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1. Purpose  

Question: What is the purpose of the model?  

The VAL-MAS model is an ex-ante simulation model depicting the seed and breeding value 
chain as a multi-agent system. Agents have individual decision making behaviour based on 
mathematical programming and heuristics. It was developed to answer research questions 

revolving around changing policies in the seed and breeding sector of organic agriculture in a 
systematic way, such as the planned phasing out of derogations for the use of not chemica lly 

treated (NCT) seed. In the following, the reasons for the choice of this combination of model 
characteristics are laid out.  

A value chain perspective was taken, because different actors and their interactions, i.e. 

breeders, seed producers and farmers, as well as the overarching political framework laid down 
in the EU organic regulation of the organic sector, contribute to the problems in the organic 

seed market. These actors are also all affected by current rules and regulations. Consequently, 
they need to be considered in a policy impact assessment. Mapping of value chains and 
subsequent benefit-cost or SWOT analyses with or without active stakeholder involvement 

have been repeatedly conducted in the past to analyse seed and other agricultural value chains  
(Bellù 2013; Mulugeta et al. 2010; Kumara et al. 2012). These methods can be complemented 

by more sophisticated assessment approaches that can give more in-depth insights into system 
changes under certain conditions. Rich et al. (2011) and Nang’ole et al. (2011) give an overview 
of existing agricultural value chain analysis frameworks highlighting that they are to a large 

extent qualitative. They recommend system dynamics and agent-based models so that 
quantitative ex ante policy assessments of value chains can be conducted in the future.  

Ex ante policy assessment via simulation models is a useful means of testing policy instruments 
that could smooth the transition period as well as propose long term solutions to increase 
organic seed production and use. Many studies exist where agricultural policies and private 

sector interventions are tested through ex-ante assessment. These models mostly assess policy 
implications at farm or sector level (Janssen and van Ittersum 2007; Grovermann et al. 2017; 

Häring 2003; Bunte and Galen 2015; Schreinemachers and Berger 2011). Applications are often 
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related to input choices under varying conditions (Schreinemachers and Berger 2011; 

Grovermann et al. 2017; Berger et al. 2017). In the following, the specific choices when 
implementing simulation modelling with the VAL-MAS model are discussed. 

2. Entities, state variables, scales, process overview and scheduling  

Questions: What kinds of entities are in the model? By what state variables, or attributes, are 

these entities characterized? What are the temporal and spatial resolutions and extents of the 
model?  

Questions: Who (i.e., what entity) does what, and in what order? When are state variables 

updated? How is time modeled, as discrete steps or as a continuum over which both continuous 
processes and discrete events can occur? Except for very simple schedules, one should use 

pseudo-code to describe the schedule in every detail, so that the model can be re-implemented 
from this code. Ideally, the pseudo-code corresponds fully to the actual code used in the 
program implementing the ABM. 

2.1 Entities in the VAL-MAS model: A multi agent system 

In the VAL-MAS-model, agent-based modelling was used in combination with mathematica l 
programming and heuristics. Agent based models are a valuable tool when modelling the 

behaviour of different agents in a heterogeneous population, where each entity takes individua l 
decisions, but also reacts on decisions of other entities (Gjerdrum et al. 2010; Berger and 
Schreinemachers 2006). Since not only the actors along the seed value chain, but additiona lly 

the actors within one level of the seed value chain are very heterogeneous with respect to their 
decision-making behaviour, a multi-agent system is well suited when modelling the vertical 

and horizontal complexity of the seed value chain. Therefore, we chose an approach 
representing individual decision making over an aggregate modelling approach. In the VAL-
MAS model, an entire agent population with individual decision making per agent is considered 

at the farm level. At multiplication and breeding levels, decision-making agents represent 
typical seed supply actors. Individual agents are thus: 

 Breeding agents 

 Seed multiplication agents 

 Farm agents. 

The number of agents and their representativity in the real world will be described in Section 
4., input data. 

2.2 Temporal resolution  

As at the aim was to simulate several processes with different time horizons in one model, a 

dynamic model approach is essential in order to understand developments emerging in the 
course of different model scenarios. Moreover, a feed-back loop was needed between the stages 

of the value chain after activities in each year have been decided upon. As a consequence, the 
start values of a certain period need to be the end values of the previous period. We thus deemed 
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embedding in a multi-agent system a positive recursive-dynamic model with decision-mak ing 

through a combination of mathematical programming and heuristics as the most suited 
approach. Interactions between the value chain levels are based on information and material 

exchange regarding seed sales, seed amounts, prices, including a feedback loop on demand and 
supply of seed types (organic seed from typically used cultivars, NCT seed from typically used 
cultivars, seed from organic cultivars). Figure 1 shows the flow and interactions between agents 

in the model in a simplified way, illustrating the decision-making sequence of the agents. The 
food industry and policy framework are depicted in the square box as they are exogenous factors 

with no endogenous decision making within the model. Their influence can be seen if scenarios 
change, such as higher end product prices for organic seed use and policy schemes, such as the 
phasing out of derogations. The figure displays model processes in one year including the 

feedback loop (“update after sales”) at the end of the year.  

The model runs over 10 modelling periods (simulating years in the real world). Eight modelling 

years are being taken into consideration for results analysis. The first year is the spin off of the 
model (more info: Section 5). The last year is not considered, because the pay-offs of 
investments in e.g. planting biennial crops (such as carrot seed production) cannot be calculated 

satisfactorily. In each year, all agents optimise over the current year and the remaining years. 
They thus predict the future and can take longer-term decisions (e.g. planting biennial crops).  

Figure 1: Conceptual framework of the VAL-MAS model 

In Figure 2, the information flow between between the agents in one modelling period is 
depicted in a more detailed fashion. Loops over agent groups are indicated in Figure 2 by 
naming the respective group (e.g. Breeders), followed by the activity that all breeders conduct 

(e.g. optimisation). All solves, algorithms, and parameter and variable updates are indicated in 
framed boxes (These activities will be further explained in the following subsection). The 
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arrows in Figure 2 indicate the direction in which thes information is passed on between 

activities. Unframed boxes always overlap with an arrow. The text in the unframed boxes 
indicates the information that is transmitted between the connected framed boxes.   

 

Figure 2: Information flow chart between solves, algorithms, and parameter and variable  

updates by agent groups in the GAMS Val-Mas Model within one modelling period (one 

year) 

2.3 Scheduling of agent activities 

The VAL-MAS model consists of three main sections: Firstly, all sets, parameters, variables, 
equations, and models are declared and assigned. Further, all baseline data and scenario data 

are included (lines A2.12-600). Secondly, the three models representing the three value chain 
stages breeding, seed production, and farming are being solved consecutively in a nested loop 
structure (lines A2.602-1144). Thirdly, model results are being exported to gdx and xslx files 

for further processing. This is a standard procedure, and is thus excluded here. The full GAMS 
code can be found in the Appendix A2.  

The first part consists of four subsections. The first three subsections are structured in the same 
way: 

 Firstly, sets indicating the modelling years, number of agents, activities, and constraints 
are declared and assigned (Breeding agents: Lines A2.14-48; Seed multiplier agents: 
Lines: A2.122-155 ; Farmer agents: Lines A2.257-285).  

 Secondly, the parameters over these sets are declared and assigned. Parameters 
comprise right-hand-side values, technical coefficients, gross margins per crop, and 

parameters defining interactions between value chain levels, e.g. the calculation of 
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adaptive expectations (Breeding agents: Lines A2.50-84; Seed multiplier agents: Lines: 

A2.157-224; Farmer agents: Lines A2.287-331).  

 Thirdly, variables, equations and the optimisation model are declared and assigned 
(Breeding agents: Lines A2.86-117; Seed multiplier agents: Lines: A2.226-255; Farmer 
agents: Lines A2.569-598). 

In the fourth and last subsection of Section 1, additional data is loaded or generated:  

 Parameters defining the distribution of farm gate prices and yields at farm level (lines 
A2.333-383) 

 Starting values for the working capital at farm level (lines A2.385-413) 

 Sets and parameters needed for the element of innovation diffusion at farm level (lines 
A2.421-447) 

 Parameters for the scaling factors (lines A2.449-499) 

 Calibration and implementation of excess willingness to pay at farm level (lines A2.502-
550) 

 Parameters necessary for the calculation of different scenarios (lines A2.553-566) 

In the following, Section 2 (nested loop structure to solve submodels) of the GAMS model is 

described in detail. The first loop controls the set representing the model years (opening in line 
A2.601, closing in line A2.1141). In this application, ten years were modelled. Within one 

modelling year, five nested loops representing the value chains were included: Breeders are 
looped over once (opening in line A2.620, closing in line A2.634), while seed producers (First 
loop opening in line A2.647, closing in line A2.697, second loop opening in line A2.724, 

closing in line A2.735) and farmers are looped over twice (First loop opening in line A2.752, 
closing in line A2.866, second loop opening in line A2.889, closing in line A2.926). Figure 3 

represents the flowchart of the model. Loops over agent groups are indicated in Figure 3 by 
naming the respective group (e.g. Breeders), followed by the activity that all breeders conduct 
(e.g. optimisation). The schematic flowchart follows the standard syntax according to DIN 

66001.  

 

Figure 3: Flowchart of VAL-MAS model 

The five loops are controlled respectively by the sets for the three different agent types. For 
each of these agent types, there is the set ag_* containing all agents of this type. There is further 

the alias of this set, aga_* and lastly, the subset currentag_*(ag_*), both containing the same 
set element as ag_* in the beginning. The alias and the subset are needed to be able to solve one 
agent’s equations (one set element) at a time and keep the others fixed. The agent whose 

equations are solved is assigned to currentag_*(aga_*). All other agents, whose solution 
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variables etc. are kept fixed at this time, are not assigned to currentag_*(ag_*) (e.g. for breeding 

agents, this can be found in lines A2.622-630).  To technically implement this, firstly, all agents 
in set ag_* are taken out of the subset currentag_* (e.g. currentag_br(ag_br)=no;). After this, 

only one agent is assigned to the subset (e.g. currentag_br(aga_br)=yes;). The loop over aga_* 
controls which agent’s turn it is. This is a technical solution to separate the objective functions 
of the agents. Solving each agent at a time allows us to access individual data of each agent and 

prevents agents from acting in a way that contributes to the overall welfare of all agents, even 
though it may disadvantage them. However, if the agents are assigned individual objective 

functions, the order of agents to e.g. get access to an innovation becomes of importance and 
needs to be determined. Examples are a randomization before each modelling period or a 
comparison of shadow prices. 

In the first of these five loops over the agent type groups, the breeder model is solved once for 
each breeding agent, determining the amount of basic seed for ct, nct, organic seed and the 

organic cultivar that is being produced and offered for sale to the seed producers (line A2.632). 
In the second loop (the loop over the seed producers), the seed producer model is solved three 
times for each agent. In the first solve, each seed producer can access the entire amount of 

produced organic basic seed (line A2.666). The amount of basic organic seed bought and used 
by each seed producer is then stored in a parameter. In the second solve, the same is calculated 

for organic cultivars (line A2.681). The third solve calculates the optimal gross margin per 
agent without organic seed or cultivars (line A2.694). This was implemented to calculate a 
distribution scheme for organic seed based on the potential demand of each agent. 

Then, the access to basic organic seed of the individual agents is calculated by an algorithm 
based on the results of the preceding three solves. The distribution algorithm functions as 

follows: The quantity of organic (basic) seed that the respective agent used in the first solve is 
divided by the amount of organic seed used by all agents and multiplied by the total amount of 
organic seed available (lines A2.699-719). Finally, in the third loop, all seed producer agents’ 

gross margins are maximised subject to the assigned access to basic organic seed (line A2.734).  

The fourth loop controls the innovative farm agents. The structure including the dynamic subset 

currentag_fa is still used in order to solve agents individually, however, following this, there is 
a nested loop structure over the dynamic subset innov_ag_fa(aga_fa) that gives only innovative 
farmers access to organic seed (opening in line A2.767, closing in line A2.864). Here, the model 

is solved again three times. The same distribution algorithm as explained above is applied (for 
organic seed on the farmers’ level). Finally, in the fifth loop, all farmers agents’ gross margins 

are maximised subject to the assigned access to organic seed. 

At the end of the first modelling year, the solution variables of breeding and seed producing 
agents were updated through a final solve according to their sales (for breeding agents: Lines 

A2.1007-1024; for seed multiplication agents: Lines A2.1129-1139). This concluded the first 
modelling year and provided the starting values for the second modelling year. This was 

repeated seven times. 
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2.4 Scales 

To ensure compatibility between the size of the farmers’ buying market and the seed 

multipliers’ selling market, scaling factors were implemented. If this was omitted, economies 
of scale would not be realised. The cultivated area in the case study would not be sufficient as 

a seed market for the larger of the two typical seed producers (more information in the next 
subsection). As the present agent-based value chain model is the first to fully simulate the seed 
value chain, there is no precedent for this procedure. Nevertheless, scaling factors are 

commonly used to ensure compatibility between agents or activities in multi-agent and 
integrated farm system modelling (Troost and Berger 2015b; Gibbons and Ramsden 2008). In 

this study, scaling factors are used to connect the three value chain levels in order to match 
supply and demand. For example, one of the interviewed carrot seed producers has a market 
size of 1,505 hectare organic carrot production, while according to German statistical data, the 

organic carrot producers in Germany cover 2,100 ha (Destatis 2018), of which around 1,200 to 
1,400 ha are covered by carrots for main production and storage (German organic carrot expert 

estimation). Consequently, the scaling factor from multiplier to farmers is 0.8 to 0.93 and from 
farmers to multiplier 1.25 to 1.1. 

The implementation of the scaling factors in the GAMS model can be found in Appendix A2. 

The declaration, assignment and calculation of the necessary parameters are found in lines 
A2.449-499. The scaling itself is conducted in lines A2.738-741 (scaling from seed 

multiplication level to farm level), A2.1026-1031 (scaling of variety 2 (organic seed) from 
farming to seed multiplication level) and A2.1075-1080 (scaling of variety 3 (organic cultiva r) 
from farming to seed multiplication level). 

3. Design concepts 

Questions: There are eleven design concepts. Most of these were discussed extensively by 

Railsback (2001) and Grimm and Railsback (2005; Chapter. 5), and are summarized here via 
the following questions:   

Basic principles. Which general concepts, theories, hypotheses, or modeling approaches are 

underlying the model’s design? Explain the relationship between these basic principles, the 
complexity expanded in this model, and the purpose of the study. How were they taken into 

account? Are they used at the level of submodels (e.g., decisions on land use, or foraging 
theory), or is their scope the system level (e.g., intermediate disturbance hypotheses)? Will the 
model provide insights about the basic principles themselves, i.e. their scope, their usefulness 

in real-world scenarios, validation, or modification (Grimm, 1999)? Does the model use new, 
or previously developed, theory for agent traits from which system dynamics emerge (e.g., 

‘individual-based theory’ as described by Grimm and Railsback [2005; Grimm et al., 2005])? 

Emergence. What key results or outputs of the model are modeled as emerging from the 
adaptive traits, or behaviors, of individuals? In other words, what model results are expected 

to vary in complex and perhaps unpredictable ways when particular characteristics of 
individuals or their environment change? Are there other results that are more tightly imposed 

by model rules and hence less dependent on what individuals do, and hence ‘built in’ rather 
than emergent results?  



9 

 

Adaptation. What adaptive traits do the individuals have? What rules do they have for making 

decisions or changing behavior in response to changes in themselves or their environment? Do 
these traits explicitly seek to increase some measure of individual success regarding its 

objectives (e.g., “move to the cell providing fastest growth rate”, where growth is assumed to 
be an indicator of success; see the next concept)? Or do they instead simply cause individuals 
to reproduce observed behaviors (e.g., “go uphill 70% of the time”) that are implicitly assumed 

to indirectly convey success or fitness?   

Objectives. If adaptive traits explicitly act to increase some measure of the individual's success 

at meeting some objective, what exactly is that objective and how is it measured? When 
individuals make decisions by ranking alternatives, what criteria do they use? Some synonyms 
for ‘objectives’ are ‘fitness’ for organisms assumed to have adaptive traits evolved to provide 

reproductive success, ‘utility’ for economic reward in social models or simply ‘success 
criteria’. (Note that the objective of such agents as members of a team, social insects, organs—

e.g., leaves—of an organism, or cells in a tissue, may not refer to themselves but to the team, 
colony or organism of which they are a part.)  

Learning. Many individuals or agents (but also organizations and institutions) change their 

adaptive traits over time as a consequence of their experience? If so, how?   

Prediction. Prediction is fundamental to successful decision-making; if an agent’s adaptive 

traits or learning procedures are based on estimating future consequences of decisions, how 
do agents predict the future conditions (either environmental or internal) they will experience? 
If appropriate, what internal models are agents assumed to use to estimate future conditions or 

consequences of their decisions? What tacit or hidden predictions are implied in these internal 
model assumptions?  

Sensing. What internal and environmental state variables are individuals assumed to sense and 
consider in their decisions? What state variables of which other individuals and entities can an 
individual perceive; for example, signals that another individual may intentionally or 

unintentionally send? Sensing is often assumed to be local, but can happen through networks 
or can even be assumed to be global (e.g., a forager on one site sensing the resource levels of 

all other sites it could move to). If agents sense each other through social networks, is the 
structure of the network imposed or emergent? Are the mechanisms by which agents obtain 
information modeled explicitly, or are individuals simply assumed to know these variables?  

Interaction. What kinds of interactions among agents are assumed? Are there direct 
interactions in which individuals encounter and affect others, or are interactions indirect, e.g., 

via competition for a mediating resource? If the interactions involve communication, how are 
such communications represented?  

Stochasticity. What processes are modeled by assuming they are random or partly random? Is 

stochasticity used, for example, to reproduce variability in processes for which it is unimportant 
to model the actual causes of the variability? Is it used to cause model events or behaviors to 

occur with a specified frequency?  

Collectives. Do the individuals form or belong to aggregations that affect, and are affected by, 
the individuals? Such collectives can be an important intermediate level of organization in an 

ABM; examples include social groups, fish schools and bird flocks, and human networks and 
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organizations. How are collectives represented? Is a particular collective an emergent property 

of the individuals, such as a flock of birds that assembles as a result of individual behaviors, or 
is the collective simply a definition by the modeler, such as the set of individuals with certain 

properties, defined as a separate kind of entity with its own state variables and traits? 

