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1. Introduction
This Deliverable aims at presenting the first set of models for exploring basic knowledge in
environmental science. The models will be used by teachers and learners who want to learn by
observing, exploring and building models (DynaLearn Description of Work, Task 6.2). Accordingly,
D6.2.1 presents 60 models addressing 14 topics and 20 sub-topics of environmental science, from
where interesting concepts can be explored in educational settings.
In DynaLearn the curriculum is seen as a web of topics connected by ‘conceptual’ arcs. Learners can
navigate following learning routes in such a web of topics. Models in different LS were developed to
explore such concepts, and will be available from the DynaLearn repository to support learning
activities designed by teachers and learners according to their own needs. From this point of view,
topics and models can be combined in a number of possible learning routes. Some of them can be
defined on the basis of knowledge captured by the models. For example, models that share the same
entities and quantities refer, in principle, to related phenomena, and are natural candidates to be
included in the same learning route.
However, in a project designed to investigate the effect of cutting the edge technology on learning by
modelling, the modelling process and the models are at the centre of the interests. It is a challenge for
DynaLearn to create didactic materials that capture heuristic knowledge to support learners while
transforming vague ideas or fragmented knowledge into formal representations that may be used to
simulate the system behaviour and to predict the future of the system under specific conditions.
As this Deliverable must focus on the products (models), the modelling process is only briefly
examined here. But the organization of DynaLearn as a collection of Learning Spaces (LS) (D2.1,
Bredeweg et al, 2009) creates interesting possibilities to investigate the modelling activity. In fact,
these LS can be explored either as independent modelling environments (that is, a model can be built
in any LS) or as sequential modelling environments where different modelling features are available
for the modellers, so that they can represent more complex features of the system of interest in each
step of the sequence.
Besides the 60 models presented in this Deliverable, it offers material where the modelling activity
itself can become material for scientific investigation, such as model progression (White and
Frederiksen, 1990; Salles and Bredeweg, 2001). This is ongoing work, and will be discussed in future
DynaLearn project documents.
This Deliverable is organized as follows: in the next section, an overview of the topics, sub-topics and
models described in D6.2.1 is presented. Sections 3 to16 describe models and simulations in the 20
sub-topics of knowledge assigned to FUB. A discussion of the current status of the modelling effort is
presented in section 17 and, finally, the conclusions are presented in section 18.
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2. Curriculum topics and models addressed in D6.2.1

2.1. Curriculum and models

The models presented in this work represent basic concepts related to 14 relevant topics of the
environmental science curriculum assigned to FUB and described in the Deliverable D6.1 (Salles et
al., 2009). Curriculum topics are included in one of the seven following themes (Table 2.1): Earth
System and Resources (ESR), The Living World (TLW), Human Population (HP), Land and Water Use
(LWU), Pollution (P), and Global Changes (GC). The topics were divided into sub-topics in order to
incorporate specific knowledge to be captured in the models. Knowledge about topics, sub-topics and
related models can be organized in many different ways, so the DynaLearn curriculum would be
adapted to the needs of individual learners and teachers.
The DynaLearn Project is developing a software that combines qualitative reasoning, semantic
technology and virtual characters (c.f. D2.1). The software was designed to support modellers, initially
secondary school students and undergraduates. With this goal in mind, in the Conceptual Modelling
environment (CM) there are six Learning Spaces (LS), described as follows:


Concept Map (LS1), a diagram in which concepts are nodes and relations between them are
arcs to organize knowledge about the system of interest;



Basic causal model (LS2), that consists of a directed sign graph created on the top of a
representation of the system structure by entities and configurations;



Causal model with state graph (LS3), the same directed sign graph and representation of the
system structure as in LS2, but information about possible qualitative values is associated to
one or more quantities;



Causal differentiation (LS4) based in two modelling primitives, direct influences to represent
processes and qualitative proportionalities to propagate the effects of processes;



Conditional knowledge (LS5), in which knowledge that may establish conditions for things to
happen are clearly represented either as colour coding or as assumption or as inequalities;



Reusable knowledge (LS6), a space where specific representations of knowledge can be
reused many times, and if possible, can be organized in hierarchical ways.

The complete list of models described in this Deliverable D6.2.1 is presented in Table 2.1.
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Table 2.1 Models developed in different Learning Spaces within the topics of DynaLearn
curriculum of environmental science.
Models
Theme
Topic
Sub-topic
LS
LS
LS
LS
LS1
LS6
2
3
4
5
Mining
Mining
–





ESR
Pollination
–
–
Ecological




services
Nitrogen cycle
–
–
–
–
–

Farming Cerrado
–





Main drivers of
–





Conservation
biodiversity loss
biology
TLW
Introduction of
non-native
–





species
Meta-population
Meta-population

–
–

–

Social aspects of
Social aspects of
human population human population
–
–
–
–
–

growth
growth
HP
Health and the
Dengue fever
–
–
–
–
–

environment
Deforestation
Deforestation
–
–




LWU
Erosion
Erosion
–
–




Sustainable
sources and use
Wind power
–
–




of energy (wind)
ERC
Sustainable
sources and use
Biofuel
–
–
–



of energy
(biomass)
Soil pollution
Soil contamination
–
–
–
–
–

Lake pollution
–
–




P
Eichornia
–
–
Pollution




mitigation
Biomagnification
–
–
–
–
–

Eutrophication
–
–
–
–
–

Consumerism
Consumerism
–
–
–
–


GC
Low carbon
Carbon market
–
–
–
–


society

The models created in each sub-topic of Table 2.1 are discussed in the following sections. It will be
shown that As Each LS can be seen as independent from the others, or as a sequence from LS1-6 of
increasing levels of details provided by software functionalities and by the complexity of the topics that
can be addressed.

Page 13 / 134

Project No. 231526

DynaLearn

D6.2.1

2.2. Model presentation

The models associated to each topic and sub-topic are presented as follows: initially the metadata
about the model is described; next, literature review of the topic is discussed; key issues and concepts
point out to the model contents; the goals and / or questions to be answered by the model are then
presented; next, comes a table with a brief description of model contents in each LS; a description of
the structure of the system as it was captured in the models, in terms of entities and configurations,
and related quantities and respective quantity spaces. In some cases, the model representation of the
system structure may be different according to the LS. In these cases, this Deliverable presents the
most important representations of the system structure. The causal model is represented as it appears
in LS2 to 4, or as a diagram generated by the Conceptual Modelling workbench in LS6. A simulation
with the model is then presented in a synthetic way, and the section ends with some conclusions
about the model. It is important to observe that all the models have their respective documentation,
which brings much more details than those shown in the short space available in the present
document. Access for the public to the model documentation will be possible in the near future, in the
Project website.
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3. Mining

3.1. Mining model

Theme
Topic
Sub-topic
Author(s)
Models

Target users

Table 3.1.1 Metadata about the Mining model
Earth system and resources
Mining
Mining
Adriano Souza
Version(s)
Mining LS1.hgp
Mining LS2.hgp
Mining LS3.hgp
Mining LS4.hgp
Mining LS6.hgp
Secondary school and undergraduate level students

DL v0.6.12(CM)

3.1.1. Background information
Minerals are essential to everyday life, making up numerous products we all use. They are also vital
raw materials in a large number of industries, including ceramics, construction, cosmetics, detergents,
drugs, electronics, glass, metal, paint, paper and plastics (Azapagic, 2004). The environmental
problems associated with mining practices have attracted most attention but the impact on the
communities is proving to be a far greater challenge (Newbold, 2003). Although the mining sector
insists that the use of new technologies means that the negative impacts of twentieth century mining
will not be repeated, residents remain sceptical given historical associations between mining,
contamination, and poverty, as well as more recent mitigation failures (Bebbington and Bury, 2009).

3.1.2. Key issues and concepts



Mining is one of the oldest forms of obtaining raw materials and resources for the development
of human activities and causes changes in the landscape and in the functioning of ecosystem
processes.



Negative environmental impacts due to mineral extraction and manufacturing include
deforestation, loss of habitat and biodiversity, air and water pollution and soil erosion.
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The mining industry has been pressed by environmental regulations to adopt measures that
promote waste management and reduce or reverse environmental impacts.

3.1.3. Goals and Questions to be answered by the models
The main objective of this model is to represent the mining process, damage caused by this activity on
the environment and ways to reduce such damage.
Accordingly the model should answer the following questions:


How does mining affect ecosystem stability?



What can be done to mitigate the effects of mining in the environment?

3.1.4. List of model expressions created for Mining

General
Topic
Mining

Table 3.1.2 List of model expressions created for Mining
Learning
Overview
Space
LS1
The concept map expresses the link between human population,
natural resources and the ecosystem.
LS2
As the population size increases, the need for minerals also increase,
leading to an increase in mining activities. Environmental damage
negatively influences stability, but mitigation measures reduce the
damage.
LS3
Quantity spaces express population, mining and environment
recovery in terms of exist/ non-exist, the mineral deposit being below/
above a critical level and environmental stability level being low/
critical/ high.
LS4
Human natality and mortality, economic growth, mining and waste
management are the processes that create the dynamics of the
system. Besides the population pressure for minerals, a positive
feedback loop reinforces the link between economic revenue and
mining.
LS6
The model restricts the representation to the initial ideas, expressed
in LS2, relating human population growth, the need for minerals,
waste management process and environmental stability.
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3.1.5. Structural aspects of Mining
The structure of the system captured by the model revolves around three entities and an agent. The
model expression in LS2 includes the entities ‘Human population’, ‘Natural resource’ and ‘Ecosystem’.

Table 3.1.3a Entities and configurations representing the system
structure in Mining model, LS2
Source entity
Configuration
Target entity
Human population
Requires
Natural resource
Ecosystem
Has
Natural resource

In LS4, the entities are ‘Human population’, ‘Human activity’ and ‘Ecosystem’, and the agent
‘Environmental recovery’.

Table 3.1.3b Entities and configurations representing the system
structure in Mining model, LS4
Source entity
Configuration
Target entity
Human population
Performs
Human activity
Human activity
Affects
Ecosystem
Environmental
Affects
Ecosystem
recovery agent

Table 3.1.4 – Entities, quantities and quantity spaces included in Mining model
Entity

Human
population

Quantity

Quantity spaces

Mortality rate

Zp

Natality rate

Zp

Size

Zsml

Mineral requirement

Zlmh

Mining

Zp

Mineral production

Zlmh

Market demand

Zlmh

Economy growth rate

Mzp

Revenue

Zlmh

Environmental stability

Lch

Environmental damage

Lch

Mineral waste

Zpm

Mineral deposit

Ecv

Waste management rate

Zp

Human activity

Ecosystem

Environmental
recovery

Remarks
Rate of individuals’ death of human population over
a time period.
Rate of individuals’ birth of hum an population over a
time period.
Quantity of individuals in the human population.
Amount of mineral required to supply human
activities.
Rate of extraction of minerals from mineral deposits
over time.
Amount of mineral produced available for human
activities.
Aggregated demands of all potential customers for
mineral products.
Measure of the rate of aggregate income in
economy over a time period.
Total of incom e or interest generated in market of
mineral products.
Capacity of a system to conserve its properties
Negative impacts reducing environmental services
and its stability.
Amount of waste and solid residue generated in
mining process.
Amount of mineral available for human exploitation.
Rate of treatment, recycling and appropriate
disposal of all waste produced in mining process.

Zp= {zero, plus}; Zsml = {zero, small, medium, large}; Zlmh = {zero, low, medium, high};
plus};
Lch = {low, critical, high}; Ecv = {exhausted, critical, viable}
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3.1.6. Basic causal model (LS2) in Mining
Fundamental aspects of mining are captured in an expression of basic causal structure, in which it is
defined the structure of the system, showing that human population requires natural resources, found
in the ecosystem. While exploring the environment, human population affects the ecosystem. Eight
quantities are involved in this model including the quantity Mitigation¸to express human actions that
might compensate damage caused by mining.

Figure 3.1.1 Basic causal model (LS2) in Mining

Simulations with this simple model show that there may exist an ambiguity when Mining increases,
motivated by the increase on Size of human population and on Mineral requirement, and Mitigation
also increases simultaneously. This situation clearly shows the model user the need for more
advanced representations of the factors involved in Mining.

3.1.7. Mining: Causal differentiation model (LS4)
The expression of Mining in LS4 captures the processes natality and mortality, opposite active forces
on the growth of human population, mining, waste management and economy growth. All the
processes are represented by rates associated to direct influences (I+ and I–) on state variables
(Figure 3.1.2).
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Figure 3.1.2. Causal Differentiation model (LS4) in Mining

A simulation with Model Mining in LS4 may start with Natality and Mortality rates with magnitude value
plus and derivative unknown (<plus,?>) and Waste management rate = <zero,+>. A relevant
behaviour path produced in this simulation is [5 → 10 → 27 → 51 → 65 → 121 → 153 → 171] and the
system behaviour can be described by the quantity values shown in Figure 3.1.3. In this path, human
population Size starts with value medium and increasing, due to Natality rate being greater than
Mortality rate. Increasing population causes similar behaviour in Mineral requirement, which in turn
causes Mining rate, which started already with value plus, to increase. Being active, this process
produces two effects: firstly puts a negative direct influence (I-) on Mineral deposit, viable in the
beginning of the simulation, decreases and in state 51 enters the interval Exhausted; second, the rate
puts a positive direct influence (I+) on Mineral waste, quantity that captures the generation of residues
by mining. The behaviour of Mineral waste can be understood by the result of competing processes of
pollution by mining already mentioned and the effect of cleaning, captured by the quantity Waste
management rate.
Mineral waste starts with the maximum value and increasing, stabilizes in state 27, decreases and
goes to zero in the final state (173). As shown in Figure 3.1.2, Mineral waste propagates its behaviour
to Environmental damage via a positive proportionality (P+), which in turn influences Environmental
stability via a negative proportionality (P-). This way, Environmental damage initially increases,
stabilizes in state 27 and decreases, stabilizing again in value low in state 173. Environmental stability
shows the opposite behaviour: initially decreases, stabilizes in state 27 and increases, stabilizing
again in value high in state 173. Concluding, this simulation describes a desirable situation: the human
population grows and its needs can be fulfilled, without causing significant damage on the
environment, due to adequate compensation mechanism of removal of waste.
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Figure 3.1.3. Value history diagrams obtained in a simulation with the model Mining, LS4

As mentioned in Table 3.1.4, Mining was also expressed in LS6, in a slightly different way. Although
the model is not presented here, it is available for download from the DynaLearn web site.

3.1.8. Concluding remarks about Mining

The model captures some of the most important effects of mining, those that are able to threat the
environmental stability. The simulation illustrates the possibility of mitigation of the negative effect via
adequate care with the waste produced by the mining process. Of course, being a non-renewable
resource, the mineral deposit at a certain point will reach a point in which economic exploitation is no
longer viable. What’s next? The solution could be the adoption of different technologies that do not
use such mineral and/or mining in a different location.
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4. Ecological services

Human life is inextricably linked to ecological services provided by other organisms. Soil formation,
waste disposal, air and water purification, nutrient cycling, solar energy absorption and management
of biogeochemical and hydrological cycles all depend on the diversity of life forms. The benefit and the
services provided to human population by the natural ecosystems is defined as natural capital. These
benefits and services also include the biodiversity maintenance, biomass energy, pests control,
aesthetical aspects, recreation and tourism.
Erlich and Erlich (1981) coined the term ‘ecosystem services’ arguing that disappearance of
biodiversity directly influences ecological functions that support human life. This way, the concept of
ecosystem services was used to remind people that ecosystem functions serve mankind, and thus to
justify improved protection of biodiversity.
Constanza et al. (1997) conservatively estimated the economic value of 17 ecosystem services for 16
biomes at US$ 16-54 trillion per year, with an average value of US$ 33 trillion annually. Following this
tendency, human society has been developing markets for several ecosystem services. The market
provides a vehicle for sale or exchange of credits related to an ecosystem service. For example, the
market for carbon capture and storage – to be sold for industries that are releasing greenhouse gases
(GHG´s) has booming.
Two sub-topics are represented in models about Ecological services: Pollination (section 4.1) and the
Services provided by the nitrogen cycle (section 4.2).

4.1. Pollination

Models about Pollination, presented in this section, are developed in a progressive way, so that
follows an incremental approach in complexity.

Table 4.1.1 Metadata about the Pollination model
Theme
Topic
Sub-topic
Author(s)
Models

Target users

Earth system and resources
Ecological services
Pollination
Gustavo Leite and Isabella Sá,
Version(s)
Pollination LS2.hgp
Pollination LS3.hgp
Pollination LS4.hgp
Pollination LS6.hgp
Secondary school and undergraduate level students
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4.1.1. Background information

Until recently, little attention was given to the importance of pollinators and the service they provide in
maintaining human needs for food and environment functioning. Biodiversity inventories suggest that
about 90% of all flowering plants depend on insects, birds, bats, and other animal species to assist in
delivering the pollen that are further transformed in seeds. It is estimated that at least one-third of the
crops used for human needs rely on animal pollinators for successful reproduction. More than 200.000
kinds of animal play a role in assisting plant reproduction, and the vast majority are wild species, many
of which play roles unrecognized by science.
For decades, biologists have been worried about declining populations of both wild and domesticated
pollinators. Many factors contribute to pollinator disappearance, including habitat loss, climate change,
introduction of exotic species, and the spread of diseases, but one of the most important threats is the
indiscriminate use of pesticides that eliminate beneficial species along with the pests they are intended
to target. A great deal of attention has been focused recently on honey bees. These insects not only
make honey, but they play a vital role in fertilizing crops. In fact, their importance spreading pollen is
worth at least 100 times the value of the honey they make. Bee-pollinated foods include squash,
tomatoes, peppers, apples, and pears. Unfortunately there is a shortage of honeybees. Farmers pay
commercial beekeepers to bring hives to their fields to pollinate crops.

4.1.2. Key issues and concepts


Pollination is an important process that involves the transfer of pollen among flowers mediated
by the wind, the water and animals, mostly insects.



Pollinator disappearance can be caused by habitat loss, climate change, introduction of exotic
species, the spread of diseases and the use of pesticides.



As farmers use pesticides to fight plagues in agriculture, they involuntarily kill pollinators and,
because of that, they cause a decrease their own production.



After a certain level of pollinator loss, agriculture enters in serious trouble, with significant
productivity reduction and low revenue.

4.1.3. Goals and Questions to be answered by the models
The goal of these models is to represent the role of pollination and pollinators in agricultural production
and how the use of enemies control based on pesticides affect this important ecological service.
This models aims to answer the following questions:
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What is the role of pollinators to agriculture?



How can the use of pesticides reduce agricultural production?
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4.1.4. List of model expressions created for Pollination
Pollination was modelled in four Learning Spaces, deliberately designed to adopt a progressive
approach to model building. As a result, late representations are more complex, but keep the same
structure and quantities used in previous LS. Table 4.1.2 briefly describes the main system features
captured in expressions in these LS.

General
Topic
Pollination

Table 4.1.2 List of model expressions created for Pollination
Learning
Overview
Space
LS2
Pollination is presented as an ecosystem service, related to the seed
fertilization, agricultural production and revenue. The system is
however hampered by the killing of native bees due to pesticides.
LS3
Based on the same model structure and quantities, only revenue is
associated to a more detailed quantity space.
LS4
Accordingly, the only process included in the model describes the use
of pesticides and its effect on native bees.
LS6
Still based on the same system structure, processes pollination and
seed mortality define the quantity of seeds produced, which in turn
closes the feedback loop involving revenue, investments and
agricultural production. Deforestation process determines changes in
the number of trees, which influences the quantity of native bees
responsible by pollination.

4.1.5. Structural aspects of Pollination

Table 4.1.3 Entities and configurations representing the
system structure in Pollination model
Source entity
Configuration
Target entity
Human population
Takes benefit from
Ecological service
Human population
Has
Human activity
Ecological service
Provided by
Ecosystem
Ecosystem
Is composed by
Plant
Ecosystem
Is composed by
Native bee
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Table 4.1.4: Entities, quantities and quantity spaces included in Pollination model
Entity

Quantity

QS

Revenue

Zlah

Agricultural production
Pesticide use

Zlah
Zp

Plant

Seed

Zlah

Ecological service
Native bee

Pollination
Number of

Zp
Zlah

Human activity

Remarks
Profit obtained by commerce and/or
utilization of the agricultural production.
Size of the agriculturist production.
Frequency of pesticide use.
Amount of seeds produced by the
plantation.
Plant fertilization by means of bees.
Amount of native bees.

