Topic 1: Systems and models (5 hours)

It is essential that the systems approach is used throughout this course. This approach identifies the
elements of the systems, and examines the rejationships and processes that link these elements intc a
functioring entity. This topic may be best viewed therefore as a theme to be used in the delivery of the
other topics, rather than as an isolated teaching tepic.

The topic identifies some of the underlying principles that can be applied to living systems, from the level
of the individual up to that of the whole biosphere. It would therefore be helpful to describe and analyse
the systems addressed in the terms laid cut in this topic {(wherever possible). The systems approach also
emphasizes the similarities between environmental systems, biological systems and artificial entities such
as transport and communication systems. This approach stresses that there are concepts, techniques and
terms that can be transferred from one discipline (such as ecology) to another {such as engineering).

TOK: How does a systems approach compare to the reductionist approach of conventional science? How
does methodology compare between these two approaches? What are the benefits of using an approach
that is common to other disciplines such as economics and sociology?

B

Qutline the concept and 2 | The emphasis will be on ecosysters but some
characteristics of systems. mention should be made of economic, sccial and
value systems.

1.1.2 Appiy the systems concepton a 2 | Therange mustinclude a small-scale local
range of scales, ecosystem, a large ecosystem such as a biome,
and Gaia as an example of a global ecosystem.

11.3 Define the terms open system, 1 These terms should be applied when
closed system and isofated systern, characterizing reai systems.

. An open system exchanges matter and
energy with its surroundings (for example,
an ecosystem). :

- A closed system exchanges energy but not
matter; the "Biosphere 1" experiment was
an attempt to model this. Strictly, closed
systerns do not occur naturally on Earth, but
all the global cycles of matter, for example,

H the water and nitrogen cycies, approximate

| to closed systems.

. Anisolated system exchanges neither

i matter nor energy. No such systems exist
j {with the possible exception of the entire
|

|

COSMOS).
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U Teacher's notes

114 Describe how the first and second
laws of thermodynamics are

relevant to environmentatl systems.

The first law concerns the conservation of energy.
The second law explains the dissipation of energy
that is then not available to do wark, bringing
about disorder. The second law is most simply
stated as: "In any isolated system entropy tends
to increase spontaneously.” This means that
energy and materials go from a concentrated
into a dispersed form (the availability of energy
to do work diminishes) and the systemn becomes
increasingly disordered.

Both laws should be examined in relation to the
energy transformations and maintenance of
order in living systems.

1.5 Explain the nature of equilibria.

A steady-state equilibrium should be understood
as the common property of most open systems
in nature. A static equilibrium, in which there is
no change, should be appreciated as a condition
to which natural systems can be compared.
{Since there is disagreement in the fiterature
regarding the definition of dynamic equilibriem,
this term should be avoided.) Students should
appreciate, however, that some systems may
undergo long-term changes to their equilibrium
while retaining an integrity to the system (for
example, succession). The relative stability of

an equilibrium—the tendency of the system

to return to that original equilibrium following
disturbance, rather than adopting a new one—
should also be understood.

11.6 Define and explain the principles
of positive feedback and negative
feedback.

The self-regulation of naturai systems is achieved
by the attainment of equilibrium through
feedback systems.

. Negative feedback is a self-regulating
method of contro leading to the
maintenance of a steady-state
equilibrium——it counteracts deviation, for
example, predator—prey relationships.

. Positive feedback leads to increasing
change in a system-——it accelarates
deviation, for example, the expenantial
phase of population growth.

Feedback links involve time lags.

ﬁ’% Environmental systems and societies guide
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117 Describe transfer and 2 | Transfers normally flow through a system and
i transformation processes. involve a change in iocation.

Transformations lead to an interaction within a
systam in the formation of a new end product,

i arinvolve a change of state. Using water as

an exampte, run-off is a transfer process and
evaporation is a transfermation process. Dead
organic matter entering a lake is an example ofa |
transfer process; decomposition of this material is ‘

i a transformation process.
11.8 . Distinguish between flows (inputs 2 | \dentify fiows through systems and describe their
and outputs) and storages {stock) direction and magnitude.
% in relation to systems,
118 | Construct and analyse quantitative 3 | Storages, yields and outputs shoutd be included
3; maodels involving flows and in the form of clearly constructed diagrammatic
. storages in a system. and graphical models.
1110 { Evaluate the strengths and 3- 1 A modal is a simplified description designed
| limitations of models, to show the structure or workings of an object,
i system or concept. In practice, some models
1 require approximation technigues to be used. For
E example, predictive models of climate change
% | may give very different resuits. in contrast, an |
! ] aguarium may be a relatively simple ecosystem |
| ' i but demonstrates many ecological concepts. i

Topic 2: The ecosystem (31 hours)

The techniques required in this topic may be exemplified through practical werk in marine, terrestrial,
freshwater or urban ecosystems, or any combination of these, The selection of environmaents can be made
according to the local systems available tothe students, and the most convenient systemns for demonstrating
the technigues in question, However, there is an advantage in using the various practical measurements to
quantify different aspects of the same ecosystem, where possible. In this way, the techniques are not simply
rehearsed in isolation, but can be used to build up a holistic model of that system.

TOK: How does the role of instrumentation circumvent the mitations of perception? Can environmental
investigations and measurements be as precise or reilable as those in the physical sciences? Why is this,
and how does this affect the validity of the knowledge? Applying sirnilarly rigorous standards as are usad in
physics, for example, would leave environmentalists with ver\y listle they could claim as knowiedge. Bug, by
insisting on high degrees of chjectivity, would we miss out on a useful understanding of the environment?
s a pragmatic or correspondence test of truth most appropriate in this subject area?

16 nvironmental systems and societies guide 4
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2.1 Structure

4 hours

Assessment stateiment Ob | Teacher's notes

2.1 Distinguish between biotic and 2
ablotic {physical) components of an
ecosystem.

212 Define the term trophic fevel. 1

213 identify and explain trophic 3 Relevant terms (for example, producers,
levels in food chains and food consumers, decompaosers, herbivores, carnivores,
webs selected from the local top carnivores) should be applied to local, named
environment. examples and other food chains and food webs.

214 Explain the principles of pyramids 3 | Pyramids are graphical models of the guantitative

of numbers, pyramids of biomass,
and pyramids of praductivity, and
construct such pyramids from
given data.

differences that exist between the trophic levels
of a single ecosystem. A pyramid of biomass
represents the standing stock of each trophic
level measured in units such as grams of biomass
per square metre (g m™). Biomass may also be
measured in units of anergy, such as Jm™.

In accordance with the second jaw of
thermodynamics, there is a tendency for
numbers and guantities of biomass and energy
to decrease along food chains; therefore the
pyramids become narrower as one ascends.
Pyramids of numbers can sometimes display
different patterns, for example, when individuals
at lower trophic levels are relatively large,
Sirilarly, pyramids of biomass can show greater
guantities at higher trophic levels because they
represent the biomass present at 2 given time
{there may he marked seasonal variations). Both
pyramids of numbers and pyramids of biomass
represent storages,

Pyramids of productivity refer to the flow of
energy through a trophic level and invariably
show a decrease along the food chain. For
example, the turnover of two retail outlets cannot
be compared by simply comparing the goods
displayed on the shelves; the rates at which the
shelves are being stocked and the goods sold
also need to be known, Similardy, a business may
have substantial assets but cash flow may be very
limited. In the same way, pyramids of biomass
simply represent the momentary stock, whereas
pyramids of productivity show the rate at which
that stock is being generated. Biomass, measured
in units of mass or energy {for example, g m~2 or
Jm™), should be distinguished from productivity
measured in units of flow {for example, gm? yr
or by,

%ﬁ Environmental systems and societies guide
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3133

Toacher's notes

A pyramid of energy may be representad either
as the standing stock (biomass) measured in units
of energy (i m™ or as productivity measured in
units of flow of energy () m? yr"), depending

on the text consulted. As this is confusing, this
syllabus avoids the term pyramid of energy.

