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Introduction



How to use this book


There are two aspects to the investigative work in the IB ESS programme: general practical work and a single individual investigation – the internal assessment project (IA).


This publication is aimed specifically at IB ESS students and is to be used throughout your two years of study. Practical activities and the IA form an essential part of the 2015 IB ESS syllabus (first assessment held in 2017) which forms 30 hours of recommended teaching time (20 hours of practical activities and 10 hours for the IA). This represents an average 20% of the total teaching time. The internal assessment is worth 25% of the total marks available for ESS in the final assessment.


General practical work includes laboratory projects, ecological fieldwork studies, computer simulations, using databases for studying and analysing secondary data, data-analysis exercises, developing and using models, questionnaires and surveys, demonstrations by your ESS teacher and class activities which will be of a formative nature. These are designed to help you learn ESS via practical work. The range of tasks you undertake will reflect the interdisciplinary nature of the course.


This guide will ensure you can aim for your best grade by:





•  building practical and analytical skills for investigations through a comprehensive range of strategies and detailed examiner advice and expert tips



•  offering concise, clear explanations of all the IB requirements, such as the assessment objectives of each assessment criterion for the IA, including checklists and rules on academic honesty



•  demonstrating what is required to obtain the best IA grade for the individual investigation with advice and tips, including common mistakes to avoid



•  suggesting investigations that might, if modified, form the basis of an individual investigation



•  making explicit reference to the IB learner profile and the associated approaches to learning (ATLs) that are central to the IB programme, with their connections to practical work



•  providing infographics at the beginning of each section which visually display essential information



•  including exemplars and worked answers and commentary throughout so you can see the application of ESS principles and concepts



•  testing your comprehension of the skills covered with embedded activity questions.






Features of this book
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Key definition


The definitions of essential key terms are provided on the page where they appear. These are words that you can be expected to know for exams and practical work. A glossary of other essential terms, highlighted throughout the text, is given at the end of the book.
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Examiner guidance


These tips give you advice that is likely to be in line with IB examiners.
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Expert tip


These tips give practical advice that will help you boost your final grade.
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Common mistake


These identify typical mistakes that candidates make and explain how you can avoid them.
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Worked examples


Some investigative skills require you to carry out mathematical calculations, plot graphs, and so on. These examples show you how.
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ACTIVITY


Suggested outline of possible practice activities, incorporating appropriate IB command terms.
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Ideas for investigations


Ideas for possible investigations.
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ENVIRONMENTAL ISSUES


Ideas about how investigations can link to key environmental issues.
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Studying IB Environmental Systems and Societies (ESS)
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IB learner profile


The IB ESS course is linked to the IB learner profile. Throughout the course, and while carrying out your internal assessment, you will have the opportunity to develop each aspect of the learner profile: Inquirers, Knowledgeable, Thinkers, Communicators, Principled, Open-minded, Caring, Risk-takers, Balanced and Reflective.
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Investigations


Carrying out research activities throughout your ESS course, both environmental and societal in nature, will give you the skills you need for your internal assessment.
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Approaches to Learning


The IB ESS course, and the internal assessment in particular, give you the chance to develop the approaches to learning skills:





•  thinking skills when planning investigations, collecting data and analysing your results



•  social skills when working with your peers



•  communication skills when reporting and presenting your findings



•  self-management skills when working independently



•  research skills to help plan your investigation, and to put it into context.
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Internal assessment


The internal assessment gives you the opportunity to display the skills and knowledge you have learned throughout your course, while exploring an ESS topic and environmental issue that interest you personally.
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Studying IB Environmental Systems and Societies



Framework for ESS


Your IB ESS syllabus is comprehensive and detailed. It helps to simplify the content by using a ‘concept tree’ (Figure 1), which outlines the essential components of your course and how they interrelate. The concepts listed in Figure 1 are discussed on pages 4–5. The investigative skills you will be learning during the course can be framed in the context of this figure. Subsequent chapters discuss the different topics covered by the ESS syllabus and essential skills that you need to succeed in practical work and the IA.


