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INTRODUCTION

This syllabus is concerned with environmental issues and their management and is designed
to recognise the internationally diverse nature of its client group.  By learning about the details
and principles of environmental processes, students are led to an understanding of the
causes of key issues affecting the environment on a variety of scales.  These topics extend to
developing an understanding of the possible ways of managing the environment in the
context of the pressures, which both encourage and constrain effective environmental
management.  The syllabus is designed to encourage learning through suitable case studies,
which can be local and global; allowing courses to satisfy a diverse range of interests.

The ‘environment’, which is the concern of this syllabus is based on the four traditional
subdivisions of the global environment.  The lithosphere is the upper mantle of rock and crust,
that forms the tectonic plates upon which the continents lie.   The hydrosphere is the body of
water, present as ice, liquid water or water vapour.  The atmosphere is the gaseous shell
outside these two non-living components.  The biosphere is formed by the regions of living
organisms that have established themselves in the other three spheres.  The specification
recognises that human population growth has become the dominant factor driving
environmental change, and that the majority of the human population now live in cities.

Issues relating to the growth of urban and industrial areas, and the impact of rapid population
growth are incorporated into the modules in the syllabus.

Environmental Management has a strong human dimension and is concerned with both local
and global issues.  It is concerned with the various ways in which societies, governments and
economic activity (industry, agriculture and urban areas) use, misuse and attempt to manage
both the local and the global environment.  Whilst environmental management can often be
negative by emphasising pollution, exploitation and misuse, it is important to give recognition
to the positive ways in which we manage our environment.  Thus issues such as global
warming, industrial pollution and the impact of rapid population growth need to be balanced
with the creation of National Parks, sensitive urban design and sustainable
management/development.

The syllabus reflects a contemporary concern with sustainable management.  The issues
have been well outlined by the World Conservation Strategy (1981), the Brundtland
Commission (from 1983) and the Report of the Earth Summit at Rio de Janeiro (1992).
Through a study of Environmental Management, it is hoped that candidates will learn to
perceive that the environment has resources which mankind has exploited through
developments which have often had a negative impact and that we should aim for a
sustainable management of resources.

AIMS

Through following this syllabus, students should:

1.  develop a knowledge of the Earth’s natural systems and the effects of human activity
on these systems;

2. be challenged to think about important environmental problems, which face the world
today;

3. understand that solutions to environmental issues are not easy to find;

4. recognise public concern over the environment; it is an important social and political
issue;

5. understand that whilst environmental matters can be debated by government, non-
government and scientific organisations, individuals should think for themselves to
develop solutions.
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The course will address a number of basic issues, which are included as learning objectives
within the content of the syllabus:

� people are affected by, and respond to natural phenomena in many different ways;

� rapid human growth is the fundamental environmental issue;

� the sustainable use of resources is fundamental to all solutions;

� human beings affect the environment of the whole planet thus the importance of a global
perspective;

� urban environmental issues need to be given an important focus.

Prior level of attainment and knowledge

It is not necessary for candidates to have studied environmental science/management prior to
commencing this course.  It is designed to attract candidates who possess a good scientific
background along with an awareness of broad environmental matters.  They may therefore
have followed courses in a combination of subjects, which will provide a good foundation;
these may have included some but not all of the following: biology, geography, general
science, physics, chemistry and of course environmental science and management.

Rationale

The syllabus provides an opportunity to study a range of issues of environmental importance,
the scientific principles that underpin them and how they have or are likely to be managed.
The specification lays an appropriate foundation for further study of Environmental Science
and Management or related subjects in higher education.  In addition it provides a worthwhile
course for candidates of various ages, background and nationalities in terms of general
education and lifelong learning.

ASSESSMENT OBJECTIVES

An Assessment Objective is an area of competency.  The Assessment Objectives represent,
more precisely, those aspects of the broad aims of the syllabus that will be assessed.  Three
Assessment Objectives have been identified for the purposes of this syllabus.  They are
intended to support the curriculum objectives in the syllabus and will be specifically tested in
the examination components.

The three Assessment Objectives in Environmental Management are:

AO1 Knowledge and understanding

AO2 Handling information and problem solving

AO3 Enquiry and investigation

Assessment Objective C relates more particularly to Paper 3.

A description of each Assessment Objective follows.

AO1 Knowledge and understanding

Students should be able to demonstrate knowledge and understanding of:

1. within the confines of the syllabus, the important environmental issues facing the world in
the 21

st
 century.

2. environmental patterns of organisation, causality and process.

3. policies and mechanisms for managing the environment on local, regional and global
scales.

4. critical and supportive evaluations of environmental management policies

5. relevant scientific phenomena, facts, laws, definitions, concepts and theories, with use of
scientific vocabulary, terminology, conventions (including symbols, quantities and units)
as relevant to the content of the syllabus;
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AO2 Handling information and problem solving

Students should be able to:

1. locate, select and organise relevant information from a variety of data sources and
communicate it clearly;

2. compare sets of data and translate information from one form into another;

3. manipulate numerical, graphical and other data;

4. use information to identify patterns, report trends and draw inferences.

AO3 Enquiry and investigation

Students should be able to:

1. formulate hypotheses and predictions on the basis of observations and prior research;
plan, select appropriate apparatus/materials and carry out experiments in order to test
their hypothesis or prediction;

2. make accurate observations and measurements and record these in an appropriate form
(e.g. graphs, tables, diagrams etc); use statistical tools to analyse their data;

3. assess the reliability of their data and identify ambiguities; make deductions and
formulate conclusions based on their data; evaluate the validity of their method; discuss
the implications of findings in terms of the effect on the environment, and value
judgements of individuals, organisations and self.

Specification Grid

The approximate weightings allocated to each of the Assessment Objectives in the
assessment model are summarised in the table below.

Assessment Objective Weighting

AO1 Knowledge with understanding 45%

AO2 Handling information and problem solving 35%

AO3 Enquiry and investigation 20%

SCHEME OF ASSESSMENT

Candidates are required to enter for Papers 1, 2 and 3.  Details of these Papers are set out
below.

THEORY PAPERS

Paper 1 Lithosphere and Atmosphere. (1h 30min, 80 marks)
Paper 2 Hydrosphere and Biosphere. (1h 30min, 80marks)

Papers 1 and 2 are each divided into two sections.

Candidates must attempt Section A and one question from a choice of three in Section B.

Section A: Short answer questions, based on sets of data, diagrams or extracts set in a
variety of forms.

Section B: A two-part essay question, the first part of each question providing a lead in to the
second part, which will involve extended writing.  Questions in section B are drawn from parts
of the syllabus not covered in section A
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PRACTICAL ASSESSMENT

Paper 3 (Coursework) (School-based Assessment, 40 marks)

This will take the form of an Individual Research Report of approximately 2000 words, carried
out by the candidate, into an issue arising out of their course of study.  The report may be
focused on a local, regional or global issue.  It may be based on secondary source material
and/or internet data, although the use of primary sources and field data collection should be
undertaken where practicable and desirable.

� It is a requirement of this specification that centres submit a list of report titles no later
than November 30

th
 for the examination in the following June or June 30

th
 for the

following November.  It is only necessary for the board to the review the titles prior to
the examination.  The reports should be internally assessed and later a sample
submitted to CIE for moderation.  The sample should be posted to arrive at the board
by April 30

th
 for the June examination and October 30

th
 for the November

examination.

� Teachers may not undertake School-based Assessment without the written approval
of CIE.  This will only be given to teachers who have satisfied CIE's requirements
concerning moderation and they will have to undergo special training in assessment
before entering candidates.

ASSESSMENT GRID

Papers 1 and 2 have identical mark allowances as the papers have a similar format.

Assessment
Objectives

Papers 1 and 2 Section A Papers 1 and 2 Section B Paper 3 Enquiry

Question 1 Question 2 3, 4 or5

AO1 15 15 60

AO2 25 25 20

AO3 - - 40

The mark allowances for papers 1 and 2 are doubled, as they are totalled across both papers.
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THE SUBJECT CONTENT OF THE SYLLABUS

The AS syllabus has been constructed around a common core.