Three models are presented here to illustrate a case of model building progression. Having the system
structure captured in a small set of entities and configurations (Table 4.1.3), the first expression of the
model Pollination focus on a simple representation of the causal relations (Figure 4.1.1)

4.1.6. Basic causal model (LS2) in Pollination

Figure 4.1.1 Basic causal model (LS2) in Pollination, first step in the progressive
development of more complex representations of this phenomenon

The expression in LS2 shows the increased use of pesticides, in order to obtain better results for pest
control in agriculture, causes the number of native bees in the area to decrease. The reduction in the
number of bees causes the number of fertilized seeds to change in the same direction, which in turn
sets a reduction in agricultural production and revenue generated by the activity. Simulation with this
model calculates the values of the derivatives of all the quantities.
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4.1.7. Basic causal model with state graph (LS3) in Pollination
LS3 aims to represent how agricultural production is negatively affected by the increasing use
pesticide use via the causal chain, leading to a decrease from high to low of the revenue generated by
human activity. The only quantity space assigned to a quantity, Revenue, with three qualitative values,
produces a behaviour graph with three states, showing three sequential moments of the system.

Figure 4.1.2 Basic causal model with state graph in Pollination, LS3, second step in the
progressive development of more complex representations of this phenomenon

4.1.8. Causal differentiation model (LS4) in Pollination
The model showing causal differentiation in the model Pollination (LS4) shows the operation of only
one process, the application of pesticides, captured by the quantity Pesticide use rate. As shown in
the previous models about pollination, the effects of the process directly influence the Number of
native bees and from there the effects propagate to the rest of the system via qualitative
proportionalities (P+ and P-).
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Figure 4.1.3. Causal differentiation model in Pollination, LS4, third step in the
progressive development of more complex representations of this phenomenon

The value history diagrams of the quantities obtained in a simulation with the LS4 model expression of
Pollination can be seen in Figure 4.1.4. The selected behaviour path goes through the following
states: [1 → 6 → 11 → 23 → 15 → 16]. Due to the use of pesticides, Number of bees starts in high
decreasing; as it influences Pollination with a P+, this quantity goes in the same direction. Changes in
Pollination cause the number of Fertilized seeds to decrease also, which in turn propagates to
Agricultural production. Decreasing production has two effects: causes Pesticide use rate to decrease,
closing the feedback loop, and the Revenue to decrease as well. In the extreme situation, all the
quantities reach the value zero in state 16, and the productive system disappear.

Figure 4.1.5. Value history diagrams obtained in a simulation of Pollination, LS4.
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4.1.9. Concluding remarks about Pollination
The model is relatively simple, but shows the effects of the use of pesticides on natural pollinators.
Simulations present com increasingly more details the consequences of killing bees: eventually, the
whole system may collapse and no longer be able to produce.
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4.2. Services provided by the Nitrogen cycle

Table 4.2.1 Metadata about the Services provided by the Nitrogen Cycle model
Theme
Earth system and resources
Topic
Ecological services
Sub-topic
Services provided by the Nitrogen Cycle
Author(s)
Isabella Sá and Gustavo Leite
Version(s)
DL v0.6.10(CM)
Models
Nitrogen cycle LS6.hgp
Target users
Secondary school and undergraduate level students

4.2.1. Background information
Nitrogen is a key element controlling the species composition, diversity, dynamics, and functioning of
many terrestrial, freshwater, and marine ecosystems. Many of the original plant species living in these
ecosystems are adapted to, and function optimally in soils of low levels of available nitrogen. The
growth and dynamics of herbivore populations, and ultimately those of their predators, also are
affected by N. Agriculture, combustion and other human activities have altered the global cycle of N
substantially, generally increasing both availability and the mobility of N over large regions of Earth.
The mobility of N means that while most deliberate applications of N occur locally, their influence
spreads regionally and even globally. Moreover, many of the mobile forms of N themselves have
environmental consequences. Although most nitrogen inputs serve human needs such as agricultural
production, their environmental consequences are serious and long term (Vitousek et al., 1997).
Based on available scientific evidence, it is certain that human alterations of the nitrogen cycle have
1) approximately doubled the rate of nitrogen input into the terrestrial nitrogen cycle, with these
rates still increasing;
2) increased concentration of the potent greenhouse gas N2O globally, and increased
concentrations of other oxides of nitrogen that drive the formation of photochemical smog over
large regions of Earth;
3) caused losses of soil nutrients, such as calcium and potassium, that are essential for the longterm maintenance of soil fertility
4) contributed substantially to the acidification of soils, streams, and lakes in several regions
(Vitousek et al., 1997).

4.2.2. Key issues and concepts


Nitrogen is part of a very complex cycle that involves a number chemical reactions and the
participation of soil bacteria.



Nitrogen fixation is a process in which atmospheric nitrogen is assimilated as organic
compounds by living organisms into the nitrogen cycle; certain bacteria (e.g. Azotobacter,
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Anabaena) can fix nitrogen because they have specific enzymes (nitrogenase). The industry
uses chemical processes to fix nitrogen in the manufacture of fertilizers.


Some bacteria (e.g. Rhizobium) are able to fix nitrogen in association with cells in the roots of
leguminous plants, where they form typical root nodules. Cultivation of these plants are
therefore a way of increasing the soil nitrogen.



Denitrification is a process in which nitrates in the soil are reduced to molecular nitrogen,
which is released to the atmosphere. The process is carried out by denitrification bacteria (e.g.
Pseudomonas denitrificans) that



Nitrification is a process in which nitrogen (mostly in form of ammonia) is oxidazed first as
nitrites and then to nitrates mostly by nitrifying bacterias Nitrosomonas and Nitrobacter
respectively. This process is crucial to the nitrogen cycle because nitrates are readly taken up
by plant roots. (Hine and Martin, 2004)

4.2.3. Goals and Questions to be answered by the model

The model described in this section aims at implementing processes that transport among the
ecosystem compartments in an ecosystem and change chemical aspects of nitrogen compounds. In
doing this, the model also provides information about the multiple interactions – such as cooperation
and mutualism – involving bacteria, plants and animals in the natural environment, and about the
impact of human activities on the ecological services provided by the nitrogen cycling.
Therefore, the model seeks to answer the following questions:


What are the routes linking the nitrogen source reservoir and the main natural compartments?



What are the processes involved in the nitrogen cycling?



How human actions interfere with the nitrogen pathways within the ecosystems?

4.2.4. List of model expressions created for Services provided by the nitrogen cycle

General
Topic
Services
provided
by nitrogen
cycle

Table 4.2.2. Model expression of Services provided by nitrogen cycle
Learning
Overview
Space
LS6
The model represents how the nitrogen cycle transforms substances
coming from the atmosphere, the soil and the biological community
into nitrogen compounds required for plant communities and
herbivores, including those of economic interest, such as crop and
cattle.

Page 29 / 134

Project No. 231526

DynaLearn

D6.2.1

4.2.5. Structural aspects of Services provided by nitrogen cycle

Table 4.2.3. Quantities, configurations and the system structure
captured by the Model Nitrogen cycle
Source entity
Configuration
Target entity
Human population
Takes benefit from
Ecological service
Human population
Has
Human activity
Ecological service
Provided by
Ecosystem
Ecosystem
Is composed by
Plant
Ecosystem
Is composed by
Native bee

Table 4.2.3. Entities, quantities and quantity spaces in model Services offered by Nitrogen cycle
Entity

Quantity

Quantity spaces

Atmosphere

Nitrogen gas

Zlshm

Denitrification rate

Zp

Nitrification rate

Zp

N fixation rate

Zp

Herbivory

Zp

Excretion rate

Zp

Biomass nitrogen

Zlshm

Biomass

Zlshm

N absortion rate

Zp

Organic N

Zlshm

Matter decomposition

Zlshm

Ammonia conc
Nitrogen conc
Nitrate conc

Zlshm
Zlshm
Zlshm

Denitrification
bactéria
Nitrifying
bactéria
Nitrogen fixing
bactéria

Herbivory

Plant
community

Soil

Remarks
Amount of molecular nitrogen present in
atmosphere
Amount of molecular nitrogen released in
atmosphere over time period
Amount of ammonia converted in nitrate over time
period
Amount of molecular nitrogen fixed in soil over time
period
Represent the amount of nitrogen present in plant
biomass consumed by herbivores over time period.
Represent the am ount of nitrogen released on soil
in organic form over time.
Represent the amount of organic nitrogen present in
living biom ass of herbivores.
Represent the amount of organic nitrogen present in
living biom ass of plants.
Amount of organic nitrogen, ammonia and nitrate
absorbed by plant community over time.
Represent the amount of organic nitrogen present in
soil.
Represent the amount of matter decomposed
present in soil.
Represent the amount of ammonia present in soil.
Represent the amount of nitrogen present in soil.
Represent the amount of nitrate present in soil.

Zp = {Zero, Plus}; Zlshm = {Zero, Low, Significant, High, Maximum}

4.2.6. Reusable knowledge model (LS6) in Services provided by the nitrogen cycle
Subsection text 3rd level. This model implemented in LS6 consists of 17 model fragments, which
include 11 entities, 14 quantities and 8 processes. The current version has one simulation scenario
which is shown in Figure 4.2.1.
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Figura 4.2.1. Scenario “Scenario complete” of the model Services
provided by the nitrogen cycle, LS6

A simulation starting with this scenario produces 15 initial states and 44 states in total. Figure 4.2.2
shows the causal model obtained in state 15.

Figure 4.2.2. Causal model obtained in state 33 in a simulation with the scenario “Scenario
complete” of the model Services provided by the nitrogen cycle, LS6
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The focus of this simulation is on cattle and crop, representing agriculture, a highly dependent of
nitrogen compounds sector of the economy. Nitrogen is the most abundant component of the
atmosphere, circa 78% of the total gases. However, the mollecular N2 component is not accessible to
most of the organisms, and to none of the plants and animals. Thanks to a group of bacteria that lives
on the soil, the Nitrogen gas is captured by the N fixation process, represented by N fixation rate, that
puts a negative direct influence on the gas and a positive influence on Nitrogen concentration of the
soil. This quantity influences the Ammonia concentration via a positive proportionality so the value of
ammonia corresponds to the whole nitrogen in the soil. Ammonia infuences via a positive
proportionality the Nitrate concentration, the form that can be absorbed by the plants. The uptake is
represented in the model by the quantity Nitrate absorption rate and this compound, via metabolic
processes, is transformed in organic matter, represented by the quantity Biomass. Different nitrogen
composts can be found in plant tissues. By eating plants, animals obtain nitrogen. This relation is
shown in the model by means of the herbivory process, aggregating also metabolic process of
assimilation of nitrogen in animal biomass (Biomass nitrogen). Part of the assimilated nitrogen is lost
via the excretion process: Excretion rate introduces Organic nitrogen in the soil compartment, which is
further decomposed (Matter decomposition), and again may be transformed by denitrification process
in mollecular nitrogen, that is released into the atmosphere closing the cycle.
The simulation with the LS6 model Services provided by the Nitrogen cycle described here starts with
a scenario complete, with all the quantities included in the model (Figure 4.2.1). This simulation starts
with 15 states and the full simulation has 44 states. The behaviour path [1→ 27 → 28 → 36 → 23 →
16 → 33] can be used to illustrate the system behaviour, as shown in Figure 4.2.3.

Figure 4.2.3. Value history diagrams of selected quantities obtained in a simulation with the
scenario “Scenario complete” of the model Services provided by the nitrogen cycle, LS6.
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4.2.7. Concluding remarks about Services provided by the nitrogen cycle

Nitrogen cycle encompasses a series of chemical transformations until the molecular nitrogen free in
the atmosphere becomes accessible to plants and from there, to animals via the food web. The model
presented here captures part of this complex cycle, enough to show important mechanism such as
nitrogen fixation, nitrification, uptake by plants, herbivory, decomposition and denitrification. Further
work will provide relevant details of these processes.
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5. Conservation Biology
The topic Conservation biology is explored in three models: Farming Cerrado (section 5.1), Main
drivers of biodiversity loss (section 5.2) and Introduction of non-native species (section 5.3).

5.1. Farming Cerrado

Theme
Topic
Sub-topic
Author(s)
Models

Target users

Table 5.1.1 Metadata about the Farming Cerrado model
The Living World
Conservation Biology
Farming Cerrado
Gustavo Leite and Isabella Sá
Version(s)
Farming Cerrado LS1.hgp
Farming Cerrado LS2.hgp
Farming Cerrado LS3.hgp
Farming Cerrado LS4.hgp
Farming Cerrado LS6.hgp
Secondary school and undergraduate level students

DL v0.6.12(CM)

5.1.1. Background information
A soybean boom is sweeping across South America. Inexpensive land, availability of new crop
varieties, and government policies that favour agricultural expansion have made South America the
fastest growing agricultural area in the world. The centre of this rapid expansion is the Cerrado, a huge
area of grassland and tropical forest stretching from Bolivia and Paraguay across the centre of Brazil
almost to the Atlantic Ocean. Biologically, this rolling expanse of grasslands and tropical woodland is
the richest savanna in the world, with at least 130.000 different plant and animal species, many of
which are threatened by agricultural expansion.
In the past few decades, farmers have learned the modest application of lime and phosphorus can
quadruple yields soybeans, maize, cotton, and other valuable crops. Researchers have developed
more than 40 varieties of soybeans – mostly through conventional breeding, but some created with
molecular techniques – specially adapted for the soils and climate of the Cerrado. Until about 30 years
ago, soybeans were a relatively minor crop in Brazil. Since 1975, however, the area planted with soy
has doubled every four years, reaching more than 25 million ha in 2006. Although that´s a large are, it
represents only one-eighth of the Cerrado, more than half of which is still occupied by pasture
(Cunningham and Cunningham, 2007).
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5.1.2. Key issues and concepts


This dramatic increase in South America agriculture helps answer the question of how the
world may feed a growing human population.



Increasing demand for both soybeans and beef create land conflicts in Brazil.



The pressure for more cropland and pasture is leading cause of deforestation and habitat loss,
most of which is occurring in the ‘arc of destruction’ between the Cerrado and the Amazon
forest.



The rapid expansion and mechanization of agriculture in Brazil is destroying biodiversity and
creating social conflicts as people move into formerly pristine lands.

5.1.3. Goals and Questions to be answered by the models
The goal of this model is to represent the effect of the population growth in the Cerrado degradation,
from the crescent demand for food.
This model aims to answer the following questions:


What is the effect of the farming expansion over the deforestation?



How the increase in human population can affect the natural vegetation?

5.1.4. List of model expressions created for Farming Cerrado
The farming cerrado was modelled in five Learning Spaces, and the Table 5.1.2 contain an overview
describing what is modelled in each LS.

General
Topic
Farming
Cerrado

Table 5.1.2 List of expression models created for Farming Cerrado
Learning
Overview
Space
LS1
The main concepts involving in the agriculture exploitation of the
Cerrado are captured in this concept map. From these, it is possible
to understand the structure of the system and anticipate the
behaviour shown by the model.
LS2
The model consists of a single causal chain expressing the positive
effects of the agricultural production on increasing food production
and incrementing the economy.
LS3
Making the LS2 model more complex, the quantity Open areas is
associated to a quantity space {zero, low, medium, high} showing
during the simulation the increasing number of opened areas for
agricultural purposes.
LS4
Human population growth and the economy put pressure on natural
areas and increase the deforestation rate. Open area increases, and
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is further occupied by soy beans plantations and pastures for cattle.
These agricultural products increase income, and boost the economy.
The need for export puts pressure on the deforestation rate, closing
the feedback loop.
The same model is represented as a set of model fragments and
scenarios, from which it is possible to run simulations exploring
specific aspects of the system. The causal model obtained in LS6 is
similar to the diagram obtained in LS4.

5.1.5. Structural aspects of Farming Cerrado
The model was structured containing four entities related by the configuration as shown in Figure
5.1.3, and the description of the quantities can be accessed in Table 5.1.4:

Table 5.1.3. Entities and configurations representing the system
structure in Farming Cerrado model
Source entity
Configuration
Target entity
Cerrado
Is a
Biome
Biome
Has
Species
Species
As
Human population
Human population
Is farming
Cerrado

Table 5.1.4. Entities, quantities and quantity spaces included in Farming Cerrado model
Entities

Quantities
Agricultural production
Demand for export

Quantity
Space
Zsml
Zlmh

Remarks

The total amount of agricultural goods produced
The amount of goods exporters wish to export
The growth of the Gross Domestic Product (GDP)
Economic growth rate
Mzp
of a human population per unit of time
Measure
of
production,
distribution
and
Economy
Zlmh
aggregation of consum able goods
Human population
Represents the amount of food consumption
Feeding demand
Zlmh
required by the human population
The am ount of growth in human population per
Population growth rate
Mzp
unit of time
Revenue
Zlmh
Income from business activities
Size
Zsml
Number of persons in the population
Cattle
Zsml
Represents the size of the livestock production.
Represents the removal of vegetation cover per
Deforestation rate
Mzp
unit of time.
Grains
Zsml
Amount of soybeans produced
Cerrado
Open areas
Zsml
Deforested areas.
Pasture area
Zsml
Area used to feed the livestok.
Soybean cultivation area
Zsml
Area of soybean cultivation.
Zsml = {Zero, small, medium, large}; Zlmh = {Zero, low, medium, high}; Mzp = {Min, zero, plus}.
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5.1.6. Reusable knowledge model (LS6) in Farming Cerrado
The model built has 15 model fragments, including four entities, 14 quantities, three processes and
one scenario. The scenario is shown in Figure 5.1.1.

Figure 5.1.1. Scenario “Population growth affects feeding demand” of the model
Farming Cerrado, LS6.

The simulation starting with this scenario produces one initial and one end state, [1] and [33],
respectively, and the full simulation has 83 states. The causal model produced by the state 33 is
shown in the Figure 5.1.2.

Figure 5.1.2. Causal model obtained in state 33 in a simulation with the scenario “Population growth

affects feeding demand” of the model Farming Cerrado, LS6.

The system starts with the increasing size of the Human population due to the positive initial value of
Population growth rate; this trend propagates to Feeding demand and is further reflected on
Deforestation rate. The consequence is the increase in Open areas. The opening of new areas for
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farming allows Pasture area and Soybean cultivation area to increase food production (Cattle and
Grains). Increasing Agricultural production stimulates Economy growth rate, which causes Economy to
grow and generate Revenue for the population. Economic factors work as a driving on the Demand for
export to increase, closing the loop with the pressure for opening up new areas for increasing food
production. A relevant behaviour path to illustrate the above description is [1 → 2 → 4 → 33], shown in
Figure 5.1.3.

Figure 5.1.3. Value history diagrams of selected quantities obtained in a simulation with the scenario
“Population growth affects feeding demand” of the model Farming Cerrado, LS6.
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5.1.7. Concluding remarks about Farming Cerrado
This model provides a simplified view of the mechanism of land use change. The model demonstrates
the replacement of natural areas by agricultural land, opening new areas for food production to supply
with food a growing human population. This way, the model explains how the influences work in the
system allows a better understanding on how to control these processes. Further development of the
model could improve the representation of land use change effects on the ecosystem.
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5.2. Main drivers of biodiversity loss
Table 5.2.1 Metadata about the model Main drivers of biodiversity loss
Theme
Topic
Sub-topic
Author(s)
Models

Target users

The Living World
Conservation Biology
Main Drivers of Biodiversity Loss
Isabella Sá and Gustavo Leite
Version(s)
Biodiversity Loss LS1.hgp
Biodiversity Loss LS2.hgp
Biodiversity Loss LS3.hgp
Biodiversity Loss LS4.hgp
Biodiversity Loss LS6.hgp
Secondary school and undergraduate level students

DL v0.6.10(CM)

5.2.1. Background information

Knowing what are the factors related to the loss of biodiversity has great interest to conservation
biology. Even under stable and natural conditions, biological diversity is influenced by both ecological
and evolutionary processes and may change. Human activities have been causing extinctions and this
way changing the composition of natural communities. Such changes may have impacts on direct
exploitation for food, modifications of natural vegetation and introduce non-native species.
This model provides a representation of single principles of conservation biology: the diversity of life,
how to avoid premature extinction, how to seek the maintenance of ecological complexity and
evolution and also the meaning of teaching and learning about the value of biodiversity.

5.2.2. Key issues and concepts



The main drivers of biodiversity loss are the consequences of human activities, that threat the
maintenance of biological diversity by accelerating rates of the global climate change;



The principles of conservation biology seek to maintain the ecological health and integrity which
the biological diversity depends on;



The main processes involved in biodiversity loss are speciation, the extinction rate and the
relation of human growth rate with the velocity of landscape modification



Biodiversity loss occurs at different scales, regional and local, but it can have significant effects
on the functioning of earth systems;



Species extinction is a natural process, but changes in natural communities and ecosystems are
changing rapidly the rate of extinction and by consequence causing biodiversity loss.
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5.2.3. Goals and Questions to be answered by the model
The objective of this model is to relate species extinction and its proximate causes, for example,
habitat destruction, habitat modification, overexploitation (overhunting and overharvesting) and the
introduction of non-native species (Trombulak et al., 2004);
This way the model should be able to answer the following questions:


How can a given number of species be maintained in an ecosystem?



