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ABOUT THIS BOOK

This book is written for students following the Pearson
Edexcel International GCSE (9-1) Geography specification.

This book has been structured so that it can be used in
order, both in the classroom and for independent learning.
It explains and illustrates all the subject content of the
specification; it is on the knowledge and understanding of
this content that the student will be examined.

Each chapter has a short introduction to help students
start thinking about the topic. It also sets out the learning
objectives which will be covered by the end of the
chapter.

Throughout the book there are margin boxes setting a
range of different tasks. All of them are aimed at helping
master the content and skills required.

In their study of the nine topics, students have to include
at least two countries as case studies. One should be
a developed country; the other either an emerging or a

developing country. In this book, all options are covered
so that in each chapter there are at least three national
case studies that cover the three main levels of economic
development. An important aspect of these country case
studies is comparison. Those comparisons should be
between the developed country and either the emerging
or developing country selected.

The boxes in the margins and text do one of several

things:

1 Ask short questions to check knowledge and
understanding (Check your understanding)

2 Suggest a range of activities that build on what has
been read in the chapter, from issues for discussion to
exercises based on a figure or table (Activity and
Skills).

3 Give you extra information or help (Did you know?).

There are also prompt boxes in Sections A and B with
advice on making use of fieldwork. Fieldwork can be
found on the ActiveBook.
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7.1 FRAGILE ENVIRONMENTS

The well-being of the Earns physical erwranmants s of vital importarce
%0 us all. Dur fiving ssanclards and cur health dapand on tha quality af those
envirnments. Howswor, natusl envronmants o vary fragile. Thers b a
dalicats balance batwasn non-iving parts (cimata, rooks, salls) and Iving
parts (plants, animals|. Maturl hazards, such as fires, high winds and vacanic
eruptions, hiav ahwirys disturbeed erranmants and mada tham more fragike
(Figure 7.1). Howove, In mast casds, anmamants have mocvond,

For Shousands of years, Poopks has bicn making use of ariranmare
resouICas 1o provida food, fusl and bulding matersis. Thay have done so
withcut causing too much erwicnmantal camage. Early peced Ihod in
Fanmeny wih the amanment.

CHARACTERISTICS

* Figare 7.1: Fire s & nataeal
erndeastetal husd

0iD YOU KNOW?

Masy emirasments are ‘mgle’
because of far debcate nature of mast
‘ocasystems. Look at Fart 5.2 [page
032 1o hetp yos to endersaad why.

Howave, tha growih of the word's population today threatens %o dsturt
#ha fragila halance of enviranments. Pecpia have disturbed 80 per cant af
ha Earth 1o 5ama dogree or anatha. 1 i hard 1o ind ams of ruly nauml
wildomass untcuched by uman actiity.

CHECK POUR URDERSTAMDING
In whi wirs o paogk st
e

DISTRIBUTHINS Thee fragilty of anvirmnments is closely it bo the pressurs that i put on

fhem. The scalogical focaprint b5  measur of the mark that humans maka on
e ratural wordd It considers how much land and s0a ane required t provide
s with th water, anergy and food we necd % suppart cur [estyles. 1 tha
Earth's resources were shared aqualy, if is balaved that a ‘tair shas’ far

a1

(=l

A& Figuss 1.2 labal variatioes in the
ecehgical loolprist

ACTIVITY

Idariity the sx couninies on the
souhern nalf of the map t

have Bocioghc:

Tha gliial picture ghan by Figure 7.2 s more complicated than this. It does
nat takn into account the fact that developod and emeging courdks impart
larga amounts of food and enangy. So, hasa imports depen the ecalogical

fectprins of $ha countries Supplying tham.

Tha globial chstribution ol tragle e
Impact of thiee processes - dosrs
change. Th thics are inked bocausa
of chimats change. Tag

ants is most influenced by the

ha, thery are making envircamants

foctprints.

o
mone fragile. Lot us now lock at first el peo

eiryors would ba & I Kess an 2 hootares of the gicbs. The UK has an
ecological Sootprnt of abeut 5.5 giobal hoctares por person. This maans.
#hat F averycra in S word Consmed MSOUTCes at the rabe of peopia
ha LK, W would nsed twa mars planets 1o sustain the word's prasant
papulation. Figum 7.2 shows haw the scalogical foctprint varies around the
warkd. 1 givies L an Impression of whers wa might sxpoct srviranments to
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haw once-productive land

e e
gracally changas intc @ dosert-ke o)
nacessanly imevarsbla and, as Figure
stmi-arkd Kand on the edges of axisting

ascape. The precass i not
3 shaws, & usualy takas pace in
hat daserts. Th wamying messge

Did you know?
Interesting facts to
encourage wider
thought and
understanding

be madk fragiks by peopla. Mustrated by Figure 7.3 is that larga arfas ol the weedd are at risk from
desertiicatian. The most conspicucus Includes much of scuthem Asa,
tha Middla East and North Africa.
Check your Activity In this case an Glossary definitions

understanding Short
questions to check your
knowledge and
understanding

opportunity for the skill
of interpreting
geographical
information

help support
understanding of
academic and difficult
words.