The syllabus is concerned with environmental issues, which generate management.  The
issue can manifest itself on a variety of scales: local, regional or global.  The syllabus content
meets these requirements through three sections: Key Questions, Content and under Notes
for guidance reference to exemplars, topics and teaching guidance.  The Key Questions aim
at providing an emphasis for a section of the specification and the Notes for Guidance some
exemplars for study.

Examination questions will be derived from the content column.  Candidates should show
knowledge and understanding of the points listed in the content column(s), and be able to
handle information and solve problems relating to these points.

Centres should note that the Key questions do not necessarily provide a rigid and prescriptive
programme of teaching.  The specifications content aims to provide overlap between sections
thereby permitting flexibility; hopefully centres will be guided towards case studies, which can
be incorporated, into their own schemes of work.
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a
n
d
 M

E
D
C
’s
 i
n
c
lu
d
in
g
: 
d
e
m
a
n
d
 a
n
d

th
e
 d
e
p
le
ti
o
n
 o
f 
re
s
o
u
rc
e
s
 i
n
 M
E
D
C
’s
; 
L
E
D
C
 p
ri
o
ri
ti
e
s
 i
n
 t
h
e
 u
s
e
 o
f

fo
s
s
il 
fu
e
ls
; 
th
e
 d
e
p
le
ti
n
g
 o
f 
re
s
e
rv
e
s
 o
f 
fo
s
s
il 
fu
e
ls
.

S
tr
a
te
g
ie
s
 
to
 
in
c
lu
d
e
: 
s
u
s
ta
in
a
b
le
 
u
s
e
 
o
f 
fo
s
s
il 
fu
e
ls
 
th
ro
u
g
h
;

d
e
v
e
lo
p
in
g
 r
e
n
e
w
a
b
le
 r
e
s
o
u
rc
e
s
 a
n
d
 c
o
n
s
e
rv
in
g
 e
n
e
rg
y
.

L
a
n
d
 
a
s
 
a
 
re
s
o
u
rc
e
 
u
n
d
e
r 
p
re
s
s
u
re
 
fr
o
m
 
u
rb
a
n
 
s
p
ra
w
l 
a
n
d

e
c
o
n
o
m
ic
 
d
e
v
e
lo
p
m
e
n
t 
(s
u
rf
a
c
e
 
m
in
in
g
 
a
n
d
 
re
s
e
rv
o
ir
s
).
 
 
T
h
e

m
a
n
a
g
e
m
e
n
t 
o
f 
a
re
a
s
 o
f 
o
u
ts
ta
n
d
in
g
 n
a
tu
ra
l 
b
e
a
u
ty
; 
c
o
n
s
e
rv
a
ti
o
n

a
re
a
s
/N
a
ti
o
n
a
l 
P
a
rk
s
.

E
x
a
m
p
le
s
 
s
h
o
u
ld
 
in
c
lu
d
e
: 
n
o
n
-r
e
n
e
w
a
b
le
 
re
s
o
u
rc
e
s
, 
c
o
a
l,
 
o
il

a
n
d
 n
a
tu
ra
l 
g
a
s
; 
re
n
e
w
a
b
le
, 
w
a
te
r 
(H
E
P
, 
ti
d
e
 a
n
d
 w
a
v
e
s
),
 W

in
d

a
n
d
 S
o
la
r 
e
n
e
rg
y
. 
 C
a
s
e
 s
tu
d
ie
s
 c
o
n
tr
a
s
ti
n
g
 t
h
e
 p
o
lic
ie
s
 o
f 
o
n
e

M
E
D
C
 (
e
.g
. 
G
e
rm

a
n
y
) 
w
it
h
 a
 L
E
D
C
 (
In
d
ia
).

S
tr
a
te
g
ie
s
 m

a
y
 b
e
 i
llu
s
tr
a
te
d
 b
y
 c
o
n
tr
a
s
ti
n
g
 t
h
e
 p
o
lic
ie
s
 o
f 
tw
o

c
o
u
n
tr
ie
s
 
o
r 
b
y
 
u
s
in
g
 
re
s
o
u
rc
e
s
; 
e
.g
 
W
in
d
, 
w
a
te
r 
a
n
d
 
n
u
c
le
a
r

e
n
e
rg
y
 i
n
 F
ra
n
c
e
 w
it
h
 c
o
a
l 
in
 I
n
d
ia
.

U
rb
a
n
is
a
ti
o
n
 i
n
 a
n
 L
E
D
C
 e
.g
..
  
S
a
o
 P
a
o
lo
 o
r 
M
e
x
ic
o
 C

it
y
 a
n
d

e
c
o
n
o
m
ic
 d
e
v
e
lo
p
m
e
n
ts
 i
n
 a
n
 L
E
D
C
( 
A
m
a
z
o
n
ia
) 
a
n
d
 a
n
 M
E
D
C
.

S
a
m
p
le
 s
tu
d
ie
s
 o
f 
N
a
ti
o
n
a
l 
P
a
rk
s
, 
a
re
a
s
 o
f 
o
u
ts
ta
n
d
in
g
 n
a
tu
ra
l

b
e
a
u
ty
.
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T
h
e
 A
tm

o
s
p
h
e
re

K
e
y
 Q
u
e
s
ti
o
n

 C
o
n
te
n
t

N
o
te
s
 f
o
r 
g
u
id
a
n
c
e

1
 
W
h
a
t 
a
re
 
th
e
 
s
tr
u
c
tu
ra
l 
c
o
m
p
o
n
e
n
ts
 
o
f

th
e
 a
tm
o
s
p
h
e
re
 a
n
d
 w

h
y
 i
s
 i
t 
im
p
o
rt
a
n
t 
to

u
n
d
e
rs
ta
n
d
 t
h
e
ir
 c
h
a
ra
c
te
ri
s
ti
c
s
?

T
h
e
 
s
tr
u
c
tu
re
 
o
f 

th
e
 
a
tm
o
s
p
h
e
re
 
to
 
in
c
lu
d
e
: 

tr
o
p
o
s
p
h
e
re
,

s
tr
a
to
s
p
h
e
re
, 
m
e
s
o
s
p
h
e
re
 a
n
d
 t
h
e
rm

o
s
p
h
e
re
. 
 E
a
c
h
 z
o
n
e
 d
e
s
c
ri
b
e
d

in
 t
e
rm

s
 o
f 
c
o
m
p
o
s
it
io
n
, 
te
m
p
e
ra
tu
re
 a
n
d
 d
e
n
s
it
y
 v
a
ri
a
ti
o
n
.

T
h
e
 
in
te
ra
c
ti
o
n
 
o
f 
in
c
o
m
in
g
 
a
n
d
 
o
u
tg
o
in
g
 
ra
d
ia
ti
o
n
 
w
it
h
in
 
th
e

tr
o
p
o
s
p
h
e
re
 a
n
d
 s
tr
a
to
s
p
h
e
re
.

R
e
fe
re
n
c
e
 
c
a
n
 
b
e
 
m
a
d
e
 
to
 
m
o
d
e
ls
 
o
f 
a
tm
o
s
p
h
e
ri
c
 
s
tr
u
c
tu
re
,

e
v
id
e
n
c
e
 f
ro
m
 r
e
s
e
a
rc
h
 (
b
a
llo
o
n
s
) 
e
tc
.

O
z
o
n
e
 
a
n
d
 
th
e
 
a
b
s
o
rp
ti
o
n
 
o
f 
u
v
 
ra
d
ia
ti
o
n
. 
 
T
h
e
 
a
b
s
o
rp
ti
o
n
 
o
f

v
is
ib
le
 
ra
d
ia
ti
o
n
 
b
y
 
th
e
 
e
a
rt
h
’s
 
s
u
rf
a
c
e
; 
e
m
is
s
io
n
 
o
f 
th
e
rm

a
l

in
fr
a
re
d
 r
a
d
ia
ti
o
n
 a
n
d
 a
b
s
o
rp
ti
o
n
 b
y
 t
ro
p
o
s
p
h
e
ri
c
 g
a
s
e
s
.

