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Preface
This report focuses on possibilities for improvement of the FarmDESIGN model. It includes case
studies, literature study, survey, and model analysis.
When you finish reading this report, you will get a clear understanding about what kinds of affordances
and roles the current FarmDESIGN provides, and which roles it plays in research projects and
education, and what deficiencies it has currently. The report also gives some points for model
improvement and recommendations for the future.
I wrote this report because it is a part of my MSc Organic Agriculture. And I also would like to improve
my capability for scientific research. I think based on my personal experience and knowledge, I can
finish this minor thesis well. During the research period, I faced some problems and some hard times,
but I overcame all difficulties. During this period, I practiced my theory and tried to extend my network.
I am really satisfied for the result of this research.
Finally, I really want to express my gratitude to some people. First, my supervisor Jeroen Groot who
gave me a lot of practical guides in my academic research and report writing. Then for my cosupervisor Walter Rossing, he gave me a lot of advice especially during my survey and report writing.
I am so glad that I can get these kinds of supervisors in my graduation phase.
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Summary
The current problems in agricultural production are manifold. Agricultural systems worldwide have a
large impact on the environment, are subject to the impacts of climate change and face increasing
demands due to a growing global population. This necessitates research for whole-farm analysis and
(re-)design. FarmDESIGN is a whole-farm model which is based on the Describe-Explain-ExploreDesign learning cycle. The model aims to capture the complexity of farm systems and to assess various
productive, socio-economic and environmental performance indicators. These indicators can serve as
objectives in multi-objective optimization, which can generate a large number of Pareto-optimal
alternative farm configurations. This can inform the development of a long-term farm strategy.
This study analysed current affordances, roles and deficiencies of FarmDESIGN through a survey
applied to 16 frequent users and 9 novice users. The analysis was based on the affordance theory. The
results show that current FarmDESIGN model provides ten affordances and plays three roles that are
mentioned in affordance theory for systems analysis tools. In addition, respondents suggested new
affordances. The respondents generally gave high scores for the affordances and roles facilitated by
the model, which indicates they appreciate the functioning of the model. However, the current model
still has some deficiencies and shortcomings that are not only technical, but also regarding content.
The most mentioned deficiencies are error messages that appear when using the model, and the limited
usability of the outputs for farmers.
I conclude that the affordances framework provides an effective approach to analyse the performance
of whole-farm models, which allows for critical reflection and helps to highlight shortcomings and
points for improvement.
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1.Introduction
The population in the world will reach more than 9 billion in 2050 (United Nations, 2015) and the food
demands will increase to twice the current needs (Kremen et al., 2012). In the meanwhile, the industrial
agriculture system results in environmental problems, like pollution of air and water, soil degradation,
destruction of biodiversity, etc. (Horrigan et al., 2012). Also, the meat and energy consumption and
the food waste will worsen the problems (Ponisio et al., 2015). Because of these and some other
unpredictable trends in for instance socio-economic developments and climate change (Thompson et
al., 2009), farmers have to innovate and adapt their farming systems, for instance, transitioning from
an existing farming system to a more sustainable system could be needed (Martin-Clouaire et al., 2013;
Sempore et al., 2015).
The (re-)design of a farm system can be seen as an iterative Describe-Explain-Explore-Design cycle
(Figure 1) based on the learning cycle (Figure 2). This DEED cycle can be used to synthesize farm
components to inspire a new design (Kolb, 1984; Tittonell, 2008; Giller et al., 2008).

Figure 1. The Describe – Explain – Explore – Design (DEED) cycle.
(http://www.africanuances.nl/content/nuances-deed-cycle)
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Figure 2. The DEED cycle combined with a learning cycle (Rossing, unpublished data).

Simulation tools based on computer development can support and assist analysis by researchers and
decision-making by farmers (Attonaty er al., 1999). A simulation model can help the users or
researchers to understand the complex system through a simplified representation of system features,
processes and component interactions (García-Barrios et al., 2008). The model-based support can have
different time horizons. These can be separated into i) strategic planning for a period of several years,
ii) yearly tactical planning and iii) operational planning which focuses on tasks scheduled for several
weeks or days (Huirne et al., 1990).
FarmDESIGN is a whole-farm model which can be used to develop seasonal and long-term farm
configuration and management strategies (Sempore et al., 2015). This kind of models is used to capture
the complexity of the farm systems and to assess the different productive, socio-economic and
environmental indicators. In FarmDESIGN, the indicators can be used as objectives in multi-objective
optimization. This allows the user to generate a large number of Pareto-optimal alternative farm
configurations that perform better than the existing farm in terms of one or more indicators (Groot et
al., 2012).
The graphical user interface (GUI) of the model includes 4 windows: Describe, Explain, Evaluate and
Explore. The model needs data for different farm components, like animals, crops, rotations, machines,
buildings, manures, fertilizers etc. (Groot & Oomen, 2016). In the meanwhile, some other aspects may
be considered as well, like labour, marketing, social aspects, policy and law, for example, the economic
and time costs should be filled in and some policy limitation (e.g. environmental policy) should be set
as constraints in the model. These data can be entered in the Describe window of the GUI. Indicators
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are displayed in the Explain window. Optimization settings can be reviewed and checked in the
Evaluate window, while the Explore window allows the user to further parameterize and run the multiobjective optimization.
The main objective in this research was to analyse and strengthen the FarmDESIGN model using the
framework provided by the affordance theory. To our knowledge, this approach has not been applied
to whole-farm models in other studies. Affordance-based design (Maier et al., 2009) was
conceptualized to determine the usability of systems analysis tools by Ditzler et al. (2018), see Figure
3. In this framework, system analysis tools are considered as artefacts that have various relationships
with the system, the user(s) and the designer(s). The fundamental concept behind affordance theory is
that usability and effectiveness of tools (or what they afford) emerges from the interaction between
user and artefact (Antonenko et al., 2017; Bower et al., 2008).
In this research, the system is a mixed farm; the artefact is the FarmDESIGN model; the users are
students or researchers; and the designers are the developers of FarmDESIGN. The relationships
between artefact and users are most important in this research. The artefact provides affordances which
will lead to benefits for the users and the users provide the skills and needs to the artefact, like
objectives of the research, background and experience, which will affect the way they use the artefact
and the benefits they obtain.
Ditzler et al. (2018) illustrated a model of layered affordance emergence which is presented in Figure
4. Two types of affordances are identified: structural and functional. The structural affordances relate
to the capabilities tool itself, which can be directly operated and experienced by the user, such as:
1. Facilitating data input (harnessing)
2. Providing a common vocabulary to give names to elements of the system (naming)
3. Aggregation of information (aggregating), and:
4. Sharing space for tool working, e.g game type tools (framing).
The functional affordances were separated into first-order and second-order (Burton-Jones et al., 2013).
The first-order functional affordances were called “instructive” by Ditzler et al. (2018). These include
visualization (e.g. figures and maps are given by the models) and integration (e.g. the result in the
balance sheet about economy or nitrogen balance in a farm). Then the first-order affordances can
leverage the second-order affordances. The second-order functional affordances were called
“productive” by Ditzler et al. (2018) and it mainly focuses on analytical, exploration, manipulation and
visioning. The both functional types will lead to the benefits to the users, also the first-order benefits
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can transfer to the second-order benefits by supporting actions, for instance, the awareness of
deficiencies leads to the improvement of system. The affordances are the functions which provide by
models, and the benefits are the advantages or profits which are received by the users.
In addition to the affordances that define what the models can provide and how users can benefit, a
system analysis tool can play different roles in research, learning and advisory processes. Based on
Shackley et al. (1997), there are three roles: a heuristic role which can provide an insight of system
structure and performance, stimulating the study for interactions of components and the
interdisciplinary knowledge; a symbolic role which helps users to discuss and interpret the output
through the input; and a relational role which creates opportunities to connect the relevant stakeholders.

Figure 3. Conceptual representation of affordance-based design (Ditzler et al., 2018).
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Figure 4. Layered affordance emergence (Ditzler et al., 2018).
The model was applied to two organic farms that served as case studies to analyse problems and
identify solutions. Suggestions for strengthening the model were derived from a survey and literature
study. The objective can be separated in two dimensions: (1) applying (the redesign methods to two
case study farms), and (2) analysis and strengthening of the model by improving the agronomic content
of model and technical design of model. Because the case study should be carried out before the model
analysis and improvement, the research questions for case study are listed in Appendix 4.
The research questions for model analysis and improvement are the following:
Main question: Which affordances do the redesign approach and farm design model furnace to farmers
and students? Does that lead to action? What are the deficiencies in current technical aspects and
agronomic content of the FarmDESIGN model; and how can we improve it?
Sub questions:
●

Which affordances does the model provide to farmers and students?

●

What kinds of items are missing in the current model?

●

What kinds of solutions can be given to solve these problems?

●

Does working with the model lead to action, change or learning?
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The following hypotheses for this research can be listed:
Main hypothesis: The affordances approach can support the analysis of structural and functional
properties of whole-farm models (here: FarmDESIGN), and the missing parts in technical and content
aspects of the current model can be identified with this approach.
Sub hypotheses:
•

The FarmDESIGN model can be improved by affordance approach which can be completed through
survey to different user types (frequent and novice).