How do the main drivers affect the biodiversity loss? What is the greatest impact of human
activities on biodiversity?



Is there a sum effect of the main drivers of biodiversity loss?



How do conservation actions or strategies affect the extinction rate behaviour?

5.2.4. List of model expressions created for Main drivers of biodiversity loss
Table 5.2.2 List of model expressions created for Main drivers of biodiversity loss
General
Topic
Main drivers
of
biodiversity
loss

Overview

Learning
Space
LS1

The major threats to biodiversity – habitat loss and fragmentation,
pollution, introduction of non-native species and deforestation – are
organized in a concept map. The scheme shows the importance of the
biological diversity that maintains life on Earth and includes some
strategies of conservation biology.

LS2

The model represents causal relations between habitat quality, which
is affected by overexploitation, and the number of species. The driving
force is the size of the human population which may change
exploitation patterns.

LS3

The model keeps the causal structure established in previous LS, but
adds a quantity space to Number of. The simulation allows for
predictions over time, and describes the reduction of number of
species.

LS4

This LS makes it possible to see the variables changing influenced by
the elements of the causal chain. The biodiversity loss process
reduces the number of species.

LS6

The ability of ecosystems to produce biomass is intrinsically related to
the achievement of stability, and thus to resilience and resistance to
disturbances. The accumulation of biomass and nutrients leads the
system to a stable state. The main processes observed in these LS are
the influences of speciation and extinction rates over the number of
species. The number of species affects productivity, stability, the extent
of resilience, and finally the habitat quality.
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5.2.5. Structural aspects of Main drivers of biodiversity loss
The main aspects of the system which are relevant to be represented are expressed through three
entities: ‘Human population’, ‘Ecosystem’ and ‘Species’:

Table 5.2.3 Entities and configurations representing the system structure in
Main drivers of biodiversity loss model
Source entity
Configuration
Target entity
Human population
Modify
Ecosystem
Human population
Explore
Species
Ecosystem
Is composed of
Species

Table 5.2.4. Entities, quantities quantity spaces included
in Main drivers of biodiversity loss model
Entities

Quantity
Spaces

Quantities

Species

Speciation rate

Zp

Species

Extinction rate

Zp

Human population

Growth rate

Zp

Species
Ecossystem

Ecossystem

Number of
Habitat quality

Productivity

Ecossystem

Extent
resilience

Human population
Human population

Human population

Human population

Human population
Human population

Human population

Zlmh

Stability

Ecossystem

Human population

Zlmh

Zlmh
Zlmh
of

Size
Development
activity
Production
of
capital goods
Introduction of
non-native spp
Land
change

Lmh

Overexploitation
Protection
of
threatened spp

Represents the evolutionary process that allows the
appearance of new species and is in charge of the
maintenance of species diversity
Represents a sharp decrease in the number of species in a
relatively short period of time, the termination of an
evolutionary line
Represents the rate of growth of human population which is
currently in an exponential behaviour
Represents the number of species which is the indicator
‘species richness’
Represents the place or the set of environmental conditions in
which a particular species lives with healthy ecological
condition
Represents the combined status of both resilience and
resistance, dynamic fragility face to disturbs and the
robustness of an ecosystem
Represents the system’s ability to produce more biomass
Represents the ecosystem adaptive capacity, which
determines how vulnerable the system is to unexpected
disturbances

Zlmh

Represents the number of individuals in the hum an population

Zlmh

Represents the investment and establishment of activities that
allow the human population to grow

Zlmh

Represents the transformation of raw materials and natural
sources into products for human consumption

Zlmh

use

Pollution

Remarks

Zlmh

Zlmh
Zlmh

Zlmh

Represents the introduction of exotic species that can act as
invasive and competitive to the native species in their own
environment
Represents the extent of changes in natural landscape that
increase the habitat loss and fragmentation. Such changes are
imposed by human activities via agriculture, urbanization, road
construction and others
Represents the production of waste and the contamination of
natural ecosystems
Results of the excessive exploitation of biodiversity to sustain
the human population dem ands (examples: overhunting and
overharvesting)
Represents the protection from exploitation and loss of habitat
of species at risk of extinction

Zp = {Zero, Plus}; Zlmh = {Zero, Low, Medium, High}; Lmh = {Low, Medium, High}.
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5.2.6. Causal differentiation model (LS4) in Main Drivers of biodiversity loss

Dynamics starts in LS4 model with the population growth process and the causal chain propagates its
effects to the extinction process. It is possible to observe that human population influences the
environmental quality by means of the variable Overexploitation, which in turn influences Extinction
rate and the Number of species (Figure 5.2.1).

Figure 5.2.1. Causal Differentiation model (LS4) in Main drivers of biodiversity loss

The value history diagrams of the quantities obtained in a simulation with the LS4 model expression of
Main drivers of biodiversity loss can be seen in Figure 5.2.2. The selected behaviour path goes
through the states [1 → 2 → 3 → 4].
Human population Size starts in medium increasing and the quantity Overexploitation goes in the
same direction. These changes cause the Habitat quality to decrease, which in turn propagates to
Extinction rate. Decreasing habitat quality causes the Number of species to decrease faster.
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Figure 5.2.2. Value history diagrams obtained in a simulation with LS4
expression of Main drivers of biodiversity loss

5.2.7. Reusable knowledge (LS6) in Main drivers of biodiversity Loss
This model implemented in LS6 consists of 20 model fragments, which include five entities, 20
quantities and four processes. The current version has eight simulation scenarios, one of them is
shown in Figure 5.2.3.

Figura 5.2.3. Scenario “Population growth and conservation efforts” of the
model Main drivers of biodiversity loss, LS6
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A simulation starting with this scenario produces 5 initial states and 37 states in total. Figure 5.2.4
shows the causal model obtained in state 5.

Figure 5.2.4. Causal model obtained in state 25 in a simulation with the scenario “Population
growth and conservation efforts” of the Main drivers of biodiversity loss model, LS6

The focus of this simulation is to show how human activities as the exploitation for food, introduction of
non-native species and land use change are reducing the habitat quality, competing with ecosystem
positive aspects such as resilience, stability and productivity. The ecosystem properties are the main
environmental factors that affects the species patterns of exctintion and speciation.The main idea is
related to the biodiveristy use by human population and how this process pass through the
modifications in land use which are caused by human development.

5.2.8. Concluding remarks about Main drivers of biodiversity loss
Main drivers of biodiversity loss are currently the habitat loss and degradation, pollution, invasive
species and deforestation. These threats can operate in synergy and ecosystems differ from one
another on how they are affected by a given type and magnitude of human impact (Vié et al, 2009).
These differences are based on their own characteristics as their productivity. As human activities
often decrease the habitat quality, the altered system may be more susceptible to subsequent
changes. By affecting the extinction risk, the effects on biodiversity are influenced by the magnitude of
the human activities in both space and time.
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5.3. Introduction of non-native species

Table 5.3.1. Metadata about the Introduction of non-native species model
Theme
The Living World
Topic
Conservation Biology
Sub-topic
Introduction of non-native species
Version(s)
Author(s)
Gustavo Leite and Isabella Sá
Models
Biodiversity and non-native species LS1.hgp
Biodiversity and non-native species LS2.hgp
Biodiversity and non-native species LS3.hgp
Biodiversity and non-native species LS4.hgp
Biodiversity and non-native species LS6.hgp
Target users
Secondary school and undergraduate level students

DL v0.6.10(CM)

5.3.1. Background knowledge
The second biggest cause of biodiversity loss in the planet is the invasion of natural environments by
exotic species (GISP, 2005). According to the definitions adopted by the International Convention of
Biologic Diversity (CDB, 1992) in the 6th Conference of Parts (COP-6, Decision VI/23 2002), a species
is considered exotic (or introduced) when situated in a different place of its natural distribution,
because of the mediated introduction, voluntary or involuntary, by human actions.
Intentional introductions of species are motivated by many reasons that touch slightly in social,
economic and even environmental ends. In freshwater environments, attention must be paid to the
introduction of fish for breeding or fishery increment.

5.3.2. Key issues and concepts


Introduction or transference of exotic species can provoke many changes in the environment
where the species is introduced.



Most of the environmental changes occurring after the introduction is related, among others,
to depletion or even extinction of native stocks, alteration of the host habitat, competition
pressures, predation.



The occurence of invasive alien species can reduce the reproductive success of native
species and produce negative socioeconomic impacts.
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5.3.3. Goals and Questions to be answered by the models
The goal of this model is to show, in simple processes, the introduction of an exotic fish species in a
natural environment, and the effects of this commercial practice in native populations.
Accordingly, the model aims to answer the following questions:


What is the effect of the introduction of non-native species in an environment where they are
not present?



What can happen to the richness of native fishes if exotic species are continuously introduced
in a natural environment?

5.3.4. List of model expressions created for Introduction of non-native species

Table 5.3.2. List of model expressions created for
Introduction of non-native species
General
Topic
Introduction
of
nonnative
species

Learning
Space
LS1

LS2
LS3

LS4

LS6

Overview
Only the main concepts and relations, represented as configurations, are
presented in this LS, serving, thus, as a knowledge base, where the
entities and configurations are previously established.
Knowledge about positive and negative causal relations between the
number of exotic fishes in a river and the number of native species.
The same relations established in the previous LS are implemented, but
now using a the quantity space {Zero, Low, Medium, High} to the variable
Number of. Simulations predict changes over time, and represent reduction
in the number of native fishes species caused by the increase of exotic
fishes in the river.
Causal relations, inequalities and operators (+ and -) are inserted in this LS
to represent, in a more complex way, some effects of the introduction of
exotic species in natural environments, and how these changes propagate
throughout the system.
Different structures of the system are represented separately in model
fragments or combined in scenarios. All the processes considered in the
development of the topic “introduction of exotic species” are included in this
LS.
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5.3.5. Structural aspects of Introduction of non-native species

Table 5.3.3. Entities and configurations representing the system structure in
Introduction of non-native species model, LS6
Source entity
Population
Population
River
Human population
Fish population
Exotic fish
Native fish
Exotic fish

Configuration
Is a
Lives in
Is a
Affects
Lives in
Is a
Is a
Rivals

Target entity
Human population
Ecosystem
Ecosystem
Fish population
River
Fish population
Fish population
Native fish

Table 5.3.4. Entities, quantities and quantity spaces included in
Introduction of non-native species model
Entities
River

Native fish

Human Population

Quantity

Quantity
Space

Food availability

Zsml

Birth rate

Zp

Diversity
Mortality rate
Feeding demand

Zsml
Zp
Zsml

Fish introduction rate

Mzp

Fish production

Zsml

Population growth rate

Mzp

Size

Zsml

Exotic fish
Number of
Zsml
Native fish
Number of
Zsml
Zsml = {Zero, Small, Medium, Large}; Mzp = {Minus, Zero, Plus};

Remarks

Represents the amount of food available for fishes
in a river.
The number of native fish born alive per unit of
time.
Variability of native fish species.
Number of native fish dying per unit of time.
Represents the human population’s need for food .
Represents the amount of introduced fish in a lake
per unit of time.
Total production of fish in a specific area.
Represents the human population growth per unit
of time.
Number of individuals that constitute the
population.
Amount of exotic fish in a given river.
Amount of native fish in a given river.
Zp = {Zero, Plus}

5.3.6. Reusable knowledge (LS6) in Introduction of non-native species
As verified with the Nile-perch (Lates niloticus) in the Victoria Lake, in Africa, or as happened in lakes
of the southeast Brazilian with the introduction of the Tucunaré (Cichla ocellaris), of the Apaiari
(Astronotus ocellatus) and of the Red-piranha (Pygocentrus nattereri), the voluntary introduction of
species in order to develop the fishery industry has caused disastrous consequences in the endemic
fish fauna of lakes and populations from around, making more than half of the native fish species to
become extinct or threatened of extinction, and eliminating the main source of protein of neighbour
communities.
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This LS6 model consists of eight model fragments and just one scenario. The scenario represents a
‘small’ population providing regular and voluntary introduction of fishes in the river, in order to increase
its fishery production and supply the food demand of its growing population.
The scenario selected to illustrate a simulation with this model is presented in Figure 5.3.1.

Figure 5.3.1. Scenario “Exotic fish introduction affects native fish” of the
model Introduction of non-native species, LS6.

A simulation with this model produces the following behaviour graph (Figure 5.3.2) with 5 initial states,
one final state [16] and a total of 24 states.

Figure 5.3.2. Behavior graph obtained in a simulation with the scenario “Exotic fish
introduction affects native fish” of the model Introduction of non-native species, LS6
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The causal model obtained in the state 16 of this simulation is shown in Figure 5.3.3.

Figure 5.3.3. Causal model obtained in state 16 in a simulation with the scenario “Exotic fish
introduction affects native fish” of the model Introduction of non-native species, LS6.

This simulation stars with the Population growth rate with a magnitude value positive causing an
increase in the Size of Human population by a positive direct influence (I+). A relevant behavior path
produced in this simulation consists of the following states: [3 → 8 →13 → 18 → 16]. The Figure 5.3.4
shows the value history diagrams of selected quantities.
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Figure 5.3.4. Value history diagram obtained in a simulation with the Scenario “Sce01 exotic
fish introduction affects native fish” of the model Introduction of non-native species, LS6.

This influence of Human population Size is propagated throughout the system causing an increasing
in Feeding demand. Both quantities stabilize in a magnitude value medium. The initial increase in
Feeding demand stimulates the increase in Fish introduction rate in the river by a positive
proportionality (P+) in order to supply that demand. A positive value of Fish Introduction rate not only
increases the Number of Exotic fish and the Predation pressure but also reduces the Reproductive
success, the Number of Native fish and the Diversity, moreover an interesting behavior of the Fish
production is observed where its value is initially Small, increases to Medium and return to value
Small.

5.3.7. Concluding remarks about Introduction of non-native species
The dynamics of invasive species and the effects of introduction of non-native species in the
environment are emergent fields of scientific investigation, with impacts on socioeconomic aspects of
the environment. Modelling systems where non-native species were introduced contributes to the
understanding of drivers and of the magnitude of changes. The model presented here shows that
introduction of non-native species of fish in an aquatic system can initially increase fish production, but
changes in the environment may cause a great impact by reducing the richness and abundance of
species.
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6. Metapopulation

6.1. Metapopulation

Theme
Topic
Sub-topic
Author(s)
Models
Target users

Table 6.1. Metadata about the Metapopulation model
The Living World
Conservation Biology
Metapopulation
Isabella Sá
Version(s)
Metapopulation dynamics LS6.hgp
Metapopulation Source and Sink LS4.hgp
Secondary school and undergraduate level students

DL v0.6.10(CM)

6.1.1. Background information
The Metapopulation approach could be a new tool addressing the problem of species conservation
and the design of conservation units. So, it is of great importance to understand the behavior of some
populations that are organized in the landscape not as a unique group of individuals but spread in
several small fragments of population. Before the advent of metapopulation theory, scientists used to
deal only with the Island biogeography theory to explain the distribution of the species. Application of
the island biogeography theory to conservation biology suggested that a large conservation unit would
be better than several small ones. The metapopulation structure is delineated by patches of suitable
habitat for some species. According to this theory, the flux of individuals between the patches of
neighbor sub-populations is highly relevant. This structure can be observed when the spatial
distribution of populations of some species is not continuous. Individuals can grow in different habitat
units, and by means of migration, they can colonize empty patches or re-colonize patches where
previous populations had gone extinct. Extinction and colonization can be in balance and the whole
population survives. This was a new way to understand the dynamics of populations, and created a
new view on how to design conservation units (Hanski, 1999).

6.1.2. Key issues and concepts


Understanding the dynamics of metapopulations is an important requirement to address the
problems of habitat fragmentation and conservation biology tasks.



Metapopulation dynamics is related to the balance between migration, (emigration and
immigration), colonisation and extinction..



Understanding the importance of habitat quality on the dynamics of metapopulations allows for
better assessment of how human actions affect the viability of populations.



Analogies between the movement of individuals between fragments of populations in a patchy
environment and the movement of particles in aqueous solutions suggest that laws from
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physics about diffusion and osmosis can be used to model the dynamics of metapopulations
(Dodds, 2009).

6.1.3. Goals and Questions to be answered by the models
The model should provide answers to the following questions:


What are the main aspects involving the viability of a metapopulation?



How does human population influence the metapopulation structure?



How does the combined influence of the sink population decline, the source population
growth, and of the migration between populations affect the persistence of the
metapopulation?



How does the balance between extinction and colonization determine the behaviour of
metapopulations? Is it possible to reduce the effects of landscape change with conservation
efforts?

6.1.4. List of models created for Metapopulation

General Topic

Metapopulation

Table 6.1.2. List of model expressions of Metapopulation.
Overview
Learning
Space
LS1

A general overview of how deforestation, habitat loss and
fragmentation caused by human activities affect and modify natural
landscapes is captured by this concept map. It includes also the
consequences of migration between populations exploring suitable
habitat patches, and the balance between colonisation and
extinction in fragments of populations.

LS4

This osmosis-like representation explicate how works the flux of
individuals between two different communicating populations:
source and sink. The causal relations are represented by density
relations (the size and the intrinsic growth rate of the source
population) affecting the emigration of individuals to another group
of individuals. The main goal of this is to match closely with physics
laws of diffusion to explain the equilibrium involving fragments of a
metapopulation.

LS6

Landscape modification is a driving force that increases the land
use rate influence, which propagates to the habitat affecting the
quality and the number of suitable patches. The model also capture
how conservation efforts may restore areas modified by human
activities. If restoration rate is smaller than the land use rate, the
extinction rate affects fragments of a metapopulation. The main
processes observed are colonization and extinction. Both process
rates are influenced by the state of suitable patches.
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6.1.5. Structural aspects of Metapopulation

Table 6.1.2. Entities and configurations representing the system structure in
the Metapopulation model
Source entity
Configuration
Target entity
Human population
Modifies
Habitat
Metapopulation
Lives in a fragmented
Habitat
Source population
Is connected to
Sink Population
Landscape corridor
Communicates with
Source population
Landscape corridor
Communicates with
Sink Population

Table 6.1.3. Entities, quantities and quantity spaces included in the Metapopulation model
Entities

Quantities

Quantitative space

Metapopulation

Colonization rate

Zp

Metapopulation

Extinction rate

Zp

Human population

Land use rate

Zp

Human population

Environmental
restoration rate

Zp

Source population

Intrinsic growth
rate

Mzp

Sink population

Intrinsic growth
rate

Mzp

Source population
Sink population

Size
Size

zlmh
zlmh

Source population

Emigration

zlmh

Sink population

Immigration

zlmh

Landscape corridor

Migration

Mzp

Metapopulation

Fragments of
population

zlmh

Habitat

Suitable patches

zlmh

Human population

Landscape
modification

zlmh

Remarks
Represents the process where the individuals
starts a new ‘fragment of population’ in a inhabited
suitable patch
Represents the local extinction which in turn
depends on the habitat quality of the patches
Represents the rate of modification of landscape
that is imposed by human activities like agriculture,
pasture, urbanization, road construction and
others that alters the natural landscape
Represents different strategies of conservation
that lessen the magnitude of human impacts on
natural systems through elimination of external
stresses, reintroduction of native species, and
restoration of ecological processes
The rate at which the source population changes
in size if there are no density-dependent forces
regulating the population
The rate at which the sink population changes in
size if there are no density-dependent forces
regulating the population
Amount of individuals in the source population
Amount of individuals in the sink population
Flow of individuals that leave the source
population to another habitat patch
Flow of individuals that enter the sink population
coming from another habitat patch
Flow of individuals through the landscape matrix
The subpopulation units that constitute a
metapopulation (seen therefore as a set of
populations)
A patch area that has the quality and
environm ental conditions required for the fragment
of population to live
It represents the extent of changes in natural
landscape that increase the rate of habitat loss
and fragmentation
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6.1.6. Causal differentiation model (LS4) in Metapopulation (source and sink model)

The model expression of metapopulation in LS4 captures the processes of migration between a
source and a sink fragment of population. The flow of individuals happens when the size of the source
population increases, affected by the positive intrinsic growth rate. These individuals are going to
migrate to another population, known as sink population (Hanski, 1999). In the sink population, the
size starts to increase when the immigration increases, affecting its size. This process is based on the
mechanism of osmosis, that explains the source and sink behaviour taking the landscape corridor as if
it is a permeable membrane that allows individuals pass through different places depending on each
place’s ‘concentration’ (represented here by population density).