Observation. What data are collected from the ABM for testing, understanding, and analyzing 
it, and how and when are they collected? Are all output data freely used, or are only certain 

data sampled and used, to imitate what can be observed in an empirical study (“Virtual 
Ecologist” approach; Zurell et al., 2010)?  

Explanation: The ‘Design concepts’ element of the ODD protocol does not describe the model 
per se; i.e., it is not needed to replicate a model. However, these design concepts tend to be 
characteristic of ABMs, though certainly not exclusively. They may also be crucial to 

interpreting the output of a model, and they are not described well via traditional model 
description techniques such as equations and flow charts. Therefore, they are included in ODD 

as a kind of checklist to make sure that important model design decisions are made consciously 
and that readers are aware of these decisions (Railsback, 2001; Grimm and Railsback, 2005). 
For example, almost all ABMs include some kinds of adaptive traits, but if these traits do not 

use an explicit objective measure the ‘Objectives’ and perhaps ‘Prediction’ concepts are not 
relevant (though many ABMs include hidden or implicit predictions). Also, many ABMs do not 

include learning or collectives. Unused concepts can be omitted in the ODD description.  

3.1 Decision making of the agents: Individual objective functions (Concepts covered: Basic 

principles, emergence, objectives, collectives) 

Among the farm agents, the gross margin per farm enterprise agent is maximised. We defined 
the farm enterprise agent as the collection of crops in the organic carrot crop rotation. Among 

the seed producing agents, the gross margin of organic and NCT carrot seed production per 
seed multiplication agent is maximised. Processing, packaging, and marketing costs are largely 
the same for conventional untreated and organic seed, thus these costs were disregarded at 

multiplication level. Lastly, among the breeding agents, we maximised the overall yearly 
breeding budget, i.e., we implemented a revenue maximisation of the focus crop (wash/storage 

carrot) section of the breeding agent, including non-organic seed (Chemically treated (CT) and 
NCT). The breeding budget is represented by 10 to 30% of the seed sales revenue, depending 
on the typical actor. A revenue maximisation for the breeding agents was chosen, because the 

breeding costs were treated as constant over time, and thus the revenue maximisation can be 
seen as a proxy of profit maximisation. This was confirmed by the breeding actors to emphas ise 

that constantly providing the breeding budget is of crucial concern: Both of the typical breeding 
actors we identified do not consider the gross margin at breeding level, but require a constant 
breeding budget as part of research and development (Kuin 2018; Syngenta 2015). Simplif ied 

linear programming matrices of an exemplary agent for the first two modelling years of each 
value chain stage can be found in Tables A3.1-3 in the Appendix. 

3.2 Adaptive Expectations of seed producers and breeders (Concepts covered: Basic principles, 

emergence, adaption, prediction, interaction) 

As it is likely that seed producers will not immediately react to changes in demand for organic 

seed, we implemented an adaptive expectations mechanism at multiplication level to smooth 
the organic supply quantity. The theory of adaptive expectations is based on the assumption 
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that a behaviour, such as the production of organic seed, is determined by experiences of past 

sales (Galbács 2015). We defined the upper limit R of the amount that can be produced in a 
year as the average of the sold amount s of the last two years multiplied with a growth 

expectation factor. This growth expectation factor G indicates the trend in demand and is the 
difference in percentage between the sum of the current and last year and the sum of the last 
year and the year before, times the production reserve factor p. The production reserve factor 

indicates how much more than the estimated amount is produced for reserve in the case of 
unexpected higher demand. Lower and upper bounds of the growth expectation factor were 

defined as 0.5 and 2, unless differently specified in certain scenarios. Given the technica l 
difficulties in organic hybrid carrot seed production, we assume that any increase above a 
doubling of seed production from one year to another is highly unlikely. 

Furthermore, in order to account for uncertainties due to technical difficulties, the production 
reserve factor under a growth scenario where an increasing organic seed demand is expected is 

always indicated between 1.2 and 1.5. This range reflects the uncertainty based on difficult ies 
to find organic carrot seed producers, suitable areas, and technical difficulties in production. 
These difficulties are substantial in the chosen case. However, the bounds of the growth 

expectation factor and the values of the production reserve factor are expert-based estimations. 
The values need thus be interpreted with caution. The formulae for calculating the Growth 

expectation factor G and of the upper limit R of the amount of seed that can be produced in a 
year are listed below. 

G = min(max(((st+ st-1)/(st-1+ st-2))p, Glo),Gup) (1)  

R =  max(((st+ st-1)/2)G, Rlo) (2) 

The implementation of the growth expectation factors in the GAMS model can be found in 

Appendix A1, lines 50-84 (Declaration and Assignment of parameters) and A2.959-1011 
(Calculation each modelling year) for the breeding agents and in lines A2.157-224 (Declaration 
and Assignment of parameters) and A2.1026-1127 (Calculation each modelling year) for the 

seed multiplication agents.  

3.3 Theory of the diffusion of innovations and application in the VAL-MAS model (Concepts covered: 

Basic principles, emergence, objectives, collectives, interaction, adaptation) 

Ann agent population at farm level based on German statistical agricultural census data and the 
procedure proposed by Berger and Schreinemachers (2006) and Troost and Berger (2015a) was 

created (see Section 4.2-3, Input data, for more information). The model includes a feature that 
represents the diffusion of an innovation according to the network threshold theory of Rogers 

(2003). According to this theory, farm agents were categorised into five segments:  

 Innovators (2.5% of the population),  

 early adopters (13.5%),  

 early majority (34%),  

 late majority (34%),  
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 and laggards (16%).  

This reflects learning in a social network and incomplete information as can often be observed 

in reality. The mechanism behind this is that only if the first group has adopted the innovation, 
the second group is able to adopt and so on. The agents in the model were assigned to the 
network segments based on a statistical estimation of propensity scores. In order to establish 

the innovativeness scores in the agent population, influential characteristics were regressed on 
organic seed use using recent survey data from organic farmers (Orsini et al. 2020). A 

subsample of a European survey of 128 observations comprising those farms that produce 
vegetable in Germany, Netherlands, Switzerland, and Austria were analysed with a linear 
regression model. We took these additional countries into account to obtain a sample size that 

could be analysed in a meaningful way. As these countries are all in Central Europe, we expect 
the observations to be rather homogeneous and valid for the countries in the analysis. 

Independent variables in the analysis were education, farm size, country (for correction, as we 
include other Central European countries to obtain the sample size), and farm type (arable or 
vegetable). The dependent variable was organic seed use per hectare per farm enterprise in % 

of the overall number of hectares. The coefficients of the regression are given in Table 1. Based 
on the estimated coefficients of the three selected characteristics in the agent population, the 

predicted organic seed use per agent was computed. The error term of the regression as 
randomisation element was included in this computation. The agents were then ranked in a 
cumulative distribution according to their predicted organic seed use. On that basis, the 

assignment to innovation segments was determined. For example, if the predicted organic seed 
use of an agent was ranked among the highest 2.5%, the agent was assigned to the group of 

innovators.  

The element of diffusion is implemented in the VAL-MAS model in the following way: If 90% 
of the innovators have adopted at least 25% organic seed per agent, the early adopter group gets 

access to the organic seed and so on. The implementation of this in the GAMS model can be 
found in Appendix A2. Set and parameter declarations and assignments are shown in lines 

A2.421-447. Agents having access to the innovation are included into the dynamic subset of all 
farming agents innov_ag_fa. The assessment of the actual adoption per agent and the 
subsequent re-allocation of agents into this dynamic subset if the conditions are met can be 

found in the modelling code in lines A2.928-954. 
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Table 1: Regression coefficients and of different farm characteristics on organic seed use 

per farm enterprise 

Variable Coefficient Significance 

Farm size in ha -0.066 *** 

Farm type (arable=0, 

vegetable=1) 

-0.134 * 

Education (no education 0, 
education in farming 1) 

0.21 ** 

Constant 0.91  

 

4. Input data 

Question: Does the model use input from external sources such as data files or other models to 
represent processes that change over time? 

4.1 Input data at breeding and seed multiplication level  

Typical breeding and seed production entities were defined, as a representation of the entire 

population was impossible due to limited willingness of actors to share economic data. We 
defined a typical entity as a kind of company or initiative with a large market share in organic 

seed production and/or organic breeding. Two types of seed multiplication actors were 
identified. One type is an internationally active commercial seed and breeding company that 
sells NCT hybrid seed and organic hybrid seed to organic carrot producers in Germany. The 

second type is a small company or initiative dedicated to breeding and/or locally selling open-
pollinated vegetable seed produced under fully organic conditions.  

Two breeding types are also represented in the simulation model. Type I is defined as the 
breeding department of the internationally active company that also produces seed. No breeding 
programmes specifically or uniquely for organic carrot production are conducted, nevertheless, 

organic cultivar trials to choose the best suited cultivars for organic conditions are carried out.  
Hybrids are developed. To re-finance their breeding programmes, 13,545 ha carrot production 

planted with the company’s seed are needed. Their organic area share is 1,505 ha, 11% of the 
total area. Their yearly fresh market carrot breeding budget is estimated to be around 30% of 
the revenue. Type II is specialised on breeding under organic conditions and exclusive ly 

develops open pollinated cultivars. Their financing strategy is pre-financing through voluntary 
contributions from seed multipliers, but mostly from donations and sponsorships. We assume 
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that around 10% of the total seed sales from their cultivars is voluntarily given back to them to 

re-finance their breeding activities.  

The input files are excel files that include right-hand-side (RHS), Technical Coefficients (A), 

and Gross margin data. Simplified decision tableaux showing the equation structure can be 
found in Appendix A3, Tables A3.2-3. The data is read into the GAMS model in the first 
Section of the model code (more info: Section 6, Submodels). 

4.2 Input data and creation of an agent population at farming level  

To determine the number of agents at farm level, we used information about the number of 
organic carrot producers in Germany that is available on request from the Statistical Offices of 

the Federal States (Destatis 2018). For the analysis, the statistical programme STATA15 was 
used. To narrow the number of organic carrot producers down to those who produce mainly 
wash/storage carrots, we consulted organic carrot experts during interviews. We identified 

around 325 organic wash/storage carrot producers in Germany. We model 100 organic 
wash/storage carrot producers explicitly. To justifiy this reduction of agents we rely on the law 

of large numbers. Furthermore, this reduction ensures parsimony of the model. In order to 
generate the farm agent population, we relied on the farm accountancy data 
(“Agrarstrukturerhebung”) of the year 2016, provided by the national statistical office in 

Germany (RDC 2016). A copula approach to estimate a joint distribution between selected farm 
characteristics was used following the procedure proposed by Berger and Schreinemachers 

(2006). For the joint distribution, farm characteristics variables were divided into quintiles (a 
higher resolution was not possible due to privacy restrictions) and then matrices were created 
from the combinations of quintiles along the farm characteristics of each observation in the 

dataset. This is illustrated by Figure 4.  

 

Figure 4: Copula of arable area and vegetable area based on own calculations using the 

data from the RDC (2016) 

The observed frequencies within the multidimensional categories served as empirical copula 
from which the agents for the agent population were drawn. We created one copula includ ing 
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the farm characteristics total farm area, total agricultural area, organic vegetable area in rotation 

with other vegetable and with arable crops, and available labour per farm. We then created 
copulae including only two characteristics. In each of these smaller copulae, the total 

agricultural area was included in combination with one other relevant crop area or the farm 
manager’s education. This approach was adopted in order to avoid the barring of values in the 
copulae due to privacy restrictions. Two types of farms could be identified. One type produces 

mostly vegetable in rotation with other vegetable and the other type produces vegetable in 
rotation with arable crops. The ratio of these farms could be obtained from the structural farm 

data (RDC 2016). For these two types, we defined different typical crop rotations. The 
vegetable type grows carrots in combination with leak, cabbage, salad, and clover in a 
horticultural system. The arable type grows carrots in combination with winter wheat, winter 

rye, beans, onions, and clover in an arable system.  

Further input data for the farm population were obtained from different sources. Whole-sale 

price data for washed carrots for the fresh market were available as a time series for ten years 
from AMI and detrended to correct for trend-related changes (Baum 2006). The ranges of the 
prices were implemented in the model as triangular distributions for sensitivity analysis. From 

the German national statistics on vegetable yields (time series data comprising five years), 
yields of crops in the crop rotation were estimated and the ranges were implemented in the 

model as triangular distributions for sensitivity analysis. Technical coefficients and variable 
costs for the crops in the crop rotation were taken from Kuratorium für Technik und Bauwesen 
in der Landwirtschaft e.V. (KTBL 2016), the German national data base on agricultural figures, 

and were matched with the agent population. The main matching variable was the vegetable 
area. With the help of a small survey among German organic carrot producers, we gathered and 

narrowed down information relating to the range of plot sizes, degrees of mechanisation, typical 
crop rotations, distance between farm and field, and the type of production system (bed or bank 
cropping). We conducted a survey among German organic carrot producers partly with the 

online tool Lime survey and partly via phone in the period of January to July 2019. The online 
survey was distributed through organic vegetable extension services and organic marketing 

organisations. We obtained 20 responses from organic carrot producers willing to take the 
survey. The results are not representative, however, a variety of distribution channels for 
sharing the survey were used, such as consultancies and a wide variety of marketing 

organisations. There is no obvious bias as regards organic seed or cultivar use (e.g. much more 
organic seed is used by the interviewed farmers than is likely to be observed in reality). The 

questions in the survey focused on organic carrot production in Germany, i.e. on crop rotations, 
used cultivars, and differences in production costs between organic carrots produced with 
organic seed, NCT seed, and organic cultivars, among other items. Furthermore, we included 

specific questions about the willingness to pay for organic seed and cultivars. 

4.3 Agent population generation  

Firstly, the copulae in the form of cumulative distributions are imported from Excel into the 
statistical programme (in this case STATA) (A1.lines 14 - 75). Secondly, the individual vectors 

per agent including the quintile combinations are drawn according to the copulae. Here, the 
characteristics in the main copula are drawn first (A1.lines 80 - 126). Then, the dummy 

indicating if an agent is a vegetable producer or an arable farmer is randomly drawn (A1.lines 
129 – 134). As a third step, the smaller copulae are matched using the matching variable 
agricultural area and random values are drawn. The example of the characteristic winter wheat 

area is shown in the Appendix A1 (lines 140 - 276). The values drawn serve as Right-hand-s ide 



16 

 

values (total area, available labour) and to determine the innovativeness score of the generated 

agents. The analysis of a farmer survey is described in Section 3.4. The application in STATA 
can be seen in lines A1.289 – 334. Furthermore, the 4 combinations of mechanisation and plot 

size available through KTBL data are randomly distributed within the bounds of the assigned 
vegetable plot size (lines A1.338 – 355). From line A1.372 on, all remaining data points (e.g. 
variable costs per ha and crop, labour requirements per ha and crop, etc.) per agent are assigned 

to the agents according to their characteristics (e.g. their mechanisation and type of agent 
(vegetable or arable producer) and saved in a matrix. This information is now ready to be read 

into Excel-Input files per agent. The creation of Excel-Input files per agent (RHS- and A-input 
files), and the merge into gdx-input files through a bash script are not included in the presented 
STATA code, as they are mere technical implementations. 

 

5. Initialisation 

Questions: What is the initial state of the model world, i.e., at time t = 0 of a simulation run? 
In detail, how many entities of what type are there initially, and what are the exact values of 

their state variables (or how were they set stochastically)? Is initialization always the same, or 
is it allowed to vary among simulations? Are the initial values chosen arbitrarily or based on 
data? References to those data should be provided. 

The number of agents does not change over time in the current version of the model. There are 
2 breeding agents, 2 seed multiplication agents and 100 farm agents. The parameters 

characterising the agents are listed and described in Section 2 and Appendix A2, first section, 
first two subsections.  

 Stochastic parameters:  

o At t = 0, then fixed:  

 Farm agent characteristics: farm type, total available vegetable and 

arable land area in ha (and as a result, total farm area in the model for 
scaling, see Section 2.3), total available labour in personhours, 

mechanisation (further info see Section 4.2-4.3) 

 Farm agent characteristic excess willingness to pay for organic seed in € 
(further info see Section 7) 

o In the beginning of each modelling year: Yields at farm level in tons and farm 
gate prices in € (further info see Section 4.2) 

 Adaptive/re-calculated parameters for each modelling year:  

o Growth expectation factor (see Section 3.3) 

 Fixed parameters:  
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o All other model elements. 

In the scenarios simulating voluntary measures, the model runs for 10 periods (modelling 
years). However, the first year are is taken into consideration as model results. In this year, 

organic seed diffuses through the innovator group to the early adopter group, reaching around 
10% of organic seed use that can be observed in reality. 

It would however be possible to include more agents or exclude agents over time to simulate 

structural change. In this case, agents would be generated beforehand and included over a 
dynamic subset. 

6. Submodels 

Questions: What, in detail, are the submodels that represent the processes listed in ‘Process 

overview and scheduling’? What are the model parameters, their dimensions, and reference 
values? How were submodels designed or chosen, and how were they parameterized and then 
tested? 

Explanation: The submodels are presented in detail and completely. The factual description of 
the submodel, i.e., equation(s) and algorithms, should come first and be clearly separated from 

additional information. From what previous model this submodel was taken or whether a new 
submodel was formulated, and why, can be explained. If parameterization is not discussed 
outside the ODD description, it can be included here. The parameter definitions, units, and 

values used (if relevant) should be presented in tables. 

Any description of an ABM and its submodels will seem ad hoc and lack credibility if there is 

no justification for why and how formulations were chosen or how new formulations were 
designed and tested. Because agent-based modeling is new and lacks a firm foundation of 
theory and established methods, we expect ODD descriptions to include appropriate levels of 

explanation and justification for the design decisions they illustrate, though this should not 
interfere with the primary aim of giving a concise and readable account of the model. 

Justification can be very brief in the Overview and Design concepts sections, but the complete 
description of submodels is likely to include references to relevant literature, as well as 
independent implementation, testing, calibration, and analysis of submodels.  