215

Discuss how the pyramid structure
affects the functioning of an
ecasystem.

This should include concentration of

| non-bicdagradable toxins in food chains,
limited length of food chains, and vuinerability
of top carnivores. Definitions of the terms
biomagnification, bioaccurmulation and
hicconcentration are not required.

2.1.6

Define the terms species,
population, habitat, niche,
community and ecosystern with
reference to local examples.

Describe and explain population
interactions using examples of
named species,

Include competition, parasitism, mutualism,
predation and herbivory.

Mutualism is an interaction in which both species
derive benefit. Interactions should be understood
in terms of the influences each species has on

the population dynamics of others, and upon

the carrying capacity of the others’ environment.
Graphical representations of these influences
should be interpreted.

2.2 Measuring abiotic components of the system

1 by

| Assassinant stathrent

51 Feachar’s notes”

List the significant abiotic {physical)

for measuring at least three
abiotic [physicai) factors within an
ecosystem,

|
b

2.21 |
3 | factors of an ecosystem. |
2.2.2 Describe and evaluate methods ' Students should know methods for measuring

any three significant abiotic factors and how
these may vary in a given ecosystem with depth,
time or distance. For example:

. marine-—salinity, pH, temperature,
dissolved oxygen, wave action

. frashwater-—turbidity, fiow velocity, pH,
temperature, dissolved oxygen

. terrestrial—temperature, light intensity,
wind speed, particle size, slope, soil

~ moisture, drainage, mineral content,

| This activity may be carried out effectively in

conjunction with an examination of related biotic

| componants.

Envircnmental systems and societies guide 48
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2.3 Measuring biotic components of the system

& hours
Assesstment statement i}ifsg ’E’@aahéf-’g m}i‘@_és ' o R

2.31 Construct simple keys and 3 | Students could practise with keys supplied and
use published keys for the then construct their own keys for up to eight
identification of organisms. species,

2.3.2 Describe and evaluate methods 2 Methods should include capture-mark-refease—
for estimating abundance of recapture {Lincoln index} and guadrats for
organisms. measuring population density, percentage

frequency and percentage cover.

2.3.3 Describe and evaluate methods for 3 Dry weight measurements of quantitative
estimating the biomass of trophic samples could be extrapolated to estimate total
levels ina community. biomass.

234 Define the term diversity, 1 Civersity is often considered as a function of two
components: the number of different species
and the relative numbers of individuals of each
species,

2.3.5 Apply Simpson’s diversity index 2 NN -1

and outline its significance. b men(nfi)

Students are not required to memorize this
formula but must know the meaning of the
symbols:

D= diversity index
N = total number of organisms of al} species found
n = number of individuals of a particuiar species

Dis a measure of species richness, A high value
of D suggests a stable and ancient site, and a

low value of D could suggest poliution, recent
colonization of agricultural management. The
ndex is normally used in studies of vegetation
but can also be applied to comparisons of animal
{or even all species) diversity,

@ Envirenmentat systems and societies guide
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2.4 Biomes

I hours

Assassment statement.

j | Tearher’s notes

241 Define the term biome.

Int: Biomes usually cross national boundaries
{biomes do not stop at a border; for example, the
Sahara, tundra, tropical rainforests).

other biome,

24.2 Explain the distribution, structure
and reiative productivity of tropical
rainforests, deserts, tundra and any

_are not limiting. The other biome may be, for

Refer to prevailing dimate and limiting factors.
For example, tropical rainforests are found close
tothe equator where there is high insolation
and rainfall and where fight and temperature

example, ternperate grassland or a local example,
Lirnit climate to temperature, precipitation and
insolation.

2.5 Function

7 Bours

essmentsiatement.

2,51 Explain the role of producers,

ecosystem.

consumers and decomposers in the

252 | Describe photosynthesis
and respiration in terms of
Inputs, outputs and energy
transformations,

Biochemical details are not required. Detalls
of chloroplasts, light-dependent and light-
independent reactions, mitochondria, carrier
systems, ATP and specific intermediate
biochemicals are not expected.

Photosynthesis shouid be understood as
requiring carbon dioxide, water, chlorophyli and
certain visible wavelengths of light to. produce
organic matter and oxygen. The transformation
of light energy into the chemical energy of
organic matter should be appreciated.

Respiration should be recognized as requiring
organic matter and oxygen to produce carbon
dioxide and water. Without oxygen, carbon
dioxide and other waste products are formed,
Energy is released in a form available for use by
living organisms, but is ultimately lost 2s heat,

Pl
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P 253 ‘ Describe and explain the transfer
| and transformation of energy as it
- flows through an ecosystem.

i efficiencies of transfer

Tescher's notes

i
i
s et J

Explain pathways of incoming solar radiation i
incident on the ecosystem including: i
|

. loss of radiation through reftection and :
absarption

+ conversion of fight to chemical energy

. foss of chemical energy from one trophic
level to ancther

- overall conversion of light to heat energy by
an ecosystam [

. re-radiation of heat energy to the
atmosphere.

Construct and analyse simple energy-flow
diagrams illustrating the movement of energy
through ecosystems, including the productivity
of the various trophic levels.

The distinction between storages of anergy
illustrated by boxes in energy-flow diagrams
{representing the various trophic levels), and
the flows of energy or productivity often shown
as arrows (sometimes of varying widths) needs
to be emphasized. The former are measured as
the amount of energy or biomass per unit area
and the latter are given as rates, for example,

i 254 | Describe and explain the transfer
and transformation of materials as
| they cycle within an ecosystem.

-

i Processes involving the transfer and
| transformation of carbon, nitrogen and water

Fm day .

as they cycle within an ecosystem shouid be
described, and the conversion of organic and
inorganic storage noted where appropriate.

Construct and analyse flow diagrams of these |

! cycles. I

| 255 | Definethe terms gross productivity,
| i net productivity, primary
! oproductivity and secondary

Define the terms and calculate
the values of both gross primary
productivity (GPP) and net primary

48 Environmental systems and socleties guide

productivity (NFP from given data. |

Productivity is production per unit time,

Use the equation

NPP = GPP - R

where R = respiratory loss

pa




Syi%gawbijfw content

Assessment statement Okj | Teacher's notes
2.57 | Define the terms and calculate 2 | Usethe eguations
the vaEu'ef of both gross secondary NSP = GSP - R
productivity (GSP) and net secondary
productivity (INSP) from given data. GSP = food eaten - fecal loss
where R = respiratory loss
The term "assimifation” is sometimes used instead
1 of "secondary productivity”, '
2.6 Changes
7 hours
_ _-&gsmmimﬁi étg‘é L %?@; --"-_"é*m{%a.m_’-g motas
261 Explain the concepts of limiting 3
factors and carrying capacity in the
context of population growth.
262 Describe and explain S and } 3 Explain changes in both numbers and rates of
pobulation curves. growth in standard $ and J population growth
Curves,
Population curves should be sketched, described,
interpreted and constructed from given data.
S curve
&
Popuiation
Time -
dourve
A
Fopulation
Tirme
i
22 Environmental systems and societies guide @
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Teachar's notes

26.3

Describe the role of
density-dependent and
density-indepandent factors, and
internal and external factors, In the
regulation of populations.

i According te theory, density-dependent factors

cperate as negative feedback mechanisms
leading to stability or requiation of the
population,

Both types of factors may operate on a
population. Many species, particularly
r-strategists, are probably regulated by density-
independent factors, of which weather is the
mostimportant. internal factors might include
density-dependent fertility or size of breeding
territory, and external factors might include :
predation or disease. e

2.6.4

Describe the principles associated
with survivorship curves including,
K- and r-strategists,

K- and r-strategists represent idealized categories
and many organisms occupy a place on the
continuum.