•

The model is still missing some items which is important to the whole research.

•

The agronomic content in FarmDESIGN model requires improvement in describing soil organic matter
dynamics, nitrogen fixation and complex cropping systems

In this report, the research materials and methods will be introduced in second chapter and then the
results from survey and literature will be listed. Then, based on these results, the discussion and
conclusion will be given.
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2. Materials and methods
The conceptual framework for the model analysis is provided by the affordances approach. After the
case studies in two organic farms, the author can get the deep understanding of farm (re)-design and
the nature of FarmDESIGN. Then the survey to the users of FarmDESIGN will collect the experiences
from frequent and novice users. Then, the literature study is necessary when the results are discussed.
The case study in this research was carried out in two farms: Ter Linde farm which is located in
Oostkapelle, Zeeland, the Netherlands (will be mentioned as “Ter Linde” in following) and Chèvrerie
de la Croix de la Grise which is located in Tournai, Belgium (will be mentioned as “Chevrerie CG” in
following).

2.1 Information need and search engines
This section will base on the different sub questions to match the suitable information in a table and
the search engines which will be used in the future.
Table 2-1 shows the information for sub questions of research and the information for sub questions
of two case studies is in Appendix 4.
Table 2-1. Type of information collected for each sub-question.
Sub
questions

Which affordances What kinds of What kinds of
does the model items are missing solutions can be
provide to farmers in current model? given to solve
and students?
these problems?

Information

The items or Missing parts in The
solutions The benefits from
functions which current
which can match model to users
the FarmDESIGN FarmDESIGN
the problems
provide to users

Methods

-Model
application
-Survey

Does working with
the model lead to
action, change or
learning?

-Survey

-Literature study -Survey

-Literature study

-Experts
interview

-Literature study

1

The literature study has used the scientific methods like Cross-referencing, Citation indexes, Extending,
Restricting, Building, Growing, Scanning, etc. The researcher need to ensure the quality of information,
so the scientific report, especially the primary information will be the first choice. The reference list
can be a good part for checking whether the data is reliable or not. The useful search engines are shown
in table 2-2.
Table 2-2. Search engines and data bases
Data bases & Search engines
www.google.com

Some online articles, reports and data

www.scholar.google.com

Some scientific articles and books

Library.wur.nl

English articles, scientific reports

scopus.com

scientific reports, journal articles, professional articles

2.2 Survey design
A survey was a core part of this research. The questionnaire was designed to generate an overview of
current model affordances, roles and technical and functional deficiencies/shortcomings. The
questionnaire was designed in four sections: personal information, affordances, roles and other
experiences (deficiencies and shortcomings). The respondents were separated in different categories
in first section, 1) used just once or a few times, 2) used many times and many years. There were total
25 respondents, and they are students, researchers or teachers who used FarmDESIGN or know about
it. They were asked by this questionnaire step by step for their experiences in different affordances in
different layers and 3 main roles. All the questions in this questionnaire were related to the affordance
model and roles and the terms were translated to simple words to make them readable. The respondents
were asked to score on a predefined scale and to give a free response with argumentation to underpin
the scoring. It means that the respondents could give the scores to each affordance which FarmDESIGN
provides to explain how strong they feel these affordances in their research and then they could give
their advice or experiences in free response boxes. The score 0 means FarmDESIGN does not
provide/play this affordance/role in their research and the score 5 means FarmDESIGN provide/play
this affordance/role in their research significantly. The final section asks some additional information,
like what other affordances and roles besides those mentioned in sections 2 and 3 the respondents
experienced, what kinds of functional and technical deficiencies/shortcomings they found during their
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works and what kind of calculations or modules would they advise to be added to the model. All of
these questions were mainly aimed at exploring options for model improvement.

2.3 Analysis
The results from the survey included the scores and some examples in section 2 and section 3. First,
the frequency for each choice (0 to 5) were counted in two categories, “frequent users” and “novice
users”, and the bar chart was plotted. Then a Wilcoxon rank sum test was carried out in SPSS for
statistical analysis. The objective for this step was to compare the difference between these two
categories. The variables list is the frequency list and the grouping variable is the two different
categories. The p value in “Test statistics” table from output window can be found, and if the value is
lower than 0.01, it means that these two categories have more than 99% possible to have difference
and vice versa.
Some of respondents gave examples to illustrate their scores of the questions. However, some of their
examples are not related to the definition from Ditzler et al. (2018). The main reason for this result is
the different understanding to the questions in survey. Because of they did not learn the definition from
the Ditzler et al. (2018) and the questions in survey were written in simple sentences to describe the
affordances and roles, the responses were different, and the description in survey evoked different
thinking in various aspects. Through respondents’ questionnaires filling, they were asked to recall their
experiences for FarmDESIGN. Although the questions in section 2 and 3 only asked respondents to
give the examples about “what kinds of affordances/ roles FarmDESIGN provides/plays to you”, they
still gave some advice or complaints to FarmDESIGN. This results are evoked by the questions as well.
All of these are collected and analysed together with answers from section 4. Based on this situation,
the analysis of survey is designed for following steps:
1)

For each question in section 2 and 3, through reading their answers, the similar answers were

sorted out in a group.
2)

Through an inductive procedure, the common terms were given to code these valid responses

in a group, and were treated as new affordances with associated scores. If the respondents did not give
the examples or some undetailed answers (like “I cannot understand this question”, “no”, etc.) or only
“yes” without any explanation, the code for this group was “N.A.”.
3)

For each group, the average scores were calculated.

The results from sections 2 and 3 were used to complete the affordance model to make a systematic
overview of the current functionalities of FarmDESIGN and its benefits for users.
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Finally, the results in section 4 were collected and confronted with scientific literature on model design
and use. The results about deficiencies/shortcomings will be separated into technical and contentrelated issues. Content deficiencies were split into three categories: general (about whole model), in
content (e.g. missing parts) and output (the deficiencies from output data or figures from the model).
The principle for this separation is based on the research stage in which the defect was detected. For
example, the model cannot set for different climate zone, the results may have effects for all aspects,
so it belongs to general deficiencies. The long explanations from respondents were rephrased and
concluded in short sentences. Some explanations may not be described clearly, it will be collected
together to give a discussion. The frequency of deficiency which mentioned from users was separated
by two categories to show that how many of them notice these deficiencies and what is the difference
in experiences between two categories.
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3. Results
In this chapter, the results from literature study and survey about model are interpreted in following
sections. The results for case study are presented in Appendix 4.

3.1 Affordances & Roles
Affordances emerging from published FarmDESIGN studies
Analysis of FarmDESIGN manual and 7 papers in which FarmDESIGN was used showed that the
FarmDESIGN has 8 affordances (Harnessing, Naming, Definition, Aggregating, Visualisation,
Integration, Analytical, Exploration and Manipulation) and only Definition affordance is not
mentioned by Ditzler et al. (2018). All of these will be showed in 3 layers based on Ditzler et al. (2018)
in Table 3-1.

Table 3-1. Affordances of the FarmDESIGN model identified in the literature study.
Affordance type

Name

Description

Structural
affordances

Definition

The model gives a definition for each component or item
found on the farm in the Describe window with their
characteristics, which means it helps users to categorize the
farm components. Moreover, the users can define the
decision variables, constraints and objectives for the farm in
the model.

Harnessing

Farm-specific information, like various types of animals, crop
information, labour information, etc. can be inserted into
FarmDESIGN.

Naming

New entities can be added in the Describe windows, and the
name of this entities can be decided by users.

Aggregating

When users put data into the model, these should be
aggregated based on groups like crops, animals, economy,
etc. All of these maybe collected in different aspects (such as,
the details of crop composition from Internet or experiment,
the yield from previous years data, the price of products from
market survey, etc.), but it is presented in a uniform platform.
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1st - order
functional
affordances

2nd - order
functional
affordances

Visualisatio
n

In the Explain window, the users can find the nutrient flows
chart of carbon and nutrients (N, P, K) and overviews of a
large array of other farm performance indicators. In the
Explore window, two objectives can be chosen for plotting in
the Explore window and the cloud of solutions shows the
trade-off between them. Solutions generated by the
exploration can be selected, and the model shows the farm
set-up that is required to reach its performance.

Integration

The calculation of crop areas, annual balances of OM, feed,
profits, labour, etc. is done by FarmDESIGN and shown in
the Explain window. FarmDESIGN integrates performance
of social, economic and environmental aspects for users.

Analytical

The indicators calculated by the model can be used to
quantify strong points and weaknesses in farm performance.

Exploration

The multi-objective optimization generates a set of
alternative farm configurations that represent potential farm
set-ups. Thus, the user can explore in-silico what the room to
manoeuvre is for the farmer.

Manipulatio
n

The model can be used to evaluate the performance of
adjusted farm configurations by manual changes in input or
by automated manipulation in the multi-objective
optimization.

Sources: Groot et al. (2012), Mandryk et al. (2014), Flores-Sánchez et al. (2015), Cortez-Arriola et al.
(2016), Groot et al. (2016), Group F.S.E. (2016).