ODD-based model descriptions consist of the seven elements described above; however, in 
most cases it will be necessary to have a simulation experiments or model analysis section 

following the model description (see Discussion).  

Currently, VAL-MAS does not consist of submodels.  
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7. Model analysis and simulation experiments: Verification, calibration, and validation 

of the VAL-MAS model 

7.1 Verification 

During verification, the generated agent population is examined as to how well it represents the 
characteristics of the observed data. The agent population in our case was verified by cross-
checking summary statistics of generated variables and correlations between generated 

variables with the original farm accountancy data set.  

7.2 Calibration 

Calibration of a model is the process to adjust certain parameters so that the model produces 
results in the baseline that are as similar as possible to real world conditions (Howitt 1995; 

Troost and Berger 2015b). Calibration of the simulation model was conducted by calibrating 
the amount of organic seed used in the model to the real world observation of 10% seed use for 

German organic storage carrot, and of 1% seed used from organically bred cultivars (Herstatt 
2017). This was achieved by assuming an excess willingness to pay for organic seed, depending 
on the innovativeness segment of the farm agent. This excess willingness to pay can be assumed 

as there is no subsidy for organic seed use and no evidence for a higher farm gate price 
rewarding organic seed use (Herstatt 2017; AMI 2020). Yet, we observed in reality a certain 

share of organic seed use among carrot growers. The overall distribution of the excess 
willingness to pay for organic seed in comparison to the NCT price was derived from a small 
survey among organic carrot producers in Germany that was described in the section above. 

We integrated an excess WTP into the simulation model. The upper bound of the overall 
distribution of the excess WTP across the farm population was assumed to represent the upper 

bound of the innovator group. Similarly, the lower bound of the overall distribution represented 
the lower bound of the laggards group. The overall distribution was then divided into five 
overlapping symmetric triangular sub-distributions with the same width on the x-axis indicat ing 

the WTP. The modes, minima, and maxima can be found in Table 2. In the calibration process, 
the modes, minima, and maxima of the sub-distributions were simultaneously shifted in steps 

of 50 € to adapt the WTP distribution so that the model results in an organic seed use share 
equal to the observation level of 10%. To verify if around 10% organic seed is used, the actual 
values per farm agent were then randomly drawn from the triangular sub-distribution 

representing the farm agent’s innovativeness class and the baseline model was solved. 
Deviations of 1% in both ways were accepted, because the benchmark of 10 % organic seed 

use can vary to this extent. This procedure is inspired by the calibration process of PMP models, 
where usually cost functions are calibrated according to observed farm areas (Heckelei et al. 
2012; Howitt 1995). 
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Table 2: Initial distribution values of symmetric triangular distributions for WTP 

calibration 

 Minimum Mode Maximum 

Innovators 350 400 450 

Early adopters 300 350 400 

Early majority 250 300 350 

Late majority 200 250 300 

Laggards 150 200 250 

 

In the GAMS code, this calibration process can be seen in lines 502-550. Calibration was 
conducted for each seed value using the baseline model and then applied for scenario 

calculation for the respective seed value. 

7.3 Validation 

This was conducted by comparing the model outcomes with general statistics about areas, 
yields, and gross margins at the farm level, as well as aggregate model results such as overall 

area, production amounts, and number of agents (Table 3). In most cases, the model baseline 
result and the observation are close. Only in the case of the seed multiplication type II, the 
difference in gross margins is rather large. However, as all other values seem valid, this 

deviation is accepted and the relative changes calculated in the scenarios seen as valuable 
information. 
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Table 3: Overview of validation indicators, real-world observations and model results 

Validation indicator Observation Model baseline result (Av. of ten 

agent populations as part of 

sensitivity analyses) 

Farm level 

Total organic carrot production in 

tons and hectares 

2,102.5 ha, 102,418.3 tons 

(Destatis 2018) 

On 50 – 60 % of this area, carrots 

for the fresh market and storage are 

produced (own data collection) 

Carrots for the fresh market and 

storage: 1,300 ha, 51,023.3 tons 

Organic carrot seed use in Mio 

seed 

10% organic seed use and less than 

1% organic seed use from 

organically bred cultivars (Herstatt 

2017) 

9 % organic seed use, 0.3 % seed 

use from organically bred cultivars 

Farm enterprise gross margins in 

€/farm enterprise 

Estimated gross margin at farm 

enterprise level is 7,503.8 € for a 

crop rotation comprising mostly 

arable crops and 14,954.79 € for a 

crop rotation comprising mostly 

vegetable crops (KTBL 2016; AMI 

2020; Destatis 2018) 

The average yearly gross margin at 

farm enterprise level over all farm 

agents is 6,457.82 € with a crop 

rotation comprising mostly arable 

crops and 11,589.45 € with a crop 

rotation comprising mostly 

vegetable crops 

Seed multiplication and breeding level 

Gross margin at organic carrot 

multiplication level in € 

(excluding costs for processing 

and packaging). 

Type I: 848,025 €  

Type II: 5,975.2 €  

(own data collection) 

Type I: 717,065 €  

Type II: 1,365 €  

Breeding budget for carrots in € Type I: 5,180,480 € 

Type II: 300 – 1,500 €, as only less 

than 5 % acquired through re-

financing and 30,000 € of yearly 

carrot breeding budget mostly 

acquired through donations (own 

data collection) 

Type I: 5,121,817 € 

Type II: 314 € if 10 % of sales 

revenue goes back into breeding. 

However, the breeding budget is 

mostly financed through 

alternative sources. This 

assumption of 10% seed sales 

going back into organic breeding 

results in a coverage of around 1% 

of the current yearly breeding 

budget in the baseline scenario.   
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Furthermore, to validate aspects of the model where there is a lack of real-world observations 

to compare them with, a structural validation can be useful. During a structural validat ion, 
stakeholders involved in the investigated problem are consulted to validate these assumptions 

and model results (Qudrat-Ullah 2005). Aspects such as the assumption that the excess WTP 
stays constant across scenarios and different scenario outcomes (e.g. the occurrence of an 
organic seed shortage in a derogation scenario) underwent a structural validation through expert 

interviews. 
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Appendix 1 

A1. Stata code agent generation 2 

**************************************************************************** 3 
* Do file creating 100 farm agents based on RDC of the Federal Statistical  4 
* Office and Statistical Offices of the Federal States. 2016.     5 
* Agrarstrukturerhebung, own calculations. 6 
* Author: Eva Winter Year: 2021 Contact: eva.winter26@gmx.de        7 
* This code may be used for scientific purposes when cited accordingly.     8 
*Commercial use is prohibited.           9 
**************************************************************************** 10 
clear 11 
 12 
//Define input data path 13 
 14 
global datenpfad   "xx"  15 
 16 
//Import data 17 
 18 
import excel "$datenpfad\final_copula_svy.xls", sheet("Sheet1") firstrow 19 
 20 
 21 
local N = _N 22 
set matsize `N' 23 
 24 
local nq = 5 25 
 26 
//Transform data to matrix format 27 
 28 
mkmat svy_cumul_copula svy_copula svy_C0210_5 svy_C0240_5 svy_biogemuese_5 29 
///   30 
svy_Net_AKh_fix_5 svy_C0210_LB svy_C0240_LB svy_biogemuese_LB ///   31 
svy_Net_AKh_fix_LB svy_C0210_UB svy_C0240_UB svy_biogemuese_UB ///   32 
svy_Net_AKh_fix_UB , matrix(PERC) 33 
 34 
matrix list PERC 35 
 36 
 37 
save "$datenpfad\cumulative_copula.dta", replace 38 
 39 
 40 
clear  41 
 42 
//set number of observations (_N)  43 
 44 
local _NAgents =100 45 
set obs `_NAgents' 46 
 47 
//set seed 48 
 49 
local seednumber = 53467 50 
set seed `seednumber' 51 
 52 
//Define number of quantiles 53 
 54 
local nq = 5 55 
 56 
//Generate uniform distributional variable with which random agents  57 
//according to the cumulative distribution function can be drawn 58 
 59 
generate u1 = runiform() 60 
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 61 
//Generate variables again to fill in with values from matrix 62 
 63 
local varlist = "C0210 C0240 biogemuese Net_AKh_fix" 64 
 65 
tokenize `varlist' 66 
 67 
foreach n of numlist 1(1)4 { 68 
 69 
gen svy_``n''_`nq'= 0 70 
gen svy_``n''_LB= 0 71 
gen svy_``n''_UB= 0 72 
 73 
} 74 
 75 
 76 
save "$datenpfad\randomnumbers.dta", replace 77 
 78 
//Drawing the agents out of the main copula according to the cumulative  79 
//frequencies   80 
   81 
local n = `_NAgents' 82 
local mrows = rowsof(PERC) /*total rows in matrix */ 83 
    84 
forvalues ag = 1/`n' { 85 
 local mr = `mrows' /*pointer of row for looping */ 86 
     87 
  *loop through rows in matrix to match random percentile with  88 
  *percentiles of cumulative distribution function 89 
  while ((PERC[`mr', 1] > u1[`ag'] | PERC[`mr', 1] == 0) & `mr' > 0){ 90 
   local mr = `mr' -1 /*shift to next row*/ 91 
   } 92 
 local mr = `mr' + 1 /*avoid that local is 0*/ 93 
 replace u1 = PERC[`mr', 2]  in `ag' 94 
 95 
 local vars = "svy_C0210_5 svy_C0240_5 svy_biogemuese_5 ///   96 
 svy_Net_AKh_fix_5 svy_C0210_LB svy_C0240_LB svy_biogemuese_LB ///  97 
 svy_Net_AKh_fix_LB svy_C0210_UB svy_C0240_UB svy_biogemuese_UB ///  98 
 svy_Net_AKh_fix_UB" 99 
  100 
tokenize `vars' 101 
 foreach n of numlist 1(1)12{  102 
  103 
  /*replace data entry with value corresponding to matching percentile*/ 104 
 replace ``n'' = PERC[`mr', `n'+2]  in `ag'  105 
 } 106 
 } 107 
  108 
//Create random values from uniform distributions within the lower and  109 
//upper bounds  110 
 111 
 112 
local varlist = "svy_C0210 svy_C0240 svy_biogemuese svy_Net_AKh_fix" 113 
 114 
tokenize `varlist' 115 
 116 
foreach n of numlist 1(1)4 { 117 
 118 
generate ``n''_uni = runiform(``n''_LB,``n''_UB) 119 
//replace missing values with 0 (there are missing values created when  120 
//both bounds are 0, which is quite often the case with the vars for  121 
//wheat and triticale) 122 
 123 
recode ``n''_uni (.=0) 124 
} 125 



26 

 

 126 
 127 
//Generation dummy indicating if the agent is a vegetable or arable farm type 128 
 129 
gen farmtypeint = runiform() 130 
 131 
 132 
recode farmtypeint (0/0.85=1 "acker") (0.85/1=2 "gemuese"), gen(farmtype) 133 
 134 
*********************************************************************** 135 
*********************************************************************** 136 
 137 
 138 
//Matching small copulae with main copula. Matching variable: Arable land area 139 
 140 
//EXAMPLE Winter wheat (same procedure for beans, rye, green manure, education): 141 
 142 
save "$datenpfad\until_agent_creation_full_copula.dta", replace 143 
 144 
clear 145 
 146 
import excel "$datenpfad\simple_copula_C0101.xls", sheet("Sheet1") firstrow 147 
 148 
keep simplecopula_C0101_5 cumul_simplecopula_C0101_5 C0210_5 C0101_5 149 
 150 
 151 
//Extract highest value of cumul to use as upper and lower bounds for  152 
//generating random values to assign labour quintiles to land within in  153 
//the land quintiles (5 labour quintiles per land quintile) 154 
//this is the upper bound 155 
 156 
egen cumul_scopula_C0101_max =max(cumul_simplecopula_C0101_5), by (C0210_5) 157 
 158 
//create a variable that has always the one lower value, so that you  159 
//can match the upper bound of the lower class as lower bound of the  160 
//higher class 161 
 162 
gen cumul_scopula_C0101_min = . 163 
 164 
 165 
recode C0210_5 (1=.)(2=1) (3=2) (4=3) (5=4), gen(C0101_rank) 166 
 167 
// create a matrix out of these to read in the values, for this,  168 
//save the original data  169 
 170 
save "$datenpfad\until_cumul_simple_copula.dta", replace 171 
 172 
 173 
//drop all unnecessary lines 174 
 175 
duplicates drop cumul_scopula_C0101_max, force 176 
 177 
 178 
mkmat  C0210_5 cumul_scopula_C0101_max , matrix(C0101_max) 179 
 180 
 181 
use "$datenpfad\until_cumul_simple_copula.dta", replace 182 
 183 
 184 
local n = _N 185 
local mrows = rowsof(C0101_max) /*total rows in matrix */ 186 
 187 
//matching lower bounds (upper bounds of lower classes) 188 
   189 
forvalues ag = 1/`n' { 190 
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 local mr = `mrows' /*pointer of row for looping */ 191 
 192 
while ((C0101_max[`mr', 1] >= C0101_rank[`ag'] | C0101_max[`mr', 1] == 0)///  193 
 & `mr' > 0){ 194 
   local mr = `mr' -1 /*shift to next row*/ 195 
   } 196 
 local mr = `mr' + 1 /*avoid that local is 0*/ 197 
 replace cumul_scopula_C0101_min = C0101_max[`mr', 2]  in `ag'  198 
} 199 
 200 
replace cumul_scopula_C0101_min =0 if cumul_scopula_C0101_min==.   201 
 202 
duplicates drop C0210_5,force 203 
 204 
mkmat C0210_5 cumul_scopula_C0101_min  cumul_scopula_C0101_max,///  205 
 matrix(C0101_bounds) 206 
 207 
use "$datenpfad\until_agent_creation_full_copula.dta", replace 208 
 209 
gen C0101_scopula_LB =. 210 
gen C0101_scopula_UB =. 211 
 212 
local n = _N 213 
local mrows = rowsof(C0101_bounds) /*total rows in matrix */ 214 
 215 
//Matching lower and upper bound for the respective quintile 216 
   217 
forvalues ag = 1/`n' { 218 
 local mr = `mrows' /*pointer of row for looping */ 219 
 220 
while ((C0101_bounds[`mr', 1] >= svy_C0210_5[`ag'] | ///  221 
C0101_bounds[`mr', 1] == 0) & `mr' > 0){ 222 
   local mr = `mr' -1 /*shift to next row*/ 223 
   } 224 
 local mr = `mr' + 1 /*avoid that local is 0*/ 225 
 replace C0101_scopula_LB = C0101_bounds[`mr', 2]  in `ag'  226 
 replace C0101_scopula_UB = C0101_bounds[`mr', 3]  in `ag'  227 
 228 
} 229 
 230 
//Draw random value 231 
 232 
gen C0101_scopula = runiform(C0101_scopula_LB,C0101_scopula_UB) if farmtype==1 233 
gen C0101_LB =. 234 
gen C0101_UB =. 235 
 236 
//Compare random value against winter wheat copula to determine quintile 237 
 238 
save "$datenpfad\until_cumulative_distr_value.dta", replace 239 
 240 
clear 241 
 242 
import excel "$datenpfad\simple_copula_C0101.xls", sheet("Sheet1") firstrow 243 
 244 
mkmat cumul_simplecopula_C0101_5 C0101_5 C0101_LB C0101_UB, ///   245 
matrix(C0101_quintiles) 246 
 247 
use "$datenpfad\until_cumulative_distr_value.dta", replace 248 
 249 
local n = _N 250 
local mrows = rowsof(C0101_quintiles) /*total rows in matrix */ 251 
 252 
//match winter wheat quintile lower and upper bound 253 
   254 
forvalues ag = 1/`n' { 255 
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 local mr = `mrows' /*pointer of row for looping */ 256 
 257 
while ((C0101_quintiles[`mr', 1] >= C0101_scopula[`ag'] | ///  258 
C0101_quintiles[`mr', 1] == 0) & `mr' > 0){ 259 
   local mr = `mr' -1 /*shift to next row*/ 260 
   } 261 
 local mr = `mr' + 1 /*avoid that local is 0*/ 262 
 replace C0101_scopula = C0101_quintiles[`mr', 2]  in `ag'  263 
 replace C0101_LB = C0101_quintiles[`mr', 3]  in `ag'  264 
 replace C0101_UB = C0101_quintiles[`mr', 4]  in `ag'  265 
 266 
} 267 
 268 
 269 
//draw individual winter wheat variable values  270 
 271 
 272 
gen C0101_uni = runiform(C0101_LB,C0101_UB) if farmtype==1 273 
 274 
************************************************************* 275 
 276 
 277 
//After verification: Generate RHS Variables  278 
********************************************************************* 279 
 280 
gen biogemuese_g_total = svy_biogemuese_uni if farmtype==2 281 
 282 
egen biogemuese_a_total = rowtotal(svy_biogemuese_uni C0101_uni ///   283 
C0104_uni C0123_uni C0132_uni) if farmtype==1 284 
 285 
********************************************************************* 286 
 287 
//Create Innovation score 288 
 289 
 290 
//Linear regression results from LIVESEED farmer survey 291 
 292 
gen farmsize_coeff =  -.0664367  293 
gen farmtype_coeff = -.1336177  294 
gen edu_coeff =  .2084144  295 
gen CONSTANT = .9093093   296 
gen ERROR_TERM = rnormal(0,.2746588) 297 
 298 
//Recoding the two variables edu_uni and farmtype to dummies ///  299 
//and take the ln of farm size 300 
 301 
 302 
recode farmtype (1=0 "acker") (2=1 "gemuese"), gen(farmtype_dummy) 303 
recode edu_uni (1=0 "none") (2=1 "education") (3=1 "education"), gen(edu_dummy) 304 
gen ln_svy_C0240_uni = ln(svy_C0240_uni) 305 
 306 
//Sumproduct of coefficients and values in the agent population 307 
 308 
gen predicted_org_seed_use = ln_svy_C0240_uni*farmsize_coeff ///  309 
+farmtype_dummy*farmtype_coeff+ edu_dummy*edu_coeff + CONSTANT + ERROR_TERM 310 
 311 
 312 
//Create inverse of dependent variable 313 
 314 
gen einsminuspredict_org_seed_use = 1- predicted_org_seed_use 315 
 316 
sort einsminuspredict_org_seed_use 317 
 318 
cumul einsminuspredict_org_seed_use , generate(cum_pred_ord_seed_use) equal 319 
 320 
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 321 
 322 
//Create innovativeness score 323 
 324 
gen innov_score = . 325 
replace innov_score = 1 if cum_pred_ord_seed_use  <= 0.025  326 
replace innov_score = 2 if cum_pred_ord_seed_use  > 0.025 & ///  327 
 cum_pred_ord_seed_use <= 0.135 328 
replace innov_score = 3 if cum_pred_ord_seed_use  > 0.135 & ///  329 
 cum_pred_ord_seed_use <= 0.345 330 
replace innov_score = 4 if cum_pred_ord_seed_use  > 0.345 & ///  331 
 cum_pred_ord_seed_use <= 0.68 332 
replace innov_score = 5 if cum_pred_ord_seed_use  > 0.68 333 
 334 
  335 
  336 
//Randomly distribute the 4 combinations of mechanisation and plot size 337 
// according to the assigned vegetable plot size  338 
generate u2 = runiform(0, 0.181818182) if biogemuese_a  > 0 & ///  339 
 biogemuese_a <= 0.5  340 
replace u2 = runiform(0, 0.454545455) if biogemuese_a > 0 & ///  341 
 biogemuese_a > 0.5 & biogemuese_a <= 1  342 
replace u2 = runiform(0, 0.727272727) if biogemuese_a > 0 & ///  343 
 biogemuese_a > 1 & biogemuese_a <= 2  344 
replace u2 = runiform(0, 1) if biogemuese_a > 0 &  biogemuese_a > 2  345 
 346 
generate u3 = runiform(0, 0.181818182) if biogemuese_g  > 0 & ///  347 
 biogemuese_g <= 0.5  348 
replace u3 = runiform(0, 0.454545455) if biogemuese_g > 0 & ///  349 
 biogemuese_g > 0.5 & biogemuese_g <= 1  350 
replace u3 = runiform(0, 0.727272727) if biogemuese_g > 0 & ///  351 
 biogemuese_g > 1 & biogemuese_g <= 2  352 
replace u3 = runiform(0, 1) if biogemuese_g > 0 & /// 353 
 biogemuese_g > 2  354 
 355 
 356 
//Create a matrix with the 4 combinations of mechanisation and plot size,  357 
//as well as all variable costs, labour need, seed prices and seed needs,  358 
//and yields 359 
 360 
 361 
  362 
save "C:\Users\eva.winter\Dropbox\PhD\liveseed\Simulationsmodell ///  363 
\creation farm population\randomagents.dta", replace 364 
 365 
 366 
clear 367 
 368 
 369 
 370 
//Matching technical coefficents etc. for arable crop rotation and  371 
//vegetable crop rotation, Example arable crop rotation: 372 
 373 
import excel "C:\Users\eva.winter\Dropbox\PhD\liveseed\Simulationsmodell ///  374 
\creation farm population\inputsKTBLandother.xlsx", sheet("Acker") ///  375 
cellrange(A1:AM12) firstrow 376 
 377 
mkmat Plotsizeindicator_a Mech_Grad_a Plotsize_a Varcostsperha_wcar_a ///  378 
 VarAkhperha_wcar_a FixAkhperha_wcar_a SeedorgMioperha_wcar_a ///  379 
 SeedpriceMioorg_wcar_a SeedconvMioperha_wcar_a SeedpriceMioconv_wcar_a 380 
///  381 
 Price_wcar_a Yield_wcar_a Varcostsperha_bean VarAkhperha_bean ///  382 
 FixAkhperha_bean Price_bean Yield_bean Varcostsperha_wheat ///  383 
 VarAkhperha_wheat FixAkhperha_wheat Varcosts_Festmist_ha_wheat ///  384 
 Festmistt_ha_wheat Price_wheat Yield_wheat Varcostsperha_rye ///  385 