Students should be familiar with interprating
features of survivorship curves including
[ogarithmic scales.

26.5

Describe the concept and
processes of succession in a named
habitat,

Students should study named examples of
organisms from a pioneer community, seraj
stages and climax community.

The concept of succession, occurring over time,
should be carefully distinguished from the
concept of zonation, which refers to a spatial
pattern.

2.6.6

Explain the changes in energy
flow, gross and net productivity,
diversity and mineral cycling in
different stages of succession,

In early stages, gross productivity is low due

to the initial conditions and low density of
producers. The proportion of energy lost through
community respiration is relatively low too, so net
productivity is high, that is, the system is growing
and biemass is accumulating.

in fater stages, with an increased consumer
community, gross productivity may be highin
a dimax community. However, this is balanced
by respiration, so net productivity approaches
zero and the productionrespiration (P:R) ratio
approaches one,

267

Describe factors affecting the
nature of climax communities.

Climatic and edaphic factors determine the
nature of a climax community. Human factors
frequently affect this process through, for
exampie, fire, agriculture, grazing and/or habitat
destruction,

@3 Envitonmental systems and societies guide
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2.7 Measuring changes in the system

5 hours

Assessment statement Oyl | Teashars notes

2.71 Describe and evaluate methods for 3
measuring changes in abiotic and
biotic components of an ecosystem
along an environmental gradient.

272 Describe and evaiuate methods for 3 Methods and changes should be selected

measuring changes in abiotic and appropriately for the human activity chosen.
hiotic components of an ecosystern | - Suitable human impacts for study might
due to a specific human activity. include toxins from mining activity, landfilis,

eutrephication, effluent, oil spills and
overexploitation. This could include repeated
measurements on the ground, satellite images

and maps.
273 Describe and evaluate the 3 Students should have the opportunity to see an
use of environmental impact ; actual EiA study. They should realize thatan EIA
assessments {ELAs) ! involves production of a baseline study before

any environmentat development, assessment
of possible impacts, and monitoring of change
i during and after the development.

Topic 3: Human population, carrying capacity and
resource use (39 hours)

TOK: What do the models of "natural capital/income” and the "ecological footprint” add to the earlier
concepts of “resources” and “carrying capacity”? Is one model any more objective than the other? Is this
a good thing? With regard to the terms used, how does the language atfect our understanding of the
concepts? (For example, there is perhaps a sense that “natural capital” is something to be preserved, while
"resources” are specifically there for hurnan utilization. Similarly, “ecological footprint” conjures an image of
environmental threat from any growing population, whereas "carrying capacity” focuses on the maximum
number that a poputation can reach))

3.1 Population dynamics L
B hours i
Assessment statemant” Obi Teacher's notes 'i

3.1 Describe the nature and explain ‘ 3 §
the implications of exponential | {

growth In humen populations. i i

3.1.2 Calculate and explain, from given 3
data, the values of crude birth rate, \

crude death rate, fertility, doubling i

. time and natural increase rate. i ﬁ
i

{

24 Environméntal systems and socletles guide  Jg p
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| Agsessment statement

Taachar's notes

313 Analyse age/sex pyramids and
diagrams showing demographic
transition models,

Ints While many of the more economically
developed countries (MEDCs} have a declining
population size, that of many of the less
economically developed countries (LEDCs) is
rising rapidly. The position of various countries on
the demographic transition model refiacts their
development stages.

314 Discuss the use of models in
predicting the growth of human
populations.

This might include computer simulations,
statistical and/or demographic tables for LEDCs
and MEDCs, age/sex pyramids and graphical
extrapolation of population curves.

3.2 Resources—natural capital

& hours

: éféa%méa% :

3.2 Explain the concept of rescurces in
terms of natural income.

Ecologically minded economists describe
resources as "natural capital”. If property
managed, renewable and replenishable resources
are forms of wealth that can produce "natural
income” indefinitely in the form of valuable
goods and services.

This income may consist of marketable
commaodities such as timber and grain {goods)
or may be in the form of ecological services such
as the flood and erosion protection provided

by forests (services). Similarly, non-renewable
resources can be considered in paraliel to those
forms of economic capital that cannot generate
wealth without liguidation of the estate.

3.2.2 Define the terms renewable,
replenishable and non-renewable
natural capital.

There are three broad classes of natural capital.

Renewable natural capital, such as living
species and ecosystems, Is self-producing
and seif-maintaining and uses solar energy
and photosynthesis. This natural capital can
yield marketable goods such as wood fibre,
but may also provide unaccounted essential
services when leftin place, for exampie,
climate regulation,

Replenishable natural capital, such as
groundwater and the ozone fayer, is hon-
living but is alse often dependent on the
solar "engine” for renewal.

. Non-renawable (except on a geological
timescale)} forms of natural capital, such as
fossil fuel and minerals, are anatogous to
inventories: any use implies liquidating part |
of the stock.

4f Environmental systems and sacieties guide
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Teachar snotes

3.2.3

Explain the dynamic nature of the
concept of a resource,

3

Consider how cultural, economic, technological
and other factors influence the status of a
resaurce over time and space. For example,
uranium, due to the development of nuclear
technology, has only recently become a valuable
resource.

3.24

Discuss the view that the
environment can have its own
intrinsic value.

Organisms or ecosystems that are valued on
zesthetic or intrinsic grounds may not provide
commaodities identifiable as either goods or
services, and so remain unpriced or undervalued
from an econormic viewpoint. Organisms or
acosystems regarded as having intrinsic valug, for
instance from an ethical, spiritual or philosophical
perspective, are vaiued regardiess of their
potential use to humans, Therefore, diverse
perspectives may underlie the evaiuation of
natural capital.

Attempts are being made to acknowledge
diverse valuations of nature {for example,
biodiversity, rate of depletion of natural
resocurces) so that they may be weighed more
rigorousty against more common economic
values (for example, gross national product
(GNP). However, some argue that these
valuations are impossible to guantify and

price realistically. Mot surprisingly, much of the
sustainability debate centres on the problem of
how to weigh conflicting values in cur treatment
of natural capital.

TOK: How can we guantify values such as
aesthetic value, which are inherently qualitative?

3.2.5

Explain the concept of
sustainability in terms of natural
capital and natural income.

The term "sustainability” has been given a
precise meaning in this syllabus. Students should
understand that any society that supports itself
in part by depleting essential forms of natural
capital is unsustainable. If human well-being is
dependent on the goods and services provided
by certain forms of natural capital, then long-
term harvest (or pollution) rates should not
exceed rates of capital renewal. Sustainability
means living, within the means of nature, on the
“interest” or sustainable income generated by

natural capital.
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| Aszetsment staterment

Tencher's notes

3.2.6 Discuss the concept of sustainable
developmeant,

The term “sustainable developmant” was
first used in 1987 in Ouwr Common Future
(The Brundtland Report) and was defined as
“development that meets current needs without
compromising the ability of future generations
to meet their own needs.” The value of this
approach Is a matter of considerable debate and
there is now no single definition for sustainable
development. For example, some aconomists
may view sustainable development as a stable
annual return on investment regardless of

the environmental impact, whereas some
environmentalists may view It as a stabie retum
without environmental degradation.

