" is driven by the
impact of the policy and the level of societal support, which will intensify with increasing numbers
of "Organic farms". This represents the application of a reinforcing feedback loop that should
be augmented. The "Development limit" represents the function of the variable consumption of
resources. If the resources are scarce, the usage is lower than in the case of abundance. Resources
are consumed by the "Organic farms". The prosperity of the "Organic farms" therefore depends
on the "Support resources" , which are not only financial means; here, the social impact of organic
farming represents the supportive environment that should sustain such an activity, which in the
world of consumption is counterintuitive [9]. "Conversion" is also dependent on the total food
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production and "Food demand". In our case, the effect of prices to the conversion is considered
by the empirical function captured in the "Transition Function Based on Production", which
limits the conversion if the overall supply falls under desired level of food production. What
is noteworthy here is that one could not expect that the conversion would be made if the food
supply falls under particular level. It has been proven that conventional production is higher
than organic production; however, this depends on the crop considered. Lower productivity of
organic farming was therefore considered in the model. The model addresses a situation in which
the imports and exports are stable and concentrates on the relations between selected variables.
The model that would take in the consideration imports and exports would be significantly more
complex, and it is out of scope of the present research.
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Conc_of_potentional_farms Communication Information_spr Spread_factor
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Fig. 3. SD model of Organic Farming Development

— 70 —



Crtomir Rozman, Miroljub Kljaji¢, Andrej Skraba System Dynamics Model for Conversion ...

4. Results and discussion

The model is used in order to simulate different scenarios that enable assessment of policy
scenarios with respect to development of organic farming. Tab. 1 shows input parameters for 7
scenarios simulated. The main policy parameter beeing changed are subsidies. Scenario analysis
is a qualitative tool for strategic policy analysis that enables researchers and policymakers to
support decision making, and a systemic analysis of the main determinants of a business sector [7].
SC1 is the initial scenario in which the initial amount of the subsidy provided is 2000, i.e. that
there are sufficient resources provided by subsidy to support 2000 organic farms.

Table 1. Parameters of simulation scenarios

Conversion Subsidies Coefficient of DLY Promo. factor Population
food demand

1 1750 1.25 18 0.8 oM
2 1750 1.15 18 0.8 oM
3 3500 1.15 18 0.8 oM
4 3500 1.15 18 2 oM
5 3500 1.15 18 2 oM
5 3500 1.15 42 2 oM
7 3500 1.15 42 2 2.1M
75,0007
£ 0
5 10000 £ 70,000
g " ol
© C
o 5,000 3 65,0001
@)
'.
0 ; ; 60,000 ; ;
0 50 100 0 50 100
Time Time

Fig. 4. Number of organic and conventional farms

Scenarios (Fig. 4 and 5) SC1, SC2 and SC3 represent the increase of the subsidies and the
impact on the transition rate. Scenario 4 shows the impact of the increased promotion factor,
which would yield the higher limit conversion to the organic farming. Impact of the increased
delay in the providing self-support resoures is shown by the scenario 5. Here one assumes, that
this delay is increased from two to four years on average. Scenario 6 represents the increase in
the population which would lead to the status Quo in the number of Organic and Conventional
farms. It is supposed, that the tranistion in this case would not occur due to the increased
food demand. In this case the negative conversion could also be considered however, this is the
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Fig. 5. Conversion dynamics

limitation of the proposed model. Scenario 7 shows the transition to the organic farming if the
Coefficient of food demand would decrease; this would be the case if for example the imports of
the food would be increased.

5. Conclusion

Conversion to the organic farming relies on subsidies which provide the main source of con-
version from conventional farming to organic farming. However, the Subsidies are not the only
driving force in the system; even more important are other activities that promote organic farm-
ing. Subsidies could not be provided in sufficient amount in order to complete conversion from
the conventional to organic farming. Feasible strategy to achieve complete conversion should
consider reinforcing feedback loop between resources, number of organic farms and support-
ive actions which are bounded to the number of organic farms. Current output parameter i.e.
number of organic farms, is caught in an unwanted equilibrium value due to the domination
of balancing feedback loops in the system. Important factor is self-organization of the organic
farming environment which includes market development and general public awareness.

This research has been financed by the Slovenian Research Agency ARRS, Targeted Research
Projects Framework, Program CRP V7-1018.
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Moaenb cucTteMHOI JUHAMUKA Mepexoaa K OpraHnvIeCcKOMY
3eMJIe1eJInI0

Ypromup Po3man
Mupoawb Kagaiinu
Amnnpeii IlIkpaba

B dannoti cmamwve npedcmasaena mModead cucmemmoti QUHAMUKY PA3BUMUSL 0P2AHUHECKO20 3EMACOCAUS
0 NOJOEPIHCKU NPUHAMUA NPAEUMENDCMEEHHVT PEUEHUT.

Boinoanus umumayuontoe Mooesuposarue 8 COOMBEMEMEUY € HECKONDKUMY PA3NUMHBMU CUEHAPU-
AMU, MbL YCTRAHOBUAU, MO NEPETO0 K 0P2AHUMECKOMY CEABCKOMY TO3ATCMEY ONPEICAACTNCA 8 OCHOBHOM
cybcuduamu, Komopvie 06eCcneusalom 0CHOBHYI MOTRUBAUUIO NPU NPEOOPA30BAHUY 06BLUHOZ20 CEALCKO20
TO3ATCMBA 8 OP2aHUMECKOE 3emaedenue.

Odnaxo cybcuduu He ABAAOMCA eduHcmeenHol dsudtcyuets cuaoli 8 amotl cucmeme — DOAEE BAAHCHDL
0P2aHUSAUUOHHBIE YCUAUSL NO NPOIBUNCEHUIO 0P2AHUMECKO20 3EMACOCAUS, MAK KAK HEBO3MOINCHO 0bec-
newums docmamouno boavwue cybcuduu 0Ai YCnewHozo 3a6ePULEHUS NEPET0IL K OP2AHUYECKOMY 3EM-
saedeauto 6 orcenaemom obseme. Fuie 00num 6adHCHBIM CBOTUCTNBOM ABAALMCHA CNPOC HA NPOOOBOALCNBUE,
onpedennaemvili YUCAEHHOCTIDIO HACEAEHUSA, KOMOPIL OMPUUATNEABHO SAUAET, HG NEPerod K opeaHuye-
cKOMY 3emaedenuto u3-3a e20 803PACANUA, 8e0YULe20 K POCTY UeH Ha NPOJ06OALCMEUE.

Karoueswie crosa: cucmemmasn a’LLHaM’U,%a, opzaHu“ecrKoe 36M./L6()€Jl7.b6, UMUMAYUOHHOE MOC)G./LUPOGCLHUG.
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