Figure 1 can also be used to help you decide the area of ESS you want to address in your internal assessment project (Chapters 12 and 13).
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The investigation cycle
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Key definition


Investigation – a study consisting of a controlled experiment in the laboratory or field-based studies involving sampling.
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Investigations are carried out using both observations and research. Observations result in hypotheses, which can lead to experiments that manipulate a variable in order to see its effect, which in turn result in an improved understanding of the issue being researched. Alternatively, an investigation may simply observe and analyse the effect of one variable on another (for example, using questionnaires to investigate the effect of one aspect of population demographics, such as age, on attitudes to a specific environmental issue). This process can be seen as a cycle (Figure 2 and Table 1). Exploration of one idea can lead to further modification, through reflection and evaluation, resulting in the investigation of further hypotheses.
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	Stage of cycle


	Description

	Key word definitions






	1


	Formulate your research question: this usually inquires how one variable (the independent variable) affects another (the dependent variable).

	
Variable – a factor that is being changed, measured, or kept the same in an investigation.

Independent variable – the variable that is being changed in an investigation.


Dependent variable – the variable that is being measured in an investigation.


Processed variable – a variable that can be produced by transforming a measured variable through mathematical manipulation (see Expert tip box on page xi).








	2


	The research question may lead to the development of a hypothesis. When making a hypothesis, the investigator proposes how the independent variable may affect the dependent variable.

A prediction may be made.



	
Hypothesis – a tentative explanation of an observed phenomenon or event that can be investigated using the scientific method.

Prediction/predict – give an expected result.








	3


	So that a correlation between the two variables (independent and dependent) can be established, other variables must be kept the same – these are called controlled variables.

	
Controlled variables – these variables are kept the same in an investigation. In an experiment, at least three controlled variables should be listed, and information about how they will be kept the same included.






	4


	Develop a method and outline it clearly.

Materials should be listed.


Sizes, volumes and other appropriate information should also be included such as ± measurement uncertainties (see pages 162–164).


One variable should be manipulated and one measured; all other variables should be controlled.


The method should be written in the passive voice and in sufficient detail and clarity so that someone else can follow the instructions.



	
Controlled – method that uses controlled variables and suitable controls, if appropriate.

Control – an experiment where the independent variable is either kept constant or removed. This can be used for comparison, to prove that any changes in the dependent variable in experiments when the independent variable is manipulated must be due to the independent variable rather than other factors.








	5


	Carry out your investigation and gather data. Record your data by measuring the dependent variable.

Present your data with their appropriate units.


Process your data in some way, for example, mean values calculated or a line of best fit drawn.


Plot a graph to present the results in a way that displays them clearly and helps interpretation.


Qualitative data (observations) may also be recorded (see Expert tip box on page xi).



	
Data – recorded products of observations and measurements.

Measuring/measure – obtain a value for a quantity.








	6


	Following an analysis, develop an explanation for the results. What do the results show? Describe and explain the results. Do the results support the hypothesis, or not?

	
Analysis/analyse – break down in order to bring out the essential elements or structure.

Explanation/explain – give a detailed account including reasons or causes.








	7


	
Evaluate the investigation and suggest improvements.

When commenting on limitations, consider the procedures, the equipment, the use of equipment, the quality of the data (for example, its accuracy and precision – see Figure 3) and the relevance of the data. To what extent may the limitations have affected the results? Propose realistic improvements that address the limitations.


The sensitivity of the equipment used must also be taken into account.



	
Evaluate/evaluation – make an appraisal by weighing up the strengths and limitations.

Accuracy – how close to the true value a result is.


Precision – describes the reproducibility of repeated measurements of the same quantity and how close they are to each other. Note, measurements can be precise but not accurate (see Figure 3).


Sensitivity – the number of significant digits to which a value can be reliably measured. For example, if a digital thermometer can measure to two decimal places, this is the sensitivity of data that can be recorded.








	8


	The improvements to the method can lead to further investigations, and so the cycle repeats itself.

