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This paper is an extended abstract of a dissertation which is concerned with analyzing outputs from
complex simulation models from the area of ecology with machine learning. The dissertation proposes a
methodology that combines simulation outputs, background knowledge, and machine learning, to obtain
new and interesting knowledge about a problem of interest.

Povzetek: Clanek povzema doktorsko disertacijo, ki se ukvarja z analizo rezultatov kompleksnih
simulacijskih modelov iz podrocja ekologije s strojnim ucenjem.

1 Introduction

Simulation models can be used to study situations in
which it is impossible to conduct real experiments, or
when the process of generating real-life data is very slow
and expensive. However, the simulation models can
easily grow very complex and extracting new knowledge
from their outputs can become a difficult task.

The dissertation [4] proposes a new methodology for
analyzing complex simulation models in the area of
ecology. The methodology relies on the use of symbolic
machine learning methods that produce comprehensible
predictive models.

The problem of interest is the co-existence issue
between genetically-modified (GM) and conventional
crops (oilseed rape and maize) in different field
scenarios. For this purpose, three different simulation
models were used: GENESYS [2], MAPOD [3] and IBM-
OSR [1], that simulate the crop growth and rotation in a
large-risk field plan, in a field-to-field scenario and in a
within field scenario, respectively. We used different
machine learning techniques to analyze the outputs from
these simulation models.

2 Simulation models

The three models, GENESYS [2], MAPOD [3] and IBM-
OSR [1], are concerned with a different aspect of the co-
existence issue between GM and non-GM crops.
GENESYS is a simulation model that ranks cropping
systems according to their probability of gene flow from
herbicide-tolerant winter oilseed rape to rape volunteers
and neighbor crops, both in time (via seeds) and in space
(via pollen and seeds). The model integrates the effects

of crop succession and crop management at the level of a
region and works for seed, as well as for crop production.

The simulation model MAPOD is a deterministic
model, especially designed to predict cross-pollination
rates between maize fields in a spatially explicit
agricultural landscape under varying cropping and
climatic conditions. It estimates the effects of farming
practices on the levels of in-field contamination and
simulates pollen exchange between GM and non-GM
maize crops.

While GENESYs and MAPOD are population-based
simulation models that describe the population dynamics
of GM oilseed rape and maize, respectively, at different
field scales, IBM-OSR is an individual-based simulation
model. It is designed to help understand how the life-
history, agronomic and environmental processes
determine the persistence of GM oilseed rape. The model
was constructed to represent a population of oilseed rape
individuals in a single arable field.

3 Methodology

This dissertation proposes a new methodology for the
analysis of results of ecological simulation models with
machine learning that takes into account background
knowledge about the problem of interest. The
methodology consists of the following steps:

1. Select an appropriate simulation model for the
system of interest;

2. Select a set of inputs for the simulation model
and  generate  simulation  outputs (a
representative sample for the system under
study);
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3. Define background knowledge for the problem
of interest;

4. Select an appropriate machine learning
technique, which combines the background
knowledge and data, and apply it to generate
models of the problem of interest;

5. Interpret the models with the help of a domain
expert.

For the analysis of the outputs of the different
simulation models and modeling different aspects of the
co-existence issue between GM and non-GM crops, we
used different machine learning techniques that take into
account background knowledge: relational classification
trees to learn co-existence rules for GM and conventional
crops in a large region (output from GENESYS); equation
discovery to model the outcrossing between two
neighboring maize fields (output from MAPOD) and to
induce explanatory models of oilseed rape population
dynamics from individual-based data (output from IBM-
OSR), and linear regression and models trees to validate
and compare the results obtained with equation
discovery.

4 Results and conclusions

When studying the co-existence between GM and non-
GM oilseed rape in a large region, we used the output
from the GENESYS simulation model and applied
relational classification trees to it [7]. The goal was to
assess the influence of the neighboring fields on the
contamination of a given field with GM material. The
results indicate that the most important parameters that
influence the adventitious presence of GM material in a
field are its cultivation and management parameters. The
neighboring fields also have an influence on the GM
contamination of the field, but this information is less
important and only adds up to the management and
cultivation information about the target field.

In the second case, the outcrossing between two
maize fields was modeled using equation discovery [5].
For this purpose the output from MAPOD was used. The
background knowledge was given in the form of a
context free grammar. These analyses resulted in highly
accurate equation-based models of the outcrossing,
modeled as a function of the distance between the fields,
the wind influence, time lag and the area of the fields.

The last part of the study was concerned with
learning explanatory models of oilseed rape population
dynamics from individual-based data (IBM-OSR) [6].
Again, we used background knowledge encoded in form
of a grammar and applied equation discovery to generate
equation-based models. We carried out four different
equation discovery experiments, one for each
combination of the stage the oilseed rape population can
be found in (yield/seed rain and seedbank). The structure
of the produced models, although consistent with domain
expertise, is complex and needs further modification and
improvements to reach the needed level of simplicity for
interpretation.

A. Trajanov

The proposed methodology generates ecological
knowledge by analyzing the outputs from simulation
models by machine learning. The unique aspects of this
methodology include the use of domain knowledge and
learning methods that employ expressive formalisms and
domain knowledge. The methodology can deal with
different simulation models and domains, so the
principles of our work can be applied to other simulation
models in agriculture and in ecology in general.

Finally, this study poses several challenges for the
development of new machine learning methods in
relational learning and equation discovery, such as
complex aggregates in relational learning and generic
models in equation discovery.
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