30 

 

 VarAkhperha_rye FixAkhperha_rye Varcosts_Festmist_ha_rye ///  386 
 Festmistt_ha_rye Price_rye Yield_rye Varcostsperha_clover2 ///  387 
 VarAkhperha_clover2 FixAkhperha_clover2 Varcostsperha_onion ///  388 
 VarAkhperha_onion FixAkhperha_onion Price_onion Yield_onion, ///  389 
 matrix(plotsize_a) 390 
 391 
matrix list plotsize_a 392 
 393 
 394 
 395 
//Match them with u2, your randomly generated number that will  396 
//choose the plot size for the agents 397 
 398 
use "C:\Users\eva.winter\Dropbox\PhD\liveseed\Simulationsmodell ///  399 
\creation farm population\randomagents.dta", replace 400 
 401 
//create empty variables to be filled with matrix contents 402 
 403 
local vars = "Plotsizeindicator_a Mech_Grad_a Plotsize_a ///  404 
Varcostsperha_wcar_a VarAkhperha_wcar_a FixAkhperha_wcar_a ///  405 
SeedorgMioperha_wcar_a SeedpriceMioorg_wcar_a SeedconvMioperha_wcar_a ///  406 
SeedpriceMioconv_wcar_a Price_wcar_a Yield_wcar_a ///  407 
Varcostsperha_bean VarAkhperha_bean FixAkhperha_bean ///  408 
Price_bean Yield_bean Varcostsperha_wheat VarAkhperha_wheat ///   409 
FixAkhperha_wheat Varcosts_Festmist_ha_wheat Festmistt_ha_wheat ///   410 
Price_wheat Yield_wheat Varcostsperha_rye VarAkhperha_rye ///  411 
FixAkhperha_rye Varcosts_Festmist_ha_rye Festmistt_ha_rye ///   412 
Price_rye Yield_rye Varcostsperha_clover2 VarAkhperha_clover2 ///   413 
FixAkhperha_clover2 Varcostsperha_onion VarAkhperha_onion ///   414 
FixAkhperha_onion Price_onion Yield_onion" 415 
 416 
tokenize `vars' 417 
 foreach n of numlist 1(1)39{  418 
  419 
  420 
 gen ``n'' = . 421 
 } 422 
  423 
 424 
//grow through matching and replacing procedure for u2 ak GEMUESE MIT ACKER 425 
 426 
local n = `_NAgents' 427 
local mrows = rowsof(plotsize_a)  428 
    429 
forvalues ag = 1/`n' { 430 
local mr = `mrows'      431 
while ((plotsize_a[`mr', 1] > u2[`ag'] | plotsize_a[`mr', 1] == 0) & `mr' > 0){ 432 
   local mr = `mr' -1  433 
   } 434 
 local mr = `mr' + 1 /*avoid that local is 0*/ 435 
 replace u2 = plotsize_a[`mr', 1]  in `ag'  436 
 437 
local vars = "Plotsizeindicator_a Mech_Grad_a Plotsize_a ///  438 
Varcostsperha_wcar_a VarAkhperha_wcar_a FixAkhperha_wcar_a ///  439 
SeedorgMioperha_wcar_a SeedpriceMioorg_wcar_a SeedconvMioperha_wcar_a ///  440 
SeedpriceMioconv_wcar_a Price_wcar_a Yield_wcar_a ///   441 
Varcostsperha_bean VarAkhperha_bean FixAkhperha_bean Price_bean ///   442 
Yield_bean Varcostsperha_wheat VarAkhperha_wheat FixAkhperha_wheat ///   443 
Varcosts_Festmist_ha_wheat Festmistt_ha_wheat Price_wheat ///   444 
Yield_wheat Varcostsperha_rye VarAkhperha_rye FixAkhperha_rye ///  445 
Varcosts_Festmist_ha_rye Festmistt_ha_rye Price_rye Yield_rye ///   446 
Varcostsperha_clover2 VarAkhperha_clover2 FixAkhperha_clover2 ///   447 
Varcostsperha_onion VarAkhperha_onion FixAkhperha_onion Price_onion448 
 Yield_onion" 449 
tokenize `vars' 450 
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 foreach n of numlist 1(1)39{  451 
  452 
  /*replace data entry with value corresponding to matching percentile*/ 453 
 replace ``n'' = plotsize_a[`mr', `n']  in `ag'   454 
 } 455 
 } 456 
  457 
  458 
 459 
save "C:\Users\eva.winter\Dropbox\PhD\liveseed\Simulationsmodell ///  460 
\creation farm population\randomagents.dta", replace 461 
 462 

 463 
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A2. GAMS Model code 1 

***************************************************************************** 2 
* 3 stages of the value chain, linked by production amounts,     3 
* handed down the stages, feed-back loop after each modelling  4 
* period (yearly steps)     5 
* Author: Eva Winter Year: 2021 Contact: eva.winter26@gmx.de        6 
* This code may be used for scientific purposes when cited accordingly.     7 
*Commercial use is prohibited.                                     8 
***************************************************************************** 9 
 10 
*Value chain stage breeding 11 
***************************** 12 
 13 
*Declaring sets 14 
 15 
Sets 16 
con_br                   Constraints at breeding level 17 
act_br                   Activities at breeding level 18 
yr                       Years 19 
ag_br                    Breeding agents 20 
currentag_br(ag_br)      Dynamic subset for individual agents 21 
; 22 
 23 
*Assigning sets 24 
 25 
Set yr  /yr1*yr10/; 26 
alias (yry,yr); 27 
alias (yr, run) ; 28 
 29 
*loading sets 30 
 31 
$call gdxxrw.exe Sets_mult_ag_equloop_breeder_inclagents_create_\\\ 32 
agents4_br_mu_carrots_twotypes_FDZ.xlsx Set=con_br Rng=Tabelle1!B1\\\ 33 
Cdim=1 Set=act_br Rng=Tabelle1!B2 Cdim=1  Set=yr Rng=Tabelle1!B3\\\ 34 
Cdim=1 Set=ag_br Rng=Tabelle1!B4 Cdim=1 35 
$gdxin Sets_mult_ag_equloop_breeder_inclagents_create_agents4_br_mu_\\\ 36 
carrots_twotypes_FDZ.gdx 37 
$load con_br 38 
$load act_br 39 
$load ag_br 40 
 41 
alias (ag_br, aga_br); 42 
 43 
*Subset for reporting 44 