	 






	
Table 1 The investigation cycle










Replicates can improve the reliability of an investigation and enable anomalies to be identified.
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Key definitions


Replicate – a repeating of the entire experiment run at the same time.


Confounding variables – any other variable, besides the independent variable, that also has an effect on the dependent variable.
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Due to the complexities of systems, other variables besides the independent variable may affect the dependent variable. These confounding variables must be held constant if possible, or at least monitored so that their effect on the results can be accounted for in the analysis.
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Quantitative data are numerical data (with associated units and uncertainty, if appropriate – some measurements such as species richness do not have units). An example of such data might be measurements of the breadth of leaves from a species of plant grown in shaded and exposed positions, or the pH values of topsoil samples in different positions within tropical primary rainforest.


Quantitative data may be discontinuous (discrete) or continuous. Discontinuous data cannot be measured across a complete range, and are either numerical or categorical.





•  Numerical data can only take certain values (for example, whole numbers), such as the number of petals present in a species of flower or number of fruit flies on an apple.



•  Categorical data is where a measured variable falls into a number of distinct categories based on specific features, such as male or female, or a country’s level of economic development.
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Expert tip


In ESS investigations, observations are recorded as data (singular datum). You will collect two types of data during your ESS investigation: quantitative or qualitative.


Qualitative data are observations not involving measurements, such as those recorded in an ecological study to note conditions in a survey area (for example, factors that may make the collection site typical or atypical, such as cloud cover or rainfall during the collecting of abiotic data).


Quantitative data are numerical data from measurements, such as measurements taken when recording a dependent variable (for example, the species richness recorded in a biodiversity study).
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Continuous data can take any value over a range, for example, temperature, mass, distance and time.


In addition, data may be primary or secondary. Primary data is the actual data you measured and may include associated qualitative data (observations). It is acceptable for you to convert handwritten raw data into word-processed form. Secondary data is data obtained from literature. Such data must be clearly referenced to show its source, for example:
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Expert tip


Raw data refers to data collected without any processing, and are just the values of each variable collected. It is often difficult to use for data analysis, and usually needs to be processed in some way.


Processed data refers to data that are ready for analysis. Processing involves carrying out a calculation, for example, in a study investigating the effect of acid on the rate of germination, the germination percentage first needs to be calculated (seeds germinated/total seeds × 100). The germination rate is then determined by calculating the productivity (page 11) at different time intervals after planting and then plotting these data.


A processed variable refers to a variable that is calculated from measured data (that is, from the dependent variable), for example, in an investigation looking at the effect of human disturbance on biodiversity, the dependent variables will be the number and relative abundance of different species; the processed variable calculated from this will be species diversity using the Simpson diversity index.
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During your two-year IB ESS course you will carry out practical work to help ground your understanding of the subject. This work may be lab-based or located in an environment outside your school or college. This work will help you to understand some of the ESS concepts, teach you important practical and analytical skills, and give you opportunities to extend your knowledge through your own investigations.
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Examiner guidance


Be aware that a strong correlation does not necessarily mean causation. In other words, you cannot state definitely that X causes the changes in Y (where X is a dependent variable and Y is an independent variable).


You may of course suggest in your conclusion that X causes changes in Y, or vice versa. However, you should not draw definite cause and effect conclusions based on correlation.


There are several reasons why you cannot make definite causal statements:





•  You do not know the direction of the cause – does X cause Y, or does Y cause X?



•  A third variable Z may be involved that is responsible for the correlation between X and Y.



•  The apparent relationship may simply be due to chance.
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Key definition


Correlation – when one variable changes with another variable, so there is a relation between them. The strength of a correlation can be measured using a correlation coefficient. A correlation need not be a causal relation.
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Approaches to learning


Approaches to learning (ATL) are deliberate strategies, skills and attitudes which underlie all aspects of the IB Diploma Programme. These approaches are intrinsically linked with the IB learner profile attributes (see below), and are designed to enhance your learning and preparation for the Diploma Programme assessment and beyond.
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Expert tip


ATLs encompass the key values and principles that underpin an IB education.
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The aims of ATLs in the IB Diploma Programme are to:





•  link prior knowledge to course-specific understandings, and make connections between different subjects



•  encourage you to develop a variety of skills that will equip you to continue to be actively engaged in learning after you leave your school or college



•  help you not only obtain university admission through better grades but also prepare for success during tertiary education and beyond



•  enhance further the coherence and relevance of your IB Diploma Programme experience.