2
 W

h
a
t 
is
 t
h
e
 p
a
tt
e
rn
 o
f 
a
ir
 m
o
v
e
m
e
n
t 
in
 t
h
e

tr
o
p
o
s
p
h
e
re
 
a
n
d
 
h
o
w
 
d
o
e
s
 
it
 
in
fl
u
e
n
c
e

re
g
io
n
a
l 
c
lim

a
te
s
 a
n
d
 l
o
c
a
l 
w
e
a
th
e
r?
 W

h
a
t

m
e
th
o
d
s
 a
re
 e
m
p
lo
y
e
d
 t
o
 f
o
re
c
a
s
t 
w
e
a
th
e
r

p
a
tt
e
rn
s
?

V
a
ri
a
ti
o
n
s
 i
n
 g
lo
b
a
l 
in
s
u
la
ti
o
n
. 
 R

e
g
io
n
s
 o
f 
h
ig
h
 a
n
d
 l
o
w
 p
re
s
s
u
re
.

G
lo
b
a
l 
w
in
d
 s
y
s
te
m
s
. 
 T
h
e
 e
ff
e
c
ts
 o
f 
la
n
d
, 
re
lie
f 
a
n
d
 o
c
e
a
n
 c
u
rr
e
n
ts
.

T
h
e
 l
o
c
a
ti
o
n
 a
n
d
 c
h
a
ra
c
te
ri
s
ti
c
s
 o
f 
T
e
m
p
e
ra
te
 M

a
ri
ti
m
e
, 
E
q
u
a
to
ri
a
l

a
n
d
 W

a
rm

 T
e
m
p
e
ra
te
 C
lim

a
te
s
.

T
h
e
 
fo
rm

a
ti
o
n
 
o
f 
te
m
p
e
ra
te
 
a
n
d
 
tr
o
p
ic
a
l 
c
y
c
lo
n
ic
 
c
o
n
d
it
io
n
s
 
a
n
d

a
n
ti
c
y
c
lo
n
ic
 
c
o
n
d
it
io
n
s
. 
 
W
e
a
th
e
r 
fo
re
c
a
s
ti
n
g
 
in
 
re
la
ti
o
n
 
to
 
th
e
s
e

w
e
a
th
e
r 
c
o
n
d
it
io
n
s
.

T
h
e
 e
a
rt
h
’s
 t
e
m
p
e
ra
tu
re
 a
n
d
 p
re
s
s
u
re
 d
is
tr
ib
u
ti
o
n
 a
n
d
 s
e
a
s
o
n
a
l

v
a
ri
a
ti
o
n
s
.

T
ra
d
it
io
n
a
l 
te
x
t 
b
a
s
e
d
 s
tu
d
ie
s
 o
r 
s
tu
d
e
n
t 
in
v
e
s
ti
g
a
ti
o
n
s
.

T
h
e
 
u
s
e
 
o
f 
w
e
a
th
e
r 
c
h
a
rt
s
, 
s
a
te
lli
te
 
d
a
ta
 
in
 
fo
re
c
a
s
ti
n
g
 
a
n
d

re
c
o
rd
in
g
 w
e
a
th
e
r 
d
a
ta
 (
v
is
u
a
l 
a
n
d
 i
n
fr
a
re
d
 p
h
o
to
g
ra
p
h
y
).

3
 
H
o
w
 
d
o
e
s
 
h
u
m
a
n
 
a
c
ti
v
it
y
 
a
ff
e
c
t 
th
e

a
tm
o
s
p
h
e
re
?

T
h
e
 p
ri
n
c
ip
le
 s
o
u
rc
e
s
 o
f 
C
F
C
’s
 a
n
d
 t
h
e
ir
 r
o
le
 i
n
 s
tr
a
to
s
p
h
e
ri
c
 o
z
o
n
e

d
e
p
le
ti
o
n
. 
 T
h
e
 e
ff
e
c
ts
 o
f 
s
tr
a
to
s
p
h
e
ri
c
 o
z
o
n
e
 d
e
p
le
ti
o
n
.

T
h
e
 
ro
le
 
o
f 
g
a
s
e
s
 
s
u
c
h
 
a
s
 
c
a
rb
o
n
 
d
io
x
id
e
 
a
n
d
 
m
e
th
a
n
e
 
in
 
th
e

e
n
h
a
n
c
e
d
 ‘
g
re
e
n
h
o
u
s
e
 e
ff
e
c
t’
 a
n
d
 p
o
s
s
ib
le
 c
lim

a
ti
c
 c
o
n
s
e
q
u
e
n
c
e
s
.

E
m
is
s
io
n
s
 o
f 
s
u
lp
h
u
r 
d
io
x
id
e
 a
n
d
 n
it
ro
g
e
n
 o
x
id
e
s
 a
n
d
 t
h
e
 f
o
rm

a
ti
o
n

o
f 
a
c
id
 r
a
in
 i
n
c
lu
d
in
g
 e
ff
e
c
ts
 u
p
o
n
 b
u
ild
in
g
s
, 
w
a
te
r 
c
o
u
rs
e
s
 a
n
d
 s
o
ils
.

P
re
d
ic
te
d
 
a
n
d
 
p
o
s
s
ib
le
 
c
lim

a
ti
c
 
a
n
d
 
b
io
s
p
h
e
ri
c
 
e
ff
e
c
ts
 
o
f 
g
lo
b
a
l

w
a
rm

in
g
.

E
x
a
m
p
le
s
 f
ro
m
 t
h
e
 A
n
ta
rc
ti
c
 a
n
d
 N
o
rt
h
e
rn
 H
e
m
is
p
h
e
re
.

T
h
e
 
lik
e
ly
 
im
p
a
c
t 
o
f 
g
lo
b
a
l 
w
a
rm

in
g
 
o
n
 
ra
is
in
g
 
s
e
a
 
le
v
e
ls
,

in
c
re
a
s
e
d
 s
to
rm

 i
n
te
n
s
it
y
, 
c
lim

a
ti
c
 c
h
a
n
g
e
; 
w
h
e
re
 p
o
s
s
ib
le
 u
s
in
g

lo
c
a
l 
e
x
a
m
p
le
s
.

T
h
e
re
 
is
 
a
n
 
o
p
p
o
rt
u
n
it
y
 
to
 
lin
k
 
in
d
u
s
tr
ia
l 
p
o
llu
ti
o
n
 
w
it
h
 
K
e
y

Q
u
e
s
ti
o
n
 5
 i
n
 t
h
e
 L
it
h
o
s
p
h
e
re
 m
o
d
u
le
.

E
m
is
s
io
n
s
 f
ro
m
 i
n
d
u
s
tr
ia
lis
e
d
 c
o
u
n
tr
ie
s
 a
n
d
 t
ra
n
s
fe
re
n
c
e
 t
o
 o
th
e
r

c
o
u
n
tr
ie
s
. 
 
R
e
fe
re
n
c
e
 
c
a
n
 
b
e
 
m
a
d
e
 
to
 
s
tu
d
ie
s
 
in
 
th
e
 
U
K
 
a
n
d

S
w
e
d
e
n
 (
1
9
8
0
’s
)

4
 
H
o
w
 
c
a
n
 
a
tm
o
s
p
h
e
ri
c
 
p
o
llu
ti
o
n
 
b
e

c
o
n
tr
o
lle
d
 
a
n
d
 
w
h
a
t 

a
re
 
th
e
 
p
ro
b
le
m
s

in
v
o
lv
e
d
 
w
it
h
 
th
e
 
g
lo
b
a
l 
m
a
n
a
g
e
m
e
n
t 
o
f

a
tm
o
s
p
h
e
ri
c
 p
o
llu
ti
o
n
?

R
e
d
u
c
in
g
 e
m
is
s
io
n
s
 t
h
ro
u
g
h
 c
le
a
n
in
g
 f
lu
e
 g
a
s
e
s
, 
a
lt
e
rn
a
ti
v
e
 e
n
e
rg
y
,

a
ff
o
re
s
ta
ti
o
n
, 
C
F
C
 f
re
e
 d
o
m
e
s
ti
c
 a
p
p
lia
n
c
e
s
 s
p
ra
y
s
 e
tc
.