 45 
Set  seedrests_org_wcar_br(con_br) /  ExpmaxsaleOrg_br, ExpmaxsaleOrg_cult_br/ 46 
; 47 
 48 
*Declaring Parameters 49 
 50 
Parameters 51 
RHS_ag_br(con_br,yr,ag_br)               Right hand side values 52 
a_ag_br(con_br,yry,act_br,yr,ag_br)      Technical coefficients 53 
GM_ag_br(act_br,yr,ag_br)                Gross margins 54 
Boughtvar2_br_s(ag_br,run)               s=supply  (Basic organic seed (var2)\\\ 55 
                                         amount sold to seed multiplier) 56 
Expmaxsalevar2coef_br                    Growth expectation factor (var2) 57 
Expmaxsalevar2Min_br                     Minimum amount basic seed production 58 
Boughtvar3_br_s(ag_br,run)               s=supply (Basic organic cultivar (var3)\\\ 59 
                                         seed amount sold to seed multiplier) 60 
Expmaxsalevar3coef_br                    Growth expectation factor (var3) 61 
Expmaxsalevar3Min_br                     Minimum amount basic seed production 62 
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Adaptive_Expectations_coeff              Production reserve factor 63 
Upper_bound_Expmaxsalevarcoef            Upper bound of growth expectation\\\ 64 
                                         Factor; 65 
 66 
*Assigning Parameters 67 
 68 
GM_ag_br("TGM_br","yr10",ag_br)= 1; 69 
Expmaxsalevar2coef_br = 2.5; 70 
Expmaxsalevar2Min_br = 40; 71 
Expmaxsalevar3coef_br = 2.5; 72 
Expmaxsalevar3Min_br = 40; 73 
Adaptive_Expectations_coeff=1.5; 74 
Upper_bound_Expmaxsalevarcoef=2; 75 
 76 
$call gdxxrw.exe Parameters_mult_ag_equloop_breeder_inclagents_create_\\\ 77 
agents4_br_mu_carrots_twotypes_FDZ.xlsx Par=RHS_ag_br Rng=Tabelle1!B1\\\ 78 
rdim=3 Par=a_ag_br Rng=Tabelle2!A1 rdim=2 cdim=3 79 
$gdxin Parameters_mult_ag_equloop_breeder_inclagents_create_agents4_\\\ 80 
br_mu_carrots_twotypes_FDZ.gdx 81 
$load RHS_ag_br 82 
$load a_ag_br 83 
 84 
*Declaring variables 85 
 86 
Positive Variable x_br(act_br,yr,ag_br) Solution variables; 87 
 88 
Variable 89 
zw_br(yr,ag_br) intermediate objective 90 
obj_br objective value; 91 
 92 
*Declaring equations 93 
 94 
Equation ziel_br objective function over all years and agents; 95 
Equation limits_br(con_br,yr, ag_br) constraint equations; 96 
Equation zwziel_br(yr,ag_br) intermediate objective function per year and agent; 97 
 98 
*Assigning equations 99 
 100 
ziel_br .. sum((yr,currentag_br), zw_br(yr,currentag_br)) =E= obj_br; 101 
 102 
zwziel_br(yr,ag_br)      .. SUM(act_br, GM_ag_br(act_br,yr,ag_br) *\\\ 103 
x_br(act_br,yr,ag_br)) =E= zw_br(yr,ag_br); 104 
 105 
limits_br(con_br,yry,ag_br) .. SUM((act_br,yr),\\\ 106 
a_ag_br(con_br,yry,act_br,yr,ag_br) * x_br(act_br,yr,ag_br)) =L=\\\ 107 
RHS_ag_br(con_br,yry,ag_br); 108 
 109 
*Model definition 110 
 111 
Model LPmodel_br /ziel_br, zwziel_br, limits_br/; 112 
 113 
*Assigning starting values of solution variables 114 
 115 
x_br.fx(act_br,yr,ag_br)=0; 116 
 117 
**Value chain stage seed multiplication 118 
***************************************** 119 
 120 
*Declaring sets 121 
 122 
Sets 123 
con_mu                    Constraints at multiplication level 124 
act_mu                    Activities at multiplication level 125 
ag_mu                     Seed multiplication agents 126 
currentag_mu(ag_mu)       Dynamic subset for individual agents 127 
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; 128 
 129 
*Loading and assigning sets 130 
 131 
$call gdxxrw.exe Sets_mult_ag_equloop_multiplier_inclagents_create_\\\ 132 
agents4_mu_carrots_twotypes_FDZ.xlsx Set=con_mu Rng=Tabelle1!B1 Cdim=1\\\ 133 
Set=act_mu Rng=Tabelle1!B2 Cdim=1  Set=yr Rng=Tabelle1!B3 Cdim=1\\\ 134 
Set=ag_mu Rng=Tabelle1!B4 Cdim=1 135 
$gdxin Sets_mult_ag_equloop_multiplier_inclagents_create_agents4_\\\ 136 
mu_carrots_twotypes_FDZ.gdx 137 
$load con_mu 138 
$load act_mu 139 
$load ag_mu 140 
 141 
alias (ag_mu, aga_mu); 142 
 143 
*Subsets for reporting 144 
 145 
Sets 146 
accounts_mu(con_mu)/accountopen_mu/ 147 
con_yield_mu(con_mu)/yield_conv_wcar_mu,yield_org_wcar_mu,\\\ 148 
yield_org_cult_wcar_mu/ 149 
grow_mu(act_mu)/multiply_conv_wcar_mu,multiply_org_wcar_mu,\\\ 150 
multiply_org_cult_wcar_mu/ 151 
seedrests_org_wcar_mu(con_mu)/Expmaxsaleorg_wcar_mu,\\\ 152 
Expmaxsaleorg_cult_wcar_mu/ 153 
; 154 
 155 
*Declaring Parameters 156 
 157 
Parameters 158 
RHS_ag_br(con_br,yr,ag_br)               Right hand side values 159 
a_ag_br(con_br,yry,act_br,yr,ag_br)      Technical coefficients 160 
GM_ag_br(act_br,yr,ag_br)                Gross margins 161 
Boughtvar2_br_s(ag_br,run)               s=supply  (Basic organic seed (var2)\\\ 162 
                                         amount sold to seed multiplier) 163 
Expmaxsalevar2coef_br                    Growth expectation factor (var2) 164 
Expmaxsalevar2Min_br                     Minimum amount basic seed production 165 
Boughtvar3_br_s(ag_br,run)               s=supply (Basic organic cultivar (var3)\\\ 166 
                                         seed amount sold to seed multiplier) 167 
Expmaxsalevar3coef_br                    Growth expectation factor (var3) 168 
Expmaxsalevar3Min_br                     Minimum amount basic seed production 169 
Adaptive_Expectations_coeff              Production reserve factor 170 
Upper_bound_Expmaxsalevarcoef            Upper bound of growth expectation\\\ 171 
                                         factor 172 
RHS_ag_mu(con_mu,yr,ag_mu)               Right hand side values 173 
a_ag_mu(con_mu,yry,act_mu,yr,ag_mu)      Technical coefficients 174 
GM_ag_mu(act_mu,yr,ag_mu)                Gross margins 175 
Quantityvar2_mu(run)                     Par storing Produced basic seed var2 176 
Obj_inclvar2_mu(ag_mu)                   Par storing Objective value including\\\ 177 
                                         option var2 178 
Quantityvar3_mu(run)                     Par storing Produced basic seed var3 179 
Obj_inclvar3_mu(ag_mu)                   Par storing Objective value including\\\ 180 
                                         option var3 181 
Obj_exclvar2_mu(ag_mu)                   Par storing Objective value excluding\\\ 182 
                                         option var2 and var3 183 
x_inclvar2_mu(aga_mu)                    Par storing Used basic seed var2 by\\\ 184 
                                         seed multiplier agent 185 
x_inclvar3_mu(aga_mu)                    Par storing Used basic seed var3 by\\\ 186 
                                         seed multiplier agent 187 
x_inclvar2_total_mu                      Par storing Total used basic seed var2\\\ 188 
                                         by seed multipliers 189 
x_inclvar3_total_mu                      Par storing Total used basic seed var3\\\ 190 
                                         by seed multipliers 191 
Boughtvar2_mu_d(run)                     d:demanded amount (from breeder) 192 
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Boughtvar3_mu_d(run) 193 
Boughtvar2_mu_s(ag_mu,run)               s: sold amount (effectively sold to\\\ 194 
                                         farmer) 195 
Boughtvar3_mu_s(ag_mu,run) 196 
Expected_Boughtvar2_mu_s(ag_mu,run)      Average bought basic seed var2 current\\\ 197 
                                         and last year 198 
Expected_Boughtvar3_mu_s(ag_mu,run)      Average bought basic seed var3 current\\\ 199 
                                         and last year 200 
Expmaxsalevar2coef_mu                    Growth expectation factor (var2) 201 
Expmaxsalevar3coef_mu                    Growth expectation factor (var3) 202 
Expmaxsalevar2Min_mu                     Minimum amount seed production (var2) 203 
Expmaxsalevar3Min_mu                     Minimum amount seed production (var3) 204 
 205 
*Assigning Parameters 206 
 207 
GM_ag_mu("TGM_mu","yr10",ag_mu)= 1; 208 
Boughtvar2_br_s(ag_br,run)=0; 209 
Boughtvar3_br_s(ag_br,run)=0; 210 
 211 
Expmaxsalevar2coef_mu =2.5; 212 
Expmaxsalevar3coef_mu =2.5; 213 
Expmaxsalevar2Min_mu = 50 ; 214 
Expmaxsalevar3Min_mu = 50 ; 215 
 216 
$call gdxxrw.exe Parameters_mult_ag_equloop_multiplier_inclagents_create_\\\ 217 
agents4_mu_carrots_twotypes_FDZ.xlsx Par=RHS_ag_mu Rng=Tabelle1!B1 rdim=3\\\ 218 
Par=a_ag_mu Rng=Tabelle2!A1 rdim=2 cdim=3 219 
$gdxin Parameters_mult_ag_equloop_multiplier_inclagents_create_agents4\\\ 220 
_mu_carrots_twotypes_FDZ.gdx 221 
$load RHS_ag_mu 222 
$load a_ag_mu 223 
 224 
*Declaring variables 225 
 226 
Positive Variable x_mu(act_mu,yr,ag_mu) Solution variables; 227 
 228 
Variable 229 
zw_mu(yr,ag_mu) intermediate objective 230 
obj_mu objective value; 231 
 232 
*Declaring equations 233 
 234 
Equation ziel_mu objective function over all years and agents; 235 
Equation limits_mu(con_mu,yr, ag_mu) constraint equations; 236 
Equation zwziel_mu(yr,ag_mu)intermediate objective function per year and agent; 237 
 238 
*Assigning equations 239 
 240 
ziel_mu .. sum((yr,currentag_mu), zw_mu(yr,currentag_mu)) =E= obj_mu; 241 
zwziel_mu(yr,ag_mu)      .. SUM(act_mu, GM_ag_mu(act_mu,yr,ag_mu)\\\ 242 
 * x_mu(act_mu,yr,ag_mu)) =E= zw_mu(yr,ag_mu); 243 
limits_mu(con_mu,yry,ag_mu) .. SUM((act_mu,yr),\\\ 244 
a_ag_mu(con_mu,yry,act_mu,yr,ag_mu) * x_mu(act_mu,yr,ag_mu))\\\ 245 
=L= RHS_ag_mu(con_mu,yry,ag_mu); 246 
 247 
*Model definition 248 
 249 
Model LPmodel_mu /ziel_mu,zwziel_mu ,limits_mu/; 250 
 251 
*Assigning starting values of solution variables 252 
 253 
x_mu.fx(act_mu,yr,ag_mu)=0; 254 
 255 
**Value chain stage farmers 256 
***************************************** 257 
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 258 
*transform excel input files containing sets and R and A parameters of 259 
*farm agents into gdx-files 260 
 261 
$call bash agtogdx.sh 262 
$call gdxxrw.exe ..\GAMS_Input\Sets_fa.xlsx o=..\GAMS_Input\Sets_fa.gdx\\\ 263 
DSet=ag_fa Rng=A1 Cdim=1 Rdim=0  DSet=con_fa Rng=A2 Cdim=1 Rdim=0\\\ 264 
DSet=act_fa Rng=A3 Cdim=1 Rdim=0     DSet=yr Rng=A4 Cdim=1 Rdim=0 265 
 266 
*Declaring sets 267 
 268 
set ag_fa Farm agents; 269 
set con_fa Constraints at farm level; 270 
set act_fa Activities at farm level; 271 
 272 
*Loading and assigning sets 273 
 274 
$gdxin ..\GAMS_Input\Sets_fa.gdx 275 
$load ag_fa 276 
$load con_fa 277 
$load act_fa 278 
$gdxin 279 
 280 
*Declaring Parameters 281 
 282 
Parameter RHS_ag_fa_load(ag_fa,con_fa,yr) Right hand side values\\\ 283 
(intermediate for import); 284 
Parameter RHS_ag_fa(con_fa,yr,ag_fa)Right hand side values; 285 
 286 
Parameter a_ag_fa_load(ag_fa,con_fa,yry,act_fa,yr) Technical coefficients\\\ 287 
(intermediate for import) ; 288 
Parameter a_ag_fa(con_fa,yry,act_fa,yr,ag_fa) Technical coefficients; 289 
 290 
*Loading and assigning parameters 291 
 292 
$gdxin ..\GAMS_Input\Data_RHS_ag_fa.gdx 293 
$load RHS_ag_fa_load 294 
$gdxin 295 
 296 
$gdxin ..\GAMS_Input\Data_A_ag_fa.gdx 297 
$load a_ag_fa_load 298 
$gdxin 299 
 300 
RHS_ag_fa(con_fa,yr,ag_fa) = RHS_ag_fa_load(ag_fa,con_fa,yr); 301 
a_ag_fa(con_fa,yry,act_fa,yr,ag_fa) = a_ag_fa_load(ag_fa,con_fa,yry,act_fa,yr); 302 
 303 
Sets 304 
 305 
currentag_fa(ag_fa)           Dynamic subset for individual agents 306 
; 307 
 308 
alias (ag_fa, aga_fa); 309 
 310 
Parameters 311 
GM_ag_fa(act_fa,yr,ag_fa)    Gross margins 312 
 313 
Obj_inclvar2_fa(ag_fa)       Par storing Objective value including option var2 314 
Obj_inclvar3_fa(aga_fa)      Par storing Objective value including option var3 315 
Obj_exclvar2_fa(ag_fa)       Par storing Objective value excluding option var2\\\ 316 
                             and var3 317 
Quantityvar2_fa(run)         Par storing Produced seed var2 318 
Quantityvar3_fa(run)         Par storing Produced seed var3 319 
x_inclvar2_fa(aga_fa)        Par storing Used seed var2 by farmer agent 320 
x_inclvar3_fa(aga_fa)        Par storing Used seed var3 by farmer agent 321 
x_inclvar2_total_fa          Par storing Total used seed var2 by farmers 322 
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x_inclvar3_total_fa          Par storing Total used seed var3 by farmers 323 
Boughtvar2_fa_d(run)         d:demanded amount (from seed multiplicators) 324 
Boughtvar3_fa_d(run) 325 
; 326 
 327 
*Assigning Parameters 328 
 329 
Boughtvar2_mu_s(ag_mu,run)=0; 330 
Boughtvar3_mu_s(ag_mu,run)=0; 331 
GM_ag_fa("TGM_fa","yr10",ag_fa)= 1 ; 332 
 333 
*Sets and Parameters for farm gate prices: 334 
*************************************************** 335 
Sets market_fa(act_fa)/market_conv_wcar_fa,market_salad_fa,market_leak_fa,\\\ 336 
market_cab_fa,market_beans_fa,market_wheat_fa,market_rye_fa, market_onion_fa/ 337 
market_org_wcar_fa(act_fa)/market_org_wcar_fa,market_org_cult_wcar_fa/; 338 
Parameter 339 
price_a_ag_fa(market_fa,yry)      Par storing randomly generated farm gate\\\ 340 
                                  prices within triangular distributions 341 
mean_price_fa(market_fa)          Par storing mean of farm gate prices 342 
lb_price_fa(market_fa)            Par storing lower bound of farm gate prices 343 
ub_price_fa(market_fa)            Par storing upper bound of farm gate prices 344 
; 345 
$call gdxxrw.exe ..\GAMS_Input\prices_fa_FDZ.xlsx o=..\GAMS_\\\ 346 
Input\prices_fa_FDZ.gdx Par=mean_price_fa Rng=Tabelle1!A2 cdim=1\\\ 347 
Par=lb_price_fa Rng=Tabelle2!A2 cdim=1  Par=ub_price_fa Rng=Tabelle3!A2  cdim=1 348 
$gdxin ..\GAMS_Input\prices_fa_FDZ.gdx 349 
$load mean_price_fa 350 
$load lb_price_fa 351 
$load ub_price_fa 352 
 353 
*Sets and Parameters for yields at farm level across crop rotations: 354 
********************************************************************* 355 
Sets 356 
grow_fa(act_fa)/grow_conv_wcar_v_fa,grow_conv_wcar_a_fa,\\\ 357 
grow_org_cult_wcar_v_fa,grow_org_cult_wcar_a_fa,grow_salad_fa,grow_leak_fa,\\\ 358 
grow_cab_fa,grow_bean_fa,grow_wheat_fa,grow_rye_fa,grow_onion_fa/ 359 
grow_org_wcar_fa(act_fa)/grow_org_wcar_v_fa,grow_org_wcar_a_fa/ 360 
con_yield_fa(con_fa)/yield_conv_wcar_fa,yield_org_cult_wcar_fa,\\\ 361 
yield_salad_fa,yield_leak_fa,yield_cab_fa,yield_bean_fa,yield_wheat_fa,\\\ 362 
yield_rye_fa , yield_onion_fa/ 363 
; 364 
 365 
Parameter 366 
 367 
yield_a_ag_fa(ag_fa,con_yield_fa,grow_fa,yry)    Par storing randomly generated\\\ 368 
                                                 crop yields within triangular\\\ 369 
                                                 distributions 370 
lb_yield_fa(con_yield_fa,grow_fa)                Par storing mean of crop yields 371 
mean_yield_fa(con_yield_fa,grow_fa)              Par storing lower bound of\\\ 372 
                                                 crop yields 373 
ub_yield_fa(con_yield_fa,grow_fa)                Par storing upper bound of\\\ 374 
                                                 crop yields 375 
$call gdxxrw.exe ..\GAMS_Input\yields_fa_FDZ.xlsx o=..\GAMS_Input\yields_\\\ 376 
fa_FDZ.gdx Par=mean_yield_fa Rng=Tabelle1!A2 rdim= 1 cdim=1\\\ 377 
Par=lb_yield_fa Rng=Tabelle2!A2 rdim= 1 cdim=1  Par=ub_yield_fa\\\ 378 
Rng=Tabelle3!A2 rdim= 1 cdim=1 379 
$gdxin ..\GAMS_Input\yields_fa_FDZ.gdx 380 
$load mean_yield_fa 381 
$load lb_yield_fa 382 
$load ub_yield_fa 383 
; 384 
 385 
*Setting starting values working capital per agent according to land area (SOURCE: 386 
XXX) 387 
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*************************************************************************** 388 
* calibration factor: 389 
Parameter 390 
calibrate_starting_capital 391 
; 392 
calibrate_starting_capital=0; 393 
loop(ag_fa, 394 
  if(RHS_ag_fa("land_v_fa","yr1",ag_fa)+RHS_ag_fa("land_a_fa","yr1",ag_fa)<21, 395 
  RHS_ag_fa("accountopen_fa","yr1",ag_fa)= calibrate_starting_capital\\\ 396 
  +1436 *(RHS_ag_fa("land_v_fa","yr1",ag_fa)+RHS_ag_fa("land_a_fa","yr1",ag_fa)) 397 
 398 
  elseif RHS_ag_fa("land_v_fa","yr1",ag_fa)\\\ 399 
  +RHS_ag_fa("land_a_fa","yr1",ag_fa)>20 and\\\ 400 
  RHS_ag_fa("land_v_fa","yr1",ag_fa)+RHS_ag_fa("land_a_fa","yr1",ag_fa)<31, 401 
  RHS_ag_fa("accountopen_fa","yr1",ag_fa)= calibrate_starting_capital\\\ 402 
  +897 *(RHS_ag_fa("land_v_fa","yr1",ag_fa)+RHS_ag_fa("land_a_fa","yr1",ag_fa)) 403 
 404 
  elseif RHS_ag_fa("land_v_fa","yr1",ag_fa)\\\ 405 
  +RHS_ag_fa("land_a_fa","yr1",ag_fa)>30 and\\\ 406 
  RHS_ag_fa("land_v_fa","yr1",ag_fa)+RHS_ag_fa("land_a_fa","yr1",ag_fa)<51, 407 
  RHS_ag_fa("accountopen_fa","yr1",ag_fa)= calibrate_starting_capital+534*\\\ 408 
  (RHS_ag_fa("land_v_fa","yr1",ag_fa)+RHS_ag_fa("land_a_fa","yr1",ag_fa)) 409 
 410 
  elseif RHS_ag_fa("land_v_fa","yr1",ag_fa)+RHS_ag_fa("land_a_fa","yr1",ag_fa)>50, 411 
  RHS_ag_fa("accountopen_fa","yr1",ag_fa)= calibrate_starting_capital\\\ 412 
  +571 *(RHS_ag_fa("land_v_fa","yr1",ag_fa)+RHS_ag_fa("land_a_fa","yr1",ag_fa)); 413 
  ); 414 
); 415 
 416 