The five approaches to learning develop the following skills:





•  thinking skills



•  social skills



•  communication skills



•  self-management skills



•  research skills.





Practical activities clearly allow you to interact directly with natural phenomena, explore a topic and examine specific research questions. All practical skills covered in this book can be viewed in the context of ATLs. They also give you the opportunity to develop and use IB terminology:





•  research skills to find out appropriate methods to investigate specific research questions, and put your investigation in the context of the wider community



•  thinking skills to design investigations, collect and analyse data, and then evaluate your results



•  social skills in order to collaborate with peers



•  communication skills to effectively and concisely present your findings



•  self-management skills to make sure you successfully plan your time and meet deadlines.





The IB learner profile


The IB ESS course is closely linked with the IB learner profile (Table 3). By following the course, you will have engaged with all attributes of the IB learner profile: the requirements of the IA provide opportunities for you to develop every aspect of the profile.






	
Learner profile attribute


	Relevance to ESS syllabus






	Inquirers

	Practical work and internal assessment






	Knowledgeable

	Links to international-mindedness

Practical work and internal assessment








	Thinkers

	Links to theory of knowledge

Practical work and internal assessment








	Communicators

	External assessment (examinations)

Practical work and internal assessment








	Principled

	Practical work and internal assessment

Ethical behaviour


Academic honesty








	Open-minded

	Links to international-mindedness

Practical work and internal assessment


The group 4 project (optional for ESS students)








	Caring

	Practical work and internal assessment

The group 4 project (optional for ESS students)


Ethical behaviour








	Risk-takers

	Practical work and internal assessment

The group 4 project (optional for ESS students)








	Balanced

	Practical work and internal assessment

The group 4 project (optional for ESS students)


Fieldwork








	Reflective

	Practical work and internal assessment

The group 4 project (optional for ESS students)








	Table 3 Relevance of the IB learner profile to the IB ESS syllabus








The internal assessment


The internal assessment (IA) forms 25% of your final mark with the external examinations (Papers 1 and 2) forming 75% of your final assessment.


The IA criteria are designed to assess the different aspects of your study. Each criterion aims to assess different aspects of your research abilities. The sections are differently weighted to emphasize the relative contribution of each aspect to the overall quality of the investigation.
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The IA will involve 10 hours of work and will generate a word-processed report or write-up between 1 500 and 2 250 words long.


This will be marked out of a maximum of 30 marks based upon the 6 assessment criteria (Table 4). This will then be scaled to a mark out of 25. Your individual investigation will be internally marked by your IB ESS teacher but moderated externally (re-marked) by an experienced IB ESS teacher appointed by the IBO. External moderators will not read beyond 2 250 words and will only allocate marks up to this limit.


There are separate chapters for each of the IA criteria in this guide (Chapters 12–17). Checklists at the end of each chapter will help you to ensure that your report matches the requirements of the ESS assessment criteria.


Grade boundaries for the IA are as follows (using data from May 2017, November 2017 and May 2018 examinations):
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Planning an IA


The IA requires you to carry out an individual investigation of an ESS research question. The research question and investigation need to be designed and implemented by you, individually. The investigation is submitted as a written report.


The investigation needs to address specific assessment criteria. The ESS IA has six criteria that need to be covered by your report (see Table 4 on page xiii) Note: these criteria are different from other group 4 sciences and are unique to ESS. Please also note, if you carry out an ESS extended essay, it cannot be based on the research question of the ESS internal assessment.