In
te
rn
a
ti
o
n
a
l 
c
o
n
tr
o
ls
/p
ro
to
c
o
ls
, 
re
c
o
g
n
is
in
g
 
th
a
t 
p
o
llu
ti
o
n
 
c
ro
s
s
e
s

in
te
rn
a
ti
o
n
a
l 
b
o
u
n
d
a
ri
e
s
. 
 
T
h
e
 
b
a
c
k
g
ro
u
n
d
 
to
 
th
e
 
d
if
fi
c
u
lt
ie
s
 
in

a
c
h
ie
v
in
g
 
a
 
b
ro
a
d
 
a
g
re
e
m
e
n
t 
in
 
th
e
 
re
d
u
c
ti
o
n
 
o
f 
a
tm
o
s
p
h
e
ri
c

p
o
llu
ti
o
n
.

R
e
fe
re
n
c
e
 
to
 
c
o
n
tr
o
ls
 
o
n
 
C
F
C
 
e
m
is
s
io
n
s
; 
L
E
D
C
 
a
n
d
 
M
E
D
C

e
x
a
m
p
le
s
: 

K
y
o
to
 
a
n
d
 
B
u
e
n
o
s
 
A
ir
e
s
 
(1
9
9
8
) 

a
n
d
 
R
io
 
d
e

J
a
n
e
ir
o
(1
9
9
2
) 

m
e
e
ti
n
g
s
 
a
n
d
 
th
e
 
p
ro
b
le
m
s
 
in
 
a
c
h
ie
v
in
g

a
g
re
e
m
e
n
t.

A
ff
o
re
s
ta
ti
o
n
 a
n
d
 t
h
e
 u
s
e
 o
f 
a
lt
e
rn
a
ti
v
e
 e
n
e
rg
y
 s
o
u
rc
e
s
.

R
e
fe
re
n
c
e
 
to
 
e
x
a
m
p
le
s
 
s
u
c
h
 
a
s
 
a
n
 
L
E
D
C
 
a
n
d
 
a
n
 
M
E
D
C
 
to

ill
u
s
tr
a
te
 p
ro
b
le
m
s
 i
n
 c
o
n
tr
o
lli
n
g
 i
n
d
u
s
tr
ia
l 
p
o
llu
ti
o
n
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T
h
e
 H
y
d
ro
s
p
h
e
re

K
e
y
 Q
u
e
s
ti
o
n

C
o
n
te
n
t

N
o
te
s
 f
o
r 
G
u
id
a
n
c
e

1
 H
o
w
 i
s
 w
a
te
r 
s
to
re
d
 a
n
d
 t
ra
n
s
fe
rr
e
d
 g
lo
b
a
lly

a
n
d
 l
o
c
a
lly
?

T
h
e
 
m
a
in
 
s
to
ra
g
e
 
z
o
n
e
s
 
o
f 
w
a
te
r 
a
n
d
 
th
e
 
p
e
rc
e
n
ta
g
e
s
 
o
f 
w
a
te
r

h
e
ld
 i
n
 e
a
c
h
. 
 T
h
e
 n
a
tu
ra
l 
fl
o
w
s
 a
n
d
 s
to
re
s
 w
it
h
in
 b
o
th
 t
h
e
 g
lo
b
a
l

a
n
d
 
lo
c
a
l 
(d
ra
in
a
g
e
 
b
a
s
in
) 
w
a
te
r 
c
y
c
le
s
. 
 
T
h
e
 
g
lo
b
a
l 
s
y
s
te
m

in
c
lu
d
e
s
 t
h
e
 t
ra
n
s
fe
r 
b
e
tw
e
e
n
 o
c
e
a
n
/s
e
a
s
, 
a
tm
o
s
p
h
e
re
 a
n
d
 l
a
n
d
; 
it

s
h
o
u
ld
 
re
fe
r 
to
 
th
e
 
c
o
n
d
it
io
n
s
 
u
n
d
e
r 
w
h
ic
h
 
th
e
 
v
o
lu
m
e
 
o
f 
s
o
lid
,

liq
u
id
 
a
n
d
 
g
a
s
e
o
u
s
 
w
a
te
r 
w
ill
 
c
h
a
n
g
e
. 
 
T
h
e
 
lo
c
a
l 
w
a
te
r 
c
y
c
le

in
c
lu
d
e
s
: 
e
v
a
p
o
ra
ti
o
n
, 
p
re
c
ip
it
a
ti
o
n
, 
in
te
rc
e
p
ti
o
n
, 
ru
n
o
ff
, 
in
fi
lt
ra
ti
o
n

a
n
d
 g
ro
u
n
d
 w
a
te
r.
  
G
ro
u
n
d
w
a
te
r 
s
to
re
s
 a
re
 t
o
 i
n
c
lu
d
e
 t
h
e
 f
e
a
tu
re
s

o
f 
n
a
tu
ra
l 
a
q
u
if
e
rs
: 
c
o
n
fi
n
e
d
, 
u
n
c
o
n
fi
n
e
d
 a
n
d
 p
e
rc
h
e
d
.

T
h
e
 
g
lo
b
a
l 
(c
lo
s
e
d
) 
s
y
s
te
m
 
in
 
c
o
n
ju
n
c
ti
o
n
 
w
it
h
 
th
e
 
m
o
re

lo
c
a
lis
e
d
 o
p
e
n
 s
y
s
te
m
, 
w
h
ic
h
 c
o
u
ld
 b
e
 a
 l
o
c
a
l 
d
ra
in
a
g
e
 b
a
s
in
.

It
 
is
 
p
o
s
s
ib
le
 
to
 
u
n
d
e
rt
a
k
e
 
th
e
 
lo
c
a
l 
e
le
m
e
n
t 
o
f 
th
is
 
s
tu
d
y

th
ro
u
g
h
 f
ie
ld
 w
o
rk
.

E
x
a
m
p
le
s
 o
f 
n
a
tu
ra
l 
a
q
u
if
e
rs
 c
a
n
 b
e
 o
n
 a
 s
m
a
ll 
lo
c
a
l 
s
c
a
le
 o
r

o
f 
th
e
 s
c
a
le
 o
f 
th
e
 A
u
s
tr
a
lia
n
 B
a
s
in

2
 W

h
a
t 
h
a
s
 b
e
e
n
 t
h
e
 i
m
p
a
c
t 
o
f 
h
u
m
a
n
 a
c
ti
v
it
y

o
n
 t
h
e
 q
u
a
n
ti
ti
e
s
 o
f 
w
a
te
r 
in
 n
a
tu
ra
l 
s
to
re
s
?

T
h
e
 i
m
p
a
c
t 
o
f 
c
lim

a
ti
c
 c
h
a
n
g
e
 a
n
d
 g
lo
b
a
l 
w
a
rm

in
g
 o
n
 s
e
a
 a
n
d
 i
c
e

v
o
lu
m
e
s
. 
 T
h
e
 i
m
p
a
c
t 
o
f 
ri
s
in
g
 s
e
a
 l
e
v
e
ls
; 
p
a
s
t 
a
s
 w
it
h
 i
c
e
 a
g
e
s
 a
n
d

c
u
rr
e
n
tl
y
 
th
o
u
g
h
 
th
e
 
in
c
re
a
s
e
d
 
lik
e
lih
o
o
d
 
o
f 
fl
o
o
d
in
g
 
in
 
lo
w
-l
y
in
g

a
re
a
s
.

T
h
e
 i
m
p
a
c
t 
o
f 
a
g
ri
c
u
lt
u
re
 a
n
d
 t
h
e
 s
u
p
p
ly
 o
f 
w
a
te
r 
fo
r 
in
d
u
s
tr
ia
l 
a
n
d

d
o
m
e
s
ti
c
 u
s
e
 u
p
o
n
 t
h
e
 n
a
tu
ra
l 
s
u
p
p
lie
s
 o
f 
w
a
te
r.

E
m
p
h
a
s
is
 o
n
 t
h
e
 f
ra
g
ili
ty
 o
f 
th
e
 g
lo
b
a
l 
c
lim

a
te
 w
it
h
 r
e
fe
re
n
c
e
 t
o

b
o
th
 f
a
lli
n
g
 (
p
a
s
t)
 a
n
d
 r
is
in
g
 s
e
a
 l
e
v
e
ls
 (
c
u
rr
e
n
t 
a
n
d
 f
u
tu
re
).