Consider the development of changing attitudes
to sustainability and economic growth, since the
Rio Earth Summit (1992) leading to Agenda 21.

int: International summits on sustainable
development have highlighted the issues -
invelved in economic developrment across the
globe, yet the viewpoints of envircnmentalists
and economists may be very different,

327 Calculate and explain sustainable
yield from given data.

Sustainable yield {SY) may be calculated as the
rate of increase in natural capital, that is, that
which can be exploited without depleting the
originat stock o1 its potential for replenishmant.
For example, the annual sustainable yield for

a given crop may be estimated simply as the
annual gain in biomass or energy through growth
and recruitment, See figures 1 and 2.

Figure 1
total biomass 5(
5Y = attimet+1 |- |
energy
Flgure 2

total biomass

st time t

energy

-

5Y ={annual growth and recruitment) - (annual death and emigration)

4 Ervironmental systems and societies guide
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3.3 Energy resources

4 hoiays

( Assessment statement

i Teacher's notes

331 | Outline therange of energy
resources available to sodiety.

33.2 Evaluate the advantages and
disadvantages of two contrasting
energy SOurces.

Consider one non-renewable {fossil fuels o
nuclear) and one renewable energy source.

3.33 | Discuss the factors that affect the
choice of enerqy sources adopted
| by different societies.

This may include avaitability, economic, cultural,
environmental and technological factors,

3.4 The soil system

4 hours

aspects of living systems.

|
|
l

341 | Outline how soil systems integrate

Emphasize a systems approach. Students shouid
draw diagrams that show links between the soil,
lithosphere, atmosphere and living organisms,
The soil as a living system should be considered
with refererice to a generalized soil profile,
Studies of specific soit profites, for example,
podsol, are not required.

Transfers of material {including deposition) resuit
inreorganization of the soil. There are inputs

of organic and parent material, precipitation,
infiltration and energy. Outputs include
ieaching, uptake by plants and mass movement.
Transformations include decomposition,
weathering and nutrient cycling.

: and properties of sand, clay and

| loam sails, including their effecton

primary productivity.

34.2 | Compare and contrast the structure

Consider mineral content, drainage, water-
holding capacity, air spaces, biota and potential
to hold organic matter, and link these to primary
productivity.

|
'

343 Qutline the processes and

consequences of soil degradation.

Human activities such as overgrazing,
deforestation, unsustainable agriculture and
irrigation cause processes of degradation. These
include soil erosion, toxification and salinization.
Desertification (enlargement of deserts through
hurnan activities) can be associated with this

| degradation.

28
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Teackhsr's nntes J

344 Qutline soil conservation measures. |

Consider:
. solt conditioners (for example, use of fime
and organic materials)

wind reduction techniques (wind breaks,
shelter belts, strip cultivation)

. cultivation techniques (terracing, contour
plowing)

34.5 Evaluate soil management
strategles in a named commercial
farming system and in a namad
subsistenice farming systemn.

3.5 Food resources

& hours

il ss@esnensd

- Teadhior's potel

357 Cutline the issues involved in thé

Students should appreciate the differences in

efficiency of terrestrial and aquatic
food production systems.

2
imbalance in global food supply. food production and distribution around the
' world, including the socio-political, economic
and ecolegical influences on these.
352 Compare and contrast the 3 | Compare and contrast these in terms of

their trophic levels and efficiency of energy
conversion. There is no need to consider
individual production systems in detail. In
terrestrial systems, most food is harvested

from relatively low trophic levels (producers

and herbivoresh, However, in aquatic systems,
perkaps largely due to human tastes, most food
is harvested from higher trophic levels where
the total storages are much smaller, Although
energy conversions along the food chain may be
more efficient in aquatic systems, the initial fixing
of available solar energy by primary progucers
tends to be less efficient due to the absorption
and reflection of light by water.

&% Environmental systems and societies guide
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Teacher's notes

Assesgnt stateient <ibj

353 | Compare and contrast the 3 | The systems selected should be both terrestrial or
inputs and outputs of materials both aguatic. In addition, the inputs and cutputs
and energy (energy efficiency), of the two systems should differ qualitatively and
the system characteristics, and quantitatively (not all systems will be different in
evaluate the relative epvironmental all aspects). The pair of examples could be North
#mpacts for two named food American cereal farming and subsistence farming
production systems, i some parts of South-East Asia, intensive beef

production in the developed world and the

Maasai tribal use of livestock, or commercial

salmon farming in Norway/Scotland and rice-fish

farming in Thalland. Other local or global
examples are equally valid,

Factors to be considered should include:

. inputs—for example, fertilizers (artificial
and natural), irrigation water, pesticides,
fossil fuels, food distribution, human labour,
seed, breeding stock

I system characteristics—for example,
setective breeding, genetically engineered
organisms, monoculture versus polyculture,
sustainability

. socio-cultural—for exampie, for the Maasai,
cattle equals wealth and quantity is more
important than quality

. environmental impact—for example,
poifuticn, habitat loss, reduction in
biodiversity, soil erosion

. outputs—for example, food guality and
quantity, poilutants, scll erosion.

354 | Discuss the links that exist between | 3 ! This could be illustratad through the use of
soclal systerns and food production examples, such as;
systems. . the way in which the low population
densities and belief systems of shifting
cultivators links with the ecosystem of
"slash and burn” agriculture

. the relationship between high poputation
densities, culture, soil fertility and the wet-
rice ecosystem of South-East Asia

. the link between the political economy of

modern urban society, corporate capitalism
and agro-ecosystems.
30 Environmental systems and societies guide @
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3.6 Water resources

3 hours

Assassuient ytatement

b

Teadher's notag

3.6.1 Describe the Earth's water budget.

¢ groundwater and the rest is made up of lakes, soil
| water, atmaspheric water vapour, rivers and biota

Only a small fraction (2.6% by volume) of the
Earth's water supply is fresh water, Of this, gver
80% isin the form of ice caps and glaciers, 0.6% is

in decreasing order of storage size. Precise figures
are not required,

3.6.2 | Describe and evaluate the
sustainability of freshwater
resource usage with reference to a
case study.

Irrigation, industrialization and population
increase all make demands on the supplies of
fresh water, Global warming may disrupt rainfall
patterns and water supplies. The hydrological
cycle supplies humans with fresh water but

we are withdrawing water from underground
aquifers and degrading it with wastes at a greater
rate than it can be replenished. Consider the
increased demand for fresh water, inequity of
usage and political consequences, methods of
reducing use and increasing supplies. A case
study must be explored that covers some of
these issues and demonstrates either sustainable
or unsustainable water use.

3.7 Limits to growth

2.5 honrg

“Azsessiment staterment.

Explain the difficulties in applying
the concept of carrying capacity to
local human populations.

By examining carefully the requirements of

a given species and the resources available,

it might be possibie to estimate the carrying
capacity of that environment for the species. This
is problematic in the case of human populations
for a number of reasons. The range of resources
used by humans is usually much graater than
for any other species. Furthermore, when cne
resource becomes limiting, humans show great
ingenuity in substituting one resource for
another. Resource requirements vary according
to lifestyles, which differ from time to time and
from population to popuiation. Technological
developments give rise to continyal changes

in the resources reguired and available for
consumpticn.

gﬁ Environmentat systems and societies guide
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1 Azgessment statement

Obi

teachers notes

Human populations also regularly import
resources from outside their immediate
environment, which enables them to grow
beyond the boundaries set by their local
resources and increases their carrying capacity.
While importing resources in this way increases
the carrying capacity for the local population, it
has no influence on global carrying capacity. All
these variables make it practically impossible to
make reliable estimates of carrying capacities for
human populations.

3.7.2

Explain how absolute reductions
in enargy and material use, reuse
and recycling can affect human
carrying capacity.

Human carrying capacity Is determined by

the rate of enargy and material consumption,
the level of pollution and the extent of human
interference in global life-support systems. While
reuse and recycling reduce these impacts, they
can also increase human carrying capacity.