In the literature that describes current research applications of the FarmDESIGN model, the roles that
the model plays were extracted (Table 3-2).
Table 3-2. Roles of the model extracted from the literature study.
Role

Description

Heuristic

FarmDESIGN can produce insights into farming system functioning and about
the interactions between different farm components (like animals, crops, manure,
etc.) in a structured way. The model combines knowledge of the natural sciences
(agronomy, animal husbandry, feeding, human nutrition, soil science) and social
sciences (regarding labour, economics, equity).
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Symbolic

From the model outputs in the Explain phase allows users to understand critical
points is current farm performance. Manually generated scenarios and the options
resulting from the multi-objective optimization give insight about the potential
for improvement and trade-offs and synergies that maybe encountered.

Relational

The outcomes of the model can be discussed with a broad range of stakeholders,
for examples farmers, farm advisors and policy makers. Using the results of the
multi-objective optimization, the consequences of choices of actors with different
perspective or interests can be shown. This is useful in negotiation and planning
settings, and can lead to design and implementation of new farm configurations.

Sources: Flores-Sánchez et al. (2015), Groot et al. (2012), Mandryk et al. (2014), Groot et al. (2016),
Cortez-Arriola et al. (2014).

Affordances emerging from the survey
The questionnaire was sent to 40 people, of whom 25 responded. The scores from each respondent in
each question are listed in Appendix 2. The frequencies for each choice (score 0-5) from responses for
the 10 affordances in 3 levels and 3 roles are listed in Figure 3-1. The most of respondents gave high
scores (like 3 to 5) to each affordance and roles, especially for affordances “Framing”, “Integration”,
“Analytical” and role “Symbolic”. Lower scores were given to first-order functional affordance of
“Visualization” and to the role “Relational”.
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Figure 3-1. Percentage of scores for affordances (a. structural affordances, b. 1st order functional
affordances, c. 2nd order functional affordances) and three roles (d.) from the survey in a range from 0
to 5. The 0% from x-axis is between scores 2 and 3.
The frequency of frequent users and novice users scored for each affordance and role are in Figure 32.
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Figure 3 -2 The frequency of frequency of frequent users and novice users scored for each affordance
and role. F:frequent users, N: novice users.
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After the frequency calculation for two categories, the p-value in the Wilcoxon rank sum test from
SPSS for two categories (frequent users vs. novice users) is in Table 3-3. There is no p-values lower
than 0.01, which means in these 13 questions, the answers about scores from frequent users and novice
users have no significant differences. The detailed outputs from SPSS are shown in Appendix 5.
Table 3-3 p-value for Wilcoxon rank sum test for two categories (frequent users vs. novice users) in
10 affordances and 3 roles
Affordan Harness Nami Aggregat Frami Visualisat Integrat Analyti Explorat Manipulat Visioni
ces
ing
ng
ing
ng
ion
ion
cal
ion
ion
ng
p-value
.405 .453
.503 .669
.557
.864 1.000
.868
.739
.397
Roles
p-value

Heuristi Symbo Relationa
c
lic
l
1.000

.668

.222

After the analysis of answers from respondents’ examples in questionnaires, the percentage of received
explanations (except the responses which were coded in “N.A.”) was calculated and the new codes
for each affordance and roles with the mentioned frequencies are given in Appendix 3 with their
definitions. The average percentage of received explanations for 10 affordances was 44% and for 3
roles was 37%. The definitions for each code for new affordances are listed in Table 3-4.

Table 3-4 The definition for new affordances.
Definition for new codes
Harnessing
Storage

The model can store the data for users

Naming
Definition

The model provides the general structure about a farming system and it
provide definitions of components to users

Classification

The model classifies the farm elements into several components

Aggregating
Conclusion

The farm can combine and integrate data and support drawing conclusions
20

Transforming

The data from one farm can be transformed to another farm

Sharing
Discussion

The results from model can be discussed with farmers

Presenting

The farm characteristics can be presented by model

Customizing

The model can customize farm configuration for different objectives

Visualisation
Presenting

The farm characteristics can be presented by model

Integration
Extracting

The users can extract the parts which they need to fill in in the model to
achieve their special research objectives

Deductive

The production in the farm can be deduced from the farm products

Predicting

The model can be used for predicting the result of changes in the farm
configuration that can be specified in data input

Analytical
Basis

The model provides a baseline for research

Promoting

The results from model stimulate the comparison and experiments

Presenting

The results, like figures, are presented by the model

Calculating

The input data is calculated by the model

Exploration
Solving

The model helps solving current problems in the farm

Manipulation
Modification

The new data and farm elements can be added

Calculating

The model can calculate extensive data in the farm

Stimulating

The results from model can stimulate changes in management

Visioning
2

Predicting

The model can be used for predicting the result changes when there are some
changes in data input

Stimulating
discussion

The results from model can stimulate changes in management

Testing

The model can be used for testing new ideas

Heuristic
In-depth

The model can be used for in-depth analysis

Relational
Regional

The data in the model represent the local situation

Farm-level

The input and results are focused on a single farm

In Figures 3-3 and 3-4, the frequencies and average scores for each code is shown. For affordances
Harnessing, Naming and Analytical, more respondents gave their explanations to describe new
affordances, like storage, definition and presenting. Generally speaking, the line charts for average
scores level out for most affordances, only for affordance “Aggregating”, one respondent gave a new
affordance “transforming” (he or she explained that the FarmDESIGN can work for transform data
from farm A to farm B) with a low score. However, this respondent gave the explanation for this low
score is that he or she cannot understand the question. The percentage of “N.A.” (which means the
respondents did not give the examples or any details in answers (like “I cannot understand this
question”, “no”, etc.) or only “yes” without any explanation of explanation for affordances and roles
is 56% and 63%, respectively.
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Figure 3-3. Frequency and average scores for codes based on 10 affordances. The blue bars reflect the
frequencies for each code which evoked by the questions that designed for 10 affordances; the red lines
show the average scores for each code.
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Figure 3-4. Frequency and average scores for codes based on 3 roles. The blue bars reflect the
frequencies for each code which evoked by the questions that designed for 3 roles; the red lines show
the average scores for each code.

3.2 Model deficiencies and shortcomings
There are some deficiencies and shortcomings that have been mentioned in the scientific papers that
used the model. In FarmDESIGN, the calculation of the water balance is simplified, and it has no
calculations for added value from farm products processing and erosion (Groot et al., 2012). Also, the
model only can analyse the performance and problems on an annual basis, and seasonal differences
and fluctuations can be capture only to a limited extent (Cortez-Arriola et al., 2016).
In the survey respondents were asked to comment on technical deficiencies and content deficiencies.
The results from survey about deficiencies and shortcomings can be found in Tables 3-5, 3-6, 3-7, 3-8
and 3-9; the frequency is how many times items were mentioned by respondents. The percentages of
undetailed answers (like “no”, “none” or empty) for extra affordances and roles which were not
24

mentioned in section 2 and 3 are both 56%. However, when the survey asked some deficiencies and
advice for model, only 8% respondents gave no details.
Table 3-5 Technical deficiencies/shortcomings from survey
Technical

Frequency
(frequent: novice)

Error message/crashes, data missing, doing nothing in Explore window 7:2
(need to restart), but can be solved immediately by model contributors
The model dose not allow data uploading from excel

3:0

Current model cannot check input mistakes

1:1

Table 3-6 General deficiencies/shortcomings from survey
General

Frequency
(frequent: novice)

Current model is too complex / hard in practice

1:2

Some data collection problems for different region (e.g. different crops 1:1
info in different regions, hard to collect the data for FarmDESIGN in
some countries, etc.)
Model cannot match different climate zone

1:0

The model cannot work for some mixed cropping system, such as tropical 1:0
mixed cropping systems and perennial crops.
Model does not take into account slopy land/altitude

1:1

Model cannot predict future (some extreme scenarios e.g. drought, based 1:1
on temperature or rain to predict future)
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Table 3-7 Deficiencies/shortcomings in content from survey.
In content

Frequency
(frequent: novice)

Model has a limited overview of labor calculations/ Model does not ask 2:1
splitted labour hours for different tasks (how much for what)
Model does not identify different field parcel with different soil samples

1:2

Dynamic changes must be done manually

0:1

Entities like trees and ponds and compost, are difficult to enter.