ABOUT THIS BOOK  vii

END OF CHAPTER QUESTIONS

There are three items here:

B a checklist of integrated skills recommended in the specification for the topic
B review questions using approved exam command words

B short and longer exam-style practice questions.

PHYSICAL ENVIRORMENTS 1 RIVER ENVIRONMENTS
CHAPTER QUESTIONS
prespmpmppm—  INTEGRATED SHILLS W drawing and nterprating storm hycrogrmphs
Y . B uing A o e i A checklist of topic-
i e e R e o o specific Integrated skills
following: W using and interprating woather and cimane data 3
recommended in the
e e i specification
B y 12l
. . EB ster o changes 1
Review guestions are R e e G
divided into 'short' and
'longer'. They provide £ [ oo tow a s trancports s oo, 0l
quick, effective 2 - PESIOC T s _ el
feedback on your ‘5 g R e S :j
progress. : i

EXAM-STYLE PRACTICE

n Idantity the maaning of tha tem ‘watershed’. 1
A Tha edga of a deinaga hasin
B Tha fop of a watertall
€ Tha mouth of  river
D Tha sasking af watar info the ground

BB o ety ana stam in the hydroogical cyce. ]

For all chapter

x : ) State one fiow in the hydrlogical cycla. In .
Progression icons show i e e Rﬁ questions, an .
the level of difficulty ® 3 BB ooz " e x e o b ] appropriate mark is
according to the 12 o o o e Bl g:veg. In tht:‘l ?ase of

Study Figura 1.8 jon page 8). Identify ha maonth when the discharge of the Thames s groatest. 1] e Exam-s y =]
steps of_ the Pearson 53 [ S e ways i nch pospe ncrase o sk p] practice section, the
International GCSE B [ oo rare 1o o pegest Anay e )

Geography Progression
Scale. Icons are
provided for questions
with a tariff of four
marks or more.

THE ACTIVEBOOK

The ActiveBook contains not only exam-type questions, but also:
I advice about the fieldwork required; questions about fieldwork will be set in Section B of both examination papers
B extra case studies for the following chapters: Chapter 1, Chapter 2 (x2), Chapter 6 (x2), Chapter 7 (x2), Chapter 8 (x4)

and Chapter 9.

tariff indicates the
length and depth of
the answer required.



ASSESSMENT OVERVIEW

The following tables give an overview of the assessment for the Pearson Edexcel International GCSE (9-1) in Geography.

We recommend that you study this information closely to help ensure that you are fully prepared for this course and
know exactly what to expect in the assessment.

PAPER 1 PERCENTAGE m TIME AVAILABILITY

Physical geography 40% 1 hour and 10 June examination series
Written examination paper minutes First assessment June 2019
Paper code 4GE1/01
Externally set and assessed by
Edexcel

R T LR
Human geography 60% 1 hour and 45 June examination series
Written examination paper minutes First assessment June 2019
Paper code 4GE1/02
Externally set and assessed by
Edexcel

ASSESSMENT OBJECTIVES AND WEIGHTINGS

ASSESSMENT OBJECTIVE DESCRIPTION % IN INTERNATIONAL GCSE

AO1 Demonstrate knowledge of locations, places, processes, 15-16
environments and different scales.

AO2 Demonstrate geographical understanding of: 25-26

e concepts and how they are used in relation to places,
environments and processes

e the interrelationships between places, environments and

processes.

AO3 Apply knowledge and understanding to interpret, analyse and 34-35 (approx. 13% applied to
evaluate geographical information and issues and to make fieldwork context/s)
judgements.

AO4 Select, adapt and use a variety of skills and techniques to 24-25 (approx. 10% used to
investigate guestions and issues and communicate findings. respond to fieldwork data and

context/s)
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RELATIONSHIP OF ASSESSMENT OBJECTIVES TO UNITS

UNIT NUMBER ASSESSMENT OBJECTIVE

AO1 AO2 AO3 AO4
Paper 1 71% 12.9% 17.9% 12.1%
Paper 2 8.5% 12.9% 16.2% 12.4%
Total for International GCSE 15-16% 25-26% 34-35% 24-25%
Physical geography Structure Total number of marks
Paper code 4GE1/01 Paper 1 assesses 40% of the total Geography qualification. available: 70

There will be two sections on the paper.

Section A 50

This section consists of multiple-choice, short-answer, data-
response, and open-ended questions.

Students choose two out of three questions on: river
environments, coastal environments, and hazardous
environments.

Section B 20

This section requires students to use knowledge and
understanding from research and fieldwork that they have
carried out. Students are not allowed to take materials into the
examination.

Students choose one out of three fieldwork-related questions
on: river environments, coastal environments, and hazardous

environments.
Physical geography Structure Total number of marks
Paper code 4GE1/02 Paper 2 assesses 60% of the total Geography qualification. available: 105

There will be three sections on the paper.

Section A 50

This section consists of multiple-choice, short-answer, data-
response, and open-ended questions.

Students choose two out of three questions on: economic
activity and energy, rural environments, and urban
environments.
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Section B 20

This section requires students to use knowledge and
understanding from research and fieldwork that they have
carried out. Students are not allowed to take materials into
the examination.