3.8 Environmental demands of human populations
6.5 hours

é%g%v%?ieir}fc_

3.81

Exptain the concept of an
ecological footprint as a modet
for agsessing the demands that
human popuiations make on their
environment.

The ecological footprint of a popuiation is

the area of land, in the same vicinity as the
population, that would be required to provide

all the population’s resousces and assimilate

all its wastes, As a model, it is able to provide a
quantitative estimate of human carrying capacity.
{tis, in fact, the inverse of carrying capacity. It
refers to the area required to sustainably support
a given population rather than the population
that a given area can sustainably support,

3.8.2

Calculate from appropriate data
the ecolagical feotprint of a
given population, stating the
approximations and assumptions
involved.

Although the accurate calculation of an
ecological footprint might be very complex, an
approximation can De achieved through the
steps outlined in figures 3 and 4.

The total land requirement {ecclogical feotprint)
can then be calculated as the sum of these two
per capita requirements, multiplied by the total
population.

This calculation clearly ignores the land or water
required to provide any aquatic and atmoespheric
resources, assimilate wastes other than carbon
dioxide (CO;), produce the energy and material
subsidies imported to the arable land for
increasing yields, replace loss of productive land

through urbanization, and sc on.

32
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Figure 3

per capitaland requirement

per capitafood consumption (kg yr)

for food production (ha)

mean food production per hectare

of local arable fand (kg ha™' yr)

Figure 4

per capitaland requirement per capita CO; emission (kg C yr)

for absorbing waste €O, =

from fossit fuels (ha) net carbon fixation per hectare
of local natural vegetation (kg C ha™' yriy

; - ” -

Assessment statament

B} | Teacher's notes” ‘

333 Describe and explain the
differences between the ecological
footprints of two human

one from an MEDC,

popuiations, one frorn an LEDC and ‘

3

footprints of populations in LEDCs and MEDCs,

Data for food consumption are often given in
grain equivalents, so that 2 pepulation with a
meat-rich diet would tend to consume a higher
grain equivalent than a population that feeds
directly on grain.

Students should be awara that in MEDCs, about
twice as much energy In the diet is provided by
animal products than in LEDCs. Grain production
will be higher with intensive farming strategies.
Populations more dependent on fossil fuels

will have higher CQ; emissions. Fixation of <0,

is clearly dependent on climatic region and
vegetation type. These and other factors will
often explain the differences in the ecological

384 Discuss how national and
| international development policies
f end cultural influences can affect
hurman population dynamics and
arowth,

i Many policy factors influence human population
] growth. Domestic and international development
policies (which target the death rate through
agriculturai deveiocpment, impraoved public
health and sanitation, and better service
Infrastructure} may stimulate rapid population
growth by lowering mortality without
significantly affecting fertility,

Some analysts believe that birth rates witl come
down hy themselves as economic welfare
improves and that the population problem !
is therefore hetter solved through policies to
stimulate econemic growth,

i Education about birth control encourages family 1
! planning. g

Parents may be dependent on their children for
support in their tater years and this may create an ‘
incentive to have many children. i

< Environmental systems and societies guide
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Assessimant statament

Ol

Toscher's notes

Urbanization may also be a factor in reducing
crude birth rates.

Policies directed towards the education of
womer, enabling women to have greater
personal and economic independence, may
be the most effective method for reducing
population pressure,

3.8.5

Describe and explain the
refationship between population,
resource consumption and
technological development, and
their influence on carrying capacity
and material economic growth,

“if we learn to use energy and material twice as

Because technology plays such a large role in
human fife, many economists argue that human
carrying capacity can be expanded continuously
through technclogical innovation. For example,

efficiently, we can double the population or the
use of energy without necessarily increasing

the Impact {load) imposed on the environment,
However, to compensate for foreseeable
popuiation growth and the economic

growth that is deemed necessary, especially

in developing countries, it is suggested that
efficiency would have to be raised by a factor of 4
to 10 to remain within global carrying capacity.

Topic 4: Conservation and biodiversity (15 hours)

TOK: This topic' raises some engaging issues of debate concerning the morat justification for exploiting
species and the moral imperative for conserving them. Do other organisms have a right to moral
consideration? How is this justified? Do panda bears have a greater right than lichens? What about the rights
of "pest” or pathogenic organisms? To what extent are thesa arguments based upon emotion and to what
extent upon reason? And how does this affect their validity?

4.1 Biodiversity in ecosystems

3 hour
. ﬁ&_smﬁmé%{%“%ﬁf@iﬁ 1 3 "?gaﬁﬁ?éf’ﬁ noies

411 Define the terms biodiversity, 1
genetic diversity, species diversity
and habitat diversity.

412 Qutline the mechanism of natural 2 Spediation occurs as a resudt of the isolation
selection as a possible driving force {geographical or reproductive) of populations.
for speciation. The concept of fithess should be understood.

The history of the development of the modern
theory of evolution is not expected, noris a
detailed knowledge of genetics (including allele

i | frequency).

34 Environmental systerns and societies guide éﬁ
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Asseserment statement

ecosystemn stability, diversity,
succession and habitat,

. diversity changes through succession

. greater habitat diversity leads to greater
species and genetic diversity

. a complex ecosystem, with its variety of
nutrient and energy pathways, provides
stability

. human activities modify succession, for
example, logging, grazing, burning

. human activities often simplify ecosystems,
rendering them unstable, for example,
North America wheat farming versus tall
grass prairie

. an ecosystem'’s capacity to survive change
may depend on diversity, resilience and
inertia.

{3 | Tescher's notes
433 State that isolation can lead to 1 Isolation of populations, behavioural differences
i different species being produced that preciude reproduction and the inability to
that are unable to interbreed to produce fertile offspring leading to speciation)
yield fertile offspring, should all be examined, with examples.
414 Explain how plate activity 3 ¢ The consequences of plate tectonics on
has influenced evolution and speciation should be understood {thatis, the
biodiversity. separation of gene pools, formation of physical
barriers and land bridges) together with the
implications these consequences have for
evolution. The role of plate activity in generating
new and diverse habitats, thus promoting
biodiversity, should also be considered. Detailed
understanding of the mechanism of piate
tectonics is not required.
4.1.5 Explain the relationships among 3 | Consider how:

4 Environmental systems and societies guide
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4.2 Evaluating biodiversity and vulnerability

& hours
; ﬁ&se&gmamﬁs:&mmem . Db} | Teacher's notns
4.2.1 Identify factors that lead to loss of 2 | Theseinclude:
iversity.
diversity . natural hazard events (for example,

valcances, drought, ice age, mateocr impact)

. habitat degradation, fragmentation and
loss
agricultural practices (for example,
monoculture, use of pesticides, use of
genetically modified species)

. introduction and/or escape of non-native
species

. pollution

. hunting, collecting and harvesting.

Int: Rate of foss of biodiversity may vary from 5

country to country depending on the ecosystems

present, protection pelicies and monitoring,

environmental viewpoints and stage of economic

development.

422 Discuss the perceived vulnerability 3 Consider:
of tropical rainfore nd their -

?p ca . sts'a d_ . the vulnerability of other systems
relative value in contributing to ) ] )
global bicdiversity. | - the regeneration rate of tropical rainforests
. total area and species diversity
. rainforest and “green politics”,

4.2.3 Discuss current estimates of 3 Examine the fossi record for evidence of mass
numbers of species and past and extinctions in the past, and compare and contrast E
present rates of species extinction. the possible causes of these to present-day {

extinctions. The time frame of these periods of
extinction should be considered.