The IA engages in a study of an environmental issue that can be focused within the scope of the ESS internal assessment. At the same time, it must be linked to a broader environmental context that will ultimately inform the wider issue through the suggestion of solutions or ‘applications’. The process of engaging with this involves:





•  identifying a broad environmental issue that interests you



•  developing and carrying out a small-scale study that relates to one or more aspects of this environmental issue, that is, putting the issue into context



•  suggesting a solution to the issue highlighted by your study, relating this back to the broader issue using the conclusion and evaluation of your investigation.
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Expert tip


In your IA you will identify a global issue, carry out a related study on a local scale, and then consider how your findings provide solutions to the bigger issue.


The small-scale study of one aspect of that global problem can use secondary data, available through databases, or other secondary sources.
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While the research question should focus on one particular issue that can be addressed through your own research, your research must also be applicable to a wider context, and its conclusion must offer potential solutions to broader problems.


You should explore a range of options available to you and pursue a research question that engages your interest. You should decide whether to do an individual investigation that involves the use of surveys, case studies, ecological fieldwork, hands-on practical laboratory work, the use of secondary sources such as databases and simulations, or possibly a mix of these sources.


Table 6 below gives a suggested outline for the stages involved in organizing the IA investigation, with route-point markers that are linked to the assessment criteria. The two routes presented divide the type of study into either environmental or societal in nature, although the possibility of a research question that involves a hybrid type of study should not be ruled out.






	
Environmental systems


	Inquiry route-point marker

	Societies






	Planning phase







	Develop a research question which addresses an issue or problem arising from the interaction of people and their environments.

	
Identifying the context:

Raising awareness and understanding of the issue, question or problem.



	Develop a research question which addresses the values, attitudes and activities of the different groups of individuals regarding this issue, question or problem.






	Set up the research question and suggest hypotheses, where this is applicable.

	
Planning focus:

Definition and description of the issue and research question.



	Identify interested groups. Classify values and activities.






	Describe methods and techniques. Decide on what sort of data or information to collect. Measuring, counting, field sketching of photographs, mapping, sampling programme, equipment.

	
Planning:

Design of research.



	Describe methods and techniques. Questionnaires, surveys, case studies, opinion polls, bipolar scales, interviews, prompts (for example, photographs, media analysis).






	Collecting information







	Graphs, pie charts, flow charts, tables, maps, descriptive statistics, inferential statistics, hypothesis testing.

What does the data show?



	
Results, analysis and conclusion:

Data analysis and presentation.



	Identify bias, prejudice, and misrepresentation. Identify conflicts of interest and the most powerful positions.

What does the data show?








	Evaluation of methods.

What changes are likely to happen in the future? On what timescale? How reliable are your predictions? What does research show?



	
Discussion and evaluation:

Discuss, predict, evaluate.



	Evaluation of methods.

Which viewpoint is likely to succeed? Can compromise be reached? Evaluate the sustainability issues resulting from the inquiry.








	Based on the environmental context, what are the management options? Which should be carried out? Does the social consideration conflict with the environmental one?

	
Application:

Solutions and decisions.



	Based on the social context, what are the management options? Which ones should or could be carried out? Why? Will the inquiry change your ideas, ethics or behaviour?






	Table 6 Different routes to carrying out the IA








Your school may require you to complete a preliminary IA proposal. This may mean that you need to suggest a research question and methodology, carry out a risk assessment and complete a requisition for apparatus and biological materials for preliminary work, if carrying out a lab-based project.


Setting up a schedule


It may also be helpful to set up a timeline with start dates and deadlines for each part of your individual investigation, if your school has not done that. A sample timeline is shown below in Table 7.
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ESS concepts and practical skills



ESS skills and concepts


•  Key concepts


•  Systems diagrams and models


•  Mathematical and measurement skills


•  Maps and diagrams


•  Questionnaires and interviews


Practical skills


•  Ecology and ecosystems


•  Biodiversity and conservation


•  Water systems


•  Soil systems


•  Atmospheric systems and societies


•  Climate change


•  Population and resources





1 ESS skills and concepts



Key concepts


The ESS syllabus is underpinned by the following central concepts:





•  Environmental value systems



•  Equilibrium



•  Sustainability



•  Biodiversity



•  Strategy.