Figure 6.1.1. Causal Differentiation model (LS4) in the Metapopulation (source and sink), LS4

The value history diagrams of the quantities obtained in a simulation with the LS4 model shown in
Figure 6.1.1 can be seen in Figure 6.1.2. The selected behaviour path goes through the following
states: [1 → 8 → 15 → 20→ 35→ 46 → 38 → 39]. Due to the positive Intrinsic growth rate, Size of
source population starts increasing in the interval high; as it influences Emigration with a P+, and this
quantity in turn affects (P-) the Intrinsic growth rate, in a negative feedback loop that stabilizes the
source population (state 39). Emigration of the source population also increases the quantity Migration
in the Corridor, which in turn affects Immigration in the Sink population. Immigration propagates its
direction of change to the Intrinsic growth rate and this quantity causes the Sink population to
increase.
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Figure 6.1.2. Value history diagrams obtained in a simulation of the
Metapopulation (source and sink), LS4

6.1.7. Reusable knowledge model (LS6) in Metapopulation
A different view on the metapopulation theory is presented in the model implemented in LS6. The
model consists of seven model fragments, which include five entities, seven quantities and three
processes. The current version has five simulation scenarios, one of them is shown in Figure 6.1.3.
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Figure 6.1.3. Scenario “Environmental restoration rate is greater than land use rate” of the
Metapopulation model, LS6.

A simulation starting with this scenario produces 5 initial states and 14 states in total. Figure 6.1.4
shows the causal model obtained in state 7.

Figure 6.1.4. Causal model obtained in state 7 of the simulation with the scenario “Environmental
restoration rate is greater than land use rate” of the Metapopulation model, LS6

Four processes drive the dynamics of the system in this simulation: the balance between Land use
rate and Environmental restoration rate determines the amount of Landscape modification, which in
turn influences both the Land use rate and the amount of Suitable patches of good quality (causing
them to change in the opposite direction); Suitable patches in turn affects the balance between
Colonization rate and Extinction rate of Fragments of population in a metapopulation. If environmental
restoration is greater than the intensity of land use, then the landscape modification will decrease
continuously. This is the main point of the conservation effort. Figure 6.1.5 shows one of the possible
results, the behaviour path [5 → 6→ 13→ 7 → 11].
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Figure 5.4.5. Value history diagrams obtained in a simulation of the Model Metapopulation (LS6).

This simulation shows the best results of nature conservation. The Environmental restoration rate is
active and stable. Initially it is greater than the Land use rate and, as consequence, Landscape
modification decreases. While this quantity decreases it causes (P-) Suitable patches to increase, and
this quantity causes Colonization rate to increase and Extinction rate to decrease. These influences
provoke an unbalanced relation between these two rates, so the amount of Fragments of population
increase. A double negative feedback loop stabilizes the quantities Land use rate and Colonization
rate, so the whole system enters a dynamic equilibrium.

6.1.8. Concluding remarks about Metapopulation
To assess the consequences of habitat loss and fragmentation is complex task due to phenomena
happening at different scales and to environmental heterogeneity, for which there will never be enough
data to support rigorous empirical analyses. A general theoretical framework is needed, based on a
clear conceptual understanding of metapopulation’s behaviour. This section shows two models
addressing different aspects of such theory. First, the notion that excedent individuals in a fragment
population makes it work as a source of emigrants that may colonize other patches. If the habitat is
adequate, a fragment may host a sink population, which explains the dynamics of migratory
movements mediated by a favourable matrix between the vegetation fragments. The second model
shows the basics of human intervention in the situation: if restoration is greater than the negative
effects of land use, the protection of the metapopulation (and maybe the species) may survive. If not,
human actions can contribute for the extinction of many species. Unfortunatelly, so far, the most
common situation.
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7. Social aspects of human population growth
7.1. Metadata about the Social aspects of human population growth model
Theme
Topic
Sub-topic
Author(s)
Models

Target users

Human Population
Social aspects of Human Population growth
Social aspects of Human Population growth
Pedro Assumpção Costa e Silva
Version(s)
Social aspects of Population growth LS2.hgp
Social aspects of Population growth LS3.hgp
Social aspects of Population growth LS4.hgp
Social aspects of Population growth LS5.hgp
Social aspects of Population growth LS6.hgp
Secondary school and undergraduate level students

DL v0.6.10(CM)

7.1. Social aspects of human population growth
7.1.1. Background information
Currently, the global population is growing at a exponential rate of 1,2% a year – inferior to the 2,2%
observed in 1963. It may not seem much, but it has added 78 million people to the world population in
2005, an average increase of 214.000 people a day, or 8.900 per hour (Miller, 2007).
Historically the human population has grown slowly. However, thanks to the complex brain and the
ability to use tools, the human beings conquered new habitats in different climatic zones. The raise of
modern agriculture allowed more people to be fed by land unity. This increase in productivity allowed
the population to grow. Finally, since 200 years ago population growth has been unleashed. While the
development of antibiotics and vaccines helped to control the agents of infectious diseases, better
sanitation systems gave more healthy environments (Miller, 2007).
A number of diseases have been completely eradicated. More food, less diseases and the benefits of
concentrated energy sources (fossil fuels). These factors heavily contributed for the human population
to grow, in 200 years, many times more than in a million years.

7.1.2. Key issues and concepts


The human population size changes due to the interactions of four processes: natality,
mortality, immigration and emigration;



Relevant factors for societal development are food production and supply; technological
advancement; nutrition quality and socioeconomic improvement.



Technological advancements are intimately connected with advances in medicine, to create
tests, vaccines and to develop treatments.



Improvement in sanitation, awareness campaigns and enhancement of personal hygiene are
important social improvements, and are reflected in birth and death rates.
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7.1.3. Goals and Questions to be answered by the models
The main goal of this model is to represent basic social and economic factors affecting
population growth. Accordingly, this model should be able to answer the following question:


human

How food production, nutrition quality, medicine advancements and sanitation and personal
hygiene influence in the size of a population?

7.1.4. Model created for Human population growth

Table 7.1.2. Description of LS6 expression of the model Social aspects of human population growth.
General
Learning
Overview
Topic
Space
Social
LS6
In LS6, the model is divided in model fragments and scenarios.
aspects of
Model fragments capture interactions between society and factors
human
such as food production, food supply, social improvements, medicine
population
advancements. Simulations explore consequences of single or
growth
combined factors on human population growth

7.1.5. Structural aspects of the models about Human population growth

Table 7.1.3. Entities and configuration between related of the model Social
aspects of human population growth model
Source entity
Configuration
Target entity
Society

Is made of

Population

Table 7.1.4. Entities, quantities and quantity spaces included in the
Social aspects of human population growth model
Entities
Population
Population
Society
Society
Society
Society
Society
Society

Quantity
Death rate
Food production
Food supply
Medicine
advancement
Number of
Nutrition quality
Nutrition rate
Sanitation

Quantity spaces
Lmh
Zp
Zsmlmax
Zsmlmax
Zsmlmax
Zsmlmax
Zp
and

Zsmlmax

Remarks
Rate of death in the population.
Production of food of a society.
After being produced, the food is supplied to the society.
Advancements in medicine, consequence of the
technological advancements.
Number of individuals of a society
Quality of the food that is being distributed to the society
Rate with which the society is being fed and becoming
nourished
Advancements in sanitation quality and personal
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hygiene

Zp
Zp

Improvements in life quality of the population, mainly in
infrastructure such as education, alimentation, health,
safety, etc.
Rate with which technology progresses.

Lmh = {low, medium, high}; Zp = {zero, plus}; Zsmlmax = {zero, small, medium, large, maximum}.

Figure 7.1.1. Scenario “All influences on mortality” of the Social aspects
of human population growth model, LS6

Figure 7.1.2. Causal model obtained in state 33 in a simulation with the Scenario “All influences on
mortality” of the Social aspects of human population growth model, LS6.

The simulation produces 73 states in total. The simulation of the scenario 09 “All influences on death
rate” shows the simultaneous behaviour of all the variables of the model. The focus is on the dynamics
of population mortality, in specific the number of individuals of the population. When the quantities
Food production; Technological advancements rate; Nutrition rate and Social improvements rate are
positive, all the variables that depend on them increase, from medium to max. In consequence, the
Death rate is decreasing in the interval positive. This reflects directly in the tendency to increase the
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number of individuals of the population. When social improvements and technological advancements
are present, and the quality of the nutrition is enhanced, the Death rate tends to decrease and, if
natality does not change, the number of individuals tends to increase.

Figure 7.1.3. Value history diagram obtained in a simulation with the Scenario “All influences mortality”
of the Social aspects of human population growth model, LS6

7.1.6. Concluding remarks about Social aspects of human population growth
The rapid growth of the world population during the last one hundred years is not the result of
increasing birth rate. On the contrary, natality is decreasing. Instead, population growth reflects the
decline in the death rate, particularly in developing countries. Maternal death child mortality rate (or
under-5 mortality) and infant mortality (one year of younger) are significantly decreasing. Life
expectancy is increasing. People live longer and better lives due to the social aspects of the human
population growth.
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8. Health and environment
Put in as many sections

8.1. Dengue fever
nd

Subsection text 2 level.
Table 8.1. Metadata about the Dengue fever model
Theme
Human Population
Topic
Health and the Environment
Sub-topic
Dengue fever
Author(s)
Monica Pereira Resende
Version(s)
Models
Dengue LS6.hgp
Target users
Secondary school and undergraduate level students

DL v0.6.10(CM)

8.1.1. Background information

Dengue fever is a virotic disease of high incidence, being endemic in all continents, except Europe.
Approximately two thirds of the world population live in areas infested with vector mosquitos of
dengue, specially the Aedes aegypti (FUNASA). In Brazil, it is a serious issue of public health, due to
favourable environmental and climate conditions to the expansion of mosquitos.
Every year, mainly in the summer, increases significantly the incidence of people affected by dengue.
Transmission happens when a female mosquito bites an infected human and, after the viruses have
multiplied in its salivary glandules, the same mosquito bites a healthy person (Gubler, 1998).
There is still no effective vaccine or medicine against the dengue virus, so a possible solution is to
control the proliferation and dispersion of the vector population, the Aedes aegypti (Gubler 1998).
Three control measures are currently utilized and studied: (a) the chemical attack against the adult
mosquito or against its larvae; (b) biological control; (c) the mechanical control. Both (a) and (b)
present strong limitations, as the first causes serious pollution problems, and the second is still under
development. The third one emphasizes the prevention, and is the most used in Brazil.
Prevention requires awareness of the population, to do simple things, such as: eliminate all the
containers that accumulates water (plats, bottles, tires) in open places; keep water wells tightly closed;
change, daily, the water of animal drink containers. Those are efficient actions in the reduction and
even elimination of the risks of the disease, because dengue only propagates where there’s mosquitos
population. In 90% of the cases, the spot (thriving places) of the mosquitos is in the residences
(FUNASA).

Page 63 / 134

Project No. 231526

DynaLearn

D6.2.1

8.1.2. Key issues and concepts


Dengue is transmitted if the mosquito bites an infected human and, later, bites a healthy
person;



The most efficient control measure emphasizes the prevention, by educating people to avoid
the accumulation of still water in open areas.

8.1.3. Goals and questions to be answered by the models
This model aims at representing the mechanism of transmission and the effects of education on
reducing dengue dissemination. Accordinly, the model must be capable of answering the following
questions:


Will an appropriate educational investment increase the vigilance and fight against the
mosquitos thriving places?



If the mosquito population is decreased, will the number of cases of infected people decrease
as well?



When the preventive actions increase, does the number of infected individuals decrease?

8.1.4. List of model expressions created for Dengue fever

General Topic
Dengue fever

Table 7.1.2 List of model expressions created for Dengue fever model
Learning
Overview
Space
LS6
The model makes the representation of how investments in
educational measures can help solve public health issues.

8.1.5. Structural aspects of Dengue fever
The model captures a structure consisting by 6 entities and an agent related by configurations as
shown in Table 7.1.3 and by 11 quantities as described in Table 7.1.4.
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Table 7.1.3 Entities and configurations representing the
system structure in Dengue fever model
Source entity
Configuration
Target entity
Education (Agent)
Results in
Knowledge
Knowledge
Promote
Preventive measures
Preventive measures
Fight
Thriving places
Thriving places
Sustain
Mosquitos
Mosquitos
Transmit
Dengue
Mosquitos
Bite
People
Dengue
Infects
People

Tabela 7.1.4 Entities, quantities and quantity spaces included in Dengue fever model
Entity
People

Mosquitos

Quantity
N not infected people
N infected people
Growth rate
N eggs
N
not
infected
mosquitos

Quantity
spaces
Zsmlm
Zsmlm
Mzp
Zsmlm

Remarks

Zsmlm

Amount of mosquitos not infected by dengue virus.

N vectors

Zsmlm

Dengue

Infection rate

Mzp

Thriving places

Available
places

Preventive
measures

Effective actions

Zsmlm

Knowledge

N informed people

Zsmlm

Education (agent)

Invest
rate

Mzp

in

thriving

education

Zsmlm

Number of people not infected by the dengue virus.
Number of people infected by the dengue virus.
The variation of number of mosquitos over time.
The amount of fertilized eggs of mosquitos.

Amount of mosquitos carrying in its organism the dengue
virus.
The number of people being contaminated by dengue
virus infection (value plus) and recovering (value minus)
per time unit. Value zero indicates balance between the
two quantities.
Represent the number of sites appropriate for m osquito’s
reproduction which allow larvae survival, growth and pass
to adult form.
Represent the am ount or effectiveness of action and
behaviors by people to eliminate the available thriving
places for mosquito’s reproduction.
Represent the number of people who really knows how to
take preventive measures.
Represent the amount of investment in education per unit
of time.

Zsmlm = {Zero, small, medium, large, maximum}; Mzp ={Min, zero, plus}

8.1.6. Reusable knowledge model (LS6) in Dengue fever
This LS6 model consists of 26 model fragments, which contains 10 entities, 11 quantities and eight
assumptions, four processes and was built 23 scenarios. Here we will describe the simulation of the
scenario “Thriving places influence number of laid eggs and infected people” which is shown in Figure
8.1.1.
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Figure 8.1.1. Scenario “Thriving places influence number of laid eggs and infected
people” of the Dengue fever model, LS6.

Simulation with this scenario produces one initial state, 65 final states and 199 states in total. Figure
8.1.2 shows the causal model obtained in state 3.

Figure 8.1.2 Causal model of state 3 obtained in a simulation with the Scenario “Thriving
places influence number of laid eggs and infected people” of the Dengue fever model, LS6

This simulation gives more importance to the educational aspects to prevent and reduce the number
of infected people by dengue. The system starts with the quantity Investment in education rate with a
magnitude value plus, that has a positive direct influence (I+) on the quantity Number of informed
people. The effects of this process is propagated to the rest of the system by a positive proportionality
increasing the quantity Effective actions of preventive measures which has a negative indirect
influence on Available thriving places where the mosquitoes deposit their eggs. Reduction on this
quantity also reduces the Number of eggs of mosquitoes via a positive proportionality (P+). That
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reduction is propagated in the system reducing the Number of infected mosquitos, the Number of
vectors and by the end the Infection rate reaches magnitude value zero and stabilizes. However, while
the Infection rate has magnitude plus in states [1, 2] and its effects are twofold: it affects negatively
the Number of not infect people reducing it to value medium, and affects positively the Number of
infected people increasing it to medium. It is very important to observe that in spite of the increasing in
the Number of infected people and the reducing in the number of not infected people, both achieves a
stable derivative evidencing the role of Investment in education to inform people about preventive
measures.

Figure 8.1.3. Value history diagram obtained in a simulation with the Scenario “Thriving places
influence number of laid eggs and infected people” of the Dengue fever model, LS6.

8.1.7. Concluding remarks about Dengue fever
Dengue is a widely spread disease and as such is as serious public health issue. As there is no
vaccine, the most effective way to control it is by preventing contact with the vector mosquitos. This
model makes it clear the role of education and information to decline the infection rate with the dengue
virus. Further improvements should include details about the infection – recovery cycle, and about the
measures to control mosquito reproduction.
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9. Deforestation

9.1. Deforestation

Table 9.1. Metadata about the Deforestation model
Theme
Land and water use
Topic
Deforestation
Sub-topic
Deforestation
Version(s)
Author(s)
Gustavo Leite
Models
Deforestation LS2.hgp
Deforestation LS3.hgp
Deforestation LS4.hgp
Deforestation LS6.hgp
Target users
Secondary school and undergraduate level students

DL v0.6.10(CM)

9.1.1. Background information
Deforestation is the process of removing trees and changing the land into open areas, often used for
urbanization or agriculture purposes.
Once an open territory is made available to recolonisation, unbalanced condition of the energy use
community will favour biomass production because photosynthesis will be greater than consumption,
that is, the net production is positive because production is greater than maintenance (Odum and
Pinkerton, 1955). Increase of total biomass continues during the succession until a stabilized condition
is reached, in which a maximum of biomass and symbiotic functions between organisms is maintained
by the available energy flux (Odum and Barret 2007).
Understanding the conditions for the vegetation to recover itself requires three concepts: resilience,
resistence and stability. A resilient community is the one that quickly comes back to a previous (stable)
situation of its original structure after a disturbance. If however, the disturbance is serious enough to
overcome the resilience capacity, the system is no longer able to come back to a stable situation. A
resistant community is the one that has a relatively small change in its structure due to a disturbance.
Of course, if the disturbance is stronger than the resistance, the system cannot come back to the
previous situation quickly.
Most of the mathematical models on these topics suggest that the complexity of a community makes it
unstable and certainly the connection between complexity and stability is necessary. Unstable
communities can persist when experience environmental conditions reveling its instability. However, in
a predictable and stable environment a dynamically fragile community can persist. In consequence we
can expect: (1) fragile and complex communities can persist in stable and predictable environments,
and (2) strong and simple communities can persist even in unpredictable and variable environments
(Townsend et al. 2006).
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9.1.2. Key issues and concepts


The growth rate of vegetation cover can be expressed by the balance between production rate
and deforestation rate.



Deforestation is the main drive to reduce the area covered by a forest. However, under
specific conditions, the vegetation can recover itself from the disturbance and become stable
again.



The presence of a vegetal cover is important for the maintenance of environmental stability.
Such stability in ecosystem processes allows for the existence of a vegetation cover. IN order
to keep the stability, the community must be resilient and resistance to the disturbances.

9.1.3. Goals and Questions to be answered by the models
The goal of this model is to show the effects of non sustainable exploration of wood on the
environmental balance and degradation, and to demonstrate how the natural resilience works.
This way, the model aims to answer the following questions:


What is the effect of the non sustainable exploration of the vegetation in natural
environments?



How does a system behave after being exposed to a perturbation?



How can a sustainable exploration activity contribute to the system stability?

9.1.4. List of model expressions created for Deforestation

General
Topic

Table 9.1.2. List of model expressions created for Deforestation
Learning
Overview
Space
LS2
While representing deforestation in natural areas, the model demonstrates,
based on casual knowledge, how the reduction in the number of trees
affects the balance of the whole system.
LS3
In this model the effects of increasing deforestation are better represented
by means of adding to the previous model of a quantity space {Zero, Low,
Medium, High} associated to Environmental damage.
LS4
From the knowledge captured in previous LS, this model represents the
basic concepts of vegetation cover, deforestation rate, environmental
damage, biomass production, environmental stability.
LS6
In this model, similar to LS4 in contents, the representation of the system
structure is modified; processes are separated in model fragments and
different scenarios explore the dynamics under changing conditions the
system is exposed to.
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9.1.5. Structural aspects of Deforestation
The structure of the system captured by the model is consisted by two entities (Human populations
and Vegetation) and five quantities as described in Table 8.1.4. The Table 8.1.3 shows the
configurations between entities in the Learning Space 6.

Table 9.1.3. Entities and configurations representing the system structure
in Deforestation model, LS6
Source entity
Configuration
Target entity
Human population
Affects
Vegetation

Tabela 9.1.4. Entities, quantities and quantity spaces included in Deforestation model
Entities

Human
population

Vegetation

Quantity

Quantity Space

Environmental
damage

Zsml

Deforestation rate

Mzp

Vegetation cover
Environmental
stability

Zsmlm

Production rate

Zp

Zpm

Remarks
Represents the environment deterioration
by the depletion of resources and
destruction of natural ecosystems.
Destruction or substitution of a natural
vegetation by the human population per
unit of time.
Size of the preserved natural vegetation.
Represents the equilibrium in the energy
budget of the plant community.
Represents the natural recovery of the
vegetation.

Zsml = {Zero, Small, Medium, Large}; Mzp = {Minus, Zero, Plus}; Zsmlm = {Zero, Small, Medium,
Large, Max}; Zp = {Zero, Plus}

9.1.6. Reusable knowledge model (LS6) in Deforestation
The LS6 model consists of four model fragments, which include two entities, five quantities and one
process. The current version has three simulation scenarios. Scenario “Reducing deforestation” is
shown in Figure 9.1.1.
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Figure 9.1.1. Scenario “Reducing deforestation” of the Deforestation model, LS6.