1:0

Describe window does not show which input relate to which output in 1:0
Explain window, and some output may not useful for some researches but
it increases the works for data collection
Rounding numbers make the problems in tracing calculation

1:0

Model misses biodiversity

1:1

Model misses GHG from like fertilizer, pesticide

2:0

Model misses soil type (characteristics & management)

1:1

Model misses qualitative calculation

1:0

Model misses pig, chicken elements

1:0

Model misses erosion

1:0

Model misses energy calculation (e.g. solar energy)

1:0

Model misses crop information per ecoregion or global datasets

0:1

Model misses crop water use efficiency

0:1

Model misses N dynamics

0:1
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Table 3-8 Deficiencies/shortcomings in output from survey
Outputs

Frequency
(frequent: novice)

Some outputs cannot be used by farmers (nutrient cycles)/not convenient 6:1
for farmer use/ farmers cannot understand.
Model focuses less on social aspects

1:1

Current visual outputs are not attractive

2:0

Users still need subsequent research for problems which found from 1:1
model
Problems from model may not reflect the real problems from field

1:0

Hard to trace nutrient calculations mistake

0:1

The model cannot work for giving guide to farmers about crop choosing

1:0

Frequency in model is only the frequency in area, not the frequency in 0:1
years

Table 3-9 Unclear answers from both types of users.
Unclear answers

Type of users

Data can be stored in a structured manner. But the capabilities for retrieval Frequent users
later, for instance through the repository could be further improved.
Repository use not convenient

Frequent users

In some cases the nature of the data to be collected is not easy to understand Frequent users
(e.g. regarding manure decomposition)
The interaction with the livestock component is poor (as this component Novice users
itself is not clearly modelled)
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It would be good if human nutrition parameter strongly be added

Novice users
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4. Discussion
4.1 Summary of results
In this section, the summary for main results will be given, it is separated by 3 aspects: affordances &
roles and deficiencies/shortcomings.

4.1.1 Affordances and roles
The model users generally gave high scores to the literature-derived affordances of the FarmDESIGN
model (Figure 3-1), and their comments suggested additional affordances (Table 3-4; Figures 3-3 and
3-4). An extended affordance model was formed as presented in Figure 4-1. There are only two
responses gave 0 score in two questions, and one of them gave an explanation said that he or she did
not use this function before. All of these could reflect that the respondents can recall these affordances
strongly after they read the questions in survey.
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Figure 4-1 Affordances analysis for the model FarmDESIGN. It is separated by 3 layers: structural
affordances, 1st-order functional affordances, and 2nd-order functional affordances. The 1st-order
functional affordances can leverage the 2nd-order functional affordances, and functional affordances
can result in the benefits. The 1st-order benefits can lead to the actions in 2nd-order benefits.
During the analysis of explanation from respondents, there are some new affordances which have not
been mentioned by Ditzler et al. (2018) but derived from the definitions of current affordances.
However, there are also some affordances “misallocated” in the survey. “Misallocated” means that
their answers for this question may more suitable for another question.
Refer to the Table 3-4, the statistics for misallocated affordances is shown in Table 4-1. The most
“misallocation” is appeared in “Sharing” and “Analytical”, which means when the respondents read
the question for these two affordances, they have high possibility to have misunderstanding. Also, for
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the affordance “Integration”, a lot of respondents explained the meaning of this affordances in other
affordances.
Table 4-1 Frequency for misallocation in affordances. The cells in brown colour mean the codes which
belong to the 10 affordances from literature and the new affordances which evoked by the designed
question for this affordance; the cells in yellow colour mean the misallocated affordances.

For example, someone gave an explanation which was coded as “Classification” affordance in question
2 (affordance “Naming”), actually his or her explanation means the model can classify the different
farm components which relates to another structural affordance “Aggregating”. An respondents
mentioned “sharing data among farms” in question 4 (affordance “sharing”), but “sharing” means the
model creates a shared space to work (e.g. a game) based on the definition from Ditzler et al. (2018),
so this answer can be classified into affordance “Harnessing”.
There is a new affordance called “Deductive” that actually belongs to benefits which the model brings
to users, it means that through the outputs from model, the input can be discussed and interpreted by
users. There are some other actions that are facilitated by FarmDESIGN, like “identifying problems”,
“stimulating learning”, “enhancing understanding”, “stimulating changes” and “promoting
discussions”. These all belong to the “benefits” from model.
All of these 10 affordances from literature were mentioned in the answers in this survey. However, the
affordance “Sharing” was experienced by only few respondents during their research, most of them
perceived some new affordances like “Discussion” (Figure 3-3). The real “Sharing” affordance can
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be added into FarmDESIGN, for instance, the model can advise a shared space for stakeholders and
researches for some brainstorms to find the current problems in farm and get some (re)-design ideas,
and these processes can be guided and recorded by the model. Actually, in a real (re)-design process,
this step exists, but it is not included in the FarmDESIGN. FarmDESIGN is a kind of quantitative
model for evaluating farm performance and getting the multi-objective optimized alternatives, so it is
not desirable to add DEED in model. DEED is a independent research process to the FarmDESIGN
and the model can be used only where appropriate.
For the roles, respondents gave 3 more roles, in-depth, farm-level and regional which evoked by
questions 3.1 and 3.3. These mean that the FarmDESIGN can stimulate the deep analysis of farming
system, it works for a single farm and it only used for a specific region. However, these are not really
new roles, these are more close to some affordances which found by users during the research. Also,
the frequencies for the heuristic, symbolic and relational are higher than these “new roles”. It reflects
that the FarmDESIGN plays these 3 main roles deeply.

4.1.2 Deficiencies/shortcomings
For the deficiencies/shortcomings, the most mentioned technical problem (Table 3-5) is that some error
messages appeared when using FarmDESIGN. However, most of them mentioned that these problems
can be solved easily and quickly by model contributors. And the other technical
deficiencies/shortcomings all related to data input. First, the current data input method is timeconsuming, so the respondents advised excel input instead of the typing one by one in the model. It
can be expected that the large workload in current data input will lead to mistakes, however, the model
cannot check it automatically. Some mistakes relate to consistency of units of entered data, like used
g as a weight unit in field survey and input it directly in the model, and actually the model uses kg as
the unit. It will lead to unrealistic results and it is hard for users to check where they made mistakes.
The general deficiencies/shortcomings listed in Table 3-6 mentioned that the model is not easy to use
for research and some situations which respondents experienced during their researches, like different
climate, altitude, crops, etc. All of these will lead to stagnation of model working in the starting period.
Actually, the current model can be used in different region, but the details of crop, animal, soil, etc.
should be calculated or obtained from on-farm observations and experiments, or from locally relevant
secondary data sources by users. If the model can match to different natural conditions better, it can
attract more users.
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Respondents found some missing parts of model (Table 3-7) in content. The missing parts which were
experienced by researchers are different soil type, biodiversity, GHG, pigs, chicken, erosion, energy
calculation, water use efficiency, N dynamics, etc. However, the GHG emission, soil erosion, energy
calculation and water balance are already in the current model. And all missing parts were only
mentioned by 1 or 2 respondents. It means that these missing parts do not result in some common
inconvenience among the researchers, but if the model can be improved to add it, it will make
FarmDESIGN even better. The explanations from this questionnaire are just the summary of the
missing part. For the future researches, some deeper analysis and detailed ideas collection for these
missing parts can be carried out to improve the details of these parts.
The most frequently mentioned shortcoming was the low utility of outputs for farmers (Table 3-8).
FarmDESIGN is a research model, however, the researchers aim for it to play a relational role, which
means the results are expected to influence the interaction of multiple stakeholders, such as farmers,
environmental policy maker, etc. The main stakeholder in farm (re)-design is farmer, however, most
of them are not well-educated in model use, especially in some developing countries. This might lead
to distrust in the interaction between the model users (like researchers, farm designers) and farm
owners, because of the complex outputs (nutrient cycles) and elusive theory of model. The model also
contains some inconveniences for the farmers who want to analyse farms by themselves. The model
can be used to assist decision-making among farmers (McCown et al., 2002; Jakku et al., 2010;
Matthews et al., 2008) and the alternative configurations can be used for comparison and discussion
(Le Gal et al., 2011; Rodriguez et al., 2014). The improvement in understanding the interaction
between the farmers and model users is important (Sempore et al., 2015). A transparent model with a
useful results for farmers could contribute to better interactions (Rivington et al., 2007; Barnaud et al.,
2008).
When it comes to the comparison between frequent users and novice users, there were some differences.
The largest differences was that a significantly larger percentage of frequent users mentioned error
messages and the limited usefulness of output for farmers, and that the model does not allow importing
of Excel input data. The possible reason can be that frequent users have more chances in model
application and their research is more completely than novice users. Because of this reason, they have
higher possibility to encounter the error messages and they feel the inconveniences in data input more
strongly. Also, the frequent users mostly work in a real project with farmers, so they need to complete
their results not only get that but also implement that. This is why they experience more interaction
with farmers and they found the difficulty to convince the farmers with the results from the model.
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For unclear answers, there are some guesses of their meaning from author. “Data can be stored in a
structured manner. But the capabilities for retrieval later, for instance through the repository could be
further improved” and “Repository use not convenient” both mentioned repository, but they did not
mention what kinds of inconvenience. If the repository could provide the data not from another specific
farm, but from a specific region, it will be better as a reference, for example, the price of a crop from
a province in a specific season. Another explanation said “In some cases the nature of the data to be
collected is not easy to understand (e.g. regarding manure decomposition)”, it may mean that the data
which the model asks to fill in may not be easy to calculate. It gave the example, the degradation of
manure, in the model, it asks some specific data, but if you want to add a complete new manure in the
model, you need to search the information and calculate by yourself. For the animal part, one
respondent said “The interaction with the livestock component is poor (as this component itself is not
clearly modelled)”. It may mean the calculations and required parameters for processes related to
animals (feed intake, animal production, manure production and emissions) are not clear in the model.
It needs the content improvements. Finally, a respondent mentioned “It would be good if human
nutrition parameter strongly be added”, he or she may means the human nutrition parameter was
strongly recommended to add into the model. There are some parameters related to human nutrition,
for instance in crop product panel, there are some specific data for nutrients and vitamins. And the
“nutrition” panel in Explain window is related to what he or she mentioned.