D
im
in
is
h
in
g
 w

a
te
r 
s
u
p
p
lie
s
 t
h
ro
u
g
h
 a
g
ri
c
u
lt
u
re
 c
o
u
ld
 i
n
c
lu
d
e
:

T
h
e
 A
ra
l 
S
e
a
, 
P
ra
ir
ie
s
, 
A
u
s
tr
a
lia
n
 A
rt
e
s
ia
n
 B
a
s
in
. 
 S
h
o
rt
a
g
e
s

d
u
e
 t
o
 u
rb
a
n
 a
n
d
 i
n
d
u
s
tr
ia
l 
d
e
m
a
n
d
 m

a
y
 i
n
c
lu
d
e
: 
M
e
x
ic
o
 C
it
y
,

M
id
d
le
 E
a
s
t,
 L
o
n
d
o
n
 B
a
s
in
. 
 A
g
a
in
 t
h
e
re
 i
s
 a
n
 o
p
p
o
rt
u
n
it
y
 t
o

re
s
e
a
rc
h
 l
o
c
a
l 
w
a
te
r 
s
u
p
p
lie
s
 a
n
d
 s
u
p
p
ly
.

3
 
H
o
w
 
c
a
n
 
w
a
te
r 
s
u
p
p
ly
 
b
e
 
s
u
s
ta
in
e
d
 
a
n
d

w
h
a
t 
a
re
 t
h
e
 e
n
v
ir
o
n
m
e
n
ta
l 
c
o
n
s
e
q
u
e
n
c
e
s
 o
f

th
e
 a
rt
if
ic
ia
l 
s
to
ra
g
e
 o
f 
w
a
te
r?

T
h
e
 m

a
n
a
g
e
m
e
n
t 
o
f 
w
a
te
r 
s
u
p
p
ly
 o
n
 a
 l
o
c
a
l 
a
n
d
 r
e
g
io
n
a
l 
s
c
a
le
,

in
c
lu
d
in
g
 d
is
p
a
ri
ti
e
s
 i
n
 w
a
te
r 
re
s
o
u
rc
e
s
, 
th
e
 d
e
m
a
n
d
 f
o
r 
w
a
te
r 
a
n
d

th
e
 s
u
p
p
ly
 o
f 
w
a
te
r.
  
D
a
m
s
, 
b
a
rr
a
g
e
s
 a
n
d
 r
e
s
e
rv
o
ir
s
. 
 A
d
v
a
n
ta
g
e
s
:

w
a
te
r 
s
u
p
p
ly
 
re
c
re
a
ti
o
n
, 
p
o
w
e
r,
 
e
n
v
ir
o
n
m
e
n
t 
a
n
d
 
lo
c
a
l 
c
lim

a
te
.

D
is
a
d
v
a
n
ta
g
e
s
: 
c
o
s
t,
 s
ilt
in
g
 a
n
d
 e
n
v
ir
o
n
m
e
n
t.

W
a
te
r 
s
u
p
p
ly
 
in
 
a
ri
d
 
c
o
u
n
tr
ie
s
 
to
 
in
c
lu
d
e
 
g
ro
u
n
d
 
w
a
te
r 
a
n
d

d
e
s
a
lin
is
a
ti
o
n
.

E
x
a
m
p
le
s
 
c
h
o
s
e
n
 
fr
o
m
 
c
o
n
tr
a
s
ti
n
g
 
a
re
a
s
 
s
u
c
h
 
a
s
: 
U
S
A

(C
o
lo
ra
d
o
),
 C
h
in
a
 (
3
 g
o
rg
e
s
),
 N
ig
e
ri
a
 o
r 
G
h
a
n
a
.

E
x
a
m
p
le
s
 o
f 
d
e
s
a
lin
is
a
ti
o
n
 i
n
 P
e
rs
ia
n
 G
u
lf
 s
ta
te
s
, 
M
a
lt
a
.

4
 
H
o
w
 
d
o
e
s
 
h
u
m
a
n
 
a
c
ti
v
it
y
 
le
a
d
 
to
 
th
e

p
o
llu
ti
o
n
 
o
f 
w
a
te
r 
s
to
re
s
 
a
n
d
 
h
o
w
 
c
a
n
 
th
is

fo
rm

 o
f 
p
o
llu
ti
o
n
 b
e
 m
a
n
a
g
e
d
?

P
o
llu
ti
o
n
 
o
f 

g
ro
u
n
d
w
a
te
r 

b
y
 
m
e
ta
ls
, 

n
u
tr
ie
n
ts
, 

a
n
d
 
o
rg
a
n
ic

c
o
m
p
o
u
n
d
s
. 
 N
u
tr
ie
n
t 
e
n
ri
c
h
m
e
n
t 
a
n
d
 e
u
tr
o
p
h
ic
a
ti
o
n
 o
f 
la
k
e
s
 a
n
d

ri
v
e
rs
; 
th
e
 
m
a
in
 
s
o
u
rc
e
s
 
o
f 
e
u
tr
o
p
h
ic
a
ti
o
n
 
a
n
d
 
it
s
 
e
ff
e
c
ts
. 
 
T
h
e

im
p
a
c
t 
o
f 
s
e
w
a
g
e
 
d
is
p
o
s
a
l 
u
p
o
n
 
ri
v
e
rs
, 
la
k
e
s
 
a
n
d
 
s
e
a
s
 
a
n
d
 
th
e

m
a
in
 
h
e
a
lt
h
 
a
n
d
 
e
n
v
ir
o
n
m
e
n
ta
l 
p
ro
b
le
m
s
 
a
s
s
o
c
ia
te
d
 
w
it
h
 
th
e

d
is
p
o
s
a
l 
o
f 
s
e
w
a
g
e
 s
lu
d
g
e
. 
 M
a
ri
n
e
 p
o
llu
ti
o
n
 a
n
d
 e
ff
e
c
ts
 o
n
 a
q
u
a
ti
c

a
n
d
 b
ir
d
 l
if
e
 a
n
d
 o
n
 t
h
e
 c
o
a
s
ta
l 
e
n
v
ir
o
n
m
e
n
t.
  
P
o
llu
ti
o
n
 o
f 
ri
v
e
rs

a
n
d
 
la
k
e
s
 
b
y
 
in
d
u
s
tr
ia
l 

s
p
ill
a
g
e
 
a
n
d
 
ri
v
e
r/
la
k
e
 
p
o
llu
ti
o
n
.

M
a
n
a
g
e
m
e
n
t 
v
ia
: 
w
a
s
te
 c
o
n
tr
o
ls
, 
lo
c
a
l 
a
n
d
 r
e
g
io
n
a
l 
p
o
lic
ie
s
.

T
h
e
re
 i
s
 p
le
n
ty
 o
f 
s
c
o
p
e
 f
o
r 
c
a
n
d
id
a
te
s
 t
o
 u
s
e
 l
o
c
a
l 
s
tu
d
ie
s

a
n
d
 l
in
k
 t
h
e
 e
x
a
m
in
a
ti
o
n
 r
e
q
u
ir
e
m
e
n
ts
 w
it
h
 t
h
e
 w
id
e
 r
a
n
g
e
 o
f

re
s
e
a
rc
h
 p
ro
je
c
ts
 o
n
 t
h
e
 t
o
p
ic
.

O
th
e
r 
c
a
s
e
 
s
tu
d
ie
s
 
c
o
u
ld
 
in
c
lu
d
e
: 
T
h
e
 
R
h
in
e
, 
G
a
n
g
e
s
, 
T
h
e

M
e
d
it
e
rr
a
n
e
a
n
 S
e
a
, 
a
n
d
 O
il 
T
a
n
k
e
r 
S
p
ill
a
g
e
.
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T
h
e
 B
io
s
p
h
e
re

K
e
y
 Q
u
e
s
ti
o
n

C
o
n
te
n
t

N
o
te
s
 f
o
r 
G
u
id
a
n
c
e

1
 W

h
a
t 
a
re
 t
h
e
 m

a
jo
r 
a
b
io
ti
c
 a
n
d
 b
io
ti
c
 f
a
c
to
rs
, 
w
h
ic
h

d
ri
v
e
 
a
n
d
 
in
fl
u
e
n
c
e
 
th
e
 
d
is
tr
ib
u
ti
o
n
 
o
f 

d
if
fe
re
n
t

e
c
o
s
y
s
te
m
s
?
 