Students choose one out of three fieldwork-related questions
on: economic activity and energy, rural environments, and
urban environments.

Section C 35

This section consists of multiple-choice, short-answer, data-
response, and open-ended questions.

Students choose one out of three questions on: fragile
environments and climate change, globalisation and migration,
and development and human welfare.

EXAM COMMAND WORD DEFINITIONS

This table lists the command words that may be used in the examinations for this qualification and their definitions. It is
important that you understand what the question is asking, in order to answer and receive full marks.

COMMAND WORD DEFINITION

Identify/state/name

Define

Calculate

Label

Draw/plot

Compare

Describe

Explain

Suggest

Recall or select one or more pieces of information.

State the meaning of a term.

Produce a numerical answer, showing relevant working.

Add a label/labels to a given resource, graphic or image.

Create a graphical representation of geographical information.

Find the similarities and differences between two elements given in a question. Each response
must relate to both elements, and must include a statement of their similarity/difference.

Give an account of the main characteristics of something or the steps in a process. Statements in
the response should be developed but do not need to include a justification or reason.

Provide a reasoned explanation of how or why something occurs. An explanation requires a
justification/exemplification of a point. Some questions will require the use of annotated diagrams
to support explanation.

Apply understanding to provide a reasoned explanation of how or why something may occur.
A suggested explanation requires a justification/exemplification of a point.



ASSESSMENT OVERVIEW  xi

Examine Break something down into individual components/processes; say how each one individually
contributes to the question’s theme/topic and how the components/processes work together
and interrelate.

Assess Use evidence to determine the relative significance of something. Give consideration to all factors
and identify which are the most important.

Analyse Investigate an issue by breaking it down into individual components; make logical, evidence-
based connections about the causes and effects or interrelationships between the components.

Evaluate Measure the value or success of something and ultimately provide a substantiated judgement/
conclusion. Review information and then bring it together to form a conclusion, drawing on
evidence such as strengths, weaknesses, alternatives and relevant data.

Discuss Explore the strengths and weaknesses of different sides of an issue/question. Investigate the
issue by reasoning or argument.






SECTION A: PHYSICAL ENVIRONMENTS

1 RIVER ENVIRONMENTS

This chapter is about rivers. They are a vital part of the global

LEARNING OBJECTIVES ; : _ . :
circulation of water. Rivers are responsible for the creation of

Ba’ thlfsi ind of this chapter, you landforms found throughout the world. They are valuable to us
SIOE0 KoY because they supply much of the water we use in our everyday
How water moves through the lives. At times, because of the risk of flooding, they can become

_ _ hazards that threaten people and their settlements.
The main features of a drainage

basin

The factors affecting river
regimes

The fluvial processes involved in
the formation of river channels
and valleys

How the characteristics of river
channels and valleys change
along the course of a named
river

The difference between upland
and lowland river landscapes

The rising demand for water and
the creation of areas of water
shortage and water surplus

The importance of water quality;
the storage and supply of clean
water

The causes of river flooding, and
how to predict and prevent it
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1.1 THE HYDROLOGICAL CYCLE — A CLOSED SYSTEM

Fresh water is essential for life on Earth. This water is constantly being
recycled as it moves through what is called the hydrological cycle. This is a
global circulation of water and it is a giant closed system (Figure 1.1). This
means that there is a fixed amount of water because water neither enters nor
leaves the Earth and its atmosphere.

- N,_\;/J/x—ﬁ/"\f

] oondanu_ﬂon

Key

'V Figure 1.1: Stores and flows in the [ Stores
hydrological cycle Flows (transfers)

STORES During the hydrological cycle, water is held in a number of stores and then

moves between them by means of a series of flows, also called transfers.
The stores in the cycle are as follows.

CHECK YOUR UNDERSTANDING B The atmosphere — where the water exists either as water vapour or as

, , minute droplets in clouds.
L Sy DI hieaig B The land - where water is stored on the surface in rivers, lakes and
largest amount of water?

reservoirs. Water is taken in by plants and stored in vegetation for short
periods of time. It is also stored below ground in the bedrock. This is known
as the groundwater store (see aquifer). Water mostly exists in these
stores in a liquid form. However, it can also exist in a solid form as snow
and ice, for example in ice sheets, glaciers and snowfields.
REASONING B The sea - it is estimated that over 95 per cent of the Earth’s water is stored
in the sea. This is mostly held in liquid form, but also as ice, for example the
icebergs in high-latitude seas.

While the amount of water in the global hydrological cycle cannot change,

List the possible PhYSi_Ca| _ the proportion held in the different stores can. These variations are caused
consequences Qf melting ice by changes in the Sun’s energy. For example, an increase in the Sun’s energy
sheets and glaciers. will lead to more evaporation and possibly to the melting of ice sheets and

glaciers.
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FLOWS (TRANSFERS) The transfers of water that take place between stores do so through a variety

of flows as listed below.

W Evaporation — the hydrological cycle starts with evaporation due to the heat
of the Sun. Water is converted from a liquid into a gas (called water vapour).
This takes place from the surface of the sea and from water surfaces
(ponds and lakes) on land. Evaporation is particularly important in the
transfer of water from the sea store into the atmosphere.