4.2 Comparison to other studies
Compared to other literatures, the affordances approach was first used by analysing farming system
models. This research was based on affordances approach supported with survey to users (frequent and
novice) to analyse the FarmDESIGN model which is used for whole-farm analysis.
The model was first used in two case studies (Appendix 5) in the Netherlands and Belgium in this
study. This stage gave a clear insight of the characteristics of model and reflected some limitations.
There are some literatures which have different practical objectives in specific area, and the models in
these studies were mainly used as a tool to support the researches. During the researches, they realized
the research effects to the society (income & household) (Komarek et al,. 2012; Mandryk et al., 2014;
Van Wijk et al., 2009; Lisson et al., 2010; Rodriguez et al., 2014),, nutrient & resources (Del Prado et
al., 2001; Rotz et al., 2006; Vayssières et al., 2011), food security (Amede and Robert, 2008) and the
trade-off between economy and environment (Annetts and Audsley, 2002; Behera et al., 2008; Wei et
al., 2009;) . In these literatures, they characteristics of models, also they mentioned current limitations
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of model and suggestions for future researches. The results about models from case studies only reflect
the partial characteristics and deficiencies in this research and in this specific area. In comparison, this
study used affordance approach to provid a structural framework for analyzing the model, and
combined with the deficiencies and improvement in the survey. Because of these data collection from
a different perspective, this research gave a more comprehensive analysis for the FarmDESIGN model
than other case study researches.
There are also some literatures reviews which reviewed a great number of publications about
agriculture models (Jones e t al., 2017; Van Wijk et al., 2014; Gouttenoire et al., 2011; Le Gal et al.,
2011; Martin et al., 2013. ). Each literature has their own research fields, crop (Jones e t al., 2017),
food security (Van Wijk et al., 2014), livestock (Gouttenoire et al., 2011) and two for farming system
design (Le Gal et al., 2011; Martin et al., 2013). The research is about the models within these fields.
They observed these models through the literatures studies and one supported by case studies (Jones e
t al., 2017). The main format in these kinds of literatures display the categories among different models.
However, it summarize the main similarity and main differences and ignore some details. Then, they
put forward some macroscopic suggestions for improvements of models. These kinds of reviews can
promote the deeper development of the models in their research fields and make out the application
sphere of each categories in what kinds of cases. In comparison, this research is about the deep analysis
and improvement of one model, FarmDESIG. The publications of reviews of models provide an
important guideline to this research and even further researches which about improving agriculture
models
The publications of models mainly have big implication, like contributing to the society, environment,
economy, research, etc. In contrast, the results of this research are only developing the single model
and contributing to the course improvement in Wageningen University.
When it comes to the model itself, the FarmDESIGN has some similarities with other farm models
from these literatures. The Integrated Farm System Model, Silsoe Whole Farm Model, SIMSDAIRY,
IFSs and NUANCES-FARMSIM are all farm level models. They include crop, animal and manure
components, and the results from model can improve the economy, nutrient and environment as well.
Silsoe Whole Farm Model is also a kind of multi-objective model like FarmDESIGN which can give
the adjustment advice for (re)designing a farm through crop rotation, labor and machinery plan for a
sustainable result. However, this model is suitable for UK and European arable and mixed arable and
livestock farms, which limit the widespread use of this model.
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4.3 Bottlenecks and approach improvement
Affordance is a new method for the interview to the respondents, which resulted in the ambiguity of
understanding of questions in questionnaire. The questions design in the questionnaire should be
briefly and clearly. However, the definitions of affordances and roles have several explanations in
different context. Although the definitions were designed to avoid the terms from literature and replace
by some explanations in a sentence, the single sentence without diagrams or detailed descriptions still
lead to misunderstandings. This is why some of respondents gave totally different explanation and
some affordances were “misallocated”. Also, some respondents gave some new affordances which the
literatures had not mentioned. It means that this or that new affordance is evoked by current questions
in survey, it should happen during the social science survey.
There are some examples which were unexpected results in this research, some were because of these
misunderstandings and other reasons. There are high percentage of none details from survey. The most
possible reason is the survey last too long time (in the test, if all the explanations are compulsory, it
will last 30 minutes). In the meanwhile, maybe the questions make the respondents confusing, so they
just based on their feeling to give the scores but they couldn't explain it confidently. However, when it
comes to the explanation for deficiencies and advice to model, the explanations were more than
previous questions. The main reasons are the questions were more clearer, they gave more thinking
space to respondents and did not limit the answers in a specific field (for example, only for structural
affordances).

4.4 Implications
The results from this research can imply that the current FarmDESIGN is already a full-featured model
for farm analysis and design. However, it still has some deficiencies. The improvement of the model
in different aspects can be a main recommendation from this research. The recommendation can be
separated in 3 layers: one-time improvement, short-term improvement (5 years), long-term
improvement (10 years or even more). One-time improvement means that the model still has some
bugs which may reflect into error message to users. These bugs can be repaired immediately by the
programmer. Then, the short-term improvement may meet the most mentioned demand, like including
excel upload button, designing simplified outputs which can be understand by farmers. Some longterm improvements can focus on the missing parts from the survey, like completing the water balance,
human nutrition, soil type, etc.
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This research also gives some implications for future researches. This research gives an overview to
what the current FarmDESIGN provides and what it still lack of. However, the usefulness of each
affordance did not be analysed. The current model has a lot of affordances, however, for each type of
users, the demand of affordances may be different based on different research objectives. If there is
too many panels and empty boxes to ask data, it may waste time for different users. So the improvement
to make the model more friendly to users is important in the future researches. Moreover, the design
of this research focuses less on social effects, although some respondents responded some social
actions and effects. The future researches can connect the model more with the social aspects, maybe
do some analysis for what kinds of influence the model will bring to the society. For affordance
approach, if the affordances approach will be combined with survey again in the further researches, a
better explanation of the definition should be considered. How to avoid ambiguity is the core problem
which should be solved in the design stage.
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5. Conclusion
The current FarmDESIGN model provides the 10 affordances and 3 roles which mentioned from
Ditzler et al. (2018). However, through the survey, there are some new affordances that were found
through the explanation from around 50% percentage of respondents. The respondents generally scored
these affordances and roles assigning high scores, which means they have positive impression of the
affordances and roles supported by model. However, the current model still has some deficiencies and
shortcomings not only technical, but also regarding content. The most mentioned deficiencies are error
messages that appear when using the model, and the limited usability of the outputs for farmers
The affordance approach was the first use in analysis of whole-farm model. It provides the structural
and effective way to analyse the performance of whole-farm models, which allows for critical
reflection and helps to highlight shortcomings and points for improvement.
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Appendix 1 Questionnaire
What can FarmDESIGN do for you?
1. Personal information
1.1What is your role or occupation？ *
MSc student
PhD student
postdoc
teacher
researcher
teacher+researcher
1.2 In which scientific field are you specialized or specializing? *
_________________________________________________________________
1.3 How often have you used the FarmDESIGN (FD) model? *
I have used once or only a few times
I have used many times and/or for many years.
2. To what extent do you think the FarmDESIGN (FD) model provides the following functions? And
give your examples
(0 means FD does not provide this function, 5 means FD provides this function strongly)
2.1 Does the FD model allow you to collect and store farm data? *

Your examples for 2.1
_______________________________________________________________________
2.2 Does the FD model help to establish a common vocabulary for the farm components? *
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Your examples for 2.2
_______________________________________________________________________
2.3 Does the FD model assist in combining data from farm components in one, uniform place? *

Your examples for 2.3
_______________________________________________________________________
2.4 Does the FD model allow you to create a shared and clear system representation? *

Your examples for 2.4
_______________________________________________________________________
2.5 Does the FD model represent the structure and functioning of a farm in a visually appealing manner?
*

Your examples for 2.5
_______________________________________________________________________
2.6 Does the FD model combine data to describe the functioning of a farm system? *

Your examples for 2.6
_______________________________________________________________________
2.7 Does the FD model support analysis of a farm’s performance and current problems? *

Your examples for 2.7
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2.8 Does the FD model allow exploration of alternative management options and solutions to problems?
*

Your examples for 2.8
_______________________________________________________________________
2.9 Does FD allow incorporation of new data or perspectives, or simulating management changes? *

Your examples for 2.9
_______________________________________________________________________
2.10 Does FD support farmers (and others) to develop a (shared) vision of a desired future or a new
development direction? *

Your examples for 2.10
_______________________________________________________________________
3. To what extent do you think the FarmDESIGN (FD) model plays the following roles in your research?
Can you give examples
(0 means FD does not play this role 5 means FD play this role strongly)
3.1 Did FD improve your understanding of farm systems, allowing the study of interactions between
system components and integration of interdisciplinary knowledge? *

Your examples for 3.1
_______________________________________________________________________
3.2 Do the outputs of FD stimulate discussion on and interpretation of inputs? *
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Your examples for 3.2
_______________________________________________________________________
3.3 Does FD‘s outcome integrate different themes to mobilize a diverse range of stakeholders to act as
a community and set knowledge into action? *

Your examples for 3.3
_______________________________________________________________________
4. Other experiences with the FarmDESIGN (FD) model
4.1 Besides the functions from section 2, did you experience any other functions from FD? Please
mention them along with a brief explanation. *
_______________________________________________________________________
4.2 Besides the roles from section 3, did you experience any other roles FD played? Please mention
them along with a brief explanation. *
_______________________________________________________________________
4.3 During your work with FD, did you experience technical and functional shortcomings or defects ?
Please give some examples. *
_______________________________________________________________________
4.4 What kind of calculations or modules would you advise to be added to the FD model? *
_______________________________________________________________________
Thank you for your participation!
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Appendix 2 Original data from survey
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Appendix 3 Codes
Frequency

Average scores

Harnessing

5

3.6

Storage

10

3.27

N.A.