The issues covered by the course, such as resource management, conservation, pollution, globalization and energy security, are all linked to these key concepts. These concepts can be seen as ‘lenses’ through which the environmental issues can be viewed, helping you to make cross-connections between different elements of the ESS syllabus.


The systems approach is a further concept that is central to the course (see pages 5–6): it helps you to understand complex and dynamic environmental issues, allows you to make connections with other subjects, and enables you to integrate new ideas into what you know already.
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Key definitions


System – a set of interrelated parts and the relationships between them, which together constitute an entity or whole.


Environmental value system (EVS) – a particular worldview that shapes the way an individual or group of people perceives and evaluates environmental issues, influenced by cultural, religious, economic and sociopolitical contexts.
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Environmental value systems


An environmental value system (EVS) determines the global perspective of an individual or group of individuals, the decisions they make and the course of action they take regarding environmental issues. There is a range of different EVSs, from ecocentric (a nature-centred EVS) to technocentric (a technology-centred EVS). EVSs determine how individuals and societies respond to environmental issues. Many different factors determine an EVS (Figure 1.1).
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Equilibrium


The concept of equilibrium can help us understand the effect of human actions on natural systems. Systems have a tendency to return to the original equilibrium, rather than adopting a new one, following disturbance. Tipping points occur when there is a dramatic change in the ecological state, away from equilibrium. They represent points beyond which irreversible change or damage occurs. Such changes are caused by human population growth and associated factors, such as:





•  resource consumption



•  habitat transformation and fragmentation



•  energy production and consumption



•  climate change.
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Key definitions


Equilibrium – a state of balance among the components of a system.


Tipping point – a critical threshold when even a small change can have dramatic effects and cause a disproportionately large response in the overall system.


Sustainability – the use of global resources at a rate that allows natural regeneration and minimizes damage to the environment.


Biodiversity – the amount of biological or living diversity per unit area. It includes the concepts of species diversity, habitat diversity and genetic diversity.


Conservation – the protection of species and ecosystems.


Strategy – a plan of action to achieve specific goals.
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Sustainability


Sustainability refers to the use of natural resources in a way that does not reduce or degrade them so that they are available for future generations, and is central to an understanding of the nature of interactions between environmental systems and societies. Resource management issues are essentially ones of sustainability.


Biodiversity


Biodiversity underpins our knowledge of the extent of life on Earth and how it evolved. Conservation is closely linked to the concept of biodiversity – to fully appreciate priorities for conservation, the extent of biodiversity needs to be understood.


Strategy


To address environmental issues caused by human actions, clear courses of action are needed. These will be determined by the EVSs of individuals and societies. Strategy is the link between evidence and action. For example, when considering the conservation of biodiversity:





•  Carefully planned strategies are needed to improve the conservation status of critically endangered species; these strategies need to address the ecological, socio-political or socio-economic pressures that are impacting on the species.



•  International conventions provide governments with strategies for conserving biodiversity.



•  There are different strategies for conservation: in situ conservation preserves biodiversity in natural habitats (for example, protected areas, safari parks), while ex situ conservation preserves biodiversity outside natural habitats (for example, zoos).





Throughout the ESS course you will consider strategies to mitigate or adapt to the effects of humanity’s impact on the environment.


System diagrams


The environmental issues you study in ESS are, by their very nature, complex. The subject also links to many disciplines, such as ecology, chemistry, physics, geology, geography, politics and economics. To fully understand the subject, an integrative overview of the issues is needed, linking together many different individual areas of inquiry. The ‘systems approach’ can be used effectively to make such studies possible and help in the study of complex environmental issues. A system contains components, interlinked through processes and interactions, all of which work together to constitute a whole entity. This holistic approach allows us to appreciate that environmental systems do not function in isolation, but interact with other systems. This is in contrast to a ‘reductionist approach’, shown by some areas of traditional science, which tends to overlook interactions between systems, meaning that a holistic overview is difficult to achieve. For example, to understand the functioning of a human, many different systems need to be understood, from the cellular through to tissues, organs and organ systems.