Scenario “Reducing deforestation” produces a simulation with one initial state, three final states and a
total of six states and three possible paths (Figure 9.1.2.).

Figure 9.1.2. Behavior graph obtained in a simulation with the scenario “Reducing
deforestation” of the Deforestation model, LS6

Figure 9.1.3 shows the causal model obtained in state 6 of the simulation starting in the scenario
shown in Figure 9.1.1 and the value history diagrams of all the quantities in a selected behaviour path
are shown in Figure 9.1.4.
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Figure 9.1.3. Causal model obtained in state 6 in a simulation with the scenario “Reducing
deforestation” of the Deforestation model, LS6

Figure 9.1.4. Value history diagrams obtained in a simulation with the
scenario of the Model Deforestation, LS6.

The simulation starts with Deforestation rate and Production rate with the same magnitude value (plus)
and unknown derivative (<plus,?>). The behaviour path [1 → 4 → 5 → 6] can illustrate the system
behaviour as shown in the value history diagram obtained in the Figure 9.1.4. Deforestation rate
initially positive represents the constant extraction of the vegetal cover. In this scenario, Deforestation
rate is smaller than Production rate indicating natural recuperation of the vegetation. The simulation,
as expected, shows the increasing Vegetation cover from the positive energetic balance resulting from
the resilience and the tendency to re-establish equilibrium and, therefore, the system stability. In fact,
states [2, 3, 6] (see Figure 9.1.2) represent stable states, being the state 6 the one in which stability
occurs with larger vegetation cover.
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9.1.7. Concluding remarks about Deforestation
Deforestation causes damage to the vegetation, if it goes above the community resistance. But the
community may recover by itself if its resilience capacity is unharmed. Vegetation growth brings the
community to a stable condition, and this condition is also related to its complexity. This model shows
that as soon as stability can be reached, the production process tends to stabilize as well in a loop that
stops vegetation cover to increase. Further development of this model could better explore the
concepts of resilience, resistance, stability and complexity.
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10. Erosion

10.1. Erosion

Table 10.1.1. Metadata about the Erosion model
Theme
Topic
Sub-topic
Author(s)
Models

Target users

Land and water use
Erosion
Erosion
Pedro Assumpção Costa e Silva
Version(s)
Erosion LS2.hgp
Erosion LS3.hgp
Erosion LS4.hgp
Erosion LS6.hgp
Secondary school and undergraduate level students

DL v0.6.10(CM)

10.1.1. Background information
Degradation of the land occurs when natural or induced by human processes decrease the land
capacity of supporting agriculture, cattle breeding or the wild species. A type of land or soil
degradation is the soil erosion: the movement of the soil components, especially the garbage of the
surface and the superficial soil, from one place to another.
In general, given similar vegetation and ecosystems, areas with high-intensity precipitation, more
frequent rainfall, more wind, or more storms are expected to have more erosion. The soil – mainly the
superficial – is classified as renewable source because the natural processes can regenerate it. If the
superficial soil erodes quicker than its generation, it will soon become a non-renewable resource
source (Miller, 2007)

10.1.2. Key issues and concepts


The two main erosion agents are streaming water and wind. Streaming water is the one that
causes the majority of the erosion processes.



Some erosion occurs naturally, but most of the erosion in nowadays caused by human
actions.



In an ecosystem with pristine vegetation, the plant’s roots help to firm the soil, therefore
preventing erosion.
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The soil becomes more vulnerable to erosion due to human activities – for example, intensive
agriculture, flooding, constructions, excessive pasture, off-road vehicle use and vegetation
burning to destroy the plant cover.



Severe erosion caused by water occurs when rushing streams gather and in each sequential
precipitation they increase and deepen the channels, until they are transformed in valleys or
gutters.

10.1.3. Goals and Questions to be answered by the models
The main goals of the model are to represent the process of erosion and the effects of precipitation
and of wind on the vegetation cover. These processes cause a loss, or removal, of the vegetation
cover, leading to the erosion process to appear.
The model aims to answer the following questions:


How do precipitation and wind influence the removal of the vegetation cover?



How the alterations in the presence of the vegetation cover influences in the appearance and
behaviour of the erosion process?



What are the probable consequences to the environment of the erosion process?

10.1.4. List of model expressions created for Erosion

General
Topic
Erosion

Table 10.1.2. List of model expressions created for Erosion
Learning Space
Overview
LS2

LS3

LS4

LS6

Represents the soil loss due to the actions of rain, wind, inadequate
land use and bad utilization of agricultural techniques, causing loss of
soil fertility, eutrophication of aquatic environments and biodiversity
loss.
In this LS, the quantity space Zsml {Zero, Small, Medium, Large} are
added to the quantities Eutrophication, Degradation and Death of fauna
and flora. This way, predictions of time and behavior changes are
supported by this model.
All the variables are represented with their respective quantity space,
and causal relations include both direct influences and
proportionalities. This way, there can be shown the propagations of the
variations in the system.
The model represents all the ideas included in LS4, but now they are
organized in model fragments. Various situations related to the erosion
process are represented in scenarios.
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10.1.5. Structural aspects of Erosion

Table 10.1.3. Entities and configurations representing the
system structure in Erosion model
Source entity
Configuration
Target entity
Soil
Is part of
Agricultural land
Ground
Is part of
Soil
Atmosphere
Interacts with
Soil

Table 10.1.4. Entities, quantities, quantity spaces included in the Erosion model
Entities

Atmosphere

Ground

Soil

Quantity
Precipitation rate
Rain

Quantity spaces
Zp
Zsmlm

Wind rate

Zp

Wind

Zsmlm

Removal of vegetation cover

Zsmlm

Removal of vegetation cover
rate

Zp

Erosion

Zsmlm

Degradation rate

Zp

Degradation

Zsmlm

land Agricultural

Remarks
The rate of precipitation in the atmosphere
Amount of rain that reaches the soil
The amoung of kinetic energy transferred by
the wind per time unit
Amount of wind that interacts with soil
Amount of actual vegetation that is lost or
removed from the soil
Amount of removed vegetation per unit of
time
The result of the erosion process, measured
as the amount of soil transferred to other
places
Rate of degradation of the soil in general,
especially the land used for agricultural
purpose.
Part of the land that is used for human
production, economically explored, but in
bad conditions.

Zp = {Zero, plus}; Zsmlm = {Zero, small, medium, large, max}

10.1.6. Reusable knowledge model (LS6) in Erosion
The LS6 model consists of 17 model fragments, which include four entities, 10 quantities and eight
processes. The current version has 14 simulation scenarios and the scenario “All the influences on
erosion” is shown in Figure 10.1.1
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Figure 10.1.1. Scenario “All the influences on erosion” of the Erosion model, LS6

A simulation starting with the scenario “All influences on erosion” produces 3 initial states. Figure
10.1.3 shows the causal model obtained in state 1.

Figure 10.1.3. Causal model obtained in state 1 of a simulation with the scenario “All
influences on erosion” of the Erosion model, LS6

Vegetation removal reduces Removal vegetation cover wich propagates this effect to Erosion.
Increasing of this quantity is boosted by the effects of Wind and Rain, that act in the same direction.
Erosion influences the Degradation rate causing it to increase, leading to the increase of Degradation
of agricultural land. An example of bahaviour path is presented in Figure 10.1.4.
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Figura 10.1.4. Value history diagrams obtained in a simulation with the scenario “All influences
on erosion” of the Erosion model, LS6

The simulation described in Figure 10.1.4 produces a relevant behavior path consisting of the states [1
→ 4 → 193 → 347 → 377 → 376]. This simulation starts with Degradation rate and Precipitation rate
with magnitude value plus. Removal of vegetation cover starts increasing and stabilizes in state 4 with
value medium. However, both Wind and Rain cause Erosion to increase. This quantity influences
Degradation rate, which in turn was decreasing, stabilized in state 347 and started increasing up to the
end of the simulation. However, as this rate has value plus, it causes Degradation to increase all the
way, so this quantity reaches the value maximum in state 347.

10.1.7. Concluding remarks about Erosion
Soil is an important element for ecosystem functioning, providing support for not only vegetation cover,
but also for the cycling of most of the elements needed for the life system. Erosion is a natural process
and as such, it is part of the dynamics of communities and ecosystems, but when accelerated by
human activities as deforestation, erosion causes serious environmental damages. The model can be
a tool for predicting and understanding the mechanisms that operate due to erosion. This approach
may be of some use to interrupt degradation and maybe tofix the damage already done.
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11. Sustainable sources and use of energy (wind)
Energy is essential for socioeconomic development and economic growth. Renewable energy sources
as wind and biomass have been historically used and can help in reducing the dependence on fossil
fuels. Worldwide energy supply insecurity, high oil prices and increasing levels of greenhouse gases
(GHG) emission have prompted researchers to look for alternative energy sources to replace existing
non-renewable energy sources such as fossil fuels (Lee et al. 2010). This Deliverable presents models
on two kinds of renewable sources of energy: Wind power (section 11.1) and Biofuel (section 11.2).

11.1. Wind power

Table 11.1.1. Metadata about the Wind power model
Theme
Topic
Sub-topic

Energy Resources and Consumption

Author(s)
Models

Adriano Souza
Version(s)
Wind power LS1.hgp
Wind power LS2.hgp
Wind power LS3.hgp
Wind power LS4.hgp
Secondary school and undergraduate level students

Target users

Sustainable sources and use of energy (wind)
Sustainable sources and use of energy (wind)
DL v0.6.12(CM)

11.1.1. Background information
Wind is an indirect form of solar energy and is always being replenished by the sun. Wind energy has
emerged as a leading prospect, in part, because it is considered by many to be environmentally
sustainable (Welch and Venkateswaran, 2009).
Wind is caused by differential heating of the earth’s surface by the sun (Herbert et al., 2007). For
example, considering the coastal region during the day, it is easy to observe that the land absorbs
more heat than the sea water. Land’s temperature becomes higher than the water’s. As the heat
dissipates to the atmosphere, the air above land also becomes hotter and less dense. This way the air
pressure over the land becomes smaller than it is over the sea. Given that the wind flows from regions
with higher air pressure to regions with lower pressure, the result is that during the day the wind flows
from the sea into the land.

During the night the situation is the opposite, as the land loses heat faster than water, making the land
temperature colder than the water temperature. This way the atmosphere above the land is denser
than sea’s and atmospheric pressure over the land becomes higher than the sea creating an air flow
from the land to the sea. Therefore the wind flows from the land into the sea during the night.
Fishermen with wind dirve boats leave to the sea early morning, and comes back in the afternoon.
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Wind has a number of advantages over most other energy sources. Wind farms require much less
effort and time for planning and building than fossil fuel or nuclear power plants. Wind generators are
modular (more turbines can be added if needed) and they have no fuel costs or air emissions.
Because the wind is free, clean and renewable it constitutes the ultimate choice in energy
independence (Cunningham and Cunningham, 2007).

11.1.2. Key issues and concepts


Sun is the primary source of energy whose radiation reaches unevenly the earth's
atmosphere.



An important mechanism that produces a very frequent air movement occurs along the
shoreline of continents and islands caused by the difference in specific heat of the earth and
sea water.



Sea water has a higher specific heat than the earth, ie the amount of energy required to raise
the water temperature is greater than the energy required to increase the soil temperature.



The atmospheric air pressure difference causes wind movement (air flow) from regions of
higher pressure into regions of lower pressure. This way the wind mainly flows from the land
into the sea during the night or from sea into the land during the day.



Part of the kinetic energy of wind (wind power) can be transformed into rotational mechanical
energy using wind turbines, which in turn convert this mechanical energy into electrical
energy.

11.1.3. Goals and Questions to be answered by the models
The main objective of this model is to represent the process of obtaining electric power using wind
energy as a renewable source, namely the kinetic energy contained in wind, showing how this form of
energy production is sustainable.
This model aims to answer the following questions:


How the conversion of energy from the sun in wind power is performed?



How air movement is produced?



How kinetic energy of the wind is transformed into electric energy in the wind plant?
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11.1.4. List of model expressions created for Wind power
Table 11.1.2 List of model expressions created for Wind power
Topic
Wind power

Learning
Space
LS1

LS2

LS3

LS4

Overview
A concept map shows a general mechanism of wind formation on the Earth
surface, and the conversion of wind energy in various forms until electricity for
human use.
This model shows a simple causal relationship between key elements that
participate in the wind formation at the surface of the Earth, where energy is
generated, and how mechanic energy is converted into electricity used in
human activities.
The model shows how the variables influence each other to initially produce an
air pressure difference causing air movement (wind) that in turn drives turbines
producing electricity that supply industry and domestic needs.
Details about the role of sun and Earth atmosphere on wind formation mainly in
coastal areas are shown in this model, that also addresses the production of
electric energy and its potential to meet the needs of energy consumption for
human activities.

11.1.5. Structural aspects of Wind power
Table 11.1.3. Entities and configurations representing the system
structure in Wind power model
Source entity
Configuration
Target entity
Sun
Incides on
Atmosphere
Atmosphere
Cover
Land
Atmosphere
Cover
Sea
Atmosphere
Affect
Wind turbine
Human activity
Build
Wind turbine

Tabela 11.1.4. Entities, quantities and quantity spaces included in Wind power model
Entity
Sun
Atmosphere
Land
Sea

Wind
turbine

Human
activity

Quantity
Solar radiation
Air flow
Kinetic energy
Temp atm surf
Press atm surf
Temp atm surf
Press atm surf

Quantity
spaces
Zp
Zp
Zlmh
Lmh
Lmh
Lmh
Lmh

Rotation speed

Zlmh

Energy production

Zlmh

Energy supply

Mzp

Energy consumption

Zlmh

Remarks
Amount of solar energy reaching the Earth surface.
Represents the wind, the air in movem ent.
Amount of energy present in wind.
Temperature of air on land surface.
Pressure of atmosphere on land surface.
Temperature of air on sea surface.
Pressure of atmosphere on sea surface.
Rotation velocity of wind blades is determined by wind velocity
and the blade’s aerodynamics.
Represents the amount of electric energy produced by the wind
generator, determined by rotation speed, and can be m easured
in MegaWatts (MW).
The capacity of energetic support, determined by the total of
energy production minus energy consumption.
Amount of energy used in human activities.

Zp = {Zero, Plus}; Zzlmh = {Zero, Low, Medium, High}; Lmh = {Low; Medium; High}; Mzp = {Min; Zero; Plus}.
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11.1.6. Causal differentiation model (LS4) in Wind power
The LS4 expression of the model Wind power captures two main processes, both represented as
positive direct influences (I+) (Figure 11.1.1). The first process is represented by the quantity Solar
radiation as the ultimate source of energy which increases the temperature of atmosphere. The
second is represented by the quantity Air flow which influences Kinetic energy.

Figure 11.1.1. Causal differentiation model (LS4) in Wind power.

A simulation with this LS4 model starts with Solar radiation with a magnitude value plus and derivative
stable (<plus, 0>). During the day the air temperature on land surface starts with magnitude value high
and the air temperature on the sea surface starts with value low. The simulation produces three initial
states, three final states and 84 states in total. A relevant behavior path consists of the states [1 → 4
→ 12 → 33 → 55 → 28] and the system behavior is described by the quantity value history diagrams
shown in Figure 11.1.2.
The system shows different air temperature and pressure for the land surface and the sea surface.
This difference is required to put the air in movement and to create the air flow. In this path a positive
value of air flow represents a rate amount of air put in movement. That process increases de amount
of Kinetic energy by a positive direct influence (I+). Changes in Kinetic energy propagate in the
system and are captured by Wind turbine through the rotation of the blades. Increase in Kinetic energy
also increases the Rotation speed of the blades by a positive proportionality (P+). So the rotation of
blades in the Wind turbine can increase Energy production providing electricity supply which is
represented by the balance between Energy production and Energy consumption by human activities.
In this path the Energy supply increases from a negative value passing by the value zero, what means
that Energy production has the same magnitude as Energy consumption, and so reaches a positive
value, where the Energy production exceed the Energy consumption (Figure 11.1.2).
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Figure 11.1.2. Value history diagrams obtained in a simulation with the Model Wind power, LS4.

11.1.7. Concluding remarks about Wind power
The model shows in the simple way how energy can be produced from a renewable source and the
potential of this kind of source to supply most of the energy demand that we have today and possibly
in the future. The model is an easy way to understand and to be used to teach issues as energy
conversion, types of useful energy and the process of wind formation in atmosphere. Further work can
be done to improve the relationship between the variables, to add other important variables and so to
produce a qualitative tool for Life Cycle Assessment of the energy production by Wind power.
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12. Sustainable sources and use of energy (biomass)

12.1. Biofuel

Theme
Topic
Sub-topic
Author(s)
Models

Target users

Table 12.1.1 Metadata about the Biofuel model
Energy Resources and Consumption
Sustainable sources and use of energy (biomass)
Sustainable sources and use of energy (biomass)
Gustavo Leite
Version(s)
Biofuel LS2.hgp
Biofuel LS3.hgp
Biofuel LS4.hgp
Secondary school and undergraduate students

DL v0.6.10(CM)

12.1.1. Background information
There is an increasing interest in alternative energy sources, mainly in those that contribute to
decrease the emissions of CO2, characteristic of traditional fossil energy sources. An option is to use
biofuel (also biological fuel) as wood, vegetal coal, bio-ethanol, “dendê” oil and biodiesel produced by
the etherification of vegetal oils. Methanol and ethanol are seen today as probably the most viable
alternatives (Silva e Serra, 1978; Macedo, 1998).
In many countries, for example Brazil, non-renewable sources of energy, as oil, are being replaced by
renewable sources, such as vegetal biomass. Great extensions of agricultural areas are now being
transformed into ‘energetic forests’, increasing the capacity of production of biofuel. Considering the
vegetal assimilation of carbon dioxide from the atmosphere, and the release of this same compound
when fuel is burned, it is possible to have a balance between the two processes, resulting in energy
being generated and used without additional release of carbon dioxide to the atmosphere.

12.1.2. Key issues and concepts



The increasing necessity to reduce the levels of CO2 in the atmosphere makes it important to
find out viable alternatives to energy production.



An advantage of the use of biofuel is that during the process of plant biomass production,
photosynthesis requires the absorption of carbon dioxide from the atmosphere.
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12.1.3. Goals and Questions to be answered by the model
In this model, the goal is to show how the production and utilization of fuel derived from vegetal
biomass, as the ethanol or the biodiesel, can be a sustainable way of using natural resources without
polluting the environment.
This model, therefore, must be capable of answering the following questions:


How is biofuel produced?



What are the advantages of producing and using biofuel when compared to non-renewable
sources of energy?

12.1.4. List of model expressions created for Biofuel

General Topic
Energy from
biomass

Table 12.1.2. List of model expressions created for Biofuel
Learning
Overview
Space
LS2
This model represents how the production of biofuels is an
alternative less pollutant to the atmosphere.
LS3
The model shows an increase of the fuel use and the reduction of
gas emission to the atmosphere from the absorption by the plant
metabolism
LS4

The use of biofuel is represented as a viable alternative, regarding
gas emission. From the absorption of the atmospheric CO2 by
photosynthesis process, plants assimilate the carbon, transform it in
vegetal biomass, that will be further transformed into fuel, process
where the carbon emission is neutralized.

12.1.5. Structural aspects of the models about Biofuel
Table 12.1.3. Entities and configurations representing the system
structure in Biofuel model
Source entity
Configuration
Target entity
Human activity

Produces

Biofuel

Biofuel

Affects

Atmosphere

Biofuel

Extracted from

Crop
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There are eight quantities in the expressions LS3 and LS4 of Biofuel model. Table 12.1.4 shows a
short description of the quantities including the entities to which they belong to and their quantity
space.
Table 12.1.4. Entities, quantities and quantity spaces included in Biofuel model
Entities
Crop

Biofuel

Atmosphere

Quantity

Quantity Space

Growth rate

Mzp

Biomass

Zlahm

Raw material

Zlahm

Production rate
Produced fuel

Zp
Zlahm

Carbon dioxide

P

Carbon dioxide release

Zp

Use of biofuel

Zlahm

Human activity

Remarks
The growth of a agricultural production per
time unit
Total mass produced by plants
Represents the amount of plant material that
can be used to produce biofuel.
Amount of biofuel produced by unit of time.
Represents the total amount of fuel produced.
Represents the CO2 present in the
atmosphere.
Amount of CO2 released into the atmosphere
by human activities per unit of time.
Represents the total amount of fuel used in
human activities.

P = {Plus}; Zlahm = {Zero, Low, Average, High, Max}; Mzp = {Minus, Zero, Plus}; Zp = {Zero, Plus}

12.1.6. Causal differentiation model (LS4) in Biofuel
The system represented in LS4 expresses three important processes. First, Growth rate of Crop is
responsible for reducing the concentration of Carbon dioxide in the atmosphere by increasing the crop
Biomass. Biomass can be used as Raw material in the process biofuel production. The Produced fuel
is used in human activities, which in turn is captured as Carbon dioxide released to the atmosphere.
The LS4 expression is shown in Figure 12.1.1.