W
h
a
t 
a
re
 
th
e
 
m
a
in
 
c
o
m
p
o
n
e
n
ts
 
a
n
d

c
h
a
ra
c
te
ri
s
ti
c
s
 
o
f 

e
c
o
s
y
s
te
m
s
 
a
n
d
 
h
o
w
 
a
re
 
th
e
y

s
tr
u
c
tu
re
d
?

T
h
e
 
b
io
ti
c
 
a
n
d
 
a
b
io
ti
c
 
fa
c
to
rs
 
w
h
ic
h
 
c
o
n
tr
o
l 

th
e

d
is
tr
ib
u
ti
o
n
 o
f 
th
e
 w
o
rl
d
s
 m
a
jo
r 
b
io
m
e
s
. 
 T
w
o
 c
o
n
tr
a
s
ti
n
g

e
c
o
s
y
s
te
m
s
 s
h
o
u
ld
 b
e
 s
tu
d
ie
d
 t
o
 d
e
ta
il 
th
e
 i
n
te
ra
c
ti
o
n
s

o
f 
th
e
 
c
o
m
p
o
n
e
n
ts
 
o
f 
a
n
 
e
c
o
s
y
s
te
m
, 
(u
n
d
e
rs
ta
n
d
 
a
n
d

u
s
e
 
th
e
 
te
rm

s
: 
tr
o
p
h
ic
 
le
v
e
ls
, 
fo
o
d
 
c
h
a
in
s
 
a
n
d
 
w
e
b
s

b
io
m
e
, 
s
u
c
c
e
s
s
io
n
 a
n
d
 N
P
P
).

P
h
o
to
s
y
n
th
e
s
is
: 

re
q
u
ir
e
m
e
n
ts
 

a
n
d
 

p
ro
c
e
s
s
.

P
h
o
to
s
y
n
th
e
s
is
 
a
n
d
 
d
if
fe
re
n
t 

w
a
v
e
le
n
g
th
s
. 

 
T
h
e

in
fl
u
e
n
c
e
 
o
f 

lig
h
t 

in
te
n
s
it
y
 
a
n
d
 
ra
in
fa
ll 

o
n
 
p
la
n
t

p
ro
d
u
c
ti
v
it
y
.

A
 
b
ri
e
f 
s
u
rv
e
y
 
o
f 
th
e
 
g
lo
b
a
l 
s
y
s
te
m
 
fo
llo
w
e
d
 
b
y
 
a

d
e
ta
ile
d
 s
tu
d
y
 o
f 
th
e
 d
is
tr
ib
u
ti
o
n
 o
f 
e
c
o
s
y
s
te
m
s
 i
n
c
lu
d
in
g

tr
o
p
ic
a
l 
ra
in
 
fo
re
s
t,
 
s
u
b
tr
o
p
ic
a
l 
ra
in
 
fo
re
s
t,
 
s
u
b
tr
o
p
ic
a
l

s
a
v
a
n
n
a
h
, 
d
e
s
e
rt
, 
te
m
p
e
ra
te
 d
e
c
id
u
o
u
s
 f
o
re
s
t 
a
n
d
 h
ig
h

la
ti
tu
d
e
 t
u
n
d
ra
; 
fr
o
m
 w
h
ic
h
 t
h
e
 t
w
o
 c
a
s
e
 s
tu
d
ie
s
 s
h
o
u
ld

b
e
 c
h
o
s
e
n
.

2
 H
o
w
 h
a
s
 h
u
m
a
n
 a
c
ti
v
it
y
 b
o
th
 d
is
ru
p
te
d
 a
n
d
 d
e
s
tr
o
y
e
d

e
c
o
s
y
s
te
m
s
?

T
h
e
 i
m
p
a
c
t 
o
f 
a
g
ri
c
u
lt
u
re
, 
d
e
fo
re
s
ta
ti
o
n
, 
e
x
p
lo
it
a
ti
o
n
 a
n
d

fi
re
s
 
u
p
o
n
 
m
a
ri
n
e
 
a
n
d
 
te
rr
e
s
tr
ia
l 
e
c
o
s
y
s
te
m
s
. 
 
T
h
e

fo
rm

a
ti
o
n
 
o
f 
p
la
g
io
c
lim

a
x
e
s
, 
a
rr
e
s
te
d
 
s
u
c
c
e
s
s
io
n
s
 
a
n
d

lo
s
s
 
o
f 
b
io
d
iv
e
rs
it
y
. 
 
T
h
e
 
im
p
a
c
t 
o
f 
d
e
fo
re
s
ta
ti
o
n
 
fo
r

in
d
u
s
tr
ia
l 
a
n
d
 
a
g
ri
c
u
lt
u
ra
l 
p
u
rp
o
s
e
s
 
in
 
L
E
D
C
’s
. 
 
T
h
e

im
p
a
c
t 
o
f 
c
o
m
m
e
rc
ia
l 
fa
rm

in
g
 
in
 
M
E
D
C
’s
 
th
ro
u
g
h

m
e
c
h
a
n
is
a
ti
o
n
 a
n
d
 t
h
e
 e
x
p
a
n
s
io
n
 o
f 
fi
e
ld
s
 l
e
a
d
in
g
 t
o
 t
h
e

lo
s
s
 o
f 
lo
c
a
l 
h
a
b
it
a
ts
.

T
h
is
 c
a
n
 e
x
te
n
d
 t
h
e
 p
re
v
io
u
s
 e
x
a
m
p
le
s
 c
h
o
s
e
n
 i
n
 K
Q
’s

1
. 
 
D
e
fo
re
s
ta
ti
o
n
 
in
 
L
E
D
C
’s
 
c
o
u
ld
 
u
s
e
 
e
x
a
m
p
le
s
 
fr
o
m

th
e
 
T
ro
p
ic
a
l 

R
a
in
 
F
o
re
s
t 

(A
m
a
z
o
n
ia
) 

o
r 

T
ro
p
ic
a
l

M
o
n
s
o
o
n
 F
o
re
s
t.
  
M
E
D
C
 e
x
a
m
p
le
s
 c
a
n
 b
e
 d
ra
w
n
 f
ro
m

W
e
s
te
rn
 E
u
ro
p
e
, 
U
S
A
 e
tc
. 
 T
h
e
re
 i
s
 a
n
 o
p
p
o
rt
u
n
it
y
 t
o

c
o
m
b
in
e
 t
h
e
s
e
 t
o
p
ic
s
 w
it
h
 K
Q
5
 i
n
 t
h
e
 l
it
h
o
s
p
h
e
re
 u
n
it
.

3
 
W
h
a
t 
m
e
th
o
d
s
 
h
a
v
e
 
b
e
e
n
 
e
m
p
lo
y
e
d
 
to
 
p
re
s
e
rv
e
,

c
o
n
s
e
rv
e
, 
a
n
d
 r
e
s
to
re
 e
c
o
s
y
s
te
m
s
?

T
o
 
w
h
a
t 
e
x
te
n
t 
h
a
v
e
 
m
e
e
ti
n
g
s
 
b
e
tw
e
e
n
 
n
a
ti
o
n
s
 
a
n
d

p
re
s
s
u
re
 

g
ro
u
p
s
 

b
e
e
n
 

im
p
o
rt
a
n
t 

in
 

h
ig
h
lig
h
ti
n
g

e
n
v
ir
o
n
m
e
n
ta
l 
a
w
a
re
n
e
s
s
 a
n
d
 m
a
n
a
g
in
g
 t
h
e
 b
io
s
p
h
e
re
?