424 Describe and explzain the factors 3 The following factors (among others) will
that may make species more or less affect the risk of extinction: numbers, degree
prone to extinction: of specialization, distribution, reproductive !

| potential and behaviour, and trophic level.
15 Environmental systems and societies guide
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- hesessmant statane Ol

Teaohor’s notes

425 Qutline the factors used to 2
determine a species’ Red List
conservation status,

Students should be aware of the factors used to
determine a species’ conservation status, and
that a sliding scale operates, Students should
appreciate that a range of factors are used to
determine conservation status, such as:

. pepulation size

. reduction in population size

. numbers of mature individuals

. geographic range and degree of
fragmentation

. quality of habitat
. area of occupancy
. probability of extinction.

Definitions of the conservation status categories
are not required and the term "criteria” has been
avoitted due to the complexity of the Red List
classification system,.

426 | Describe the case histories of three 2
different species: one that has
become extingt, another that is
critically endangered, and a third
species whose conservation status
has been improved by intervention.

Students should know the ecological,
sodio-political and economic pressures that
caused or are causing the chosen species’
extinction. The species’ ecological roles and the
possible consequences of their disappearance
should be understood.

427 Describe the case history of 2
a natural area of biologicat
significance that is threatened by

{ human activities,

{ and the consequent threat to biodiversity.

Students should know the ecolegical, socio-
political and econcmic pressures that caused or
are causing the degradation of the chosen area,

4.3 Conservation of biodiversity

& howrs

s‘gﬂsm&ﬁ s

423 State the arguments for preserving 1
speacies and habitats.

Students should appreciate arguments based
on ethical, assthetic, genatic resource and
commercial {including opportunity cost)
considerations. They should aiso appreciate life-
support and ecosystem-support functions.

4.3.2 Compare and contrast the role and 3
activities of intergovernmental and
non-governmental organizations
in preserving and restoring
ecosystemns and biodiversity.

Consider the United Natlons Frvironment
Programme (UNEP) as an intergovernmental
organization and the World Wide Fund for

Nature (WWF) and Greenpeace as non-governmentaf
organizations. Compare and contrast UNEP and
WWE in terms of use of the media, speed of response,
diplomatic constraints and pofitical influence.
Consider also recent international conwventions on
biodiversity (for exampile, conventions signed at the
Rio Earth Summit {1992} and subsequent updates).

d@ Environmental systems and societies guide

37



Syllabus content

e . _ —r- S . —
| Assessment statemant . 1 O8] [ Taachershotes - _
,,,,,,,,, i e’ S B , e
433 State and explain the criteria used 3 In effect, protected areas may become “istands”
to design protected areas. within a country and will normaily lose some

of their diversity. The principles of island
biogeography might be applied to the design of
reserves. Appropriate criteria should include size,
shape, edge effects, corridors and proximity.

434 Evaluate the success of 2 named 3 | The granting of protectad status to a species
protected area,

erecosystem is no guarantee of protection
without community support, adeguate funding
and proper research, Consider a specific local

example.
4.3.5 | Discuss and evaluate the strengths 3 | Students should consider the relative strengths
and weaknesses of the species- and weaknesses of;

s hto rvation. ) . R
ba e_d 3pproach to conservatio . the Convention on International Trade in

Endangered Species (CITES)

. captive breeding and reintroduction

pragrammes, and zoos

L . aesthetic versus ecological value. J

T@@Kf&@@%uﬁmﬁrmamag&wmw@{%%h@um)'

The purpose of this topicis to give a broad overview of pelittion and its management with reference to
examples from aquatic, terrestrial and atmospheric systems.

TOK: Most cases of non-paint source poilution exemplify well the intractable ethical probiem of the “tragedy
of the commons”, That is to say, an individual po#uting a common resource suffers little themselves frem
thelr own pailution and yet may benefit considerably in other ways. Therefore, those that do not pollute are
doubly penalized—they suffer the poliution, and vet gain no benefit fram pofluting the resource themselves,
There is thus a net advantage for any individual who does polivte. Ultimately, as marny individuals adopt the
most advantageous attitude, this leads to a great deal of suffering for all. it is exactly this conundrum that
underlies much of the difficulty in managing nen-point source pollution of shared resources on both a local
{for example, a river) and an international (for example, the atmosphera} scale. indeed, that one nation may
gain considerably from non-compliance, especially while others comply, underlies much of the hasitancy
in reaching international agreements on pollution strategies. Consideration and comparisen of how both
deontological and urilitarian approaches to ethics address this issue may make for interesting debate,
in addition, the role of internationat fegislation compared to increasing public awareness in tackling the

problem could arguably be seen as a directly parallel debate. That is, is a system of rules, or appealing to the
general good, the most effective way forward?

38 Environmental systems and societies guide
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5.1 Nature of poliution

T hour
- AssosEment statament 05 | Teaches's notes
511 Define the term pollution. 1
51.2 Distinguish between the terms 2 Point source pollution is generally more easily
¢ point source pollution and non- managed because i3 impact is more localized,
point source pollution, and outline making it easier to control emission, attribute
. the challenges they present for responsibility and take legal action.
management.
503 State the major sources of 1 Sources of pollutants are combustion of

pollutants.

fossil fuels, domestic and indusirial waste,
manufacturing and agricuitural systems,

5.2 Detection and monitoring of pollution

3 hours

mathod of measuring paotiution
tevels using a bioticindex.

ﬁé’ﬁgé?me’s’;t s'e winent il
5.21 Describe two direct methods of 2 | Students should describe one method for air and
monitoring poliution. one for scil or water.
5.2.2 | Define the term biochemical oxygen | 3
i demand (BOD) and explain how this
¢ indirect method is used to assess
pollution levels in water.
523 Describe and explain an indirect 3 | Thiswillinvolve levels of tolerance, diversity

and abundance of organisms. The concept
of indicator species should be understood. A
| polluted and an unpoliuted site {for example,
upstream and downstream of a point scurce}
should be compared.

5.3 Approaches to pollution management

2 hours

Hssessraent statemieny

o

Yeachersmotes .

534 Qutline approaches to pollution
| management with respect to
- figure 5.

Poliutants are produced through human
activities and create fong-term effects when
released into ecosystems, Strategies for reducing
these impacts can be directed at three different
levels in the process: altering the human activity,
regulating and reducing guantities of poliutant
released at the point of emnissicn, and cleaning
up the pollutant and restoring ecosystemns after
pollution has occurred,

4 Environmental systems and societies guide
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Assessment statémant bt | Teacher's notes
Using figure 5, students should be able to show
the value and limitations of each of the three
different levels of intervention. In addition,

; students should appreciate the advantages of
empleying the earlier strategies over the later
cnes and the importance of collaboration in the
effective management of pollution,

532 Discuss the human factors that 3 | Cuirural values, political systemns and econormic
affect the approaches to poliution systems witl influence the choice of pollution
management. management strategies and their effective

implementation. Real examples should be
considered,

533 Evaluate the costs and benefits 3
to society of the World Health
Organization’s ban on the use of

i the pesticide DDT.