Figure 12.1.1. Causal differentiation model (LS4) in Biofuel.

A simulation with the LS4 expression of model Biofuel starts with Growth rate magnitude value plus
and unknown derivative (<plus, ?>). Similarly, Carbon dioxide release and Production rate of biofuel
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start with qualitative values <plus, ?>. The possible behaviour paths produced by the simulation are
shown in Figure 11.1.2. A relevant behavior produced in this simulation consists of the states [1 → 2
→ 3], as shown in Figure 12.1.3.

Figure 12.1.2. Behaviour graph obtained in a simulation with
expression LS4 of the Biofuel model.

A relevant behavior produced in this simulation consists of the states [1 → 2 → 3], as shown in Figure
12.1.3.

Figure 12.1.3. Value history diagrams obtained in a simulation with expression LS4 of the Biofuel
model showing all the quantities.

In this behaviour path Biomass increases due to a positive direct influence (I+) of Growth rate. With
increasing amount of biomass available the quantity Raw material increases in a correspondent way.
The Production rate of biofuel is stimulated via a positive proportionality (P+) and also increases.
Production rate puts a positive direct influence (I+) on the quantity of Produced fuel causing it to
increase. This quantity in turn causes an increase in the Use of biofuel in human activities. This
quantity causes Carbon dioxide release to increase via a positive proportionality (P+). The balance
between crop Growth rate and Carbon dioxide release makes, in principle, the amount of Carbon
dioxide in the atmosphere to increase, decrease or stabilize. It is assumed here (using an equality
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relation) that the human activities, as the main factor of increase in the amount of atmospheric carbon
dioxide, balance the crop assimilation of carbon while producing biomass. This way the final result is
stability of the concentration of Carbon dioxide in the atmosphere (qualitative value equals <plus,
zero>).

12.1.7. Concluding remarks about Biofuel model
Using biomass as an energy source is an important alternative to be considered in face of the current
increase of carbon dioxide emissions due to human activities and the severity of the greenhouse
effects. Although biomass production in agriculture may represent a small portion of the total balance
between carbon dioxide release and assimilation at a global scale, it is important to make part of
human activities sustainable, if not decreasing, at least compensating carbon emissions due to fuel
use. This renewable source of energy could be a viable and sustainable solution, and in some cases,
it represents independence from fossil fuel.
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13. Soil pollution

13.1. Soil contamination

Table 13.1.1. Metadata about the model Soil contamination.
Theme
Topic
Sub-topic
Author(s)
Models

Pollution
Soil pollution
Soil contamination
Pedro Assumpção Costa e Silva
Version(s)
Soil contamination LS6.hgp
Secondary school and undergraduate level students

Target users

DL v0.6.10(CM)

13.1.1. Background information
rd

Subsection text 3 level. Soil contamination or soil pollution occurs when xenobiotic (human-made)
chemicals or other alterations in the natural soil environment are present. This type of contamination is
typically caused by the rupture of underground storage tanks, application of pesticides, percolation of
contaminated surface water to subsurface strata, oil and fuel dumping, leaching of wastes from
landfills or direct discharge of industrial wastes to the soil. Concern over soil contamination stems
primarily from health risks, from direct contact with the contaminated soil, vapour from the
contaminants, and from secondary contamination of water supplies within and underlying the soil (U.S.
Environmental Protection Agency). Soil pollution has been called the “invisible pollution.” While other
forms of pollution have obvious warning signs – visible contamination of a river, for example, or an
airborne stench – soil pollution is easier to miss. Soil pollution also damages ecosystems and
ultimately threatens their safety (Qi, 2007).
Many heavy metals exist in minute amounts in natural agricultural soil. However, when their amounts
exceed a certain level due to pollutants brought from outside, soil contamination occurs and
agricultural products become contaminated. There have been many cases in Japan of heavy metal
contamination originating from old mines and smelters, and soil contamination of agricultural land has
become a social issue (Arao et al., 2010).
Natural resource management practices that conserve soil and water also help to maintain surface
and groundwater quality. Changes in soil and water quality, as impacted by natural resource
management practices, need to be monitored and assessed on a continuing basis as the outcome of
such research offers valuable opportunity for the implementation of corrective management practices,
as and when needed (Sahrawat et al., 2010).
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13.1.2. Background information



Leaching of wastes in the ground affect it drastically, contaminating the soil;



Contaminated soil will undoubtedly affect the soil community, whether flora or fauna, modifying
the dynamics of the ecosystem;



Contaminated or polluted soil directly affects human health through direct contact with soil or
via inhalation of soil contaminants which have vaporized.

13.1.3. Goals and Questions to be answered by the models
This model aims to represent in simple processes how the soil contamination with agricultural products
may contribute to the extinction of sensitive species in soil community.
Accordingly, the model aims to answer the following question:


How the leaching of waste influences in the contamination rates of the soil?



What are the relations between soil contamination and the species extinction?



What are the consequences of the leaching of waste in species dynamics?

13.1.4. List of model expressions created for Soil contamination

The Soil contamination was modelled just in the Learning Space 6, and the Table 13.1.2 contain an
overview describing what is modelled that Learning Space.

Table 13.1.2. List of model expressions created for Soil contamination
General Topic
Learning
Overview
Space
Soil
LS6
This LS6 represents, from model fragments and scenarios,
contamination
how agroindustrial activities or the inadequate handling of
garbage can directly affect the soil, provoking its
contamination, and bringing negative consequences to the
local fauna, such as avian mortality.
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13.1.5. Structural aspects of Soil contamination
The model was structured around three entities related by the configuration as shown in Table 13.1.2.,
and the description of the quantities can be accessed in Table 13.1.3:

Table 13.1.3. Entities and configurations representing the
system structure in Soil contamination
Source entity
Configuration
Target entity
Agro industry
Explores
Soil
Soil
Contains food for the
Soil community

Table 13.1.4. Entities, quantities and quantity spaces included in Soil contamination model.
Quantity
Entities
Quantity
Remarks
space
Leaching of wastes
The amount of waste disposed by the
Zsmlmax
agroindustry.
Agro Industry
Leaching of wastes rate
The rate with which waste are
Zp
introduced in the environment.
Contamination
Zsmlmax
The contamination of the soil itself.
Soil
Contamination rate
The rate with which the soil is
Zp
contaminated.
Species extinction
The process of species extinction by the
Zsmlmax
mortality of individuals to the point that
the population no longer can recover
Soil Community
Species extinction rate
The rate of species extinction of vegetal,
Zp
animal, and microrganisms
Zp = {Zero, plus} Zsmbmax = {Zero, small, medium, large, maximum}

13.1.6. Reusable knowledge model (LS6) in Soil contamination
Simulation with the scenario “Leaching of waste causes species extinction” produces a total of 82
states. This simulation shows the states and possibilities of behaviour of the situation when an
agroindustry release waste in the soil. This will undoubtedly contaminate the soil, bringing
consequences to the living beings (soil community) that inhabit the soil, as the leaching process
distribute the contaminants to a large area.
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Figure 13.1.1. Scenario “Leaching of waste causes species extinction” of the Soil
contamination model, LS6.

Figure 13.1.2 shows the causal model obtained in a simulation starting with the scenario shown in
Figure 13.1.1.

Figure 12.1.2. Causal model obtained in state 14 in a simulation with the scenario “Leaching of
wastes causes species extinction” of the Soil contamination model, LS6.

The causal model starts with the Leaching of wastes rate influencing directly the amount and
constancy with waste is disposed in the soil. Waste disposed in soil will positively influence the
Contamination rate of the soil. As the contamination process becomes active, Contamination starts
increasing the quantity Species extinction rate. This process will also become active, leading ultimately
to Species extinction as a consequence of soil contamination. Figure 12.1.3 shows the values of the
quantities in a relevant behaviour path.
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Figure 13.1.3. Value history diagram obtained in a simulation with the Scenario
“Leaching of wastes causes species extinction” of the Soil contamination model, LS6.

The behaviour path [1 → 4 → 6 → 28 → 41] is a good example to show what happens in the
simulation. The rate of waste disposal in the soil is positive, making the amount of waste disposed in
the soil to increase from small to max. This makes the soil contamination to grow, changing from zero
and until the value max. As a consequence, the soil community will suffer, with species extinction
growing up to the maximum value in state 6.

13.1.7. Concluding remarks about Soil contamination
Soil contamination, the invisible pollution, can have significant deleterious consequences for
ecosystems. There are radical soil chemistry changes which can arise from the presence of many
hazardous chemicals even at low concentration of the contaminant species. Soil pollution cause harm
to the community of species that inhabit the soil, bringing direct consequences to the local biodiversity.
The model may be improved by the addition of knowledge about how the mechanism of species
extinction work, and possible consequences for the soil dynamics. This way the model may become a
tool to avoid and manage soil pollution.
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14. Pollution mitigation

Pollution is any addition to the air, water, soil or food that jeopardizes the health, the survival or the
activities of the human beings or other live beings. Pollutants can enter in the environment in a natural
way (volcanic eruptions, for example) or by means of human actions (coal burning, for example). The
majority of the pollution generated by human activities occurs in urban and industrial areas, or near
them, where the pollution sources, as cars and industries, are concentrated. The pollutants we
produce come of two types of sources: Punctual Sources of pollutants are unique and identifiable
sources. Among the examples we find chimneys of industries, sewage pipes of a factory, or exhaust
casing of cars. Non-Punctual Sources of pollutants are dispersed and often are difficult to be
indentified. Pesticides pulverized in the air or carried by the wind to the atmosphere, and the disposal
of pesticides and fertilizers in lakes and water streams are examples of non-punctual sources of
pollution. Pollutants can have three types of unwanted effects. First, they can spoil or degrade the life
support systems to the human beings and other species. Second, they can cause damages to wild life,
to human health and to property. Third, they can cause bothering situations, as noises and smells,
flavors and undesirable sights. (Miller, 2007).
Pollution mitigation is represented in this Deliverable by means of three models: Lake pollution
(section 14.1); Pollution mitigation with Eichornia (section 14.2) and Eutrophication (section 14.3).

14.1. Lake pollution

Table 14.1.1 Metadata about model Lake pollution
Theme
Topic
Sub-topic
Author(s)
Models

Target users

Pollution
Pollution mitigation
Lake Pollution
Paulo Salles
Version(s)
Lake pollution LS1.hgp
Lake pollution LS2.hgp
Lake pollution LS3.hgp
Lake pollution LS4.hgp
Secondary school and undergraduate level students

DL v0.6.12(CM)

14.1.1. Background information
Eutrophication is the natural nutrient enrichment of lakes, in great part due to the flowing off of
nutrients, as nitrates and phosphates, from nearby lands. An oligotrophic lake has a low level of
nutrients and its water is clear. As time goes by, some oligotrophic lakes become mesotrophic or
eutrophic with the addition of nutrients coming from the soil, from the atmosphere, and introduced by
human activities. Sanitary sewage containing nitrates and phosphates are the main responsible for
that change. They come from sources as flowing off of farms, animal confinements, urban areas and
mining sites, and also disposal of municipal sewage, treated or not. The eutrophication process serves
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as a growth factor to the vegetal life of the lake. Initially, the positive effects may propagate to other
organisms. However, dense colonies of vegetal life can decrease the productivity of the lake and the
development of fishes, because they decrease the solar energy entrance necessary to photosynthesis
of the phytoplankton that, in turn, gives support to fishes. Beyond that, when algae, macrophytes and
animals die, decomposition by the increasing populations of aerobic bacteria runs out the dissolved
oxygen in the superficial layer of the water, next to the margin, and in the bottom layer. This oxygen
depletion can kill fishes and other aquatic aerobic animals (Miller, 2007).

14.1.2. Key issues and concepts



Organic pollution, within limits, may become a positive factor to the growth of organisms in
water ecosystems.



Nutrient introduced in the water may feed the whole food web, contributing to the growth of
organisms at high trophic levels such as fishes.



Decomposers grow in the water ecosystem according to the availability of organic matter and
are held responsible for nutrient cycling.



Heavily decomposition activity may deplete the dissolved oxygen available in the water body.
As it is difficult to replenish the environment with this gas and bring back living conditions,
mortality of fish and other organisms increase.

14.1.3. Goals and Questions to be answered by the models
The model aims at creating representations with increasing complexity of the effects of the pollution in
a lake, compensated by a cleaning process, on the dynamics of the food chain and nutrients.
Accordingly, the models should provide answers to the following questions:


What are the causal relations involving introduction of pollutants, the food web and nutrient
cycling in a lake?



How does the balance between pollution emission and pollutants removal influence the
dynamics of nutrients and the biological community in a lake?



Considering the modelling environments provided by DynaLearn, what type of restriction in a
particular LS would justify changes towards more complex LS?
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14.1.4. List of model expressions created for Lake Pollution

Table 14.1.2 List of model expressions created for Lake pollution
General Topic
Lake Pollution

Learning Space
LS1

LS2

LS3

LS4

Overview
This LS basically represents a concept map from where the
complexity of the system will emerge, to demonstrate how the
emission of pollutants in a lake will affect the organisms of this
system.
This model utilizes positive and negative relations to show in a
directional way how the disposal of pollutants in aquatic
environments affects the organisms’ biomass and the nutrient
concentration in a lake.
Represents how the action of two factors (Polluter and Cleaner)
can affect algae, fishes and saprobian organisms that live in the
lake, and how these relations gradually influence the nutrient
concentration.
Two agents (Polluter and Cleaner) determine, by means of direct
influences, the increment in the amount of pollutants in a lake,
and the effects of this process in the survival of the organisms
that inhabit this environment. The reduction of the water quality
due to poillution is evident in the behavior of heightening the
nutrient concentrations of the lake, and the fishes mortality.

14.1.5. Structural aspects of the models about Lake Pollution

Table 14.1.3 Entities and configurations representing the
system structure in Lake pollution model
Source entity
Configuration
Target entity
Cleaner
Cleans
Lake
Polluter
Pollutes
Lake
Algae
Lives in
Lake
Fish
Lives in
Lake
Decomposer
Lives in
Lake

In this list of entities and configurations, it is important to note that in expressions LS2 and LS3 both
‘Polluter’ and ‘Cleaner’ are entities, and in LS4, they are modelled as agents.
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Table 14.1.4 Entities, quantities and quantity spaces included in Lake pollution model
Entity
#
Polluter (Entity)

Quantity
Added growth
factor
Removed
growth factor

Quantity Space
na

Remarks
Represents the amount of emitted pollutants that act
as growth factor to the water community
#
Cleaner (Entity)
na
Represents the amount of pollutants that may act as
growth factor to the water community removed from
the lake
##
Polluter (Agent)
Pollution rate
Zp
Represents the amount of pollutants produced by a
polluter agent per unit of time.
##
Cleaner (Agent)
Cleaning rate
Zp
Represents the amount of pollutants rem oved by a
cleaner agent per unit of time.
Lake
Growth factor
P
Represents the level of nutrient concentration in the
ecosystem, so as to directly affect the primary
production in the water body.
Algae
Growth rate
Mzp
Represents the growth of algae population per unit
of time.
Algae
Biomass
Sml
Represents the total live mass of the algae.
Fish
Number of
P
Amount of fish in the lake.
Decomposers
Biomass
Sml
Amount of biomass of decomposers in the lake
Nutrient
Concentration
Lmh
Amount of nutrients mixed with the lake water.
# = only in LS2 and LS3; ## = only in LS4; na = not available; Zp = {zero, plus}; P = {plus}; Mzp = {minus, zero, plus};
Sml = {small, medium, large}; Lmh = {low, medium, high}

14.1.6. Concept map (LS1) about lake pollution
The concept map captures the main concepts and shows how they relate. In the present case, it maps
the most relevant objects onto what will become the system structure to be modelled (Figure 14.1.1).

Figure 14.1.1. Concept map (LS1) in Lake pollution
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14.1.7. Basic causal model (LS2) in Lake pollution

The basic causal model captures the initial ideas about the system. Basically, expands the notion that
objects (entities) have continuous properties relevant to express changes in the behaviour of the
system. In Figure 14.1.2, only the initial values of the derivatives of Added growth factor (increasing)
and Removed growth factor (decreasing) are informed. A simulation with this model will show Algae
Biomass increasing, because the two factors act in the same direction. However, in a different
simulation, starting with both Added growth factor (increasing) and Removed growth factor
(increasing) would create an ambiguous situation. As LS2 does not offer means for representing
magnitudes of quantities or inequalities between quantities, it is not possible to solve the ambiguity at
this level.

Figure 14.1.2. Basic causal model (LS2) in Lake Pollution, showing an ambiguous situation

14.1.8. Basic causal model with state graph (LS3) in Lake pollution

The construction of the basic causal model with state graph (LS3) starts at the end point of LS2: how
to solve the ambiguity created by two competing influences on the same quantity. Using the same
system structure and causal model, an additional feature is introduced to Biomass of ‘Algae’, the
magnitude of the quantity. The quantity space is {small, medium, large}, and the initial value is medium
(Figure 14.1.3).
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Figure 14.1.3. Basic causal expression with state graph (LS3), model Lake Pollution,
showing an ambiguous situation

A simulation with this model results in three initial states, [1,2,3], and the full simulation, six states,
divided in three behaviour paths (Figure 14.1.4,a). The ambiguous situation can be seen in the value
history diagram of ‘Algae’ Biomass: as there was no clear indication of any stronger influence,
DynaLearn tried the three possibilities – the influence of Added growth factor can be {smaller, equal,
bigger} than the influence of Removed growth factor. The result is Biomass could be decreasing,
stable or increasing, respectively (Figure 14.1.4,b). The development of these three possibilities can
be followed up in the three behaviour paths, respectively [ 1 → 5]; [2]; [ 3 → 4] (Figure 14.1.4,a,b,c).

(a)

(b)

(c )

Figure 14.1.4. Behaviour graph (a) and value diagrams (b,c) in a simulation with basic causal model
with state graph (LS3), model Lake Pollution, showing an ambiguous situation.
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14.1.9. Causal differentiation model (LS4) in Lake pollution

Note that the ambiguity identified in LS2 was not solved in LS3. In fact, DynaLearn showed all the
possible outcomes of any situation. In order to really solve the ambiguity, it is necessary to add some
sort of inequality reasoning to the model. Learning Space 4 offers this functionality. At this level, two
classes of causal influences are available, direct influences (I+ and I–) to represent processes, and
qualitative proportionalities (P+ and P–) to propagate the effects of process throughout the system
(Forbus, 1984).
The model developed in LS2 and LS3 is now changed as follows: the agents ‘Cleaner’ and ‘Polluter’
replace similar entities, in order to represent these agents as external elements that influence the
system but are not influenced by the system (Figure 14.1.5). The quantity Added growth factor is now
replaced by a pair of quantities to represent the process of pollutant emission: Pollution rate and
Growth factor. The rate expresses the amount of variation per time unit. In this case, the amount of
pollutant (growth factor) emitted per time unit. Between these two quantities positive direct influence
(I+), meaning that the magnitude value of the rate is added to the magnitude value of Growth factor.
The agent ‘Cleaner’ does the opposite. Replacing Removed growth factor from LS2 and LS3, another
pair of quantities would create a representation for the cleaning process: Cleaning rate and Growth
factor. Being this quantity the same as the one already created, there is no need to repeat it. A
negative direct influence (I–), meaning that the magnitude value of the rate is subtracted from the
magnitude value of Growth factor, defines the cleaning process. As direct influences deal with the
magnitude of the two quantities - the rate and the state variable (and not with their derivatives), an
inequality is enough to set the stronger influence and to solve the ambiguity (Figure 14.1.5).

Figure 14.1.5. Expression of causal differentiation model Lake Pollution (LS4),
showing a non ambiguous situation due to the use of inequality.

A simulation could start in the situation described in Figure 14.1.5, in which Pollution rate is greater
than Cleaning rate (note also their derivatives are set to zero, so they cannot influence the outcomes
of the simulation). Figure 14.1.6 shows the behaviour graph obtained in such a simulation, with one
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initial state ([1] – instead of three states when there was ambiguity), 10 states in total and three
behaviour paths.

Figure 14.1.6. Behaviour graph obtained in a simulation with a causal differentiation model (LS4) of
the Lake Pollution, showing a non ambiguous situation due to the use of inequality.

As expected, the amount of Growth factor increases in state 1, as shown in Figure 14.1.6, LHS. The
transition between state 1 and 2 is clear. However, three outcomes from state 2 are possible, resulting
in three behaviour paths that join in a common end state. Taking, for example, the behaviour path
[1 → 2 → 3 → 8], it is possible to find out that, differently from the other two paths, the quantities
‘Algae’ Biomass, ‘Decomposer’ Biomass and ‘Nutrient’ Concentration move simultaneously from
interval small to point medium and to interval large.
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Figure 14.1.6. Value history diagrams obtained in a simulation with a causal differentiation model
(LS4) Lake Pollution, showing a non ambiguous situation due to the use of inequality.