B Transpiration — plants take up liquid water from the soil and ‘breathe’ it into
atmosphere as water vapour.

B Evapotranspiration - the loss of moisture from the ground by direct
evaporation from water bodies and the soil, plus transpiration from plants.

B Condensation - the change in the atmosphere when water vapour cools
and becomes liquid. The liquid takes the form of water droplets that appear
in the atmosphere as clouds.

B Precipitation — the transfer of water in any form (rain, hail or snow) from the
atmosphere to the land or sea surface.

B Overland flow — most precipitation that hits the ground moves due to gravity
and eventually enters a stream, river or lake. This is known as run off.

M Infiltration and percolation — the transfer of water downwards through the
soil and rock into the aquifer or groundwater store.

B Throughflow — this takes place between the ground surface and the top of
the groundwater store. As a result of gravity, water moves slowly through
the soil until it reaches a stream or river.

B Groundwater flow — this happens in the rocks of the aquifer and is the
underground transfer of water to rivers, lakes and the sea.

CHECK YOUR UNDERSTANDING All these transfers come together to form a circle involving the three major

: : stores (the atmosphere, the land and the sea). We might imagine that the cycle
What is the difference between a store o : g
A starts and finishes in the sea. However, some of the water that falls as rain on
the land may never reach the sea. Instead, it is returned directly back to the
atmosphere from the land by the transpiration of plants and evaporation from
both soil and water bodies

1.2 DRAINAGE BASINS AND THEIR FEATURES

evaporation Every river has its own drainage basin or catchment area.
Efpgmtreggg{;at}i:nn Each drainage basin is a system. There is a movement of
water within it that is rather like a small-scale
hydrological cycle. The drainage basin cycle
involves stores and flows (Figure 1.2 ). However,
an important difference between the drainage
basin and the hydrological cycle is that the
drainage basin is an open system (Figure 1.3).
A drainage basin has external inputs and
outputs. The amount of water in the
basin system varies over time. In
the hydrological cycle the amount of
water remains exactly the same.

evaporation
from water
surfaces

~/

river
discharge

groundwater

Key
= \Natershed I Inputs mp Flows

Stores Outputs

A Figure 1.2: The drainage basin cycle
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environment The inputs of a drainage basin are:

B energy from the Sun

B precipitation formed from moisture picked up outside the basin

B possibly water from tributary drainage basins - this is not shown in Figure
1.2; an explanation is given below.

The outputs are:
B theriver's discharge
environment B the water in its basin from which evaporation and transpiration take place;
__________ this water eventually falls as precipitation in another drainage basin.
As Figure 1.4 shows, we can draw a dividing line between neighbouring
1 : drainage basins. It follows the tops of the hills and is called the watershed.
1 The main river has its source in the higher parts of the basin close to the
i watershed. This is where most precipitation falls. Smaller streams, or
! tributaries, enter the main river channel at locations known as confluences.
SRS The mouth or estuary of the river is where it flows out into the sea.

% Fgure |- x Openandiclosed systems Drainage basins can be of at least three broad types as follows.

CHECK YOUR UNDERSTANDING B Those that simply collect and deliver water directly to the sea.

Wi iRe FudEleoichl aval — I Those that are parts of much larger drainage basins. For example, the basin
e e of the River Negro in Brazil is a tributary or part of the huge drainage basin
system and the drainage basin cycle an : : ]
open system? of the River Amazon. The water it collects is conveyed to the Amazon and
then eventually to the sea.
B Some drainage basins do not lead, either directly or indirectly, to the open

sea. Rather they lead to ‘inland’ seas or lakes such as the Caspian Sea
CHECK YOUR UNDERSTANDING located between Europe and Asia, the Aral Sea to the east of it, or Lake
Is there an inland sea in the country Victoria in East Africa.

where you live?

The channel (or drainage) network is the system of surface and
underground channels that collects and transports the precipitation falling
on the drainage basin.

Figure 1.4 shows the channel networks of two drainage basins, A and B.
Basin A's network is slightly less dense (has fewer channels) than B’s, though
the main channel of B is shorter. Channel networks can be mapped and

their lengths and densities (number of channels per unit area) measured. The
network can change over short periods of time. For example, during flooding
drainage basins often have many more and longer channels than they do in
periods of low or normal rainfall.

Each drainage basin is unique in its combination of features. These features
include size, shape, rock type, relief and land use. They determine how quickly
or slowly water moves through the basin.

K
Q@ d,:i‘,:age basins Figure 1.5 shows how some of these features can affect overland flow or run
0 10 20km «2ov watershed off. Rock type and relief are physical factors over which people have little
E ':;l";’;d control. But land use can be easily changed by people. Woodland holds water

and slows overland flow. However, once it is cleared for cultivation, run off will
speed up. The built-up areas of towns and cities can speed up run off even
more. Rainwater hits solid surfaces such as roofs, pavements and roads. It is
then quickly channelled into drains which speed its delivery into a stream or river.

A Figure 1.4: Basic features of the drainage
basin
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P Figure 1.5: Factors affecting run off

REASONING
ACTIVITY

Suggest two reasons why
drainage basins close to one
another might have different
drainage densities.