*Additional subsets for report parameter 417 
Sets 418 
accounts_fa(con_fa)/accountopen_fa/ 419 
seedrests_org_wcar_fa(con_fa)/seedrest_org_wcar_fa,seedrest_org_cult_wcar_fa/ 420 
; 421 
 422 
*Sets and Parameters for Innovation diffusion: 423 
************************************************ 424 
 425 
Set 426 
innov_ag_fa(ag_fa)          Dynamic set containing innovative agents 427 
; 428 
 429 
Parameter 430 
Diff_innov_score(ag_fa)    Parameter containing innovation score per agent 431 
Innovation_diffusion       Par storing the current percentage of agents having\\\ 432 
                           adopted the innovation 433 
Innov_level                Par storing the last unlocked innovation segment\\\ 434 
                           of which agents can adopt the innovation 435 
Org_seed_user_counter      Par storing the absolute number of agents having\\\ 436 
                           adopted the innovation in the last unlocked segment 437 
Org_seed_group_counter     Par storing the absolute number of agents that can\\\ 438 
                           adopt the innovation in the last unlocked segment 439 
; 440 
 441 
$call gdxxrw.exe ..\GAMS_Input\Innovation_score.xlsx o=..\GAMS_Input\\\ 442 
\Innovation_score.gdx Par=Diff_innov_score Rng=A1 rdim= 1 443 
$gdxin ..\GAMS_Input\Innovation_score.gdx 444 
$load Diff_innov_score 445 
 446 
*Initiation value of unlocked innovation segments 447 
 448 
Innov_level=1; 449 
 450 
*Declaring Parameters for scaling factors 451 
 452 
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Parameter 453 
 454 
Agents_Geographical_Area_fa      Par containing number of observed farms in\\\ 455 
                                 chosen geographical region 456 
Agents_Model_fa                  Par containing number of agents in model 457 
Market_size_br                   Par containing market size breeder type 1 in\\\ 458 
                                 ha of the agricultural crop that can be\\\ 459 
                                 planted with the produced seed 460 
Market_size2_br                  Par containing market size breeder type 2 in\\\ 461 
                                 ha of the agricultural crop that can be\\\ 462 
                                 planted with the produced seed 463 
Market_size_fa                   Par containing market size of observed farms\\\ 464 
                                 in geographical area in ha 465 
Scaling_Agents_br                Coefficient of Agents_Geographical_Area_fa\\\ 466 
                                 and Agents_Model_fa 467 
Scaling_Agents_fa                Coefficient of Agents_Model_fa and\\\ 468 
                                 Agents_Geographical_Area_fa 469 
Scaling_market_size_br           Coefficient of Market_size_br and\\\ 470 
                                 Market_size_fa 471 
Scaling_market_size_fa           Coefficient of Market_size_fa and\\\ 472 
                                 Market_size_br 473 
Scaling_factor_br                Scaling from farmer to breeder1 474 
Scaling_factor_fa                Scaling from breeder1 to farmer 475 
Scaling_factor2_br               Scaling from farmer to breeder2 476 
Scaling_factor2_fa               Scaling from breeder2 to farmer 477 
; 478 
 479 
*Assigning Parameters for scaling factors 480 
 481 
Agents_Geographical_Area_fa=325; 482 
Agents_Model_fa=100; 483 
Market_size_br=1505; 484 
Market_size2_br=1000; 485 
Market_size_fa=1260; 486 
 487 
Scaling_Agents_br=  Agents_Geographical_Area_fa/Agents_Model_fa; 488 
Scaling_Agents_fa=  Agents_Model_fa/Agents_Geographical_Area_fa; 489 
 490 
Scaling_market_size_br=   Market_size_br/Market_size_fa; 491 
Scaling_market_size_fa=   Market_size_fa/Market_size_br; 492 
 493 
Scaling_factor_br = Agents_Geographical_Area_fa/Agents_Model_fa *\\\ 494 
Market_size_br/Market_size_fa   ; 495 
Scaling_factor_fa = Agents_Model_fa/Agents_Geographical_Area_fa *\\\ 496 
Market_size_fa/Market_size_br    ; 497 
Scaling_factor2_br = Agents_Geographical_Area_fa/Agents_Model_fa *\\\ 498 
Market_size2_br/Market_size_fa   ; 499 
Scaling_factor2_fa = Agents_Model_fa/Agents_Geographical_Area_fa *\\\ 500 
Market_size_fa/Market_size2_br    ; 501 
 502 
*************************************************************** 503 
**************************Excess willingness to pay: ********* 504 
*************************************************************** 505 
*Declaring parameter for calibration of Excess WTP 506 
 507 
Parameter 508 
Motivation_premium_organic_seed_use(ag_fa) 509 
addition_premium 510 
; 511 
 512 
loop(ag_fa, 513 
  if(Diff_innov_score(ag_fa)=1, 514 
  Motivation_premium_organic_seed_use(ag_fa) = randTriangle(350,400,450) 515 
 516 
  elseif Diff_innov_score(ag_fa)=2, 517 
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  Motivation_premium_organic_seed_use(ag_fa) = randTriangle(300,350,400) 518 
 519 
  elseif Diff_innov_score(ag_fa)=3, 520 
  Motivation_premium_organic_seed_use(ag_fa) = randTriangle(250,300,350) 521 
 522 
  elseif Diff_innov_score(ag_fa)=4, 523 
  Motivation_premium_organic_seed_use(ag_fa) = randTriangle(200,250,300) 524 
 525 
  elseif Diff_innov_score(ag_fa)=5, 526 
  Motivation_premium_organic_seed_use(ag_fa) = randTriangle (150,200,250); 527 
  ); 528 
); 529 
 530 
*Defining additional Excess WTP (Calibration process) 531 
 532 
*Kalibration seed 1xxx: 533 
addition_premium=55; 534 
 535 
*Calculation Excess WTP 536 
 537 
Motivation_premium_organic_seed_use(ag_fa)    =\\\ 538 
Motivation_premium_organic_seed_use(ag_fa) + addition_premium; 539 
 540 
*Substracting Excess WTP from organic seed prices 541 
 542 
loop(ag_fa, 543 
 544 
  a_ag_fa("accountopen_fa", yry, "buyseed_org_wcar_fa",yry, ag_fa) =\\\ 545 
  max(a_ag_fa("accountopen_fa", yry, "buyseed_org_wcar_fa",yry, ag_fa) - \\\ 546 
  Motivation_premium_organic_seed_use(ag_fa),50); 547 
 548 
  a_ag_fa("accountopen_fa", yry, "buyseed_org_cult_wcar_fa",yry, ag_fa) =\\\ 549 
  max(a_ag_fa("accountopen_fa", yry, "buyseed_org_cult_wcar_fa",yry, ag_fa)\\\ 550 
  - Motivation_premium_organic_seed_use(ag_fa),50); 551 
); 552 
 553 
****************************************************** 554 
*Scenario Subsidy or premium price on organic seed use * 555 
****************************************************** 556 
*Declaring Scenario Parameters: 557 
 558 
Parameter 559 
 560 
Subsidy_fa       Hectare bound subsidy for organic seed use 561 
Price_premium    Price premium for organic seed use 562 
; 563 
 564 
*Defining Scenario parameters: 565 
 566 
Subsidy_fa=150; 567 
Price_premium=5; 568 
 569 
*Declaring variables 570 
 571 
Positive Variable x_fa(act_fa,yr,ag_fa) Solution variables; 572 
 573 
Variable 574 
zw_fa(yr,ag_fa)  intermediate objective 575 
obj_fa           objective value; 576 
 577 
Equation ziel_fa                         objective function over all years\\\ 578 
                                         and agents; 579 
Equation limits_fa(con_fa,yr, ag_fa)     constraint equations; 580 
Equation zwziel_fa(yr,ag_fa)             intermediate objective function per\\\ 581 
                                         year and agent; 582 
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 583 
*Assigning equations 584 
 585 
ziel_fa .. sum((yr,currentag_fa), zw_fa(yr,currentag_fa)) =E= obj_fa; 586 
zwziel_fa(yr,ag_fa)      .. SUM(act_fa, GM_ag_fa(act_fa,yr,ag_fa) *\\\ 587 
x_fa(act_fa,yr,ag_fa))=E= zw_fa(yr,ag_fa); 588 
limits_fa(con_fa,yry,ag_fa) .. SUM((act_fa,yr),\\\ 589 
a_ag_fa(con_fa,yry,act_fa,yr,ag_fa) * x_fa(act_fa,yr,ag_fa))  =L=\\\ 590 
RHS_ag_fa(con_fa,yry,ag_fa); 591 
 592 
*Model definition 593 
 594 
Model LPmodel_fa/ziel_fa,zwziel_fa, limits_fa/; 595 
 596 
*Assigning starting values of solution variables 597 
 598 
x_fa.fx(act_fa,yr,ag_fa)=0; 599 
 600 
*Beginning of yearly loop (“run”) over all actors 601 
 602 
Loop(run, 603 
*Randomly drawing yearly farm gate prices for farm agents. Assignment to 604 
*farm agents will take place within the farm agent loops 605 
loop(yry, 606 
  price_a_ag_fa(market_fa,yry)   =   randTriangle\\\ 607 
  (lb_price_fa(market_fa), mean_price_fa(market_fa),ub_price_fa(market_fa)); 608 
); 609 
 610 
*Randomly drawing yearly crop yields for farm agents. Assignment to farm agents 611 
*will take place within the farm agent loops 612 
 613 
loop((ag_fa,yry), 614 
  yield_a_ag_fa(ag_fa,con_yield_fa,grow_fa,yry)= randTriangle\\\ 615 
  (lb_yield_fa(con_yield_fa,grow_fa), mean_yield_fa(con_yield_fa,grow_fa),\\\ 616 
  ub_yield_fa(con_yield_fa,grow_fa)); 617 
); 618 
 619 
*Actor Breeder, loop over agents 620 
 621 
loop (aga_br, 622 
*the dynamic set currentag_br ensures that the agents optimise individually 623 
currentag_br(ag_br)=no; 624 
currentag_br(aga_br)=yes; 625 
*all solution variables of the agent that is not currently optimising are fixed 626 
x_br.fx(act_br,yr,ag_br)$((not currentag_br(ag_br)) and\\\ 627 
ord(yr)>=ord(run))=x_br.l(act_br,yr,ag_br); 628 
*all solution variables of the agent that is currently optimising for the 629 
*current and future years are released 630 
x_br.lo(act_br,yr,currentag_br)$ (ord(yr)>=ord(run))=0; 631 
x_br.up(act_br,yr,currentag_br)$ (ord(yr)>=ord(run))=+inf; 632 
 633 
Solve LPmodel_br using mip maximizing obj_br; 634 
*End loop agents_br starting in line 623 635 
); 636 
 637 
*Saving of RHS of basic seed available for seed multipliers 638 
 639 
Quantityvar2_mu(run) = sum(ag_br, x_br.l("market_org_br", run, ag_br)) ; 640 
Quantityvar3_mu(run) = sum(ag_br, x_br.l("market_org_cult_br", run, ag_br)) ; 641 
 642 
*Fixing solution variables so that they are not being overridden in the next run 643 
 644 
x_br.fx(act_br,run,ag_br)=x_br.l(act_br,run,ag_br); 645 
 646 
*Actor Multiplier, loop over agents 647 
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 648 
loop (aga_mu, 649 
*the dynamic set currentag_mu ensures that the agents optimise individually 650 
currentag_mu(ag_mu)=no; 651 
currentag_mu(aga_mu)=yes; 652 
*all solution variables of the agent that is not currently optimising are fixed 653 
x_mu.fx(act_mu,yr,ag_mu)$((not currentag_mu(ag_mu)) and\\\ 654 
ord(yr)>=ord(run))=x_mu.l(act_mu,yr,ag_mu); 655 
*all solution variables of the agent that is currently optimising for 656 
*the current and future years are released 657 
x_mu.lo(act_mu,yr,currentag_mu)$ (ord(yr)>=ord(run))=0; 658 
x_mu.up(act_mu,yr,currentag_mu)$ (ord(yr)>=ord(run))=+inf; 659 
 660 
*Assigning RHS of basic organic seed (var2) available for seed multipliers 661 
 662 
RHS_ag_mu("basic_seed_rest_org_wcar_mu",run,aga_mu)= Quantityvar2_mu(run); 663 
 664 
*First solve at seed multiplication level:  Testing the uptake of var2 per 665 
*agent if total produced basic seed amount is available 666 
 667 
Solve LPmodel_mu using mip maximizing obj_mu; 668 
 669 
*Saving gross margins in Parameter 670 
Obj_inclvar2_mu(aga_mu) = obj_mu.l; 671 
*Saving used amount of var2 in Parameter 672 
x_inclvar2_mu(aga_mu) = x_mu.l("buy_basic_seed_org_mu",run,aga_mu); 673 
 674 
*Assigning RHS of basic organic seed (var3) available for seed multipliers 675 
 676 
RHS_ag_mu("basic_seed_rest_org_wcar_mu",run,aga_mu)=0; 677 
RHS_ag_mu("basic_seed_rest_org_cult_wcar_mu",run,aga_mu)= Quantityvar3_mu(run); 678 
 679 
*Second solve at seed multiplication level:  Testing the uptake of var3 per 680 
*agent if total produced basic seed amount is available 681 
 682 
Solve LPmodel_mu using mip maximizing obj_mu; 683 
 684 
*Saving gross margins in Parameter 685 
Obj_inclvar3_mu(aga_mu) = obj_mu.l; 686 
*Saving used amount of var3 in Par 687 
x_inclvar3_mu(aga_mu) = x_mu.l("buy_basic_seed_org_cult_mu",run,aga_mu); 688 
 689 
*Third solve at seed multiplication level: Calculating the gross margin 690 
*per seed multiplication agent without var2 and 3 691 
 692 
RHS_ag_mu("basic_seed_rest_org_wcar_mu",run,aga_mu)= 0       ; 693 
RHS_ag_mu("basic_seed_rest_org_cult_wcar_mu",run,aga_mu)= 0  ; 694 
 695 
Solve LPmodel_mu using mip maximizing obj_mu; 696 
 697 
Obj_exclvar2_mu(aga_mu)  = obj_mu.l; 698 
*End loop agents_mu starting in line 650 699 
); 700 
*Calculating total amount of basic seed of VAR2 bought by seed multipliers 701 
*in previous test run 702 
x_inclvar2_total_mu= sum(aga_mu,(x_inclvar2_mu(aga_mu) )); 703 
 704 
*Distributing basic seed amount VAR2 relative to purchase in test run 705 
if (x_inclvar2_total_mu >0 , 706 
RHS_ag_mu("basic_seed_rest_org_wcar_mu",run,aga_mu) = \\\ 707 
Quantityvar2_mu(run)*  (x_inclvar2_mu(aga_mu)/x_inclvar2_total_mu ) 708 
else RHS_ag_mu("basic_seed_rest_org_wcar_mu",run,aga_mu)=0; 709 
); 710 
 711 
*Calculating total amount of basic seed of VAR3 bought by seed multipliers in 712 
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*previous test run 713 
x_inclvar3_total_mu= sum(aga_mu,(x_inclvar3_mu(aga_mu) )); 714 
 715 
*Distributing basic seed amount VAR3 relative to purchase in test run 716 
if (x_inclvar3_total_mu >0 , 717 
RHS_ag_mu("basic_seed_rest_org_cult_wcar_mu",run,aga_mu) = \\\ 718 
Quantityvar3_mu(run)*  (x_inclvar3_mu(aga_mu)/x_inclvar3_total_mu ) 719 
else RHS_ag_mu("basic_seed_rest_org_cult_wcar_mu",run,aga_mu)=0; 720 
); 721 
 722 
*Fourth solve at seed multiplication level: Making the actual distribution of 723 
*basic seed of both VARs 724 
 725 
loop (aga_mu, 726 
  currentag_mu(ag_mu)=no; 727 
  currentag_mu(aga_mu)=yes; 728 
 729 
  x_mu.fx(act_mu,yr,ag_mu)$((not currentag_mu(ag_mu)) and\\\ 730 
  ord(yr)>=ord(run))=x_mu.l(act_mu,yr,ag_mu); 731 
 732 
  x_mu.lo(act_mu,yr,currentag_mu)$ (ord(yr)>=ord(run))=0; 733 
  x_mu.up(act_mu,yr,currentag_mu)$ (ord(yr)>=ord(run))=+inf; 734 
 735 
  Solve LPmodel_mu using mip maximizing obj_mu; 736 
); 737 
 738 
*Saving of RHS of scaled amount of seed available for farmers 739 
Quantityvar2_fa(run)=sum(ag_mu,x_mu.l("market_org_wcar_mu",run,ag_mu))\\\ 740 
 *Scaling_factor_fa; 741 
Quantityvar3_fa(run)=sum(ag_mu,x_mu.l("market_org_cult_wcar_mu",run,ag_mu))\\\ 742 
 *Scaling_factor2_fa; 743 
 744 
*Fixing solution variables so they are not being overridden in the next run 745 
x_mu.fx(act_mu,run,ag_mu)=x_mu.l(act_mu,run,ag_mu); 746 
 747 
*Actor Farmer, loop over agents 748 
*************************************************************************** 749 
 750 
*Assigning innovational farmers 751 
innov_ag_fa(ag_fa) $(Diff_innov_score(ag_fa)=Innov_level)= yes; 752 
 753 
loop (aga_fa, 754 
*the dynamic set currentag_fa ensures that the agents optimise individually 755 
currentag_fa(ag_fa)=no; 756 
currentag_fa(aga_fa)=yes; 757 
 758 
*all solution variables of the agent that is not currently optimising are fixed 759 
x_fa.fx(act_fa,yr,ag_fa)$((not currentag_fa(ag_fa)) and \\\ 760 
ord(yr)>=ord(run))=x_fa.l(act_fa,yr,ag_fa); 761 
*all solution variables of the agent that is currently optimising for 762 
*the current and future years are released 763 
x_fa.lo(act_fa,yr,currentag_fa)$ (ord(yr)>=ord(run))=0; 764 
x_fa.up(act_fa,yr,currentag_fa)$ (ord(yr)>=ord(run))=+inf; 765 
 766 
*loop over innovative agents (var2 and 3 are only accessible to innovative 767 
*farm agents) 768 
if(innov_ag_fa(aga_fa), 769 
 770 
*Assigning farm gate prices to individual innovative farm agents 771 
loop(yry, 772 
  a_ag_fa("accountopen_fa",yry+1,market_fa,yry,currentag_fa) $\\\ 773 
 (ord(yry)>=ord(run)and ord(yry)< card(yry)) = price_a_ag_fa(market_fa,yry); 774 
  a_ag_fa("Accountclose_fa",yry,market_fa,yry,currentag_fa) $\\\ 775 
 (ord(yry) = card(yry)) = price_a_ag_fa(market_fa,yry); 776 
  loop(market_org_wcar_fa, 777 
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     a_ag_fa("accountopen_fa",yry+1,market_org_wcar_fa,yry,currentag_fa) $\\\ 778 
    (ord(yry)>=ord(run)and ord(yry)<card(yry))=price_a_ag_fa\\\ 779 
    ("market_conv_wcar_fa",yry); 780 
    a_ag_fa("Accountclose_fa",yry,market_org_wcar_fa,yry,currentag_fa)$\\\ 781 
    (ord(yry) = card(yry)) = price_a_ag_fa("market_conv_wcar_fa",yry); 782 
  ); 783 
); 784 
 785 
*Assigning crop yields to individual innovative farm agents 786 
loop(yry, 787 
  a_ag_fa(con_yield_fa,yry,grow_fa,yry,currentag_fa) $\\\ 788 
  (ord(yry)>=ord(run)) =yield_a_ag_fa(aga_fa,con_yield_fa,grow_fa,yry); 789 
  a_ag_fa("yield_org_wcar_fa",yry,"grow_org_wcar_v_fa",yry,currentag_fa) $\\\ 790 
  (ord(yry)>=ord(run))=a_ag_fa("yield_conv_wcar_fa",yry,\\\ 791 
  "grow_conv_wcar_v_fa",yry,currentag_fa); 792 
  a_ag_fa("yield_org_wcar_fa",yry,"grow_org_wcar_a_fa",yry,currentag_fa) $\\\ 793 
  (ord(yry)>=ord(run)) = a_ag_fa("yield_conv_wcar_fa",yry\\\ 794 
  "grow_conv_wcar_a_fa",yry,currentag_fa); 795 
  ; 796 
); 797 
 798 
*Scenarios: 799 
 800 
*Flat discount on organic seed per hectare: 801 
a_ag_fa("accountopen_fa", yry, "grow_org_wcar_a_fa",yry, currentag_fa)$\\\ 802 
(ord(yry)=ord(run))=a_ag_fa("accountopen_fa", yry, "grow_org_wcar_a_fa",\\\ 803 