10

4.1

Naming

3

3.67

Definition

7

3

Classification

1

4

N.A.

14

3.36

Aggregating

5

4.6

Conclusion

2

4.5

Transforming

1

2

N.A.

17

4

Sharing

1

4

Discussion

5

4.6

Presenting

1

4

Customizing

1

3

N.A.

17

4.18

Visualisation

10

3.4

Presenting

3

4.67

N.A.

12

3.67

Integration

6

4.83

Extracting

1

4

Deductive

1

4

Valid explanation

60%

44%

32%

32%

52%

52

Predicting

1

5

N.A.

16

4.38

Analytical

1

4

Basis

2

4.5

Promoting

3

3.67

Presenting

6

4.5

Calculating

3

4

N.A.

11

4.63

Exploration

8

4.75

Solving

1

3

N.A.

16

4

Manipulation

4

4.5

Modification

4

3.75

Calculating

1

5

Stimulating

1

5

N.A.

15

4.1

Visioning

8

3

Predicting

3

4.33

Stimulating discussion

3

3.33

Testing

1

4

N.A.

12

4.17

36%

56%

36%

40%

52%
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Frequency

Average scores

Heuristic

8

4.25

In-depth

2

5

N.A.

15

4.4

Symbolic

9

3.89

N.A.

17

4.29

Relational

7

3.57

Regional

1

4

Farm-level

2

2.5

N.A.

15

3.47

Valid explanation

40%

32%

40%
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Appendix 5 Case study
Research questions and hypothesis
Because this question will be answered through two case studies, so the main question for case study
is given:
What are the reasons and solutions for the current problems in the farm and what kind of changes in
the farm can get positive result?
For the case study, there are some sub-questions which should be answered to complete the research:
●

What are the possible reasons of problems in each farm?

●

Which solutions can be given for these problems in each farm?

●

Which steps should be paid attention to during the model works for farm redesign? Especially

for these two farms?
The main hypothesis for case study:
For the case study, redesigned farm will improve whole farm performance in Ter Linde and Chevrerie
CG.
Sub hypothesis:
●

The main problems in Ter Linde (rotation plan, green manure selection, animal heat stress, low

self-efficiency) can be solved by literature study.
●

The main problems in Chevrerie CG (geography, low food production, low body condition and

milk production, high labour work pressure) can be solved by literature study.
●

The review of FarmDESIGN application through these two case studies can give an deep

understanding in affordances and roles of model.

Material and Methods
The information for each sub questions for case studies is listed in Table A4-1.

Table A4-1Type of information collected for each sub-questions in case study
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Sub questions

What are the possible What

kind

reasons cause these possible
problems

in

of What kinds of steps should be paid

solution attention to during the model works

each can be given for for farm redesign? Especially for

farm?

these problems in these two farms?
each farm?

Information

Agronomy

The

information Process of model work

knowledge for soil, match to the subcrop,

animal

and question 1

landscape
Methods

-Literature study
-Interview

to

-Literature study
the -silvopasture tool

-Model works reviews
-Literature study

farmers and students

Analysis
The literature study can solve some problems in these two case studies. The unsolved problems will
be analysed by experts interview or given some reasonablesuspects with literature supports which will
be mentioned in the report. Then, some corresponding changes in each properties in the models can be
given. When the changes in each farm components were put back to the FarmDESIGN, the changes
for whole farm can be found. The FarmDESIGN has items for animals, buildings, crops which includes
environment and economy, fertilizers, groups, households, machines, manures, pesticides and rotation
in spatial scale. In explain page, the feed, nutrient, energy, economic balance and nutrient cycle can be
found. The researcher can set some constraints in the model to meet its objectives. The evaluation
window can be used for checking whether the current data meet the constraints. Finally, the explore
page can be used to find the relative best choices. The dots number in the explore page reflects the
number inserted into the text box and the times of clicks of run bottom in the Explore window. Every
run of model can output an excel file in the “output” file. The file can be used to find the best choice.
In the export file, there are 3 ranks for all options (0, 1, and 2). Based on FarmDESIGN knowledge,
the best options are located in rank 0. So the sort and filter was only available among the options which
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have a rank 0 in the spreadsheet. In order to make the results closer to the relatively best option, the
best option in each run was put back in FarmDESIGN and the model was run again until there were
almost no blue points left in the graph (meaning results cannot be improved further). Finally, the best
option for each objective was chosen. In this research, the specific data will not be asked in case study,
what the researcher should do is review the works in case study and pay attention to the changes in
farms and how will it influence the model work. All of these can contribute to the future course and
student works.

Results
The results of current problems with relative solutions for two farms and the discussion for model use
are listed in following.

Ter Linde
Based on the problem description, farmer's vision and group works from the course, there are some main
problems will be addressed in this overview case study:
1.

Current rotation is too short (only 5 years) and lack diversity

2.

soil compaction and nutrient losses

3.

less flower strips and the decrease of shelter and nature resource for nature enemy and pollinators

4.

only few clover has active nodules in pasture land

5.

Animal heat stress

6.

low self-sufficient level in feed (some concentrate and hay are imported)

There are some other objectives which should be considered during the redesign:
●

Optimazing the work force allocation (year-round work)

●

Maximizing the farm profit

●

Strengthening the local participation and connection (e.g. selling locally, community support farm (CSA,

etc)
●

Improve manure storage to reduce losses
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1. Current rotation is too short (only 5 years) and lack diversity
Based on the farmer’s vision and economic , some crops will be remained and the sugar beet will be deleted
from the new rotation. The new rotation is in following: (1) grass clover-- (2) grass clover-- (3) spring wheat
(intercropping with faba bean)-- (4) cauliflower early & cauliflower autumn-- (5) chicory-- (6) potatoes-- (7)
Hemp. Some crops like quinoa and chinese cabbage can also be considered in new rotation because of their
benefits to soil and income. The catch crops like lucerne, rye, vetch and yellow mustard can be chosen after
each crop in each year to reduce the losses and improve the soil fertility in autumn and winter.

2. soil compaction and nutrient losses
Besides the cultivating catch crops after harvesting, there are also some other methods for soil improvement. In
tillage, the farmers can transfer to eco tillage or use roller crimper. The eco tillage can reduce the soil
compactions , and it has lower nitrate leaching and fuel consumption (Sukkel, 2012). The roller crimper is used
for flattening cover crops(Mader & Berner, 2012). This techniques can improve the soil physical, chemical and
biological fertilities and also reduce the consumption of labour and fossil fuel energy (cfr. Special Issue in
Renewable Agriculture and Food Systems, 2012). In the meanwhile, it also improve the resistance of crops to
pathogen and pests (Bryant et al., 2013).

3. less flower strips and the decrease of shelter and nature resource for nature enemy and pollinators
The solutions for this problems can be flower strips setting. Also, some berries can be grown for fencing the
cattles and as hedgerows to attract the pollinators and insects (Morandin and Kremen, 2013).

4. only few clover has active nodules in pasture land
There are some possible reasons for this low activity of nodules problem. In Ter Linde, the drought problem is
obviously during the fieldwork period. And the drought is one of the reason for low activity of nodules (Serraj.
et.al., 1999). Also the shortage of Potassium, Phosphorus and Micronutrient (Mo, Fe, Co, Cu, Mn, B, Ca, Co )
will limited the nodules functions and development (Ledgard et al., 1987); (Ledgard et al, 1992). (Almeida et.al.,
2000)
Because of this problems, some solutions can be given. The over-sowing method was used successfully in
Ireland (Humphreys and Lawless, 2006). In order to create a better start condition for new clover crops, the
management of sward height (Phelan, 2013). Also, some experiments showed that around 200 kg N/ha
application by manure (around 240 kg N/ha in Ter Linde) will lead to the N-fixation losses by clover compare
to no manure application (Ledgard et al., 2001); (Burchill et al., 2014). The main reason for this phenomenon
can be the decrease of clover population (Phelan, 2013) which is resulted by two aspects: higher N use efficiency
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by grass will outcompete the clover after manure application and the root system of clover is shallower than
grass.