M
e
th
o
d
s
 
to
 
in
c
lu
d
e
: 

n
a
ti
o
n
a
l 

p
a
rk
s
, 

a
ff
o
re
s
ta
ti
o
n
,

m
a
in
ta
in
in
g
 b
io
lo
g
ic
a
l 
d
iv
e
rs
it
y
 t
h
ro
u
g
h
 s
u
c
h
 m
e
th
o
d
s
 a
s

p
o
llu
ti
o
n
 

c
o
n
tr
o
l,
 

c
h
a
n
g
in
g
 

a
g
ri
c
u
lt
u
ra
l 

s
y
s
te
m
s
,

e
c
o
to
u
ri
s
m
, 
fo
re
s
t 
c
o
n
s
e
rv
a
ti
o
n
, 
w
ild
lif
e
 
m
a
n
a
g
e
m
e
n
t,

a
n
d
 
e
c
o
lo
g
ic
a
l 
is
la
n
d
s
. 
 
T
h
e
 
im
p
a
c
t 
o
f 
in
te
rn
a
ti
o
n
a
l

p
ro
to
c
o
l 
(e
.g
. 

R
io
 
d
e
 
J
a
n
e
ir
o
 
a
n
d
 
M
o
n
tr
e
a
l)
 
a
n
d

re
s
e
a
rc
h
 a
n
d
 p
re
s
s
u
re
 f
ro
m
 g
ro
u
p
s
 s
u
c
h
 a
s
 t
h
e
 W

W
F
.

s
u
s
ta
in
a
b
le
 d
e
v
e
lo
p
m
e
n
t 
w
it
h
in
 c
o
n
s
e
rv
a
ti
o
n
 a
re
a
s
.

C
a
s
e
 s
tu
d
ie
s
 a
s
 a
p
p
ro
p
ri
a
te
 o
r 
a
 s
u
rv
e
y
 o
f 
c
o
n
s
e
rv
a
ti
o
n

a
n
d
 
re
s
to
ra
ti
o
n
 
o
f 
e
c
o
s
y
s
te
m
s
 
w
it
h
 
re
fe
re
n
c
e
 
to
 
a

b
ro
a
d
e
r 
ra
n
g
e
 o
f 
e
x
a
m
p
le
s

4
 W

h
a
t 
h
a
s
 b
e
e
n
 t
h
e
 i
m
p
a
c
t 
o
f 
p
o
p
u
la
ti
o
n
 g
ro
w
th
 u
p
o
n

th
e
 
re
s
o
u
rc
e
s
 
o
f 
c
o
u
n
tr
ie
s
 
a
t 
c
o
n
tr
a
s
ti
n
g
 
le
v
e
ls
 
o
f

e
c
o
n
o
m
ic
 d
e
v
e
lo
p
m
e
n
t?

P
o
p
u
la
ti
o
n
, 

re
s
o
u
rc
e
s
 
a
n
d
 
c
a
rr
y
in
g
 
c
a
p
a
c
it
y
: 

th
e

p
o
p
u
la
ti
o
n
 
m
o
d
e
ls
 
o
f 
M
a
lt
h
u
s
 
a
n
d
 
B
o
s
e
ru
p
. 
 
T
h
e

c
o
n
c
e
p
ts
 
o
f 

o
v
e
rp
o
p
u
la
ti
o
n
, 

u
n
d
e
r 

p
o
p
u
la
ti
o
n
 
a
n
d

o
p
ti
m
u
m
 p
o
p
u
la
ti
o
n
. 
 P
o
lic
ie
s
 a
im
e
d
 a
t 
re
s
o
lv
in
g
 t
h
e
s
e

is
s
u
e
s
 i
n
c
lu
d
e
: 
s
u
s
ta
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PAPER 3 (COURSEWORK)
SCHOOL BASED ASSESSMENT

At AS level this will take the form of an Individual Research Project of 1500 — 2000 words carried
out by the candidate, into an issue arising out of their course of study.  The report may be focussed
on a local regional or global issue.  Whilst the issue may derive out of the traditional areas of
environmental science the report must contain an investigation and evaluation of the management
issues associated with the topic.  The topic should be chosen from any part of the 4 units, which
comprise the specification.

As stated the topic should be issue and management based at one of a variety of scales.  Whilst
secondary source material is useful in providing background information, the use of primary sources
and field data collection should be undertaken.  This means that it is possible to use information
sources other than that obtained from field study and can include: the internet, the media,
newspaper data and documented data from companies and organisations.

Centres should recognise that it is a test of a candidate’s ability to confine their report to a word limit
of 2000 words; long and rambling projects often do not constitute a valid report as they contain too
much extraneous material.  It is expected that having identified a clear environmental management
issue candidates structure their investigation into the following stages of scientific method, namely:

An introduction comprising the identification of an issue expressed through a hypothesis or
question.

A methodology, which outlines the investigative avenues, used for the study; these should be
justified.

A results and analysis section.  This should form the main part of the study and contain data
expressed through illustrative techniques such as: pictorial (diagrams and photographs), tables and
graphs.  This illustrative material should be analysed through detailed descriptions and
explanations.

A conclusion which draws together the finding of the investigation.

An evaluation of the study comprising an assessment of the success or shortcomings of the study.

In order to ensure that they comply with the requirements of the syllabus, Centres must seek
approval, in advance, from CIE.  It is only necessary for each Centre to complete a CIE
approval form containing a list of candidates with their project title.  This form should be
submitted CIE BY November 30

th
.  for a June examination and June 30

th
 for a November

examination.

It is the responsibility of teachers within the Centre to monitor the work undertaken by the
candidates and make certain that the work complies with the spirit of the specification.  The report
should be assessed by approved teachers within each Centre; this includes teachers who have
satisfied CIE’s requirements concerning moderation (it will not be necessary for current approved
assessors to seek further approval).
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EXAMPLE OF A RESEARCH REPORT

'To what extent has industrial pollution of a nearby river been successfully controlled and reduced’.

(a) The problem identified is the pollution of a river through industrial effluent and the extent to
which industries manage their waste and river pollution has been reduced.

(b) This topic relates to waste management, the need to dispose of industrial waste materials and
manage /reduce river pollution.

(c) Data sources might include:
counting the variety of species at various points before and after the discharge point and
considering the different species present at these points,
testing samples of river water before and after the discharge point.
investigating the policies of contributing industries.
using local or internet data sources

(d) Candidates should ascertain how much data they can collect and analyse in the time available
in order to produce viable conclusions.

(e) The scale of the project should not be so small that valid data cannot be identified or that a
variety of environments need to be examined.  On the other hand, it should not be so big as to
make the collection of data too time-consuming.

CRITERIA FOR ASSESSMENT

There are three assessment skills that must be addressed by the Research Report.

Skill Description Mark

C1

C2

C3

Research and planning

Data collection and presentation

Conclusion and evaluation

6

9

5

Mark schemes for assessment should be based on the following criteria:

Skill C1: Research and planning

(a) A hypothesis or question clearly stated. 1 mark

(b) An expression of knowledge through a clear explanation of the principle
underpinning the hypothesis or question. 2 marks

(c) Plan includes appropriate methods clearly explained. 2 marks

(d) Developed plan is effective at testing the hypothesis. 1 mark
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Skill C2: Data collection and presentation

(a) Data observations clearly presented and presented in a suitable format. 2 marks

(b) Data collected and recorded accurately and with appropriate degree of precision. 2 marks

(c) The report is organised with a logical order of presentation (information, description
explanation, diagrams) 2 marks

(d) The quality of written communication . 2 marks

(e) Suitable statistical tools used to analyse the data. 1 mark

Skill C3: Conclusions and evaluation

(a) Full conclusions are drawn, supported by reference to data. 2 marks

(b) Knowledge of environmental and management principles used to explain trends
and patterns in own results. 2 marks

(c) An evaluative assessment of the report in terms of its limitations and level of success. 1 mark

This total of 20 marks will then be doubled to a mark out of 40.

Each Skill criterion is marked on a scale of 0 to 1/2, as follows:

2 = criterion fully met, 1 = criterion partly met, 0 = criterion not met at all.
or 1 = criterion met,  0= criterion not met at all.

Moderation

All aspects of coursework will be moderated.  Coursework designs and Schemes of Assessment will
be devised by schools, who should ensure that they comply with the course Aims and Assessment
Objectives.

(a) Internal Moderation

When several teachers in a Centre are involved in internal assessments, arrangements must be
made within the Centre for all candidates to be assessed to a common standard.