14.1.10. Concluding remarks about Lake pollution
Lake pollution is a simple model, expressing easy to grasp concepts, but useful to illustrate how a
model can be developed sequentially, introducing new modelling elements available in higher LS to
solve modelling problems. The most advanced representation showed how the balance between the
pollution emission and pollutants removal determine the system behaviour. Of course, at LS4 some
problems were not addressed, such as the notion that conditional knowledge (for example, how to
model a situation in which the number of fish can only increase when algae Biomass is greater than
medium?). Again, the solution will be found at higher LS.
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14.2. Pollution mitigation with Eichornia

Table 14.2.1. Metadata about the Pollution mitigation with Eichornia model
Theme
Topic
Sub-topic
Author(s)
Models

Target users

Pollution
Pollution mitigation
Mitigation with Eichornia
Gustavo Leite
Version(s)
Eichornia LS1.hgp
Eichornia LS2.hgp
Eichornia LS3.hgp
Eichornia LS4.hgp
Secondary school and undergraduate level students

DL v0.6.10(CM)

14.2.1. Background information
Eutrophication Tropical aquatic macrophytes present high capacity of absorbing nitrogen and
phosphorus from the water (Brahma et al., 1991). Floating aquatic macrophytes, as Eichornia
crassipes, are those that present greater absorption potential, due to the fact of assimilation of
nutrients directly from the water column, through their roots. One hectare of E. crassipes can absorb
the equivalent of a daily average production of sewage of 800 people (Rogers and Davis, 1972).
E. crassipes, known as Gigoga, is one of the most common species, found in lakes next to great urban
centres in Brazil. In the latest years, various events of overpopulation of this species were registered,
most of them intimately related to the high concentration of nutrients in those ecosystems due to the
disposal of in natura sewage. E. crassipes acts as a “natural filter” of the sewage in aquatic
ecosystems, being recommended to the control of the eutrophication process in some lakes of the
State of Rio de Janeiro, Brazil (Petrucio and Esteves, 2000).

14.2.2. Key issues and concepts


The lack of this sewage natural filter associated with great amount of extra nutrients can result in
sudden increase of the nitrogen and phosphorus concentration, resulting in drastic conditions to
water bodies.



The eutrophication processes often leads to a exaggerated proliferation of aquatic flora, to the
point of to put in danger the fauna, conducts obstruction and navigation.



As a way to recover the environment from degradation, the introduction of E. crassipes aquatic
macrophytes can be utilized as mitigation way of pollution in aquatic ecosystems.

Page 103 /

134

Project No. 231526

DynaLearn

D6.2.1

14.2.3. Goals and Questions to be answered by the models
The goal of this model is to show, from simple processes, a natural strategy of low cost of recuperation
of natural environment.
This model, therefore, must be capable of answering the following questions:


How population growth can affect the aquatic ecosystems, and consequentially itself, if no
measures are applied to control the residues?



How the implementation of mitigation measures to the pollution, as the introduction of aquatic
macrophytes in eutrophicated environments, can help recuperate those ecosystems?

14.2.4. List of model expressions created for Pollution mitigation with Eichornia

Table 14.2.2. List of model expressions created for Pollution mitigation with Eichornia

General
Topic
Pollution
mitigation

Learning
Space
LS1

LS2

LS3

LS4

Overview
The main concepts of the mitigation process of polluted areas
by the introduction of aquatic macrophytes are represented by
entities and linking configurations.
Positive and negative causal relations represent how the
increase in biomass of E. crassipes works absorbing the
nutrients of a lake and this way enhancing water quality.
The variables Biomass of E. crassipes and Water quality are
associated to the QS {Zero, Small, Medium, Large, Max} and
{Low, Medium, High}, respectively, representing, this way, how
the introduction of this agent can gradually enhance the water
quality of a lake.
The model represents how aquatic macrophytes can be used to
mitigate pollution in aquatic environments, removing actively the
nutrients from the water and enhancing, therefore, the quality of
the ecosystem.

14.2.5. Structural aspects of Pollution mitigation with Eichornia
The structure of the system captured by the model contains four entities. The model expression in
Learning space 2 includes the entities Human population, Lake, Eichornia crassipes and Algae related
by configuration as shown in Table 14.2.3. The quantities are described in Table 14.2.4.
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Table 14.2.3. Entities and configurations representing the system structure in
Pollution mitigation with Eichornia model.
Source entity
Configuration
Target entity
Human population
Lives nearby
Lake
Human population
Introduces
Eichornia crassipes
Eichornia crassipes
Filtrate
Lake
Lake
Contain
Algae

Table 14.2.4. Entities, quantities and quantity spaces included in Pollution
mitigation with Eichornia model.
Entities

Quantity
Space

Quantity

Remarks

Change in population growth per unit of
time.
Size
Sml
Amount of people in a population.
The total amount of sewage produced by a
Sewage production
Zsml
human population.
Human population
The introduction of Eichornia crassipes in
Introduction rate of macrophytes
Zp
a lake per time unit.
The amount of diseases that affect the
Disease
Lmh
population, as an indicator of its health
conditions.
The concentration of nutrients present in a
Nutrients
Lmh
lake.
Water quality
Bag
The degree of potability of the water.
Lake
The level of nutrient concentration in the
Eutrophication status
Omeh
ecosystem, so as to directly affect the
primary production in the water body.
Represents the quantity of nutrients
Eichornia crassipes
Nutrient absortion rate
Zp
absorbed by the aquatic macrophytes per
unit of time.
Eichornia crassipes /
Represents the total live mass of the
Biomass
Sml
Algae
system.
Sml = {Small, Medium, Large}; Zsml = {Zero, Small, Medium, Large}; Lmh = {Low, Medium, High}; Bag = {Bad, Average, Good};
Zp = {Zero, Plus}; Mzp = {Minus, Zero, Plus}; Omeh = {Oligotrophic, mesotrophic, eutrophic, hypertrophic}.
Population growth rate

Mzp
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14.2.6. Causal differentiation model (LS4) in Pollution mitigation with Eichornia
This LS4 model is shown in Figure 14.2.1.

Figure 14.2.1. Causal Differentiation model in the Pollution mitigation with Eichornia model,
LS4.

The simulation of this model produces three initial states, one final state and 27 states in the full
simulation (Figure 14.2.2).

Figure 14.2.2. Behavior graph obtained in a simulation with the Pollution
mitigation with Eichornia model, LS4.

A relevant behaviour path consists of the states [2 → 5 → 4 → 9 → 16] and the system behaviour can
be described by the quantity value history shown in Figure 14.2.3. This simulation express the growth
process (Growth rate) starting the simulation with a magnitude value plus affecting the Size of human
population by a positive direct influence as the main drive for another important process that is
Sewage production. Most of the production of sewage is dumped in lakes and other water bodies. The
sewage carries many Nutrients for lakes, which in turn becomes an appropriate environment for
proliferation of some species of algae. In such conditions several algae species produces toxins which
can affect the Water quality by a positive proportionality. Reduction in Water quality can be a source of
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many Diseases. In another way the human population is also responsible for the Introduction rate of
Eichornia crassipes increasing the biomass of that species by a positive direct influence. The increase
in the biomass of E. crassipes represent an increase in the Nutrient absorption rate by a positive
proportionality, and that rate affects the amount of Nutrient present in the lake reducing it by a
negative direct influence. In conclusion the increase in Biomass of Eichornia crassipes causes a
change in the eutrophication status of a lake, that would move from mesotrophic to the oligotrophic
condition, avoiding the reduction in Water quality by controlling the amount of Nutrient in the lake.

Figure 14.2.3. Value history diagrams obtained in a simulation with the Pollution mitigation with
Eichornia, LS4.

14.2.7. Concluding remarks about the Pollution mitigation with Eichornia model
This model represents other view on species introduction, compared to the non native species
introduction discussed in section 5.3. Here the disequilibrium in the environment caused by human
activity can be managed and the equilibrium state be restored with the support of an introduced
species. The model shows how Eichornia works to perform mitigation actions against the nutrient
excess. Many known species can be used in a variety of ways to manage the environment without put
in danger not only the other species but also the human population health. The model can be a useful
tool for predict the system behaviour and to implement a mitigation program for polluted lakes.
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14.3. Biomagnification

Biological amplification, biological magnification or biomagnifications is an increase in the
concentration of chemically stable along the food chain and the food web. Is many cases, organisms
that hold high concentrations of these substances may suffer illnesses and physical harm. The
mechanism of DDT magnification in a food chain is presented in this section.

Table 14.3.1. Metadata about the Biomagnification model
Theme
Topic
Sub-topic
Author(s)
Models
Target users

Pollution
Pollution mitigation
Biomagnification
Paulo Salles
Version(s)
Biomagnification LS3hgp
Secondary school and undergraduate level students

DL v0.6.10(CM)

14.3.1. Background information

The DDT is a chemical compound of quick solubility that can be accumulated in the adipose tissue of
animals. In a food chain or a food web, accumulated DDT can be biomagnified in each successor
trophic level. If each cell in the phytoplankton absorbs from water and retains a single unity of DDT, a
little fish that ingest thousands of zooplankton cells (which in turn feed on phytoplankton) will store
thousands of DDT units in its adipose tissue. Each big fish that feeds on ten smaller fishes will ingest
and store dozens of thousands of units, and each bird (or human being) that ingest some big fishes
will ingest hundreds of thousands of units. DDT can be excreted by these organisms. However, losses
of DDT by means of respiration and excretion are very small, compared to what was ingested and
stored (Miller 2007).

14.3.2. Key issues and concepts



DDT accumulates in the zooplankton and in lipidic tissues of consumers.



At the third level trophic, eating organisms that had already accumulated DDT, the level of
pollution can become very high and harmful.
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14.3.3. Goals and Questions to be answered by the model
The main goal of this model is to represent the process of accumulation of chemical elements along of
food webs.
This model aims to answer the following questions:


Why certain groups of organisms are severely affected by apparently low levels of
contamination of pollutants in the water?



Which group of organisms is more affected by biomagnifications and why?

14.3.4. List of model expressions created for Biomagnification
Table 14.3.2. List of model expressions created for Biomagnification
General Topic
Learning
Overview
Space
Biomagnification
LS3
This LS represents the bioaccumulation of the DDT in trophic levels,
of small amount found in zooplanktonic organisms, until high
concentrations in bigger and successive organisms in the trophic
chain.

14.3.5. Structural aspects of the model about Biomagnification
Table 13.4.3. Entities and configurations representing the system
structure in Biomaginification model
Source entity
Configuration
Target entity
Zooplankton
Lives in
Estuary
Small fish
Lives in
Estuary
Big fish
Lives in
Estuary
Birds
Lives outside
Estuary
Big fish
Feeds
Birds

Table 13.4.4. Entities, quantities and quantity spaces used in model Biomagnification
Entity
Zooplankton

Quantity
DDT concentration

Quantity Space
Mp

Small fish

DDT concentration

Mppp

Big Fish

DDT concentration

Mpppgg

Bird

DDT concentration

Mpppggmpp

Remarks
Represents
the
quantity
of
dichloro
diphenyl
trichloroethane absorved in Zooplankton community.
Represents
the
quantity
of
dichloro
diphenyl
trichloroethane absorved in Small fish.
Represents
the
quantity
of
dichloro
diphenyl
trichloroethane absorved in Big fish.
Represents
the
quantity
of
dichloro
diphenyl
trichloroethane absorved in Bird.

Mp = {Very small}; Mppp = {Very small, Point p, Small}; Mpppgg = {Very small, Point p, Small, Point g,
Big}; Mpppggmpp = { Very small, Point p, Small, Point g, Big, Point gg, Very big}
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14.3.6. Basic causal model with behaviour graph (LS3) in Biomagnification
This model is implemented just in LS3, enough to describe the phenomenon of biomagnifications.
Figure 14.3.1 shows this model.

Figure 14.3.1 Basic causal model with state graph (LS3) in Biomagnification.

Suppose residues of DDT applications are carried to a lake. Being a stable compound DDT particles
are incorporated by the phytoplankton cells, and transferred to the zooplankton. If the DDT
concentration in zooplankton increases, when eaten by small fishs, DDT is further transferred to these
fishes. As time passes by, the fishes accumulate DDT which is transferred to their natural predators,
the big fishes. Longer lifetime and more quantity of lipidic tissues make big fishes more prone to DDT
accumulation. Finally when the big fishes enventually are eaten by birds, the DDT concentrated in the
fish tissues is transferred to these flying animals. The results are shown in Figure 14.3.2.

Figure 14.3.2 Value history diagrams obtained in a simulation with the basic causal model with
state graph (LS3) of the Biomagnification model.
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14.3.7. Conclusions about the Biomagnification model
Biomagnification is an important and interesting phenomenum involving the concentration of
pollutants. The model presented here was implemented in LS3, enough to describe the most relevant
aspects of the problem. A typical situation where a more restrict modelling environment is sufficient for
create an insightful expression of knowledge.
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14.4. Eutrophication
Tabela 13.4.1. Metadata about the Eutrophication model
Theme
Topic
Sub-topic
Author(s)
Models

Target users

Pollution
Pollution mitigation
Eutrophication
Gustavo Leite, Isabela Sá
Version(s)
Eutrophication LS1.hgp
Eutrophication LS2.hgp
Eutrophication LS3.hgp
Eutrophication LS4.hgp
Eutrophication LS6.hgp
Secondary school and undergraduate level students

DL v0.6.10(CM)

14.4.1. Background information
Near urban and agricultural areas, human activities can haste the entrance of vegetal nutrients in a
lake, a process called cultural eutrophication. Sanitary sewer containing nitrates and phosphates are
the main responsible for that change. They come from sources as flowing off of farms, animal
confinements, urban areas and mining sites, and also disposal of municipal sewer, treated or not. A
little bit of nitrogen also reach the lakes by atmospheric deposition. During the heat or dry, this
overload of nutrients generates great development or “fluorescence” of organisms, as algae and
cyanobacteria, and increase of the density of aquatic Hyasinthus and other aquatic plants.
The eutrophication process serves as a growth factor to the vegetal fauna of the lake. Those dense
colonies of vegetal life can decrease the productivity of the lake and the development of fishes,
because it decreases the solar energy entrance necessary to photosynthesis of the phytoplankton that
gives support to fishes. Beyond that, when algae die, its decomposition by the increasing aerobic
bacteria population runs out the dissolved oxygen in the superficial layer of the water, next to the
margin, and in the bottom layer

14.4.2. Key issues and concepts


Human population produces sewage and often dumps it on water bodies.



Sewage pollution speeds up the eutrophication process, that otherwise could occur in a
natural way.



The amount of the lake’s oxygen decreases when the eutrophication process takes place,
reflecting in the amount of algae and its production of toxins.



Lower levels of oxygen directly affect the mortality rate and therefore the number of fishes in a
lake.
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14.4.3. Goals and Questions to be answered by the models
The main goal of this model is to represent in simple processes the sewage dump in an aquatic
natural environment and the effects of the human population growth in the sewage production.
This model aims to answer the following questions:


How may eutrophication of a lake affect fish mortality?



What is the relationship between sewage dump and reduction in the amount of dissolved
oxygen?

14.4.4. List of model expressions created for Eutrophication

General
Topic
Eutrophication

Table 13.4.2. List of model expressions created for Eutrophication
Learning
Overview
Space
LS1
As this LS does not allow for causal reasoning, a concept map serves
as a knowledge base from where concepts about a complex problem
can be taken and implemented in a model.
LS2
The model shows, from the representation of the eutrophication
process in a lake, the causal knowledge in a directional way (positive
or negative) between the trophic states of the lake and the survival of
the fishes.
LS3
In this model, the increase of nutrients in a lake is responsible by the
increase in algae number, together with fish mortality.
LS4
Exploring previous LS, LS4 represents the functioning of the
processes involved in Eutrophication, sewage production and fish
mortality.
LS6
Model in this LS represents processes that capture the main aspects
of eutrophication and the effect of the eutrophication on fish mortality
using model fragments and a more sophisticated approach to
modelling.

14.4.5. Structural aspects of Eutrophication
Table 13.4.3. Entities and configurations representing the system
structure in Eutrophication model
Source entity
Configuration
Target entity
Human population
Lives nearby the
Lake
Lake
Has some
Population
Population
As
Algae
Population
As
Fish
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Table 13.4.4. Entities, quantities and quantity spaces included in Eutrophication model
Entities

Quantity

QS

Dissolved oxygen

Zlah

Eutrophication

Zlah

Mortality rate
Number of

Zp
Zlah

Sewage dump

Zlah

Sewage production

Zp

Toxins

Zlah

Biomass

Zlah

Lake

Fish

Human population

Algae

Remarks
Dissolved amount of oxygen available for
fishes and other aquatic organisms.
Represents the condition of the lake with
respect to the amount of nutrients in the
water body.
Number of fish that die per unit of time.
Amount of fish present in the lake.
Amount of disposed sewage in the
ecosystem.
Represents the amount of sewage
produced by a hum an population per unit of
time.
Represents the am ount of toxins produced
by the algae.
Represents the biomass the algae present
in the Lake.

Zlah = {Zero, Low, Average, High}; Zp = {Zero, Plus}

14.4.6. Reusable knowledge (LS6) in Eutrophication
The model is organized in five model fragments, including four entities, eight quantities, two processes
and one scenario. The scenario is shown in Figure 14.4.1.

Figure 14.4.1. Scenario “Sewage production causes lake eutrophication and
biodiversity loss” of Eutrophication model, LS6.

Sewage production influences positively and directly the sewage dumping in a nearby lake. This
dumping process influences positively the eutrophication process, that would occur naturally, without
anthropic influences. The eutrophication process is a negative influence on the dissolved oxygen, that
drops it to levels that will heighten fishes’ mortality, decreasing its number. The eutrophication process
also increases the algae biomass, and consequently the amount of toxins present in the lake. The
presence of toxins is a positive influence to the fishes’ mortality, decreasing its number. The causal

model of a state in the simulation with the scenario above is shown in Figure 14.4.2.
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Figure 14.4.2. Causal model obtained in state 2 of a simulation with the scenario “Sewage
production causes lake eutrophication and biodiversity loss” of Eutrophication model, LS6.

A relevant behavior path was produced by the simulation and the value history diagram of the
quantities of this path is shown in the Figure 14.4.3. The behaviour path [1 → 12 → 75 → 143 → 65]
is a good example to show the behavior of the variables in this simulation. The sewage production is
positive, and tends to increase, therefore the sewage dump initially is low, and reaches high. As a
consequence the eutrophication process goes from low to high, lowering the amount of dissolved
oxygen of the lake (high to low). The algae biomass increases (low to high) and so its production
(presence) of toxins (low to high), that will consequentially kill fishes, reducing its number( high to low)
and increasing its mortality.

Figure 14.4.3. Value history diagrams obtained in a simulation with the Scenario
“Sewage production causes lake eutrophication and biodiversity loss” of
Eutrophication model, LS6.
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14.4.7. Concluding remarks about Eutrophication
The model Eutrophication can be a useful way to express all the elements involved in this type of
environmental damage caused by human population, predicting possible changes in the system. The
model also allows to focus on key elements responsible by these changes and provides a way to
efficiently manage the system, without causing more damage. Moreover the model may be used for
learning processes when the students and experts facing the concepts about eutrophication, relations
between biotic and abiotic factors and as a tool to manage systems in different states of
eutrophication.
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15. Consumerism
Consumerism is the belief that it is good for a country if people buy and use a lot of goods and
services. This expression is almost always used to show disapproval. This section explains why.

15.1. Consumerism

Table 15.1. Metadata on model Consumerism
Theme
Topic
Sub-topic
Author(s)
Models
Target users

Global changes
Consumerism
Consumerism
Luiz Henrique Wilhems, Isabella Gontijo de Version(s)
Sá
Consumerism LS2.hgp
Consumerism LS4.hgp
Secondary school and undergraduate level students

DL v0.6.12(CM)

15.1.1. Background information
Our attention towards nature too often gets diverted or diminished, as modern lives tend to be too
busy and oriented to consumerism. According to Cunningham and Cunningham (2007), some prime
reasons for our destructive impacts on the Earth are our consumption of resources and disposal of
wastes. Buying things that we really don’t want or need just to impress others is called conspicuous
consumption, a term coined by Thorstein Veblen. Some people are active in their protection of the
environment and in their assistance to social causes, and yet most of us, living as we do within urban
environments, are separated from nature (in its wilder sense), are too busy and stressed, have
become overweight and spectators, and consume an inordinate share of the Earth’s resources (Hay,
2005). The consumption of basic goods (water, grain, meat) continues to be a vital subject of identity
and politics in societies (Trentman, 2004).