CHECK YOUR UNDERSTANDING

Be sure you know the difference
between permeable and impermeable
rocks.

»> Figure 1.6: A hydrograph of the River
Ganges in Bangladesh. Average monthly
discharge is shown in cubic metres per
second.

1 RIVER ENVIRONMENTS 7

rapid run off — steep slopes; impermeable rock

little run off — permeable rock; rivers have
disappeared underground

woodland - slows rate of run off

urban area

- speeds up
rate of run off
clay

- grit 5 limestone

1.3 RIVER REGIMES AND HYDROGRAPHS

We need to know how quickly any rain falling in a drainage basin will reach
the drainage network. It is also important to know how much a river’s channel
can hold. If rainwater reaches the river quickly, the channel may not cope and
flooding will occur. The amount of water carried by a river at any one time is
known as its discharge. This is measured in cumecs — that is, in cubic metres
of water per second moving past a particular point along the river’s course.

50 000 —

40 000

Discharge (cumecs)

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

RIVER DISCHARGES

River discharges vary throughout the year, from month to month, from day

to day. These variations make up what is termed the river regime. In most
rivers, the regime closely reflects local climatic conditions, particularly the
rainfall. Figure 1.6 shows the average monthly discharge of the River Ganges
as it passes through Bangladesh. This diagram is a hydrograph. Clearly,
mean (average) discharge is high between June and October. This period of
high discharge coincides with the monsoon season, during which total rainfall
can exceed 2750 mm.



8 PHYSICAL ENVIRONMENTS 1 RIVER ENVIRONMENTS

» Figure 1.7: Hydrograph of the River Thames 1507
at Reading, 2001-02 140
130
120
110+
& 100 ~
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m INTERPRETATION (NUMERICAL) g
S 80+
@
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ACTIVITY 3 o
[]
2 50+
Compare the hydrograph of 40
the Ganges with that of the 30
Thames as shown by Figures 20
1.6 and 1.7. Try to explain the 10
i ; 0
differences Oct ' Nov ' Dec ' Jan ' Feb ' Mar' Apr : l\a‘layI Jun ' Jul Ii'?\ug : SepI
2001 2002

Figure 1.7 shows the regime of the River Thames (England) during one
year. Unlike the Ganges, the highest discharges generally occur in winter, in
February and March. Another feature of the hydrograph is its ‘jaggedness’.
Discharge varies from day to day. The peaks indicate the impact of passing
showers and short periods of heavy rainfall.

The majority of the world’s drainage basins are home to many people. The

big attractions of such areas are their fertile soils and the ability to grow food.
Today much money is invested in drainage basins, not just in farmland, but also
in homes, businesses and transport. It is therefore important to know how rivers
will behave following heavy rainfall. This data allows people to work out the risk
of flooding, and over what area. This is where a storm hydrograph is useful.

STORM HYDROGRAPHS A storm hydrograph records the changing discharge of a river after a rainstorm.

The bars in the left-hand corner of Figure 1.8 show the input of rain. After

rain hits the ground, it takes time for rainwater to reach the river and cause
river levels to rise. This delay between peak rainfall and peak discharge is
called the lag time. The shorter the lag time, the quicker the water reaches the
river channel. A short lag time causes the river discharge to rise steeply. The
steeper the rise in discharge, the greater the chances of flooding. It is possible
to mark on the storm hydrograph the level of discharge above which the river
will flood. Once the storm and its peak discharge have passed, the amount of
water in the river starts to decrease.

P Figuré1.8-Astormhydrograph @ =z Locesic nideeced e i s siva sl level of water
B discharge above
which the river

rainfall peak will flood

discharge A high river

discharge

base flow

A é lag time

/V

rainstorm

low river
\ discharge

rainfall 5

m REASONING
CHECK YOUR UNDERSTANDING channel water level channel water level

. L . at A atB
Explain why lag time is so important.
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The storm hydrograph shows discharge of the river as being made up of two flows:

H the base flow - the ‘normal’ discharge of the river
M the storm flow - the additional discharge of the river as a result of the rainstorm.

FACTORS AFFECTING ; . : . : ;
RIVER REGIMES Six factors affect river regimes in general and storm hydrographs in particular.

B The amount and the intensity of the rain. Heavy rain will not sink into the ground.
Instead, it will become overland flow or run off and quickly reach the river.

B Temperatures affect the form of precipitation. For example, if temperatures
are below freezing, precipitation will be in the form of snow. This can take
weeks to melt. If the ground remains frozen, melting snow on the surface
can reach the river quickly.

I Steep slopes will cause rapid surface run off, so water will reach the river
more quickly. Flat and gently sloping land may lead to water sinking into the
soil. This will delay it reaching the river.

B Rock type — impermeable rocks will not allow rainwater to sink into it, so will
speed up run off. Permeable rock allows infiltration and percolation of water
into the bedrock. This in turn slows delivery of water to the river.

m EXECUTIVE FUNCTION B Vegetation and land use — trees and other plants intercept and delay the
rain reaching the ground. Bare soil and rock speed up run off and reduce
the time lag. So, too, will urban areas under tarmac and concrete.