Each system has its own flows and storages of matter, energy or information. Flows are inputs and outputs to the system and movement within it, for example, energy entering an ecosystem as sunlight, moving along food chains, and being ultimately released from organisms as heat. Storages are the reservoirs of matter, energy or information, for example, the trees within a forest ecosystem that store chemical energy as cellulose and starch, and DNA which stores genetic information in all organisms.
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Key definitions


Flow – a movement of matter, energy or information between storages in a system.


Storage – the locations where matter, energy or information is held in a system.


Input – a flow entering a storage.


Output – a flow leaving a storage.
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Systems can be shown as diagrams consisting of storages and flows (Figure 1.2). System diagrams are drawn using well-established conventions which apply across all disciplines:





•  Storages are represented by boxes.



•  Flows are represented by arrows.



•  Arrows represent inputs and outputs from the system.





Figure 1.2 shows a simple system diagram to describe oceans.
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Common mistake


If you are asked in an exam to construct a diagram of a system, do not draw a picture. This reduces the time available for completing the question. You are expected to draw diagrams with boxes and arrows, representing storages and flows. Draw bold, clear, well-labelled diagrams.
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Transfer and transformation processes


Inputs into and outputs from systems can be transfer or transformation processes:





•  Transfers are processes that involve a change in location within the system but no change in state, for example, harvesting of forest products from plant biomass (Figure 1.3).



•  Transformations lead to the formation of new products (for example, photosynthesis, which converts carbon dioxide and water, in the presence of solar energy, into glucose and oxygen) or involve a change in state (for example, water evaporating from a leaf into the atmosphere by transpiration – Figure 1.3).
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Common mistake


Do not confuse transfers with transformations. Transfers only involve a change in location, whereas transformations involve a change in state or the formation of new products.
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Storages and flows can be drawn in proportion, that is, to scale. This quantitative way of showing information about the system gives extra information and adds value to models (Figure 1.4).
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Expert tip


When drawing a diagram, include processes on the input and output arrows to show the transfers (blue arrows in Figure 1.3) and transformations (red arrows in Figure 1.3) taking place.


If you have data which indicates the size of the flows or storages, you are expected to show these on diagrams either by drawing boxes and arrows proportionally (Figure 1.4), or by including numbers.
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Using system diagrams to show the effects of human activity


Figure 1.3 shows storages and flows within an ecosystem. It also shows how timber is removed from the forest system. From this, the impacts on the rest of the system can be deduced (for example, reduced plant biomass will lead to reduced photosynthesis and increased carbon dioxide concentration in the atmosphere). System diagrams can be used in this way to show the impact of human activities on the environment, such as the effect of pollution. Figure 1.5, for example, shows how increased combustion of fossil fuels has led to increased warming of the Earth (the enhanced greenhouse effect).
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Key definitions


Greenhouse effect – The natural process by which greenhouse gases, especially carbon dioxide, methane and water vapour, allow short-wave radiation to pass through the atmosphere, but trap a proportion of out-going long-wave radiation, thereby warming the Earth’s atmosphere.


Enhanced greenhouse effect – increased warming of the Earth due to accelerated emissions of greenhouse gases due to human activities.
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Ideas for investigations


For any environmental system you are studying, be prepared to draw a system diagram that shows the effects of changed inputs (including human impacts) on the rest of the system, including its outputs.