yry, currentag_fa) - Subsidy_fa; 804 
a_ag_fa("accountopen_fa", yry, "grow_org_cult_wcar_a_fa",yry, currentag_fa)\\\ 805 
 $(ord(yry)=ord(run))  = a_ag_fa("accountopen_fa", yry,\\\ 806 
"grow_org_cult_wcar_a_fa",yry, currentag_fa) - Subsidy_fa; 807 
a_ag_fa("accountopen_fa", yry, "grow_org_wcar_v_fa",yry, currentag_fa)$\\\ 808 
(ord(yry)=ord(run))=a_ag_fa("accountopen_fa",yry,"grow_org_wcar_v_fa",yry,\\\ 809 
currentag_fa) - Subsidy_fa; 810 
a_ag_fa("accountopen_fa",yry,"grow_org_cult_wcar_v_fa",yry,currentag_fa)$\\\ 811 
(ord(yry)=ord(run))=a_ag_fa("accountopen_fa",yry,"grow_org_cult_wcar_v_fa",\\\ 812 
yry, currentag_fa) - Subsidy_fa; 813 
 814 
$ontext 815 
*Another possibility turned off here with ontext: Price_premium on farm gate price: 816 
 817 
a_ag_fa("accountopen_fa",yry+1,"market_org_wcar_fa",yry,currentag_fa)$\\\ 818 
(ord(yry)=ord(run))=a_ag_fa("accountopen_fa",yry+1,"market_org_wcar_fa",\\\ 819 
yry, currentag_fa) - Price_premium; 820 
a_ag_fa("accountopen_fa", yry+1, "market_org_cult_wcar_fa",yry,\\\ 821 
currentag_fa)$(ord(yry)=ord(run))=a_ag_fa("accountopen_fa",yry+1,\\\ 822 
"market_org_cult_wcar_fa",yry, currentag_fa) - Price_premium; 823 
a_ag_fa("Accountclose_fa",yry,"market_org_wcar_fa",yry,currentag_fa) $\\\ 824 
(ord(yry)=ord(run))= a_ag_fa("Accountclose_fa",yry,"market_org_wcar_fa",\\\ 825 
yry,currentag_fa)- Price_premium; 826 
a_ag_fa("Accountclose_fa",yry,"market_org_cult_wcar_fa",yry,currentag_fa)$\\\ 827 
(ord(yry)=ord(run))=a_ag_fa("Accountclose_fa",yry,"market_org_cult_wcar_fa",\\\ 828 
yry,currentag_fa)- Price_premium; 829 
$offtext 830 
 831 
*Assigning RHS of organic seed (var2) available for farmers 832 
RHS_ag_fa("seedrest_org_wcar_fa",run,aga_fa)= Quantityvar2_fa(run); 833 
 834 
*First solve at farming level:  Testing the uptake of var2 per agent if total 835 
*produced seed amount is available 836 
Solve LPmodel_fa using mip maximizing obj_fa; 837 
 838 
*Saving gross margins in Parameter 839 
Obj_inclvar2_fa(aga_fa) = obj_fa.l; 840 
*Saving used amount of var2 in Parameter 841 
x_inclvar2_fa(aga_fa) = x_fa.l("buyseed_org_wcar_fa",run,aga_fa); 842 
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 843 
*Assigning RHS of basic organic seed (var3) available for seed multipliers 844 
RHS_ag_fa("seedrest_org_wcar_fa",run,aga_fa)= 0; 845 
RHS_ag_fa("seedrest_org_cult_wcar_fa",run,aga_fa)= Quantityvar3_fa(run); 846 
 847 
*Second solve at farming level:  Testing the uptake of var3 per agent if total 848 
*produced seed amount is available 849 
Solve LPmodel_fa using mip maximizing obj_fa; 850 
 851 
*Saving gross margins in Parameter 852 
Obj_inclvar3_fa(aga_fa) = obj_fa.l; 853 
*Saving used amount of var3 in Par 854 
x_inclvar3_fa(aga_fa) = x_fa.l("buyseed_org_cult_wcar_fa",run,aga_fa); 855 
 856 
*Third solve at farming level: Calculating the gross margin per farming agent 857 
*without var2 and 3 858 
RHS_ag_fa("seedrest_org_wcar_fa",run,aga_fa)= 0; 859 
RHS_ag_fa("seedrest_org_cult_wcar_fa",run,aga_fa) = 0; 860 
 861 
Solve LPmodel_fa using mip maximizing obj_fa; 862 
 863 
Obj_exclvar2_fa(aga_fa)  = obj_fa.l; 864 
*End if-loop including only innovative Agents starting in line 770: 865 
); 866 
*End loop agents_fa starting in line 755: 867 
); 868 
 869 
*Calculating total amount of seed of VAR2 bought by farmers in previous test run 870 
x_inclvar2_total_fa= sum(innov_ag_fa,(x_inclvar2_fa(innov_ag_fa))); 871 
 872 
*Distributing seed amount VAR2 relative to purchase in test run 873 
if(x_inclvar2_total_fa >0,RHS_ag_fa("seedrest_org_wcar_fa",run,innov_ag_fa)\\\ 874 
= Quantityvar2_fa(run)*(x_inclvar2_fa(innov_ag_fa)/x_inclvar2_total_fa ) 875 
else RHS_ag_fa("seedrest_org_wcar_fa",run,innov_ag_fa)=0; 876 
); 877 
 878 
*Calculating total amount of seed of VAR3 bought by farmers in previous test run 879 
x_inclvar3_total_fa= sum(innov_ag_fa,(x_inclvar3_fa(innov_ag_fa))); 880 
 881 
*Distributing seed amount VAR3 relative to purchase in test run 882 
if(x_inclvar3_total_fa >0 , RHS_ag_fa("seedrest_org_cult_wcar_fa",\\\ 883 
  run,innov_ag_fa)=Quantityvar3_fa(run)*(x_inclvar3_fa(innov_ag_fa)/\\\ 884 
  x_inclvar3_total_fa) 885 
  else RHS_ag_fa("seedrest_org_cult_wcar_fa",run,innov_ag_fa)=0; 886 
); 887 
 888 
*Fourth solve at farming level: Making the actual distribution of seed of both 889 
*VARs 890 
loop (aga_fa, 891 
currentag_fa(ag_fa)=no; 892 
currentag_fa(aga_fa)=yes; 893 
 894 
x_fa.fx(act_fa,yr,ag_fa)$((not currentag_fa(ag_fa)) and \\\ 895 
ord(yr)>=ord(run))=x_fa.l(act_fa,yr,ag_fa); 896 
x_fa.lo(act_fa,yr,currentag_fa)$ (ord(yr)>=ord(run))=0; 897 
x_fa.up(act_fa,yr,currentag_fa)$ (ord(yr)>=ord(run))=+inf; 898 
 899 
*Assigning farm gate prices to individual non-innovative farm agents 900 
if(not innov_ag_fa(aga_fa), 901 
  loop(yry,a_ag_fa("accountopen_fa",yry+1,market_fa,yry,currentag_fa) $\\\ 902 
    (ord(yry)>=ord(run)and ord(yry)< card(yry)) = price_a_ag_fa(market_fa,yry); 903 
    a_ag_fa("Accountclose_fa",yry,market_fa,yry,currentag_fa) $\\\ 904 
    (ord(yry) = card(yry)) = price_a_ag_fa(market_fa,yry); 905 
    loop(market_org_wcar_fa,a_ag_fa("accountopen_fa",yry+1,market_org_wcar_fa,\\\ 906 
      yry,currentag_fa)$(ord(yry)>=ord(run)and ord(yry)< card(yry)) =\\\ 907 
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      price_a_ag_fa("market_conv_wcar_fa",yry) ; 908 
      a_ag_fa("Accountclose_fa",yry,market_org_wcar_fa,yry,currentag_fa) $\\\ 909 
      (ord(yry) = card(yry)) = price_a_ag_fa("market_conv_wcar_fa",yry); 910 
      ); 911 
    ); 912 
 ); 913 
 914 
*Assigning crop yields to individual non-innovative farm agents 915 
loop(yry, a_ag_fa(con_yield_fa,yry,grow_fa,yry,currentag_fa) $\\\ 916 
  (ord(yry)>=ord(run)) = yield_a_ag_fa(aga_fa,con_yield_fa,grow_fa,yry); 917 
  a_ag_fa("yield_org_wcar_fa",yry,"grow_org_wcar_v_fa",yry,currentag_fa) $\\\ 918 
  (ord(yry)>=ord(run))=a_ag_fa("yield_conv_wcar_fa",yry,\\\ 919 
  "grow_conv_wcar_v_fa",yry,currentag_fa); 920 
  a_ag_fa("yield_org_wcar_fa",yry,"grow_org_wcar_a_fa",yry,currentag_fa) $\\\ 921 
  (ord(yry)>=ord(run))=a_ag_fa("yield_conv_wcar_fa",yry,\\\ 922 
  "grow_conv_wcar_a_fa",yry,currentag_fa); 923 
  ; 924 
); 925 
Solve LPmodel_fa using mip maximizing obj_fa; 926 
*End loop agents_fa starting in line 892: 927 
); 928 
 929 
*Calculation Innovation acceptance farmers: How many farmers actually used 930 
*organic seed or an organic cultivar? 931 
****************************** 932 
*Set counter to zero before each new calculation: 933 
Org_seed_user_counter =0; 934 
Org_seed_group_counter=0; 935 
 936 
loop(innov_ag_fa$(Diff_innov_score(innov_ag_fa)=Innov_level), 937 
  Org_seed_group_counter = Org_seed_group_counter+1; 938 
  if((x_fa.l("buyseed_org_wcar_fa",run,innov_ag_fa)+x_fa.l\\\ 939 
  ("buyseed_org_cult_wcar_fa",run,innov_ag_fa)+x_fa.l\\\ 940 
  ("buyseed_conv_wcar_fa",run,innov_ag_fa))>0, 941 
    if((x_fa.l("buyseed_org_wcar_fa",run,innov_ag_fa)+x_fa.l\\\ 942 
    ("buyseed_org_cult_wcar_fa",run,innov_ag_fa))/(x_fa.l\\\ 943 
    ("buyseed_org_wcar_fa",run,innov_ag_fa)+x_fa.l("buyseed_org_cult_wcar_fa",\\\ 944 
    run,innov_ag_fa)+x_fa.l("buyseed_conv_wcar_fa",run,innov_ag_fa))>0.25, 945 
    Org_seed_user_counter=Org_seed_user_counter+1; 946 
    ); 947 
  ); 948 
); 949 
 950 
Innovation_diffusion= Org_seed_user_counter /Org_seed_group_counter; 951 
 952 
*If Innovation_diffusion=> 0.9, then include subsequent subset into innov_ag_fa 953 
if((Innovation_diffusion>0.9 and Innov_level<5), 954 
 Innov_level   = Innov_level+1; 955 
); 956 
 957 
*Fixing solution variables so that they are not being overridden in the next run 958 
x_fa.fx(act_fa,run,ag_fa)=x_fa.l(act_fa,run,ag_fa); 959 
 960 
*Sum basic seed purchases seed multipliers (VAR2): 961 
Boughtvar2_mu_d(run) = sum(ag_mu,x_mu.l("buy_basic_seed_org_mu",run,ag_mu)); 962 
if (Quantityvar2_mu(run)=0, Boughtvar2_br_s(ag_br,run)=0  else \\\ 963 
Boughtvar2_br_s(ag_br,run) = x_br.l("market_org_br",run,ag_br)/\\\ 964 
Quantityvar2_mu(run) * Boughtvar2_mu_d(run)); 965 
 966 
*Calculation of Growth expectation factor (VAR2) 967 
loop(ag_br, 968 
  if((Boughtvar2_br_s(ag_br,run)+ Boughtvar2_br_s(ag_br,run-1))>0, 969 
    if (ord(run)=3, 970 
    Expmaxsalevar2coef_br =min(max((Boughtvar2_br_s(ag_br,run)/Boughtvar2_br_s\\\ 971 
   (ag_br,run-1))*Adaptive_Expectations_coeff, 0.5),Upper_bound_Expmaxsalevarcoef); 972 
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    elseif ord(run)>3, 973 
    Expmaxsalevar2coef_br =min(max(((Boughtvar2_br_s(ag_br,run)+\\\ 974 
    Boughtvar2_br_s(ag_br,run-1))/(Boughtvar2_br_s(ag_br,run-1)+\\\ 975 
    Boughtvar2_br_s(ag_br,run-2)))*Adaptive_Expectations_coeff, 0.5),\\\ 976 
    Upper_bound_Expmaxsalevarcoef); 977 
    ); 978 
  ); 979 
); 980 
 981 
*Setting back sales amounts to actually sold ones and assigning RHS for 982 
*next year's production 983 
x_br.fx("market_org_br",run,ag_br) = Boughtvar2_br_s(ag_br,run); 984 
RHS_ag_br("ExpmaxsaleOrg_br", yr,ag_br)$ (ord(yr)>ord(run))= max\\\ 985 
(Boughtvar2_br_s(ag_br,run)* Expmaxsalevar2coef_br,Expmaxsalevar2Min_br); 986 
 987 
*Sum basic seed purchases seed multipliers (VAR3): 988 
Boughtvar3_mu_d(run)=sum(ag_mu,x_mu.l("buy_basic_seed_org_cult_mu",run,ag_mu)); 989 
if(Quantityvar3_mu(run)=0,Boughtvar3_br_s(ag_br,run)=0 else\\\ 990 
Boughtvar3_br_s(ag_br,run) = x_br.l("market_org_cult_br",run,ag_br)/\\\ 991 
Quantityvar3_mu(run) * Boughtvar3_mu_d(run)); 992 
 993 
*Calculation of Growth expectation factor (VAR3) 994 
loop(ag_br, 995 
 if((Boughtvar3_br_s(ag_br,run)+ Boughtvar3_br_s(ag_br,run-1))>0, 996 
   if (ord(run)=3, 997 
   Expmaxsalevar3coef_br =min(max((Boughtvar3_br_s(ag_br,run)/Boughtvar3_br_s\\\ 998 
   (ag_br,run-1))*Adaptive_Expectations_coeff, 0.5),Upper_bound_Expmaxsalevarcoef); 999 
   elseif ord(run)>3, 1000 
   Expmaxsalevar3coef_br =min(max(((Boughtvar3_br_s(ag_br,run)+\\\ 1001 
   Boughtvar3_br_s(ag_br,run-1))/(Boughtvar3_br_s(ag_br,run-1)+\\\ 1002 
   Boughtvar3_br_s(ag_br,run-2)))*Adaptive_Expectations_coeff, 0.5),\\\ 1003 
   Upper_bound_Expmaxsalevarcoef); 1004 
    ); 1005 
  ); 1006 
); 1007 
 1008 
*Setting back sales amounts to actually sold ones and assigning RHS for 1009 
*next year's production 1010 
x_br.fx("market_org_cult_br",run,ag_br) = Boughtvar3_br_s(ag_br,run); 1011 
RHS_ag_br("ExpmaxsaleOrg_cult_br", yr,ag_br)$ (ord(yr)>ord(run))= max\\\ 1012 
(Boughtvar3_br_s(ag_br,run)* Expmaxsalevar3coef_br,Expmaxsalevar3Min_br); 1013 
 1014 
*release of all solution variables necessary to re-calculate the gross 1015 
*margin with actual sales information 1016 
x_br.lo(act_br,yr,ag_br)$ (ord(yr)>ord(run))=0; 1017 
x_br.up(act_br,yr,ag_br)$ (ord(yr)>ord(run))=+inf; 1018 
x_br.lo("TGM_br",yr,ag_br)$ (ord(yr)=ord(run))=0; 1019 
x_br.up("TGM_br",yr,ag_br)$ (ord(yr)=ord(run))=+inf; 1020 
 1021 
*Include all breeding agents again into dynamic set 1022 
currentag_br(ag_br)=yes; 1023 
 1024 
*Solve to re-calculate the gross margin with actual sales information 1025 
Solve LPmodel_br using mip maximizing obj_br; 1026 
 1027 
*Scaled sum seed purchases farmers (VAR2): 1028 
Boughtvar2_fa_d(run)=sum(ag_fa,x_fa.l("buyseed_org_wcar_fa",run,ag_fa))*\\\ 1029 
Scaling_factor_br; 1030 
if (Quantityvar2_fa(run)=0, Boughtvar2_mu_s(ag_mu,run)=0 else\\\ 1031 
Boughtvar2_mu_s(ag_mu,run) = x_mu.l("market_org_wcar_mu",run,ag_mu)/\\\ 1032 
(Quantityvar2_fa(run)*Scaling_factor_br) * Boughtvar2_fa_d(run)); 1033 
 1034 
*Setting back sales amounts to actually sold ones 1035 
x_mu.fx("market_org_wcar_mu",run,ag_mu) = Boughtvar2_mu_s(ag_mu,run); 1036 
 1037 
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*Calculation of Growth expectation factor (VAR2) 1038 
loop(ag_mu, 1039 
  if((Boughtvar2_mu_s(ag_mu,run)+Boughtvar2_mu_s(ag_mu,run-1))>0, 1040 
    if(ord(run)>1, 1041 
    Expected_Boughtvar2_mu_s(ag_mu,run)=(Boughtvar2_mu_s(ag_mu,run)+\\\ 1042 
    Boughtvar2_mu_s(ag_mu,run-1))/2; 1043 
    ); 1044 
  ); 1045 
); 1046 
 1047 
loop(ag_mu, 1048 
  if((Boughtvar2_mu_s(ag_mu,run)+ Boughtvar2_mu_s(ag_mu,run-1))>0, 1049 
    If (ord(run)= 3, 1050 
    Expmaxsalevar2coef_mu =min(max((Boughtvar2_mu_s(ag_mu,run)/Boughtvar2_mu_s\\\ 1051 
   (ag_mu,run-1))*Adaptive_Expectations_coeff, 0.5),Upper_bound_Expmaxsalevarcoef); 1052 
    elseif ord(run)>3, 1053 
    Expmaxsalevar2coef_mu =min(max(((Boughtvar2_mu_s(ag_mu,run)+\\\ 1054 
    Boughtvar2_mu_s(ag_mu,run-1))/(Boughtvar2_mu_s(ag_mu,run-1)+\\\ 1055 
    Boughtvar2_mu_s(ag_mu,run-2)))*Adaptive_Expectations_coeff, 0.5),\\\ 1056 
    Upper_bound_Expmaxsalevarcoef); 1057 
    ); 1058 
  ); 1059 
); 1060 
 1061 
*Assigning RHS for next year's production 1062 
if(ord(run)=1, 1063 
  RHS_ag_mu("Expmaxsaleorg_wcar_mu", yr, ag_mu)$ (ord(yr)> ord(run))= 301 1064 
  elseif ord(run)=2, 1065 
  RHS_ag_mu("Expmaxsaleorg_wcar_mu", yr, ag_mu)$ (ord(yr)> ord(run))=\\\ 1066 
  max(Boughtvar2_mu_s(ag_mu,run)* Expmaxsalevar2coef_mu, Expmaxsalevar2Min_mu); 1067 
  elseif ord(run)>2, 1068 
  RHS_ag_mu("Expmaxsaleorg_wcar_mu", yr, ag_mu)$ (ord(yr)> ord(run))=\\\ 1069 
  max(Expected_Boughtvar2_mu_s(ag_mu,run)* Expmaxsalevar2coef_mu,\\\ 1070 
  Expmaxsalevar2Min_mu); 1071 
  elseif ord(run)=card(run), 1072 
  RHS_ag_mu("Expmaxsaleorg_wcar_mu", yr, ag_mu)$ (ord(yr)>ord(run))=\\\ 1073 
  max(Boughtvar2_mu_s(ag_mu,run-1)* Expmaxsalevar2coef_mu, Expmaxsalevar2Min_mu); 1074 
); 1075 
 1076 
*Scaled sum seed purchases farmers (VAR3): 1077 
Boughtvar3_fa_d(run)=sum(ag_fa,x_fa.l("buyseed_org_cult_wcar_fa",run,ag_fa))\\\ 1078 
*Scaling_factor2_br; 1079 
if(Quantityvar3_fa(run)=0, Boughtvar3_mu_s(ag_mu,run)=0 else\\\ 1080 
Boughtvar3_mu_s(ag_mu,run) = x_mu.l("market_org_cult_wcar_mu",run,ag_mu)/\\\ 1081 
(Quantityvar3_fa(run)*Scaling_factor2_br) * Boughtvar3_fa_d(run)); 1082 
 1083 
*Setting back sales amounts to actually sold ones 1084 
x_mu.fx("market_org_cult_wcar_mu",run,ag_mu) = Boughtvar3_mu_s(ag_mu,run); 1085 
 1086 
*Calculation of Growth expectation factor (VAR3) 1087 
loop(ag_mu, 1088 
  if((Boughtvar3_mu_s(ag_mu,run)+Boughtvar3_mu_s(ag_mu,run-1))>0, 1089 
    if(ord(run)>1, 1090 
    Expected_Boughtvar3_mu_s(ag_mu,run) =(Boughtvar3_mu_s(ag_mu,run)+\\\ 1091 
    Boughtvar3_mu_s(ag_mu,run-1))/2; 1092 
    ); 1093 
  ); 1094 
); 1095 
 1096 
*Calculation of Growth expectation factor (VAR2) 1097 
loop(ag_mu, 1098 
  if((Boughtvar3_mu_s(ag_mu,run)+ Boughtvar3_mu_s(ag_mu,run-1))>0, 1099 
  if(ord(run)= 3 and Boughtvar3_mu_s(ag_mu,run-1)>0, 1100 
    Expmaxsalevar3coef_mu =min(max((Boughtvar3_mu_s(ag_mu,run)/Boughtvar3_mu_s\\\ 1101 
   (ag_mu,run-1))*Adaptive_Expectations_coeff, 0.5),Upper_bound_Expmaxsalevarcoef); 1102 
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    elseif ord(run)= 3 and Boughtvar3_mu_s(ag_mu,run-1)=0, 1103 
    Expmaxsalevar3coef_mu =min(max((Boughtvar3_mu_s(ag_mu,run)/0.1)*\\\ 1104 
    Adaptive_Expectations_coeff, 0.5),Upper_bound_Expmaxsalevarcoef); 1105 
    elseif ord(run)>3 and (Boughtvar3_mu_s(ag_mu,run-1)+\\\ 1106 
    Boughtvar3_mu_s(ag_mu,run-2))> 0, 1107 
    Expmaxsalevar3coef_mu =min(max(((Boughtvar3_mu_s(ag_mu,run)\\\ 1108 
    Boughtvar3_mu_s(ag_mu,run-1))/(Boughtvar3_mu_s(ag_mu,run-1)+\\\ 1109 
    Boughtvar3_mu_s(ag_mu,run-2)))*Adaptive_Expectations_coeff, 0.5),\\\ 1110 
    Upper_bound_Expmaxsalevarcoef); 1111 
    ); 1112 
  ); 1113 
); 1114 
 1115 
*Assigning RHS for next year's production 1116 
if(ord(run)=1, 1117 
  RHS_ag_mu("Expmaxsaleorg_cult_wcar_mu", yr, ag_mu)$ (ord(yr)> ord(run))= 15; 1118 
elseif ord(run)=2, 1119 
  RHS_ag_mu("Expmaxsaleorg_cult_wcar_mu", yr, ag_mu)$ (ord(yr)> ord(run))=\\\ 1120 
  max(Boughtvar3_mu_s(ag_mu,run)* Expmaxsalevar3coef_mu, Expmaxsalevar3Min_mu); 1121 
  elseif ord(run)>2, 1122 
  RHS_ag_mu("Expmaxsaleorg_cult_wcar_mu", yr, ag_mu)$ (ord(yr)> ord(run))=\\\ 1123 
  max(Expected_Boughtvar3_mu_s(ag_mu,run)*Expmaxsalevar3coef_mu,\\\ 1124 
  Expmaxsalevar3Min_mu); 1125 
  elseif ord(run)=card(run), 1126 
  RHS_ag_mu("Expmaxsaleorg_cult_wcar_mu", yr, ag_mu)$ (ord(yr)>ord(run))=\\\ 1127 
  max(Boughtvar3_mu_s(ag_mu,run-1)* Expmaxsalevar3coef_mu, Expmaxsalevar3Min_mu); 1128 
); 1129 
 1130 
*release of all solution variables necessary to re-calculate the gross margin 1131 
*with actual sales information 1132 
x_mu.lo(act_mu,yr,ag_mu)$ (ord(yr)>ord(run))=0; 1133 
x_mu.up(act_mu,yr,ag_mu)$ (ord(yr)>ord(run))=+inf; 1134 
x_mu.lo("TGM_mu",yr,ag_mu)$ (ord(yr)=ord(run))=0; 1135 
x_mu.up("TGM_mu",yr,ag_mu)$ (ord(yr)=ord(run))=+inf; 1136 
 1137 
*Include all seed multiplication agents again into dynamic set 1138 
currentag_mu(ag_mu)=yes; 1139 
*Solve to re-calculate the gross margin with actual sales information 1140 
Solve LPmodel_mu using mip maximizing obj_mu; 1141 
*End loop over years (“run”) starting in line 604: 1142 
); 1143 
 1144 