B Human intervention — dams and reservoirs are an obvious form of
intervention in river regimes. By holding back discharge, dams reduce the
risk of flooding downstream. The flow of water out of reservoirs can also be
controlled by opening and closing sluice gates. The increasing abstraction
of water from rivers for a range of growing human needs (see Part 1.7)
impacts on the regimes of many rivers, not just on their storm hydrographs.

Draw an annotated diagram
showing impacts of the six
factors on river regimes.

1.4 FLUVIAL PROCESSES

WEATHERING AND MASS ' : ; :
MOVEMENT Rivers play a major part in shaping landforms. Three processes are at work
here — erosion, transport and deposition. These river processes partner

two other processes — weathering and mass movement. Let us first look at
weathering and mass movement and then examine more closely the work that
rivers do.

Weathering involves elements of the weather, particularly rainfall and
temperatures (Table 1.1).

PHYSICAL This breaks rocks down into smaller and smaller pieces.
il It is done by changes in temperatures and by rainfall
freezing and thawing in rock cracks.

A Figure 1.9: A landslide in Sri Lanka CHEMICAL This causgs rocks Fo.dec.ay and .disi.ntegrate. It is largely
WEATHERING done by slightly acidic rain seeping into porous rocks.
BIOLOGICAL The roots of plants, especially trees, growing into cracks
WERTHERMG in the rocks gradually split the rock apart.

» Table 1.1: Different types of weathering

All this destructive activity takes place where rocks are found above the
surface of the surrounding land. Once rocks are really broken down, the
weathered material starts to move down the slope under the influence of
gravity. This is mass movement. It takes several forms. In river valleys, there
are two main types of mass movement as follows.
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CHECK YOUR UNDERSTANDING B Slumping - this occurs when the bottom of a valley side slope is cut away

e by the river flowing at its base. It makes the slope unstable and weathered
What made the landslide in Figure : ; B
e material slumps down towards the river. Slumping is also helped when the
e weathered material on the slope is saturated by heavy rain. The water does
two things. It makes the weathered material heavier and acts as a lubricant.
Figure 1.9 is an example of sudden slumping leading to a major landslide.
B Soil creep — weathered material moves slowly down slope under the influence
of gravity. It collects at the bottom of the valley side and is eroded by the river.

m There are several different ways in which rivers erode their channels and

valleys (Table 1.2).

HYDRAULIC Water hits the river bed and banks with such force that material is dislodged and carried away.
ALETICN This is most likely to happen during periods when the river’s discharge is high.
ABRASION The material being carried by a river is rubbed against the sides and floor of the channel.
This ‘sandpaper’ action widens and deepens the channel.
CORROSION Minerals in the rocks forming the sides of the river channel are dissolved by the water flowing past
(SOLUTION) .
A Table 1.2: The processes of river erosion Attrition is another river process. It involves particles of material being carried

CHECK YOUR UNDERSTANDING by a river, and becoming rounder and smaller as they collide with each other.

e e This process does not cause erosion of river channels and valleys.

between weathering and erosion.

TRANSPORT This is the movement of material (known as the load) by the river. The load is

material that has been washed or fallen into the river. It also contains materials
eroded by the river from the sides of the channel. The load can be transported
in a number of different ways (Figure 1.10).

P> Figure 1.10: Ways in which rivers transport
their load

material dissolved in the water

large boulders rolled
on the bed

] (LB REASONING

Explain why the size of load
material affects the way it is
transported by a river.
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DEPOSITION

CHECK YOUR UNDERSTANDING

What sort of material is transported and
deposited by rivers?

A Figure 1.11: Long-profile changes in
channel characteristics

Deposition is the laying down of material transported by the river. This occurs
when there is a decrease in the energy, speed and discharge of the river.
Deposition is most likely to happen when a river enters a lake or the sea. It also
happens wherever there is a decrease in the gradient of the river’s channel.

Erosion, transport and deposition are affected by a number of factors. A wetter
climate means more discharge and therefore more erosion and transport.
Softer rocks are more easily eroded and transported. Gentle slopes encourage
deposition.

1.5 DOWNSTREAM CHANGES IN RIVER

CHARACTERISTICS

The long profile of a river runs from its source to the point where it enters
the sea, a lake or joins another and larger river. The character of the long
profile changes downstream. Overall, it has a smooth concave shape. It is
steep and in places irregular where the river is flowing well above sea level

in upland country. The irregularities occur where outcrops of hard rock run
across the valley. Natural lakes and reservoirs can disrupt the smoothness of
the long profile. However, the profile becomes much gentler and smoother as
the river runs through lowland country and reaches its destination.

Of the many changes that take place along the long profile, changes to the
river channel are particularly striking. The channel starts narrow and shallow
(it is V-shaped) with rough edges. It gradually becomes wider, deeper and
smoother. Figure 1.11 shows also that discharge and average velocity
increase downstream, as does the amount of load being transported. At the
same time, the size of sediment in the load becomes progressively finer and
more rounded.

REASONING
ACTIVITY

Explain the downstream changes, as shown in Figure 1.11, to each of the
following:

B load particle size

B load quantity

B channel bed roughness
B channel depth.
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1.6 DOWNSTREAM CHANGES IN RIVER LANDSCAPES

The downstream changes in channel characteristics are associated with
changes in river landforms and landscapes. This can best be understood
by dividing the long profile and its landforms into two sections: upland and
lowland.