Figure 3

Process of poliution

Strategies for reducing impacts

Altering humart activity through education,
- incentives and penalties to promote:

POLLUTANT iINTO |t |
ENVIRONMENT

HUMAN ACTIVITY
PRODUCING - . development of aiternative technologies
POLLUTANT . adoption of alternative lifestyles
reducing, reusing, recycling. ]
}
i Regulating and reducing the pollutant at the
point of emission by:
RELEASE OF

setting and imposing standards

introducing measures for extracting the
pollutant frorm waste emissions.

v Cleaning up the poliutant and rastoring
ecosystems by;
LONG-TERM oY Y
IMPACT OF . extracting and removing the pollutant
POLLUTANT ON from the ecosystem
ECOSYSTEM . . . .
. replanting and restocking with animal
populations.
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5.4 Eutrophication

3 hours
 Bssiéssment statement Ohg | Tedcher's fotes
541 Qutline the processes of Z2 | Indude increase in nitrates and phosphates
eutrophication. leading to rapid growth of algae, accumulation of
dead organic matter, high rate of decomposition
and lack of oxygen. The role of positive feedback
should be noted in these processes.
54.2 Eveluate the impacts of 3 | include death of aerobic organisms, incraased
eutrophication. turbidity, ioss of macrophytes, reduction in
fength of food chains and ioss of species diversity.
543 Describe and evaluate pollution 3 Students shouid apply the model in 5.3.1 in the

management strategies with
respect to eutrophication,

evaluation of the strategies. For example:

Altering the human activity producing
pollution can be exemplified by alternative
methods of enhancing crop growth,
alternative detergents, and so on.

Regulating and reducing pollutants at the
point of emission can be Hlustrated by
sewage treatment processes that remove
nitrates and phosphates from the waste,

Ciean-up and restoration can be
exémpliﬁed by pumping mud from
eutrophic lakes and reintroducing plant and
fish species,

5.5 Solid domestic waste
& hours

" “Assessment statemeot’

Outline the types of solid domastic

Students should consider their own and their

management strategies for solid
domestic (municipal) waste.

waste. community’s generation of waste. Consider the
different types of material, for example, paper,
glass, metal, plastics, erganic waste (kitchen or
garden), packaging, as well as their total volume.
552 Describe and evaluate pollution 3 | Consider recycling, incineration, composting and

landfil.

4 Environmental systems and societies guide
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5.6 Depletion of stratospheric ozone

Zhours
Assedsment staterment OB | Teacher's notes

5.6.1 Outhine the overall structure and 2
composition of the atmaosphere.

56.2 | Describetheroleofozoneinthe ¢ 2 | Ultraviolet radiation is absorbed during the
absorption of ultraviolet radiation. formation and destsuction of ozone from oxygen.

Memorization of chemical equations is not
required.

563 Explain the interaction between 3 Halogenated organic gases are very stable under
ozone and halogenated organic normat conditions but can liberate halogen
gases. atoms when exposed to ultraviclet radiation

i in the stratosphere. These atoms react with
monatomic oxygen and slow the rate of ozone
re-formation. Pollutants enhance the destruction
of ozone, thereby disturbing the equilibrium of
the azone production system (see 1.1.5},

564 State the effects of ultraviolet 1 The effects include mutation and subsequent
radiation on fiving tissues and effects on health and damage to photosynthetic
biclogical productivity. organisms, especially phytoplankton and their

consumers such as zooplankton.

565 Describe three methods of 2 For exarnple, recycling refrigerants, alternatives
reducing the manufacture and to gas-blown plastics, alternative propellants and
release of ozone-depleting aiternatives to methyi bromide {bromomethane),
substances,

5.6.6 Describe and evaluate the role 3 Examine the role of the United Nations
of nationat and international : Environment Programme (UNEP} in forging
organizations in reducing the international agreements {for example, the
emissions of ozone-depleting Montreal Protocol and subseguent updates)
substances, on the use of czone-depleting substances,

; and study the relative effectiveness of these !
agreements and the difficulties in implementing
and enforcing them. In addition, students should |
be famniliar-with what steps national governments
are taking to comply with these agreements.

42 Enviranmental systerns and societies guide i3
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5.7 Urban air pellution

2 hours

Azsussmernt statemant

" Obj

Teachers nolgs

571

State the scurce and outline the
effect of tropospheric ozane.

When fossil fuels are burned, two of the
poliutants emitted are hydrocarbons ffrom
unburned fuel} and nitrogen monoxide (nitric
oxide, NO). Nitrogen monoxide reacts with
oxygen to form nitrogen dioxide (NO,), a brown
gas that contributes to urban haze, Nitrogen
dioxide can afso absorb sunlight and break up to
release oxygen atoms that combine with oxygen
in the air to form ozone.

Ozone fs a toxic gas and an oxidizing agent. It
damages crops and forests, irritates eyes, can
cause breathing difficulties in humans and may
increase susceptibility to infection. It Is highly
reactive and can attack fabrics and rubber
materials.

Outline the formation of
photaechernical smog.

Photochemical smog is 2 mixture of about one
hundred primary and secondary pollutants
formed under the infiuence of sunlight. Qzone is
the main pollutant.

The frequency and severity of photochemical
smogs in an area depend on focal topegraphy,
climate, population density and fossil fuel use.
Precipitation cleans the air and winds disperse
the smog. Thermal inversions trap the smogs

in vaileys {for example, Los Angeles, Santiago,
Mexico City, Rio de Janeiro, Sao Paulo, Beijing)
and concentrations of air pollutants can build to
harmful and even lethal levels.

573

Describe and evaluate poflution
management strategies for urban
air pollution.

Measures to reduce fossil fuel cambustion should
be considered, for exampie, reducing demand
for electsicity and private cars and switching to
renewable energy. Refer to clean-up measures,
for example, catalytic converters.

5.8 Acid deposition

2 hours

Aegbssiient statement

Vo]

Outline the chemistry leading
to the formation of acidified
precipitations.

Refer to the conversion of sulfur dioxide and

oxides of nitrogen {NO,) into the sulfates and
nitrates of dry deposition and the sulfuric and
nitric acids of wet deposition. Knewledge of
chemical equations is not required.

@ Environmental systems and societies guide
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- one direct effect, for example, acid on
aquatic organisms and coniferous forests

. one toxic effect, for example, aluminium
ions on fish

. one nutrient effect, for example, teaching of
calcium.

Refer t0 areas downwind of major industrial
regions that are adversely affected by acid rain
and link them to sources of sulfur dioxide and
nitrogen dioxide emissions. Consider the effect
of geology (rocks and soils) on water acidity
through buffering,

’ | Assessment statement | ol
[ 5.8.2 Describe three possible effects of 2 Include:
acid deposition on soil, water and
‘ fiving organisms.
583 | Explain why the effect of acid 3
i deposition is ragionat rather than |
j global.
584 Describe and evaluate pollution 3

Mmanagement strategies for acid
deposition.

Measures to reduce fossil fuel combustion should
be considerad, for example, reducing dernand
for electricity and private cars and switching to
renewable energy. Refer to clean-up measuras

at "end of pipe” locations (points of emission).
Consider the role of international agreements in
effecting change.

The cost-effectiveness of spreading ground

lirnestone in Swedish lakes in the early 7980s
provides a good case study,

Topic 6: The issue of global warming (6 hours)

This topic allows the study of a controversia

political communities is divided on this issus,
viewpoint having considered the arguments,

global issue in more depth, Opinion within scientific and
and students should be encouraged to develop a perscnal

TOK: This topic directiy and usefully challenges popular views of certainty within the sciences, If the

scientific community has access to such certainty,
case? What effect does a highly sensitive political
ambiguity of conclusions coming from the scientifi

int: This issue involves the international communit

giobal warming.

how can it be as publicly divided as it has been in this
context have on objectivity? Can politicians exploit the
¢ community to their own ends?

y working together to research and reduce the effects of

Assessment statement Obj | Teachgrsndtes .

6.1 Describe the role of greenhousa 2| The greenhouse effect is a normal and necessary |
gases in maintaining mean globat cendition for life on Earth. Consider carbon
termperature. dioxide {CO,) levels in geological times,

6.1.2 Describe how human activities add 2
to greenhouse gases. {CFCs) are the main greenhouse gases. Human

activitles are increasing levels of €Oy, methane
i and CFCsin the atmosphere, which may iead to
44
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Syllabus content

Aszessment statement

Teacher's notes : %

6,13

Discuss gualitatively the potential
effects of increased mean global
temperature.