15.1.2. Key issues and concepts
Consumerism is the act of consuming products, goods and services available on ecosystems and it
has becoming much more than supply human needs. Today there is a growing number of people
buying or consuming products that they don’t want, need or using a larger volume than necessary.
Consumption is an important economic factor due the demand for production of goods and services
which in turn enables generating jobs positions and improves people’s average income. However, the
uncontrolled consumption causes significant impacts with environmental damage as pollution, waste
generation and depletion of raw materials at greater speed than the capacity of ecosystems to recover
naturally.
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Thus, change in human consumerist behavior (reduce, reuse and recycle) is important to decrease the
exploitation of raw materials in a level which the damage of environment is also reduced.

15.1.3. Goals and Questions to be answered by the models
The main objective of this model is to represent the consumerism behavior which can causes
environmental impacts and so forms to reduce that impact and the conspicuous consumption.
This model aims to answer:


How does consumption cause environmental damage?



How can we reduce the impact of consumerism on ecosystems?

15.1.4. List of model expressions created for Consumerism

Topic

Consumerism

Table 15.1.2 List of model expressions created for Consumerism
Learning Space
Remarks
This level shows a simple causal relationship between key
elements - representing the consumerism human behavior
LS2
leading us to an accelerated exploitation of natural resources,
what causes the behavior and its consequences on
environment and society.
This model shows how the effects of human consumption
needs and the unnecessary consumption propagate in some
LS4
elements of society and environment, how it can cause
damage and finally an important way to reverse or prevent
these losses increase.

15.1.5. Structural aspects of Consumerism
Table 15.1.2 Entities and configurations representing the system
structure in Consumerism model
Source entity
Human population

Configuration

Target entity

Depends on

Page 118 /

Ecosystems

134

Project No. 231526

DynaLearn

D6.2.1

Table 15.1.3 Entities, quantities and quantity space included in Consumerism model
Entity

Quantity

Quantity spaces

Remarks
Represents the consumption that we
Consume need
Zlmh
actually need.
Represent the behavior of buying things
Conspicuous
Zlmh
that we really don’t want or need just to
consumption
impress other.
Production of goods and
Rate of production of all kinds of goods
Zp
services
and services provided by environm ent.
The amount of job positions in labour
Number of jobs
Zlmh
markets.
Human population
Amount of products made using raw
Number of products
Zlmh
materials
Represents the behavior necessary for
change
the
current
situation
of
Reducing
reusing
Zlmh
consumerism: reduce consumerism, reuse
recycling
the products or make it more durable and
recycling materials.
Amount of residuals generated in process
Waste disposal
Lmh
of manufacturing and using product and its
disposal in environment.
The am ount of natural resources available
Available raw materials
Ecp
on nature,
Ecosystem
Negative impacts reducing environmental
Environmental damage
Lmh
services and resources.
Zlmh = {zero, low, medium, high};zp = {Zero, Plus}; Ecp = {Exhausted, Critical, Plus}; Lmh = {Low, Medium, High}.

15.1.6. Basic causal mode (LS2) in Consumerism
The basic causal expression of model Consumerism is presented in Figure 15.1.1.

Figure 15.1.1 Basic causal model (LS2) in Consumerism.
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15.1.7. Causal differentiation model (LS4) in Consumerism
The model expression in LS4 of Consumerism includes 9 quantities, and only one process, Production
of goods and services. This model is shown in Figure 15.1.2.

Figure 15.1.2 Causal differentiation model (LS4) in Consumerism.
The causality chain modeled in the LS4 expression of Consumerism starts with two drivers: the need
for goods and services that are the real need for consumption (Consume need) in the modern society,
such has food, clothes, medicines, living etc.; and the ‘false need’, motivated by the marketing and by
the greedy search for profit typical of modern capitalist societies (Conspicuous consumption). These
two quantities influence the rate of the process Production of goods and services. This rate puts three
direct influences: it influences the Number of products, Available raw materials and the Number of
jobs. The state variable Number of products in turn, puts an indirect influence (P+) on the Waste
disposal. This quantity is also influenced by the aggregated processes of Reducing, Reusing,
Recycling. Both Waste disposal and Available raw materials influence Environmental damage, but the
derivative of this quantity follows the derivative of Available raw materials due to the inverse
correspondence (Q↓) between the two quantities. Reducing, Reusing, Recycling puts also an influence
on reducing the Conspicuous consumption, a highly needed change in modern societies,
A simulation with the LS4 expression of the model Consumerism produces typical behaviours, such as
the behaviour path [2 → 5 → 8 → 16 → 34 → 65], shown in Figure 15.1.3.
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Figure 15.1.3. Value history diagrams obtained in a simulation with the Causal differentiation
model (LS4) of the Consumerism model.

15.1.8. Concluding remarks about Consumerism
The model Consumerism addresses one of the most important drivers of the unsustainable condition
of modern societies. Silent, consumerism is influenced by the psychological mechanism that enforces
some people to buy things far above what is really needed, concept captured by the quantity
Conspicuous consumption . To provide details of the active processes and better explanations on how
to avoid causing environmental damage is part of the ongoing work.
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16. Low carbon society

Tropical forests are gigantic stores of carbon – 200 billion tons (IPCC 2000). However, greenhouse
gases emissions derived from destruction of these natural areas and substitution for human-tailored
areas continue to be high, aggravating a multitude of environmental problems, such as global
warming. Natural reservoirs and sinks of carbon (ecosystems with the capacity to absorb CO2) are
also being affected by anthropogenic actions. Because soil has an accumulation two to three times
greater than the atmosphere, changes in land use can be an important source of carbon emission into
the atmosphere (Woodward 1995; Davidson 2003).
The concentration of atmospheric CO2 began to increase at the end of the 18th century, with the
Industrial Revolution. During that period big quantities of mineral coal and petrol as energy sources
were burned. Since then, the CO2 concentration has hanged from 280 ppm (parts per million) in the
year 1750, to 393 ppm today, an increase of approximately 30%.
While the scientific literature is showing the negative effect of human actions on climate variation,
many people is now reviewing the way of living, searching for reducing CO2 emissions everywhere:
the goal is to build up a low carbon society.

16.1. Carbon market

Table 16.1.1 Metadata about the Carbon market model
Theme
Topic
Sub-topic
Author(s)
Models
Target users

Global changes
Low carbon society
Carbon market
Gustavo Leite, Paulo Salles
Version(s)
Carbon market LS4.hgp
Carbon market LS6.hgp
Secondary school and undergraduate level students

DL v0.6.12(CM)

16.1.1. Background information
A landmark in these efforts towards the low carbon society was the Kyoto Conference, held in 1997 in
Japan, when the concept of carbon sequestration was established. The conservation of carbon stocks
in soil, the preservation of native forests, the implementation of energetic forests and agroforestry
systems, and the recovery of degraded areas are some of the actions that contribute to carbon
sequestration. The practice of taxation on pollution was overruled by the carbon credits concept, in
which countries and companies can negotiate pollution rights among themselves. This way, countries
and companies that reduce their greenhouse gas emissions below their goals set by the Kyoto
protocol may sell their emission permits as “credits” to other countries or companies that didn’t achieve
the expected reduction, and will “buy”projects aiming at carbon sequestration measures. The market in
which carbon emission permits are traded is called the Carbon Market.
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16.1.2. Key issues and concepts



Human activities affect the global carbon balance because they affects both carbon emission
and assimilation;



Levels of CO2 in the atmosphere depend (among other factors) on the balance between
carbon assimilated and emitted both by natural vegetation and by agricultural plants;



It should be possible to have a stable situation in which the equilibrium between natural
vegetation conserved areas and agricultural land, and revenue coming from carbon credits are
in equilibrium.

16.1.3. Goals and Questions to be answered by the models
In this model, the objective is to show how the loss of a native tropical forested areas by human
activity can affect the levels of carbon dioxide emission into the atmosphere and how the conservation
of these areas can be reverted into economic gain for the human population.
Accordingly, the model should be able to answer the following questions:


How does work the mechanism that defines the balance between carbon assimilated and
released both by natural vegetation and by agricultural plants?



How can carbon credits promote a sustainable use of land for both conservation of natural
vegetation and agriculture and be reverted into economic gain for the local people?

16.1.4. List of model expressions created for Carbon market

General
Topic
Carbon
Market

Table 16.1.2 List of model expressions created for Carbon market
Overview
Learning
Space
LS4

The LS4 model represents the loss of absorption capacity of the
atmospheric carbon of a native forest area caused by the loss of
vegetation, and then the reduction of the carbon sequestration,
affecting economically the population.

LS6

LS6 expression of the model represents how the local atmospheric
carbon balance can be calculated from estimates of carbon
assimilated and released both by natural vegetation and by
agriculture, and then how the revenue generated by carbon credits
feeds back the human activity towards management of landscape
substitution
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16.1.5. Structural aspects of the models about Carbon market
The model Carbon market consists of four entities and 12 quantities, described the Tables

Table 16.1.3 Entities and configurations to representing the system
structure in Carbon market
Source entity
Configuration
Target entity
Human activity
Affects
Vegetation
Vegetation
Interacts
Atmosphere
Vegetation
Changes into
Agriculture
Agriculture
Interacts
Atmosphere

Table 16.1.4 Entities, quantities and quantity spaces
included in Carbon market
Entity

Quantity

Vegetation

Biomass

Quantity
Space
Lmh

Agriculture

Biomass

Lmh

Vegetation

Carbon assimilation

Lmh

Agriculture

Carbon assimilation

Lmh

Atmosphere

Carbon balance

Mzp

Vegetation

Carbon emission

Mzp

Agriculture

Carbon emission

Mzp

Vegetation

Carbon release

Lmh

Agriculture

Carbon release

Lmh

Human activity

Landscape
substitution

Zp

Vegetation
Human activity

Native forest area
Revenue

Sml
Lmh

Remarks
Represents the total live mass of the natural
vegetation
Represents the total live mass of species
agricultural plants
Represents the quantity of CO2 absorbed by
natural vegetation.
Represents the quantity of CO2 absorbed
agricultural plants
Quantity of carbon released into the atmosphere
compared to the amounts stored in the
vegetation.
Balance net carbon emitted or assimilated by
natural vegetation, calculated by the difference
between [carbon assimilated – carbon released]
Balance net carbon emitted or assimilated by
agricultural plants between, calculated by the
difference between [carbon assimilated – carbon
released]
Amount of CO2 released into the atmosphere by
natural vegetation
Amount of CO2 released into the atmosphere by
agricultural plants
Represents the extent of changes in natural
landscape that increases the habitat loss and
fragmentation which is imposed by human
activities.
Size of the preserved natural vegetation.
Positive return of investment made by the
human population.

Sml = {Small, Medium, Large}; Lmh = {Low, Medium, High}; Zp = {Zero, Plus}; Mzp = {Minus, Zero, Plus}
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16.1.6. Reused knowledge model (LS6) in Carbon market
The LS6 expression of model Carbon market captures the relation between vegetation, agriculture and
atmosphere and establishes the mechanism that calculates the local carbon balance. In order to
model it, both entities ‘Vegetation’ and ‘Agriculture’ are associated to the quantities Biomass, Carbon
assimilation, Carbon release, and Carbon emission (Table 16.1.4). From these quantities, it is possible
to calculate the Carbon balance, assuming it is possible to have an estimate for the local atmosphere.
The whole mechanism is modelled in a model fragment shown in Figure 16.1.1:

Figure 16.1.1. Model Fragment “Calculus of Carbon balance” included in reusable
knowledge model (LS6) of the model Carbon market.

Initially, for each entity ‘Vegetation’ and ‘Agriculture’ Carbon emission is calculated as the net balance
between Carbon assimilation and Carbon release, so that
Carbon emission = Carbon assimilation – Carbon release
Carbon emission has quantity space {minus, zero, plus}, while the other two quantities, {low, medium,
high}, and the meaning of these qualitative values is as follows.
If [Carbon assimilation – Carbon release] > zero, then Carbon emission = plus, and the carbon
assimilated by the plants is greater than the carbon released, and thus the biomass is growing;

Page 125 /

134

Project No. 231526

DynaLearn

D6.2.1

If [Carbon assimilation – Carbon release] = zero, then Carbon emission = zero, the carbon assimilated
is equal to the carbon released, and thus the biomass is stable
If [Carbon assimilation – Carbon release] < zero, then Carbon emission = minus, an, meaning that
carbon assimilated is smaller than realesed, and the vgetation is loosing biomass
By the end of these calculations, both Carbon emission of natural vegetation and of the agriculture put
a positive direct influence on Carbon balance. If there is no additional information, the outcome of the
influence resolution (Forbus, 1984), i.e. the analysis of the influences and of possible results will be
ambiguous when one of the influences (Carbon emission) has value plus and the other, minus. In
these cases, the DynaLearn reasoning engine will produce three states, considering all the
possibilities mentioned above, and Carbon balance will increase, stabilize and decrease.

One of the possible simulations starts with the scenario shown in Figure 16.1.2.

Figure 16.1.2. Scenario “Complete and ambiguous” of the Reusable knowledge
model (LS6) of the Carbon market model
Figure 16.1.2 shows the beahaviour graph obtained with the simution starting with the scenario shown
in Figure 16.1.1.

Figure 16.1.2.Behaviour graph obtained in a simulation with the scenario “Complete and
ambiguous” of the Reusable knowledge model (LS6) of the Carbon market model
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The simulation produces 5 initial states, 28 states in total, and 4 end states. The high number of initial
states shows the scenario brings some ambiguity: Carbon balance has derivatives {decreasing,
decreasing, decreasing, stable and increasing} in states 1-5, respectively. For the same states,
Landscape substitution has derivatives {decreasing, stable, increasing, decreasing and decreasing},
respectively. The analysis of Figure 16.1.3, the causal model obtained in state 13, may explain why
these quantities have ambiguous behaviour.
Given that ‘Vegetation’ Carbon emission has qualitative value <minus, increasing>, and ‘Agriculture’
Carbon emission, <plus, increasing> in all the states 1-5, and that plus and minus are intervals that
encompass infinite range of values, the ambiguous behaviour of Carbon balance is decreasing (states
1-3) when DynaLearn Carbon emission of ‘Vegetation’ > ‘Agriculture’; stable (state 4) when both have
equal magnitudes (‘Vegetation’ = ‘Agriculture’) with opposite signs; and increasing (state 5) when
‘Vegetation’ < ‘Agriculture’. The causal model shown in Figure 16.1.3 will explain how causality
propagates through all the quantities.

Figure 16.1.3. Causal model obtained in state 13 in a simulation with the scenario
“Complete and ambiguous” of the model Carbon market, LS6.

Figure 16.1.4 shows two behaviour paths that start with similar conditions, but produce different end
states. In both cases, most of the time Biomass of natural ‘Vegetation’ is <high, decreasing> and
Biomass of ‘Agriculture’ is <low, increasing>. In the behaviour path [ 3 → 7 → 16 → 17 → 23 → 18 →
21] (Figure 16.1.4, a) the values of Carbon balance decrease from zero to minus in state 7, and
stabilize in state 21; Revenue, in turn, increases and stabilizes in state21. Considering now the
behaviour path [1 → 8 → 13 → 18 → 22 → 24 → 25 → 6], Figure 16.1.4 (b) shows that the values of
Carbon balance decreases from zero to minus in state 8, and stabilizes in state 22; nest it starts
increasing again (state 24) and ends increasing in the interval plus in final state 6. Revenue, in turn,
increases from low to high and stabilizes in state 22; from this point, it decreases and ends the
simulation <low, decreasing> in final state 6.
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(b)

Figure 16.1.4. Value history diagrams obtained in two behaviour paths of a simulation starting
with the scenario “Complete and ambiguous” of the expression LS6 of the model Carbon
market.

16.1.7. Concluding remarks on Carbon market model
The model shows the complexity involved in the Carbon market: the trade-off between conservation of
natural vegetation and agricultural projects may produce positive outcomes, in which both the biomass
of natural vegetation and biomass of agricultural production reach dynamic equilibrium, leading to
similar equilibrium between revenue from carbon credits and profits for the farmers, as shown in
Figure 16.1.4a. However, these favourable conditions may change and result in an unbalanced
situation, where the more carbon is being introduced in the atmosphere and revenues from carbon
credits goes down. From these results it is possible to conclude that more knowledge is required to
solve ambiguities in the model.
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17. Discussion
This Deliverable presents 60 models, in LS1 (8 models), LS2 (12 models), LS3 (12 models), LS4 (14
models) and LS6 (14 models). No models were built in LS5, due to technical difficulties in DynaLearn,
although conditional knowledge and other typical features of LS5 are also present in LS6.
The models address the seven main themes and the 14 topics established in D6.1 for FUB to model
and incorporate in the curriculum. Following the DynaLearn major goals, the models were built having
in mind the needs of learners – modellers, as they will be learning by modelling with the DynaLearn
support. Accordingly, the models should serve two objectives: to develop learners competences and
scientific and reasoning skills, and be insightful, suggesting new topics for the learners to expand their
interests to any other area of the environmental science curriculum. As an example of how these
objectives can be integrated with models described in this Deliverable, consider the following situation.
The models Farming Cerrado (section 5.1), Deforestation (section 9.1) and Carbon market (section
16.1) present complementary concepts about land use in a sustainable way. Deforestation often
causes serious problems to the environment, as erosion, loss of biodiversity and of water resources.
Farming Cerrado shows that intensive agriculture, although productive in first moment, may provoke
damage due to pollution, erosion and deforestation. Finally, Carbon market shows the possibility of
producing revenue to the community on the basis of recovering degraded areas. This can be done in
projects related to planting trees or keeping natural vegetation by ‘selling’ the capacity of assimilating
carbon dioxide by the vegetation with countries and companies that are not able to meet their
commitment of greenhouse gases emissions reduction within UN Conventions (e.g. the Kyoto
Protocol). In an interdisciplinary project at school, learners and teachers may run studies to compare,
argue in favour or against some proposal for changing in land use. In doing so, the models and the
curriculum offer a number of possibilities for the development of competences and skills of high level.
Besides that, the models presented here can be also re-used in different contexts. In fact, the models
are generic enough to guarantee they may become part of other models, allowing the learners to
create new models. Several examples can be found among the models presented in this Deliverable
(e.g. the Pollution models, sections 13.1, 14.1, 14.2, 14.3, 14.4).
The models should also be mechanistic, in the sense that they provide a view on the mechanism
operating in the system of interest in order to produce typical behaviours. Good examples of this
principle include the models Services based on the nitrogen cycle (section 4.2), Farming cerrado
(section 5.1), Metapopulation (section 6.1), Wind power (section 11.1), Carbon market (section 16.1).
These mechanistic models have powerful explanatory capabilities and contribute for understanding
complex problems.
Finally, examples of how simple ideas may evolve into more complex models, exploring typical
features of each Learning Space are presented here. For example, the development of models about
Pollination (section 4.1) follows a progressive route starting with a Basic causal model (LS2). Next,
some quantities are assigned with more detailed quantity spaces, introducing the notion of time and
state transitions. In LS4, more complex behaviour can be modelled, as direct influences and
qualitative proportionalities allow for detailed representations of the mechanisms that cause change in
the system (processes), and control mechanisms such as feedback loops.
Typical modelling problems such as solving problems related to ambiguity are addressed in the
models presented in this Deliverable. Model Lake pollution (section 14.1) starts, in LS2, with two
competing influences on the same quantity. The ambiguity problem cannot be solved at this level, but
at LS3 the possibilities can be further investigated. In this case, a simulation produces three initial
states, each expressing a possible follow up of the ambiguous situation. The full simulation shows how
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the system would develop, it each of these behaviour paths became true. A model in LS4 shows
eventually how to solve the ambiguity: by using inequalities to introduce knowledge about what
influence is stronger.
These comments point out for how didactic materials that go along the models to support learners and
teachers to develop their modelling skills. As mentioned above, the Project partners aware that in
order to make learning by modelling more efficient, DynaLearn needs additional guidance material.
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18. Conclusion
Concluding, this Deliverable presents a set of models exploring basic knowledge about fundamental
topics of the environmental science curriculum. The models are based on updated and contextualized
knowledge, and are generic to the point of being re-usable in new combinations of topics. The models
are mechanistic and may provide clear explanations for phenomena captured from the curriculum
topics, and are insightful, as the models will inspire the learners / modellers to create they own
models.
Ongoing work includes a reflection on all the models delivered in Task 6.2 by all the WP6 partners, so
the second round of more advanced models for evaluation of DynaLearn will be developed improving
the results obtained in this first round. Moreover, FUB and WP6 partners are confident in that they will
be successful in developing models and curriculum topics of high quality to be used in the second
round of evaluation activities.
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