UPLAND LANDFORMS The main river landforms in upland

river has cut down by
vertical erosion

areas are: steep V-shaped valleys,

interlocking spurs, waterfalls
CHECK YOUR UNDERSTANDING and gorges (Figure 1.12). They
have all been formed mainly by the
processes of river erosion already
described in Part 1.4. The processes
of weathering and mass movement
have also played a part.

In addition to slope steepness, what
else would encourage mass movement Bl
on the valley side? -/ mass movement

of material down
~ the valley sides

In the uplands, the long profile is Uil bl
steep and the river flows fast. Much
of the river’s energy is spent in
cutting downwards. The processes
of hydraulic action (erosive force
exerted by water) and abrasion, in
particular, erode the river bed and
make the valley deeper (Figure
1.12A). Because of the steepness
and deepness of the valley, there is
mass movement of material down
the sides of the valley. Some of b st N
this material becomes river load _ @ ri;g}gduing down
and helps the abrasion process. AT

The valley floor is narrow and often
completely occupied by the river.

 river swings from
side to side

| hard cap rock - difficult
- to erode

Interlocking spurs are formed where
the river swings from side to side
(Figure 1.12B). Again, the main
work of the river is cutting vertically
downwards into its bed. This means
that the river cuts down to flow gl

waterfall retreats

erode lunge pool
between spurs of higher land on o=
alternate sides of the valley. ¢
% g . present waterfall
P Figure 1.12: The origin of river landforms
in upland areas
el ook

original position
" of waterfall
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Key N
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— - — international border
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W lguagu National
Park, southern Brazil

P Figure 1.13: Map
and image of the
lguaca Falls
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m SELF DIRECTION Waterfalls occur where a band of hard rock is much more resistant to erosion
than the softer rock below it (Figures 1.12C and D). This softer rock is readily

eroded by the force of the water as it falls over the hard cap rock. Gradually,

the falling water excavates a plunge pool at the bottom of the falls. Slowly,

the hard rock is eroded back by the river and so the waterfall gradually

Can you name a waterfall retreats upstream leaving a gorge below it. The gorge is protected from being

located in your country? widened by its capping of hard rock. The Iguaca Falls in South America are a

spectacular example and attract many tourists (Figure 1.13).

LOWLAND LANDFORMS The river and its landforms change when the river leaves the uplands and flows
across lowlands. The river channel and its valley become wider, deeper and
smoother. Because of this, both the river velocity (speed) and the discharge
of the river continue to increase, despite the gentler gradient. The river course
in plan (map) view becomes less straight.

The valley cross-section is wider and flatter. The floor is occupied by a flood
plain. Near the end of its course, the flood plain spreads out to become either
a delta or an estuary.

_ During its lowland course, the river is still actively eroding. However, vertical

ACTIVITY erosion is less important because the river is too close to sea level. More
important is lateral erosion where the river wears away the sides of the
Describe how river erosion channel, especially on the outside of meanders. The river becomes an agent
changes downstream. of deposition as well. Such a large load of material has been picked up that,
once the river loses energy, it drops some of that load on the flood plain. This

is usually mud, stones and other organic matter. Every time the river leaves

its channel, its velocity decreases. Once this happens, sediment is deposited

across the valley floor. A great thickness of sediment builds up. The largest

¥ Figure 1.14: The formation of a flood plain amount of deposition is always on the banks of the channel, which builds up
and levees to a greater height than the rest of the flood plain to form levees (Figure 1.14).

the river's energy is reduced
when it leaves the channel
layers of deposits build .
up in great thickness
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V¥ Figure 1.15: Formation of meanders

1 RIVER ENVIRONMENTS

A study of the formation of meanders and ox-bow lakes shows how the

river both deposits and erodes laterally (Figure 1.15). The force of the water
undercuts the bank on the outside of a bend to form a steep bank to the
channel, called a river cliff or bluff. An underwater current with a spiral flow
carries the eroded material to the inside of the bend where the flow of water is
slower. Here the material is deposited to form a gentle bank, called a slip-off

and ox-bows slope or point bar.
sealed by
_ deposits \

fastest a5 steep river bank E—

flow on S oxsoall | | «— flows straight

outside = [“5+—slip-off slope lake 3 g

bends z 5 cut off much

% 2, +— river cliff |a"99rd

slower ; % \=2 meander
flow on—e- deposits of sand ___o ¢ outside bend  narrow neck P
il and silt in channel f land
inside eroded of lan .
bends more sharply Channel cross-section x-y

A Figure 1.16: Mississippi meanders and
ox-bows

P Figure 1.17: Satellite image of part of the
Ganges-Brahmaputra delta. It also shows
huge amounts of silt being deposited in the
waters of the Bay of Bengal.

by river current
Y fastest water

flow here
river
deposited material  x rllﬁy
on the slip-off slope g

As lateral erosion continues, the bend of a meander becomes even more
pronounced (Figure 1.15). Especially in times of flood, when the river’s energy
is much greater, the narrow neck of the meander may be breached (broken
and crossed) so that the river flows straight again. The redundant meander
loop keeps some water and becomes an ox-bow lake. Deposition during
flooding seals off the edges and ends of the lake. Figure 1.16 shows a small
part of the complicated meander pattern of the Mississippi River (USA).

m SELF DIRECTION

ACTIVITY

Find out this information about the Mississippi River:

B the actual length of the river from its source to the sea
B using a map, work out the straight-line distance from its source
to the sea.