It is essential that within each Centre, the marks for each skill assigned within different teaching
groups (e.g. different classes) are moderated internally for the whole Centre entry.  The Centre
assessments will then be subject to external moderation.

(b) External Moderation

Individual Candidate Record Cards and Coursework Assessment Summary Forms must be
received by CIE no later than 30 April (for the June examination) and 31 October (for the November
examination) along with a sample of the coursework undertaken by the candidates and the
Schemes of Assessment for each assignment.  The samples should cover the full ability range.  If
there are ten or fewer candidates, all the coursework that contributed to the final mark for all the
candidates must be sent to CIE.  Where there are more than ten candidates, all the coursework that
contributed to the final mark for ten of them will be required.  The Centre should select candidates
covering the whole mark range, with the marks spaced as evenly as possible from the top mark to
the lowest mark.  If appropriate, the samples should be selected from the classes of different
teachers.  A further sample of coursework may subsequently be required.  All records and
supporting written work should be retained until after the publication of the results.
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RESOURCE LIST

J L Chapman &
M J Reiss

Ecology: Principles and Applications
Cambridge University Press, 0521 38951 8

W P Cunningham Understanding Our Environment: An Introduction
William C Brown, 0 697 20456 1

B J Neber &
R T Wright

Environmental Science: The Way the World Works (4
th
 Edition)

Prentice Hall, 0 13 285 446 5

Botkin/Keller Environmental Science: Earth as a Living Planet
Wiley (2000) 0 471 32173 7

Kevin Byrne Environmental Science (Bath Advanced Science)
Nelson Thornes (2001) 0 17 448305 8

G Tyler Miller Sustaining the Earth: An Integrated Approach
Wadsworth, 0 534 21 432 0

Andrew Porteous Dictionary of Environmental Science and Technology
John Wiley & Sons, 0 471 93544 1

W Ashworth The Encyclopaedia of Environmental Studies
Facts on File, 081 601 531 7

P J Alma Environmental Concerns
Cambridge University Press (UK), Cambridge Social Biology Topics
series, (1983), 0 521 42869 6

A Cornwell Man and the Environment
Cambridge University Press (UK), Cambridge Social Biology Topics
series, (1983), 0 521 28892 4

Geoff Hayward Applied Ecology, University of Bath Science 16-19 series Nelson (UK),
(1992), 0 17 448187 X

D Millerchip The Food Resources of Man
Cambridge University Press (UK), Cambridge Social Biology Topics
series, (1984), 0 521 28891 6

Roy Collard The Physical Geography of Landscape
Unwin Hyman, 0 7135 2734 X

Greg O’Hare &
John Sweeney

The Atmospheric System
Oliver & Boyd, 0 05 00374 20

W P Cunningham &
B Woodworth-Saigo

Environmental Science – A Global Concern
William C Brown (1995) (3

rd
 Ed), 0 697 15894 2

David Waugh Geography: An Integrated Approach
Nelson Thornes (2001) 3

rd
.  Edition 9 780174 447061

Michael Witheric et al Environment and People
Stanley Thornes (1995) 9 780748 721207

Judith Woodfield(editor) Ecosystems and Human Activity
Collins International (1994) 0 00 326644 3

Jane Crispin & Francis
Jegede

Population, Resources and Development
Collins Landmark Geography (2000) 0 00 780003 266511

Park Environmental Hazards
Nelson 0 174 48217 5
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MATHEMATICAL REQUIREMENTS

It is assumed that all candidates are able to:

� perform calculations involving addition, subtraction, multiplication and division of numbers;

� take account of accuracy in numerical work and handle calculations so that significant figures
are neither lost unnecessarily nor carried out beyond what is justified;

� make approximate evaluations of numerical expressions (e.g. �
2
 = 10) and use such

approximations to check the magnitude of machine calculations;

� express fractions as percentages and vice versa;

� recognise and use expressions in decimal and standard form notation;

� use tables or calculators to evaluate powers, roots, reciprocals, arithmetic means;

� substitute physical quantities into equations using consistent units;

� change the subject of an equation;

� solve simple algebraic equations;

� formulate simple algebraic equations as mathematical models of physical situations;

� recognise and use the forms of expressions such as ab, a/b, x
n
 , x

-n
;

� comprehend the meanings of, and use the symbols/notations: <, >, =, /,� ;

� calculate areas of right-angled and isosceles triangles, circumferences and areas of circles and
volumes of rectangular blocks and cylinders;

� test a relationship for direct proportionality graphically and numerically;

� select appropriate variables and scales for plotting a graph, especially to obtain a linear graph
of the form y= mx+ c;

� determine and interpret the slope and intercept of a linear graph;

� choose by inspection a straight line that will serve as the 'least bad' linear model for a set of
data presented graphically: use of scatter graphs and lines of best fit.

� understand and use the area below a curve where this has physical significance.
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GLOSSARY OF TERMS

It is hoped that the glossary (which is relevant only to science subjects) will prove helpful to candidates
as a guide (i.e. it is neither exhaustive nor definitive).  The glossary has been deliberately kept brief
not only with respect to the number of terms included but also to the descriptions of their meanings.
Candidates should appreciate that the meaning of a term must depend in part on its context.

1 Define (the term(s)...) is intended literally, only a formal statement or equivalent paraphrase
being required.

2 What is meant by (the term(s)...) normally implies that a definition should be given, together with
some relevant comment on the significance or context of the term(s) concerned, especially
where two or more terms are included in the question.  The amount of supplementary comment
intended should be interpreted in the light of the indicated mark value.

3. State implies a concise answer with little or no supporting argument (e.g. a numerical answer
that can readily be obtained 'by inspection').

4 List requires a number of points, generally each of one word, with no elaboration.  Where a
given number of points is specified, this should not be exceeded.

5 Explain may imply reasoning or some reference to theory, depending on the context.

6 Describe requires the candidate to state in words (using diagrams where appropriate) the main
points of the topic.  It is often used with reference either to particular phenomena or to particular
experiments.  In the former instance, the term usually implies that the answer should include
reference to (visual) observations associated with the phenomena.

In other contexts, describe should be interpreted more generally (i.e. the candidate has greater
discretion about the nature and the organisation of the material to be included in the answer).
Describe and explain may be coupled, as may state and explain.

7 Discuss requires the candidate to give a critical account of the points involved in the topic.

8 Outline implies brevity (i.e. restricting the answer to giving essentials).

9 Predict or deduce implies that the candidate is not expected to produce the required answer by
recall but by making a logical connection between other pieces of information.  Such information
may be wholly given in the question or may depend on answers extracted in an earlier part of
the question.

10 Suggest is used in two main contexts (i.e. either to imply that there is no unique answer (e.g.  in
chemistry, two or more substances may satisfy the given conditions describing an 'unknown'), or
to imply that candidates are expected to apply their general knowledge to a 'novel' situation, one
that may be formally 'not in the syllabus').

11 Find is a general term that may variously be interpreted as calculate, measure, determine etc.

12 Calculate is used when a numerical answer is required.  In general, working should be shown,
especially where two or more steps are involved.

13 Measure implies that the quantity concerned can be directly obtained from a suitable measuring
instrument (e.g. length, using a rule, or mass, using a balance).

14 Determine often implies that the quantity concerned cannot be measured directly but is
obtained by calculation, substituting measured or known values of other quantities into a
standard formula (e.g. relative molecular mass).

15 Estimate implies a reasoned order of magnitude statement or calculation of the quantity
concerned, making such simplifying assumptions as may be necessary about points of principle
and about the values of quantities not otherwise included in the question.

16 Sketch, when applied to graph work, implies that the shape and/or position of the curve need
only be qualitatively correct, but candidates should be aware that, depending on the context,
some quantitative aspects may be looked for (e.g. passing through the origin, having an
intercept, asymptote or discontinuity at a particular value).

In diagrams, sketch implies that a simple, freehand drawing is acceptable; nevertheless, care
should be taken over proportions and the clear exposition of important details.
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p
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 t
h
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 c
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 c
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c
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b
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 b
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b
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 c
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 m
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 f
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c
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