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Rivers and Coasts
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® A system is a group of interacting, interrelated, or interdependent elements
forming a whole.

® Open systems - exchange both energy and mass with their surroundings.
The water system in your house is an example of an open system.
® (losed systems - are open to the transfer of energy only.

The hydrological cycle is an example.
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Figure 1.1 The hydrological cycle.

Evaporation Water turning into water vapour
Transpiration The loss of water from the leaves of plants
Precipitation The deposition of water from the atmosphere in liquid

(rain) or solid (snow) form

Surface Runoff All water flowing on the earth's surface

Evapotranspiration | The sum of evaporation from the earth's surface
together with
the transpiration from plants

Infiltration Seeping of water into the soil

Sustainable Capable of existing in the long-term

Through-flow Movement of water through the soil

Groundwater flow The movement of water underground through rocks
Interception Collection of water by vegetation

Water table The upper level of underground water

Rivers and Coasts
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Revision Task idea: Print of f the table and cut it up - try to match the terms with the
definitions

The River system/Drainage Basin System (OPEN)

Kev The river system
BTN T BT | o | The river system is the part of the
hydrological cycle operating on land. Tt is
e de up of four key parts:
m
1 Inputs: water entering the system

through precipitation.

‘ . F 3 2 Stores: water stored in lakes, rocks, soil
SS CIRY or vegetation. Storage can be temporary
i LR B and is linked to the amount of rainfall.
W —_— ~__
"l 7/ 2
Infiltration lake | . |Surface /'/' _ 3 Transfers: processes that move water
~ | runoff s
e o through the system such as surface
' py . runoff, infiltration and underground
| Through-flow | = =
e = ( flow.
Groundwater | = Z .
storage - 50il moisture 4 Qutputs: where water is lost to the
=7 | storage system as rivers reach the sea or
=l |E through evapotranspiration.

Figure 1.3 [Theriversystem. .

‘evapoTranspiRaToN|  Revision Tip - draw the

""“'”"’“ : flow diagram opposite
_ INTERCEPTION BY VEGETATION | (i from memory and 'I'r‘y
: ) ) and colour code store,
[T OVERLAND FLOW | SURFACE STORAGE | [l ]
inputs, outputs and
. SOIL INFILTRATION | [ res Tr'ansfer's.
| CHANNEL STORAGE |€=; =T} THROUGHFLOW | K== [S0IL MOISTURE STORAGE | (T

DEEP PERCOLATION |

g

|0 | GROUNDWATER FLOW | ' GROUNDWATER

DRAINAGE BASIN OUTPUT
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SOURCE CONFLUENCE TRIBUTARY
Where a Where two or more streams A stream or river that flows
river begins  orriver channels meet into a larger stream or river

WATERSHED
The boundary . MOUTH
between two ESTUARY Where a river
drainage basins Part of a river that is tidal enters the sea

Figure 1.4 Main features of a drainage basin.

Erosion Transportation Deposition

Processes within a river

Erosion
@ Hydraulic Action

This process involves the force of water against the bed and banks.
® Abrasion/Corrasion

This is the process by which the bed and banks are worn down by the river's load. The
river throws these particles against the bed and banks, sometimes at high velocity.

@ Afttrition

Material (the load) carried by the river bump into each other and so are smoothed and
broken down into smaller particles.

@ Corrosion/solution

Rivers and Coasts
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This is the chemical action of river water. The acids in the water slowly dissolve the
bed and the banks.

Transportation

How do rivers transport their load? )

Boulders and pebbles are rolled along
.““ Bedloqd/ the river bed at times of high
Traction discharge.

Sand sized particles are bounced
along the river bed by the flow of
water.

Bedload/
Saltation

. Fine clay and sand particles are
Suspension  carried along within the water even
at low discharges.

Some minerals dissolve in water

Solution ) )
such as calcium carbonate. This
requires very little energy.
A Typical long profile of a river B Cross profile of a river in its upper course

(cross profiles change downstream)

Short, steep upper section

High above base level so huge amounts of potential
energy. As water flows downhill this energy is lost
due to turbulence and friction with the river bed

River valley

Gentler lower  Lower energy but higher
section velocity, little energy
lost by friction

------- Low flow
Bedload

Base level

Figure 1.9 [River profiles.
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Upper reaches

Discharge is relatively small and the
channel is inefficient owing to a large
channel surface area compared with
the amount of water. A steep gradient
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Middle reaches

Discharge is higher owing to
tributaries adding water. The
channel is more efficient. A
moderate gradient is needed to

Lower reaches

Discharge is highest and the
channel is very efficient in shape.
A low gradient is capable of
maintaining or increasing velocity.

is needed to maintain energy levels. maintain velocity.