What do these two pieces of information tell you about the
amount of meandering the river does?
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L1 (/N3 INTERPRETATION

DID YOU KNOW?

Not all rivers build up deltas as they
enter the sea. Many have open mouths
or estuaries. Can you name two such
examples, one in your own country
and one elsewhere?

1 RIVER ENVIRONMENTS 15

Describe the physical features of the delta shown in Figure 1.17.

The delta is the final landform of the river’s journey from its source to the

sea or lake. Deltas are vast areas of alluvium at the mouths of rivers. The
Ganges—-Brahmaputra delta is one of the largest in the world (Figure 1.17). It is
located at the head of the Bay of Bengal. The rivers that have built it up carry
huge quantities of sediment, mainly from the Himalayas, down to the delta. It
is estimated that they deliver about 1.7 billion tonnes of sediment each year.
The flows of the combined rivers are slowed as they meet the denser sea
water in the bay. The result is that much of the load is dropped. In fact, the
load is deposited faster than the tides can remove it out to sea. The river flow
is blocked by deposition so that the rivers split up into smaller channels known
as distributaries. These distributaries deposit sediment over a wide area,
creating new land where there was once sea.

CASE STUDY:

IN THE UPLANDS

The River Tay is fed
by streams which

drain the slopes of the
Grampian Mountains
in the Highlands of
Scotland. Precipitation
in the upland parts of
the drainage basin is
high (well over 1000
mm a year) and slopes
are steep.

m SELF DIRECTION
ACTIVITY

Look at an atlas
of the British
Isles to locate the
drainage basin of
the River Tay.

P> Figure 1.18: Part of
the upland course

of the River Tay
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The height of the drainage basin and the steep slopes
result in large amounts of run off. The Tay is already
about 100 metres across in that part of its course, as
shown on the Ordnance Survey map extract (Figure
1.18). The curving river course suggests that it is
flowing between interlocking spurs.

The valley cross-section is shown in Figure 1.19A. It

is V-shaped and steep-sided. The river fills the valley
floor. The cross-section shows that the river is still
flowing at some height above sea level. Erosion by the
river appears to be vertical rather than lateral.
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16 PHYSICAL ENVIRONMENTS 1 RIVER ENVIRONMENTS

IN THE LOWLANDS

Figure 1.19B shows the valley cross-section near the
sea. The flat and low-lying land is the flood plain. It is
600m wide where the tributary River Earn meets the
main River Tay. Notice the big meander loop on the
tributary through grid squares 1718 and 1717 (Figure
1.20). The black dashes marked around its banks show
the levees.

WV Figure 1.19: Cross-sections across the Tay valley

B In the lowlands
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A Figure 1.20: Part of the flood plain and estuary of the River Tay




PHYSICAL ENVIRONMENTS

The River Tay shows many of the
typical estuary features that can
be found at the mouths of rivers
(Figure 1.20). They include:

B awide channel - up to 2 km

B sand and mud banks (such as
Abernethy Bank)

B some areas of marsh (in grid
square 2119)

B channels of deeper water
(such as North Deep).

1 RIVER ENVIRONMENTS

m EXECUTIVE FUNCTION

Using Figure 1.20, draw a sketch map of the River Tay estuary to the
east of easting 20.

m INTERPRETATION

What are the advantages and disadvantages of the Tay estuary for
shipping?

1.7 WATER USES, DEMAND AND SUPPLY

SKILLS

DECISION MAKING

fresh water 3%

other 0.5%
atmosphere
0.05%
rivers and lakes
0.45%

A Figure 1.21: The world’s water

Only 3 per cent of all water on Earth is freshwater; the rest is salt water in the
seas (Figure 1.21). Over 75 per cent of the fresh water is locked up in glaciers
and ice sheets, and 20 per cent is groundwater. The world’s remarkably small
amount of fresh water is:

B essential to all life

B vital to economic development

B unevenly distributed, with some areas ‘water-rich’ and others ‘water-poor’.

Discuss, in groups, how global warming might change Figure 1.21.
Compare the conclusions from different groups.

Fresh water is needed for:

B domestic use - bathing and showering; flushing toilets; drinking and
cooking; washing clothes and dishes; watering the garden

B industrial use — producing a wide range of goods from beer to steel;
generating electricity

B agricultural use - irrigating crops; providing drinking water for livestock

W leisure use — sport fishing on rivers; sailing on lakes and ponds; watering
golf courses.

All forms of water use revolve around two key elements:

B demand - this is the need for water for a range of uses; it is also often
referred to as consumption, and the amount of water consumed reflects
the level of demand

B supply — meeting the demand for water by tapping various sources, such as
groundwater, lakes and rivers.