5. Animal heat stress
This problem can be solved by planting some trees in the pasture land. The planting plan can be supported by
silvopasture tool (Franke, 2017). Some tree varieties are considered in this section, like walnut and willow trees
which can grow very well in this area and provide shade, feed and profit to the cows and farm. However, based
on the silvopasture tool, the profit only can be received in a long time (10-15 years or even more)

6. low self-sufficient level in feed (some concentrate and hay are imported)
Farmer want to increase the self-sufficient level in feed, so during the model work process, the objective called
“ minimum” in concentration item will be set. Alternatively, some wheat straws will be used in farm for bedding
and feeding. Also, the barriers which are used for improving landscape functions and in pastures can be added
in feed items.

7. Optimazing the work force allocation (year-round work)
For this objective, some works in rotation part already contribute to it. The cauliflower is a need crop
in rotation, which need some labours in winter. Also the catch crops need some labour force to manage.
8. Maximizing the farm profit
In the FarmDESIGN model, the objective in “profit” page of “explain” window will be set as “maximum”.
Besides that, some former sections also mentioned some changes for this redesign objective. For example, the
cash crops which have high market price like potato and chicory are maintained in the new rotation, although
they have some negative influence to the soil and crops. Also, quinoa which has a high profit was considered.
Based on the farmer’s vision, some long-term objectives are process the cheese in the farm, process wheat to
baking flour and process fruits to juice in farm. And then, sell all these products in farm to reduce the transport
fee and ensure a better quality.

9. Strengthening the local participation and connection (e.g. selling locally, community support farm
(CSA, etc)
Ter Linde is already has a camping site, but it still can tighten the connection with local people and organization
by cooperating with local university for agriculture research and communication and allowing harvest by local
people or camper when the fruits or vegetables ripen.
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10. Improve manure storage to reduce losses
During the fieldwork, the manure heap can be found in open air. It will lead to some losses and environmental
pollution (Nicholson et al., 2002). Storing manure heap under a roof is a good method to improve the nutrient
retention of N,P and K, and it has a low cost. (Tittonell, et al, 2010). Also, some methods like compaction, using
chemical and biochemical additives, applying additional straw and building concrete floor under the manure
heap can reduce the losses significantly (Sommer & Møller 2000 ; Chadwick 2005 ; Yamulki 2006 ; Ndegwa et
al. 2008; Shah et al. 2012)

Chevrerie CG
1.

highly variable yield in cereal (e.g. because of weeds problems)

2.

heavy soil textures and topography cause the waterlogged and mudflows

3.

low body condition score (BCS) and the milk production

4.

labour pressure

There are some other objectives which should be considered during the redesign:

●

introducing food crops

1. Highly variable yield in cereal (e.g. because of weeds problems)
There are some reasons for low density of naked oat during the fieldwork and at the same time, the solutions
can be given.The density of crops is very low. And the condition for the crops are not optimal. A research found
that the most suitable condition for naked oat are deep and moisture soil (Creissen, nd). Also the weather in this
area are variable. Based on these, a variety mixture solution can be given. For the cultivation, the optimal depth
is 2 to 5 cm (Ren et al., 2007), and optimal density is 250 to 300 plants /m2 (seed rate of 400 seeds/m2)(May et
al., 2004).The seedbed is also important for naked oat growth. During the observation, Chevrerie CG has a low
density of quite vigorous plants. So the drill the seeds into the soil method is recommended to instead of
broadcasting by hand, because the early season canopy cover is very important (Fradgley, undated).

2. Heavy soil textures and topography cause the waterlogged and mudflows
The diagnosis during the fieldwork period shows that the heavy soil type and topography causes a serious
problem, waterlogged and mudflows. This can be solved by spatial redesign. Trees are designed in prone
waterlogging area. And for the different soil type, fields are redesigned for different plants. Heavy and great
elevation land is designed for permanent pasture, medium heavy and good elevation land is designed for rotation
Also, the waterlogged tolerance crop, like willow trees, will be chosen. Willows also can provide feed to goats.
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3. Low body condition score (BCS) and the milk production
Farmer’s vision in milkj yield is 600L/year/goat in the future. Compared to current milk production
(500L/year/goat), this result can improve around 74% profit with a low labour cost. The average milk yield of
Saanen goats is 838 kg/lactation (Porter et al., 2016) and the general method for improve the low milk yield is
give more concentrates in the diet (Goetsch et al., 2001). The high DVE (protein digestible in the intestines) in
diet can stimulate high milk yield, because it will elevate growth hormone production (Govaerts et al., 2006).
Based on this conclusion, the solutions for this problem can be improve the feed quality and quantity.
The current feeds in the farm are composed of fresh grass forage and hay,supplemented by flattened cereals for
energy which are not very suitable for goats. Also the clover in the temporary pasture is not prefered by goats,
because it has negative effects non digestibility and palatability , and clover has low dry matter and fibre content
(Bonanno et al., 2008). The introduction of fodder trees can improve the feed quality, because it contains
proteins, minerals and secondary metabolites and scarce in pasture (van Eekeren et al., 2014).And the shrubs,
like raspberry, can
provide the food to human as well. Also, the improvement can be based on goat’s behaviors.Goats have selective
behaviours for foraging type,so they are called “opportunistic feeders” (Decandia et al., 2008). Goats browsing
more time on hot or rainy days under the woody vegetation shelter, and they graze longer time on colder
days(Landau et al., 2000). In Figure , the contribution of different vegetation types in different seasons for goats
can give a inspiration for increasing variety of vegetation types in different seasons to achieve the highest feed
quality.

Figure Diet contribution for different vegetation types in different seasons
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Also, there are some secondary benefits from fodder trees. If the introduction of fodder trees and shrubs are
located in agroforest, the production will be improved (Cannell et al., 1996) and the products can contribute to
human as well, while in pasture, aesthetic value of the landscape will be improved (van Eekeren et al., 2014)and
provide shade and shelter functions (Jukes & Jukes, 2017).

4. Labour pressure
Excluding the temporary pasture and only remain the permanent pasture may reduce the labour requirement.
There are some other objectives which relate to the society, environment and economy.

5. Introducing food crops
Currently, the rotation is only 5 years, composed of three years of temporary pasture and two years of cereallegumes mixture. The crops in rotation are mainly winter crops and from from the Poaceae family (oats, rye,
spelt, and triticale). So the suggestion is redesign a diversified rotation instead of single cereal production to
reduce the weed and disease risks (Lin, 2011). The idea for new rotation is stil mixture, one for human and one
for goats, like lupin-barley (feed) mixture and naked oats (food) with buckwheat as cover crop. Also, the
introduction of food shrubs like raspberry, blackberry into agroforest can also improve the income of farm.

Discussion
The re-design should be considered at the whole farm level, so the FarmDESIGN model was used to
find the best configuration and evaluate the resulting parameters. After the problem analysis by
literature study and considering farmer’s vision, the results will lead to some changes in FarmDESIGN
model. The four main windows in FarmDESIGN are Describe, Explain, Evaluate and Explore. In this
research, the main process of model running will be reviewed and some notes will be given for
practices. Also, the FarmDESIGN manual (Farming Systems Ecology Group, 2016) support the model
working in this research.