A system diagram would be a good way of summarizing the results of your IA and indicating possible solutions to the environmental issue you have studied.
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ACTIVITIES





1  Construct a system diagram to show the causes and effects of acid rain.



2  List the transfers and transformation processes in the carbon cycle.
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Models


A model is a simplified version of reality which is used to improve our understanding of how systems work and can help predict how they will respond to change. Computer models use current and past data to generate future predictions. All models have strengths and limitations, and inevitably involve some simplification and loss of accuracy. Some models are complex, such as the computer models that predict the effect of climate change. Diagrammatic models (such as the water, carbon and nitrogen cycles) can help visualize the flows, stores and linkages that make up complex systems. System diagrams (see pages 5–6) can be considered models, as they show simplified versions of reality that can be used to indicate interactions and interrelationships within a system.
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Key definitions


Model – a simplified version of a system. It shows the flows and storages as well as the structure and workings.


Prediction – the expected change in the dependent variable due to a causal change in the independent variable.
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There are many advantages of using models. They help scientists make predictions about what will happen if there are changes to system inputs, outputs, or storages. Moreover, models allow inputs to be changed and outcomes examined without having to wait a long time (as we would have to if studying real events). In addition, they allow results to be shown to other scientists and to the public and can be easier to understand than detailed information about the whole system.


However, models have limitations too. For example, environmental factors can be very complex with many interrelated components; it may be therefore impossible to take all variables fully into account. Unfortunately, if models are used to provide a simplified representation of reality then they may become less accurate as predictive tools. For example, there are a great many complex factors involved in the operation of atmospheric systems and flows within the carbon cycle. As a result, some climate change sceptics have criticized the models used by the Intergovernmental Panel on Climate Change (IPCC) on the grounds of validity (their argument being that the processes and issues are so complex that any attempt at modelling is likely to result in potentially oversimplified and therefore flawed findings).


Different models may show varying effects and outcomes despite using the same input data. For example, competing models used to predict the effect of climate change can provide contrasting results, and the levels of uncertainty tend to increase the further into the future we look. Moreover, any model is only as good as the data inputs used, and some information may not be reliable in the first place. For example, estimates of the total number of species on Earth are based on mathematical models and vary considerably; issues with identification and classification combined with a lack of finance for scientific research result in many habitats and groups being significantly under-recorded, resulting in unreliable models. Models also rely on the expertise and impartiality of the people making them. Different people may interpret models in varying ways, and so come to different conclusions. People who would gain from the results of particular models or predictions may exhibit bias by using them to their own advantage.
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Expert tip


The need for models to summarize complex systems requires approximation techniques to be used; these can lead to loss of information and oversimplification. A model inevitably involves some approximation and therefore loss of accuracy. The advantage of models is that they can clearly illustrate links between parts of the system and give a clear overview of complex interrelationships.
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Figure 1.6 shows two different climate change pathways modelled by the IPCC. In each case, a range of temperature rises is shown, with differing implications for life on Earth. The global mean surface temperature (GMST) rise prediction for a high emissions scenario varies from 3 °C to 5 °C. This partly reflects the uncertainty around the strength and timing of possible positive feedback loops linked with Arctic permafrost thawing.
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Examples of models you will meet in ESS:





•  biogeochemical cycles, such as the carbon, water and nitrogen cycles (other cycles include sulphur and phosphorus – not currently studied in the ESS syllabus)



•  feeding relationships in ecosystems, modelled as, for example, food chains, food webs and ecological pyramids



•  energy transformations along food chains, used to model the first and second laws of thermodynamics (the principle of conservation of energy and the inefficiency of energy transfer, respectively) – see Figure 1.7 below



•  soil profile diagrams to represent the soil system – see Figure 1.8 on the next page



•  global climate models – see Figure 1.6 above



•  age–gender pyramids and demographic transition models (DTM)



•  ecological footprints



•  ecosystem modelling (mesocosms or bottle experiments)



•  models of sustainability such as maximum sustainable yield.
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Mathematical skills


SI units
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Expert tip


Here are some general rules when applying SI units:





•  Units are always spelt beginning with a lowercase letter, for example, metre. This is also the case when they are named after a scientist, for example, joule.



•  Units are always expressed in the singular not the plural, for example, 2 min not 2 mins. (Note: This is the case when using the unit symbol, but not when reading the quantity out loud, for example, 5 kg is correct but this is read as 5 kilograms).
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