1145 
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A3. Decision matrices 

Table A3.1: Simplified matrix overview of the MP decision-making model at farm level 
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Obj. function     0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1     

Land constr. yr1 ha 1 
                                     

≤ R 

Main crop 

rot. constr. 

yr1 ha -1 1 1 1 
   

1 1 1 1 
                           

≤ 0 

Specific crop 

rotation 

constr. 1 

yr1 ha  -A 1 1 1 
                                  

≤ 0 

Specific crop 

rotation 
constr. 2 

yr1 ha  -A 
      

1 
                              

≤ 0 

Specific crop 
rotation 

constr. 3 

yr1 ha -A 
       

1 
                             

≤ 0 

Specific crop 

rotation 

constr. 4 

yr1 ha -A 
        

1 
                            

≤ 0 

Specific crop 

rotation 
constr. 5 

yr1 ha A 
         

-1 
                           

≤ 0 

Labour 
constr. 

yr1 Per.-
hours 

 
A A A 

   
A A A A 

                           
≤ (R) 

Seed requ. 

NCT 

yr1 Mio 

seed 

 
A 

  
-1 

                                 
≤ 0 

NCT seed 
restr. 

yr1 Mio 
seed 

                                      
≤ 0 
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Seed requ. 
organic 

yr1 Mio 
seed 

  
A 

  
-1 

                                
≤ 0 

Organic seed 

restr. 

yr1 Mio 

seed 

     
1 

                                
≤ (R) 

Seed requ. 
organic 

cultivar 

yr1 Mio 
seed 

   
A 

  
-1 

                               
≤ 0 

Organic 

cultivar seed 

restr. 

yr1 Mio 

seed 

      
1 

                               
≤ (R) 

Yield 

organic 
carrot NCT 

yr1 ton 
 

 (-

Y) 

         
1 

                          
≤ 0 

Yield 
organic 

carrot 

organic 

yr1 ton 
  

 (-
Y) 

         
1 

                         
≤ 0 

Yield 

organic 
carrot 

organic 

cultivar 

yr1 ton 
   

 (-Y) 
        

1 
                        

<

= 

0 

Yield 

organic crop 
1 

yr1 ton 
       

 (-Y) 
     

1 
                       

<

= 

0 

Yield 
organic crop 

2 

yr1 ton 
        

 (-Y) 
      

1 
                      

≤ 0 

Yield 

organic crop 

3 

yr1 ton 
         

 (-Y) 
      

1 
                     

≤ 0 

Account 

open 

yr1 € 
 

C C C C C C C C C C 
      

1 
                    

≤ R 

Account 

close 

yr1 € 
                                      

≤ 0 

Land constr. yr2 ha 
                   

1 
                  

≤ R 

Main crop 

rot. constr. 

yr2 ha 
                   

-1 1 1 1 
   

1 1 1 1 
        

≤ 0 

Specific crop 

rot. constr. 1 

yr2 ha 
                   

 -A 1 1 1 
               

≤ 0 

Specific crop 

rot. constr. 2 

yr2 ha 
                   

 -A 
      

1 
           

≤ 0 

Specific crop 

rot. constr. 3 

yr2 ha 
                   

 -A 
       

1 
          

≤ 0 

Specific crop 

rot. constr. 4 

yr2 ha 
                   

 -A 
        

1 
         

≤ 0 

Specific crop 

rot. constr. 5 

yr2 ha 
                   

 A 
         

-1 
        

≤ 0 

Labour 

constraint 

yr2 Per.-

hours 

                    
A A A 

   
A A A A 

        
≤ (R) 

Seed requ. 

NCT 

yr2 Mio 

seed 

                    
A 

  
-1 

              
≤ 0 

NCT seed 

restr. 

yr2 Mio 
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≤ 0 

Seed requ. 

organic 

yr2 Mio 

seed 

                     
A 

  
-1 

             
≤ 0 

Organic seed 

restr. 

yr2 Mio 
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1 

             
≤ (R) 

Seed requ 

organic 
cultivar 

yr2 Mio 

seed 

                      
A 

  
-1 

            
≤ 0 

Organic 
cultivar seed 

restr. 

yr2 Mio 
seed 

                         
1 

            
≤ (R) 

Yield 

organic 

carrot NCT 

yr2 ton 
                    

 (-Y) 
         

1 
       

≤ 0 

Yield 

organic 

yr2 ton 
                     

 (-Y) 
        

1 
      

≤ 0 
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carrot 
organic 

Yield 

organic 
carrot 

organic 

cultivar 

yr2 ton 
                      

 (-Y) 
        

1 
     

≤ 0 

Yield 

organic crop 
1 

yr2 ton 
                          

 (-Y) 
      

1 
    

≤ 0 

Yield 
organic crop 

2 

yr2 ton 
                           

 (-Y) 
      

1 
   

≤ 0 

Yield 

organic crop 

3 

yr2 ton 
                            

 (-Y) 
      

1 
  

≤ 0 

Account 

open 

yr2 € 
           

 (-C)  (-C)  (-C)  (-C)  (-C)  (-C) -1.03 
  

C C C C C C C C C C 
      

1 
 

≤ R 

Account 

close 

yr2 €                                                              (-C)  (-C)  (-C)  (-C)  (-C)  (-C) -1.03 1 ≤ 0 

Note: E = Expected values, C = price coefficients, Y = Crop yields, A = Technical coefficients, R = Available resources. Values in round brackets are adjusted inside the model. Bold values are agent-specific. 

Table A3.2: Simplified matrix overview of the MP decision-making model at seed multiplication level 
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Obj. function     0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1     

Typical organic market size 
constr. 

yr1 ha A A 
                    

≤ Typical organic 
market size 
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Typical organic cultivar 
market size constr. 

yr1 ha 
  

A 
                   

≤ Typical organic 
cultivar market 

size 

Basic seed requ. NCT  yr1 1 Mio 
seed   

A 
  

-1 
                  

≤ 0 

Basic seed requ. organic yr1 1 Mio 

seed   

 
A 

  
-1 

                 
≤ 0 

Basic seed requ. organic 
cultivar 

yr1 1 Mio 
seed   

  
A 

  
-1 

                
≤ 0 

Basic organic seed constr. yr1 1 Mio 
seed   

    
1 

                 
≤ (R) 

Basic organic cultivar seed 

constr. 

yr1 1 Mio 

seed   

     
1 

                
≤ (R) 

Seed yield NCT  yr1 1 Mio 
seed   

      
1 

               
≤ (ENCT seed sales) 

Seed yield organic yr1 1 Mio 
seed   

       
1 

              
≤ (Eorganic seed sales) 

Seed yield organic cultivar yr1 1 Mio 

seed   

        
1 

             
≤ (Eorganic cultivar seed 

sales) 

Expected organic seed sales yr1 1 Mio 
seed   

                      
≤ 0 

Expected organic cultivar 
sales 

yr1 1 Mio 
seed   

                      
≤ 0 

Account open yr1 €  C  C  C  C  C  C  C  C  C 1 
            

≤ R 

Account close yr1 € 
                      

≤ 0 

Typical organic market size 
constr. 

yr2 ha 
           

A A 
         

≤ Typical organic 
market size 

Typical organic cultivar 

market size constr. 

yr2 ha 
             

A 
        

≤ Typical organic 

cultivar market 
size 

Basic seed requ. NCT  yr2 1 Mio 
seed   

           
A 

  
-1 

       
≤ 0 

Basic seed requ. organic yr2 1 Mio 
seed   

            
A 

  
-1 

      
≤ 0 

Basic seed requ. organic 

cultivar 

yr2 1 Mio 

seed   

             
A 

  
-1 

     
≤ 0 
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Basic organic seed constr. yr2 1 Mio 
seed   

               
1 

      
≤ (R) 

Basic organic cultivar seed 
constr. 

yr2 1 Mio 
seed   

                
1 

     
≤ (R) 

Seed yield NCT  yr2 1 Mio 

seed   
 -Y 

                
1 

    
≤ 0 

Seed yield organic yr2 1 Mio 
seed   

 
 -Y 

                
1 

   
≤ 0 

Seed yield organic cultivar yr2 1 Mio 
seed   

  
 -Y 

                
1 

  
≤ 0 

Expected organic seed sales yr2 1 Mio 

seed   

                  
1 

   
≤ (Eorganic seed sales) 

Expected organic cultivar 
sales 

yr2 1 Mio 
seed   

                   
1 

  
≤ (Eorganic cultivar seed 

sales) 

Account open yr2 €  C  C  C 
   

 -C  -C  -C -1.03 
 

 C  C  C  C  C  C  -C  -C 
 

1 
 

≤ 0 

Account close yr2 €                        C  C  C        -C  -C   -1.03 1 ≤ 0 

Note: E = Expected values, C = price coefficients, Y = Crop seed yields, A = Technical coefficients, R = Available resources. Values in round brackets are adjusted inside the model. Bold values are agent-specific. 

Table A3.3:  Simplified matrix overview of the MP decision-making model at breeding level 

 

Y
ea

rs
 

U
n

it
  
 

P
ro

d
u

ce
 b

as
ic

 s
ee

d
 

P
ro

d
u

ce
 b

as
ic

 s
ee

d
 o

f 
o

rg
an

ic
 

cu
lt

iv
ar

 

M
ar

k
et

 C
T

 b
as

ic
 s

ee
d

 

M
ar

k
et

 N
C

T
 b

as
ic

 s
ee

d
 

fM
ar

k
et

 o
rg

an
ic

 b
as

ic
 s

ee
d
 

M
ar

k
et

 b
as

ic
 s

ee
d

 o
r 

o
rg

an
ic

 
cu

lt
iv

ar
 

C
as

h
 t
ra

n
sf

er
 

T
o

ta
l 
g

ro
ss

 m
ar

g
in

 

P
ro

d
u

ce
 b

as
ic

 s
ee

d
 

P
ro

d
u

ce
 b

as
ic

 s
ee

d
 o

f 
o

rg
an

ic
 

cu
lt

iv
ar

 

M
ar

k
et

 C
T

 b
as

ic
 s

ee
d

 

M
ar

k
et

 N
C

T
 b

as
ic

 s
ee

d
 

M
ar

k
et

 o
rg

an
ic

 b
as

ic
 s

ee
d

 

M
ar

k
et

 b
as

ic
 s

ee
d

 o
f 

o
rg

an
ic

 

cu
lt

iv
ar

 

C
as

h
 t
ra

n
sf

er
 

T
o

ta
l 
g

ro
ss

 m
ar

g
in

 

R
el

at
io

n
 

R
H

S
 

Years     

y
r1

 

y
r1

 

y
r1

 

y
r1

 

y
r1

 

y
r1

 

y
r1

 

y
r1

 

y
r2

 

y
r2

 

y
r2

 

y
r2

 

y
r2

 

y
r2

 

y
r2

 

y
r2

 

    



55 

 

Unit     

1
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1
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1
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ed

  
 

1
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1
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€
 

€
 

    

Obj. function     0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1     

Typical market size constr. yr1 ha 
  

A A A 
           

≤ Typical market size  

Typical organic market size  

constr. 

yr1 ha 
   

A A 
           

≤ Typical organic market 

size 

Typical organic cultivar 

market size  constr. 

yr1 ha 
     

A 
          

≤ Typical organic cultivar 

market size 

Basic seed yield yr1 1 Mio 
seed   

-1 
 

1 1 1 
           

≤ 0 

Basic organic cultivar seed 

yield 

yr1 1 Mio 

seed   

 
-1 

   
1 

          
≤ 0 

Expected organic basic seed 

sales 

yr1 1 Mio 

seed   

    
1 

           
≤ (Eorganic basic seed sales) 

Expected organic basic 
cultivar sales 

yr1 1 Mio 
seed   

     
1 

          
≤ (Eorganic cultivar basic seed sales) 

Account open yr1 € 
      

1 
         

≤ R 
Account close yr1 € 

                
≤ 0 

Typical market size constr. yr2 ha 
          

A A A 
   

≤ Typical market size  
Typical organic market size  

constr. 

yr2 ha 
           

A A 
   

≤ Typical organic market 

size 
Typical organic cultivar 
market size  constr. 

yr2 ha 
             

A 
  

≤ Typical organic cultivar 
market size 

Basic seed yield yr2 1 Mio 

seed   

        
-1 

 
1 1 1 

   
≤ 0 

Basic organic cultivar seed 

yield 

yr2 1 Mio 

seed   

         
-1 

   
1 

  
≤ 0 

Expected organic basic seed 
sales 

yr2 1 Mio 
seed   

            
1 

   
≤ (Eorganic basic seed sales) 

Expected organic basic 

cultivar sales 

yr2 1 Mio 

seed   

             
1 

  
≤ (Eorganic cultivar basic seed sales) 

Account open yr2 € 
  

 -C  -C  -C  -C -1.03 
       

1 
 

≤ R 
Account close yr2 €                      -C  -C  -C  -C -1.03 1 ≤ 0 

Note: E = Expected values, C = price coefficients, Y = Crop seed yields, A = Technical coefficients, R = Available resources.  Values in round brackets are adjusted inside the model. Bold values are agent-specific. 

 