Describe
The ”Describe” window includes some items about farm components which can be inputted with
numbers to describe the farm’s information. It includes items like animals, buildings, crops , fertilizers,
groups, households, machines, manures, pesticides and rotations. Each item has sub items and rightclick each item can add new subitems, copy the items from other farm model and remove the items.
The colored panel means they are edit panels which can be double clicked, and the decision variables
(e.g. maximum and minimum) and detailed information (e.g. grazing time, labour workload and
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agronomy information) can be edited in appeared dialog boxes. Based on the changes for these two
farms, there are some changes should be reminded in model.
For Animal, redesign changes in herd size. Also, when some conditions change, for instance, the feed
quality and quantity improved, the animal body weight and production will change. Also, if the trees
will be planned in Ter Linde pasture, the yield of grass and the area of grass will reduce, it may
influence the milk yield; but the shade will improve the cows live quality, it will increase the milk
yield. So the designer should consider for both sides.
For Building, it relates to the farm management and functions. For example, Ter Linde plan to process
milk and wheat in the farm, so in the future, the building for processing should be included in
FarmDESIGN, and it will result costs for houses, labours, and depreciation.
The Crop item in FarmDESIGN should include all the crops in the farm and also some external
resource (e.g. straws and concentrate imported to farm). Different crops may include different crop
products , like wheat, it includes straw and wheat for flour. For each crop, their information about
agronomy (N fixation, effective organic matter, water demand and CH4 emission), economics (money
and labor cost), fertilizer and pesticide need should be listed. For each crop product, there are also their
details about destination (for food or feed, used in farm or sell), yield, nutrient details and feed values
should be filled in. In this part, some objectives should be considered, like Chevrerie CG which still
wants to remain self-sufficient and Ter Linde which wants to improve the self-sufficient. Because of
that, some crop products will be chosen “only used on farm”, such as the wheat straws for bedding,
fodder beet for feed, etc. When redesign will includes some new crops in rotation, the details for this
crop and its crop products should be found, and the details should match the situation in this region.
And if the crops will match a catch crop, this catch crop will be added as crop products and chosen
“only used on farm” and the ratio “used as green manure” will be 1 for these catch crops. Because of
these catch crops as crop products, some data for this crop will change, for instance the
“EffOrganicMatter” from “Edit/compare data” when you right click each crop item. Also if some
special new plants are introduced (like trees in Ter Linde pasture and shrubs and trees in agroforestry
in Chevrerie CG), the new plants should be added as crop products under the subitems. In these two
case study, some trees also provide some economic profits, like nuts can be sold. There are also two
general subitems in crop item, Economics and Environment. They include the general costs and soil,
climate and erosion information for this farm. For introducing new plants into the farms, the costs will
be updated in each crop item.
For Fertilizer, the information should based on what this farm produces and imports.
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The Group item is very important for the crop rotation. The frequency of same crop should be lower
than 0.167 (equivalent to once every 6 years) and the frequency for root crop group should be lower
than 0.33 (equivalent to once every 3 years) to avoid pests, disease and weed problems. When you
click the group name, you can find all crops in your farm in right site, so double click one crop in the
column and this crop will be chosen in this group. So in this case study, Ter Linde will remove too
much root crops to reduce the soil problems, also the Chevrerie CG will add crops from different family
to avoid weeds problems.
The Household and Machines are easy to understand, they means the costs for human beings in farm
and the equipments for farm’s work.
The Manure should be based on farm’s situation, for example, if the straws are used for bedding in
barn and then the farm yard manure (FYM) will be getten. And the details for manure production and
degradation will be filled in this item. The Pesticide is a subitem in Manure item, however, the organic
farms do not use pesticide, soe in these case studies, we do not consider this.
Finally, the Rotation situations are different in different farms. And the different area for different
crops can be setting here. The range of area for each crop should be setting, if not, the result may give
some unrealistic options to meet the objective (e.g. 0.1 ha for the high cost and low profit crop to meet
the maximum profit objective) .

Explain
After the data filled in and changed in Describe window, all the data will be integrated by model and
showed in Explain window. It include some tab pages like crop areas, feed balance, OM balance, profit,
labor, nutrient cycle, etc. In this window, the designer should focus on the research objectives to setting
the colored edit panels by double-click. In Ter Linde, the some objectives like maximise profit,
maximize soil organic matter and minimize feed costs. For Chevrerie CG, it also has some objectives
like maintain self-sufficient, high milk yield which relative to DVE level, etc. All of these can be
setting in Explain window. There are also some constraints will be setting. In these two farms, there
are some new crops will be added into crop rotation, but the total area of farm will not change, so the
area will be constrained; also, as it mentioned in last section, the frequency of each crop and each crop
group should be constrained. The deviation of DM intake, VEM availability and DVE availability in
the feed balance are advised <=0%, -10% to 10% and -5% to 20% respectively. However, in some
redesign plans, if the feed is only grass and clover which have a high protein content, the protein intake
will be exceeded quicker than energy, for instance the situation in Ter Linde. However, compared to
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the exceeding protein problem, meeting the energy demand is more important. So the deviation of
DVE can be changed, like from -5% ~ 20% to -5% ~ 45% (personal communication, Rossing, July
2017). This means that during grazing, the protein intake may exceed the demand. Finally, the data
can be exported to excel by click “ To file” in menu bar.

Evaluation
In this window, the designers can check whether the the constraints of current situation (data) are
within the given boundaries, if the candidates (blue) has a green color in constraints, it means they are
outside the boundaries; if not, you need to modified in Describe window or change the constraints.
Only all the constraints are meeted, the next step, Explore, can be started.

Explore
In Explore window, the X-axis and Y-axis can be chosen for your different objectives, for instance,
the designer can choose one for profit and another one for soil organic matter, and then the figure will
show the relationship for these two. The empty panel beside “Run” button means how many options
you want to get in each run. The more options from running can make the relative optimal options
more accurately. So the advice to designers are run several times for 100 or run for a large numbers in
the beginning. The more times you run, the longer time you need to wait for the result. In the figure
from the model running, the red point means the original farm, and the blue points mean the alternatives
within your constraints (Figure 4-2), and the points will include some grey points which means it meet
one or more constraints unsuccessfully. However, different options perform different in different
objectives. You can choose the point for each farm and the details for this farm will be shown in
Describe and Explain windows.
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Figure 4-2 Example of Explore result from FarmDESIGN

Data analysis

The results after running the model and exporting to an excel spreadsheet will be sorted and filtered
based on the objective, from the best to worst. In the export file, there are 3 ranks for all options (0, 1,
and 2) in the bottom of the file. Based on FarmDESIGN knowledge, the best options are located in
rank 0. So the sort and filter was only available among the options which have a rank 0 in the
spreadsheet. In order to make the results closer to the relatively best option, the best option in each run
was put back in farmDESIGN and the model was run again. For each objectives, the best options for
this objective will be worked in this way. After several work times in this way, the points will form a
line about the trade off of these two objectives (Figure 4-3). It means all the points cannot be improved
anymore. Then the designers can weigh their general objective to choose the final option in this figure.
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Figure 4-3 Examples for final results after several repeating running

For different objectives, the figures may show different trend. You can based on the slope of lines to
give some analysis for your research. After these. the relative best options for each objective should
be given, and the main differences can be put in one table to discuss which part contribute these
differences. For example, if the best option is from the “maximum profit” objective, the results farm
may perform most land in most profit crop; however, if this crop has a least positive to soil organic
matter, it may has the least land area in “maximum soil organic matter” objective. Some analysis like
this can be found through the comparison. And then, give the relative best result as your redesign farm.
Also, the comparison among the redesign farm and original farm should be carried out to find the
differences, and the changes can be transferred to percentage forms to make the difference more
obviously. The reasons for a significant increase or decrease in this comparison should be analysed
based on the changes.
There are some technical deficiencies/shortcomings of FarmDESIGN. First, it only can work for one
year rotation. In real life, the fields in a farm almost have different area. If the model gives the redesign
option, however, this can only work for one year. For next year, when the crops change the land as a
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circle, the expected profit may not meet due to the crop area changed. so only the permanent pasture
area can be controlled and adopted. Secondly, the model cannot measure the reduction of risks that are
being experience because of climate change thanks to a higher diversity of crops on the farm (Shannon,
2015).
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Appendix 5 Outputs from Wilcoxon signed-rank test
Frequency1

Group
Frequent
Novice
Total

Frequency2

Frequent
Novice
Total

Frequency3

Frequent
Novice
Total

Frequency4

Frequent
Novice
Total

Frequency5

Frequent
Novice
Total

Frequency6

Frequent
Novice
Total

Frequency7

Frequent
Novice
Total

Frequency8

Frequent
Novice
Total

Frequency9

Frequent
Novice
Total

Frequency10

Frequent
Novice
Total

Frequency11

Frequent
Novice
Total

Frequency12

Frequent
Novice
Total

Frequency13

Frequent
Novice
Total

Ranks
N
6
6
12
6
6
12
6
6
12
6
6
12
6
6
12
6
6
12
6
6
12
6
6
12
6
6
12
6
6
12
6
6
12
6
6
12
6
6
12

Mean Rank
7.33
5.67

Sum of Ranks
44.00
34.00

7.25
5.75

43.50
34.50

7.17
5.83

43.00
35.00

6.92
6.08

41.50
36.50

7.08
5.92

42.50
35.50

6.67
6.33

40.00
38.00

6.50
6.50

39.00
39.00

6.67
6.33

40.00
38.00

6.83
6.17

41.00
37.00

7.33
5.67

44.00
34.00

6.50
6.50

39.00
39.00

6.92
6.08

41.50
36.50

7.75
5.25

46.50
31.50
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Test Statisticsa

Freque Freque Freque Freque Freque Freque Freque Freque Freque Frequen Frequen Frequen Frequen
ncy1
ncy2
ncy3
ncy4
ncy5
ncy6
ncy7
ncy8
ncy9
cy10
cy11
cy12
cy13

Mann
13.000 13.500 14.000 15.500 14.500 17.000 18.000 17.000 16.000
Whitn
ey U
Wilco
xon
34.000 34.500 35.000 36.500 35.500 38.000 39.000 38.000 37.000
W
Z
-.833
-.750
-.669
-.428
-.587
-.171
.000
-.166
-.333
Asym
p.
Sig.
.405
.453
.503
(2tailed
)
Exact
Sig.
[2*(1.485b .485b .589b
tailed
Sig.)]
a. Grouping Variable: Group

.669

.557

.699b

.589b

.864

13.000

18.000

15.500

10.500

34.000

39.000

36.500

31.500

-.846

.000

-.429

-1.223

1.000

.868

.739

.397

1.000

.668

.222

.937b 1.000b

.937b

.818b

.485b

1.000b

.699b

.240b

b. Not corrected for ties.
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