3

Consider the potential effects on the distribution
of biormes, global agriculture and human
societies, Students should appreciate that effects
might be adverse or beneficial, for example:

. biomes shifting

. change in location of crop growing areas

. changed weather patterns

. coastal inundation {due to thermal
expansion of the oceans and melting of the
paolar ice caps)

. human heaith {spread of tropical diseases).

6.1.4

Discuss the feedback mechanisms
that would be associated with
anincrease in mean global
temperature.

For example:

. nagative feedback-—increased evaporation
ins tropical latitudes leading to increased
snowfall on the polar ice caps, which
reduces the mean global temperature

. positive feedback-increased thawing
of permafrost, leading to an increase in
methane levels, which increases the mean
global temperature.

Any feedback mechanisms associated with giobat
warming may involve very long time lags.

Describe and evaluate pollution
management strategies to address
the issue of global warming.

Students should consider the following strategies:

. global—intergovernmental and
international agreements {for example,
Kyoto Agreement and subsequent updates),
carbon tax and carbon trading, alternative
Energy sources

. local—allow students to explore their own
lifestyle in the context of locat greenhouse
gas emissions

. preventive and reactive.

Students should evaluate these strategies with

regard to their effectiveness and the implications for
MEDCs and LEDCs of reducing CO, emissions in terms
of economic growth and national development.

6.1.6

Qutline the arguments surrounding
giobal warming.

. sometimes conflicting arguments surrounding

and the uncertainty of giobal climate models.
! Students should be aware of the concept of

Students should apprediate the variety of

this issue. Note the complexity of the broblem

global dimming due to increased levels of
atmospheric poliution,

617

Evaluate contrasting human
perceptions of the issue of global
warming.

Students should explore different viewpoints in
refation to their own,

4% Environmenzal systems and societies guide
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Topic 7: Environmental value systems (6 hours)

Understanding environmental vatue systems is a central theme in this course. Therefore, this topic should
be used in the analysis of environmental issues throughout the cotrse, as well as being taught as a discrete

unit.

TOK: This topic, in its entirety, could be considered a compenent of a theory of knowledge course, and
particularly directs students to evaluate their own personal standpoints. Any knowledge, including all that
gainad from this course, once itis put to use in either intellectual argument or practical application, tends to
carry with it 2 value-laden context, Even where the data itself is highly objective, the selection of the data is
rarely value-free, Besides, valuing objectivity over subjectivity can be seen as a value in itself.

Int: There are frameworks of axioms and assumptions, values and beliefs, perspectives and world views that
colour our knowledge, This topic explores a range of just such frameworks, and Invites students to identify,
evaluate and justify their own position within that spectrum,

[ - |, Assessment statefent

7.1. State what is meant by an
environmental value system,

This Is a particular world view or set of paradigms
that shapes the way an individual or group of
people perceive and evaluate environmental
issues, This will be influenced by cuitural
{including religious}, economic and socio-political
context. ‘

An environmental value system is a system in the
sense that it has inputs (for example, education,
cultural influences, religious doctrine, media) and
outputs {for exarmple, decisions, perspectives,
courses of action) determined by processing
these inputs,

Int: Ecosystems may often cross national
boundaries and this may lead to conflict arising
from the clash of different value systems about
exploitation of resources (for example, ocean
fishing and whaling).

philosophies with reference to
figure 6.

712 | Qutline the range of enviraonmental !
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Syllabus content

Figure &
ENVIRONMENTAL
- g
ECOCENTRISM ANTHROPOCENTRISM TECHNOCENTRISM
(nature centred) {people centred) {technology centrad)

Holistle world view. Minimum

disturbance of natural processes,

integration of spiritual, social
and environmental dimensions.
Sustainability for the whole
Earth. Seif-reliant communities
within a framework of global
citizenship, Seif-imposed
restraint on resource use,

Deepecolagists

1 intrinslc importance of
nature for the humanity
of man.

oy

2 Ecological (and other
natural) iaws dictate
Ruman morality. 2
3 Biorights—the right of
endangered species or
unigue landscapes to
remain unmolestad. 3

L

People as environmental managers of
sustainable global systems. Population
contral given egual welght to rescurce use,
Streng regulation by independent authorities

required.

Self-reliance soft ecologists

Emphasis on smailness
of scale and hence
community identity in
settiement, work and
lelsure,

Integration of concepts of
work and leisure through
& process of personal and
communal improvement.

Importance of participation
in community affairs,

and of guarantées of the
rights of minority interests.
Participation seen as both a
continuing education and a
political function.

|

4 Lack of falth in modern large-scale technology and its
associated demands on elitist expertise, central state

authority and inherently anti-democratic institutions,

3 Implication that materialism for its own sake is wrong and
that economic growth can be geared to providing for the
basic neads of those below subsistence levels.

Technology can keep pace with and
provide solutions to envirahmental
problems. Resource replacement
solves resource depletion. Need

to understand natural processes

in order to control them. Strong
emphasis on scientific analysis and
prediction prior to policy-making.
Importance of market, and economic
growth,

Envirormental managers Cornucopians

1 Belief that economic
growth and resource
exploitation can continue
assiming:

1 Belief that man can
always find a way out of
any difficulties, either

5 . political, scientific or
suitable economic

adjustments to taxes,

&

technological.

fees, atc 2 Acceptance that pro-
b improvements in

the legal rights to

a minimur level of

environmental quatity

arowth goals define the
rationaiity of project
appraisal and policy
formulation.

~

compensation
arrangements
satisfactory 1o those
who experience
adverse environmental
and/or social effects,

3 Optimism about the
ability of man to improve
the ot of the world's
people,

4 Faith that scientific and
technological expertise

2 Acceptance of new
project appraisal

techniques and decision
review arrangements to
allow for wider discussion

provides the basic
foundation for advice
on matters pertaining to

orgenuine search for
CONSENSUS among
representative groups of
interesied parties.

economic growth, public

health and safety.

5 Suspicion of atternpls
to widen basis for
participation and tengthy
discussion in project
appraisal and pelicy

review,

6 Belief that all impediments
can be avercome given
a will, ingenuity and
sufficient resources atising
ot of growth,

Adapted from Figure 10.1: The avolution of environmentalist cbjectives and strategies in the seventies, page
372 First published in O'Riordan, T. 1981, Environmentalism. London, UK, Pion Limited,
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syllabus content

environmental issues.

!—‘%smwmaé?fﬁiﬁémém Oip | Teacher's notes
713 Discuss how these philosophies 3
influence the decision-making
process with respect to
environmental issues covered in
this course.
714 Outline key historical influences on 2 1 Consider major landmarks, for example,
the development of the modern Minamata, Rachel Carson’s Sifent Spring, Bhopal,
environmental movermnent. whaling (Save the Whale), Cherncbyi, leading to
environmental pressure groups, both local and
global, the concept of stewardship and increased
media coverage raising public awareness.
715 Compare and contrast the 3 | The societies chosen shouid demonstrate
environmental value systems of significant differences, for example:
two named societies. . First Nation Americans and European
pioneers operating frontier econormics,
which involved exploitation of seemingly
unlimited resources
. Buddhist and ludaeo-Christian societies
. Communist and capitalist societies,
716 Justify your personal viewpoint on 3 Students should be encouraged to reflect

upon where they stand on the continuum of
environmental philosophies with regard to
specific issues arising throughout the syllabus,
for example, population control, resource
exploitation, sustainable development, and so
on,

Int: The environmental philosophy of an
individual, as with that of a community {see 7.1.1),
will Inevitably be shaped by cultural, economic
and socio-political context. Students should
racognize this and appreciate that others may
have equally valid viewpoints (aims 4 and 7).
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