River is at the same level as the graded
profile. Lateral erosion and transport due to a hard rock outcrop.

will dominate. This section does not Waterfalls and rapids show active
gain or lose sediment overall. vertical erosion.

Sediment is transported through.

River is higher than its River is above its graded long profile

graded profile. Vertical
erosion will dominate.

River is below its graded profile.
Lateral erosion and deposition
of sediment will dominate.

/ Base level/sea level

What landforms are created in the Upper Course?

Distance downstream from river source

1 - Interlocking Spurs

Streams not strong e

pund the hills

Interlocking spurs are alternate hills in the river valley. The river does not have a high
water volume at this point and even though it is fast flowing, the river cannot laterally
erode (sideways) to remove the spurs. Because of this, the river has to flow around the
spurs, eroding vertically.

Rivers and Coasts
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2 - Waterfall and Gorge

Waterfall
retreats

Waterfall

In the Upper Course, the river is not only eroding vertically (down) but towards its
source (HEADWARD EROSION). This means the feature shown in the diagram above is
created. The river erodes the softer rock underneath the harder rock on fop faster,
and this means the level of the land along the river's course becomes lower over time
and the waterfall retreats back towards the source. The movement backwards leaves a
second feature called a GORGE.

3 - V Shaped Valleys

Precipitation
NI 11 o
I/,I’:I.:f/,f'/, l’//:,, Weathering of
il

il rock fragments

Steeper slopes
increases
fall of
sediment

Figure 1.11 [Fhe formation of a V-shaped valley.
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What landforms are created in the middle course?

1 - Meanders (1)
(Aerial View)

What is a meander?

Meanders are simply bends in a river's course. They usually occur in the middle and
lower course of a river and because of the way they affect the structure of the water
velocity in the river channel, meanders create specific features. The main two are slip-
of f slope and river cliff.

Slip-off slopes are features of deposition. They are formed on the inside of a meander
where the velocity is slowest. The current swings to the outside of the bend (like a
toboggan).

The river cliff is formed on the outside of the bend where the current is at its
fastest. The current erodes (undercuts) the river bank and this collapses, leaving a
vertical slope.

Cross-section through a meander

River cliff

river cliff Point bar

Fastest
current on
outside of
a bend

Wl Erosion
I Deposition
#
Strongest

current

Undercutting

Inside of
bend -
point bar

A B
Neck of meander
Slowest current on the inside of a bend

Figure 1.16 | The features of a meander.

e Meanders are created by the lateral erosion that the river undertakes in this
part of its journey to the sea.

e Water flows around the bend in the river and as it does so, it swings fo the
outside of the bend - this means the fastest flowing and highest volume of
water is concentrated on the outside of the bend causing it to erode the bank at
this point.

Rivers and Coasts
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e On the inside of the, the flow is extremely slow and because of this lack of
energy, the river is depositing.

1 - Meanders (2)

Outer bend Inner bend

velocity

river cliff w
area of depqsition

undercutting slip-off slope

2 - Ox-Bow Lakes (Aerial View)

M Erosion

M Deposition
#
Strongest

current
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What landforms are created in the lower course?
Floodplains
* Floodplains and leveés are formed by deposition in times of river flood
* The river's load is composed of different sized particles
*  When a river floods it deposits the heaviest of these particles first
* The larger particles, often pebble-sized, form the leveé

*  The sands, silts and clays are sorted with the sands being deposited next,
then the silts and finally the lightest clays

+ Every time the river floods deposition builds up the floodplain

Lightest materials - clays Levees

Floodplain cross section

3 - Delta
(Aerial View)
Distribytaries Delta are found at the mouth of a river, where

River estuary fills with
mud and the delta
grows out to sea

b the river meets the sea. At this point the river
Lagoons s carrying too much load for its velocity and

so deposition occurs.

The top of the delta is a fairly flat surface.
This is where the coarsest river load is
dropped. The finer particles are carried into
deeper water. The silt is dropped to form a
River course  steep slope on the edge of the delta while the

blocked with . . .
sediment clay stays in suspension until it reaches the

Delta grows out to sea

deeper water.

Rivers and Coasts
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Deltas are formed when the river meets the sea. The sea does not flow, so the
river suddenly stops upon meeting the sea and loses its energy to carry load.
The load is then deposited on the sea bed and over time, this builds up o form a
new piece of land in the river mouth. The river then has fo divert its flow into
smaller 'distributaries’ to reach the sea again. When it does so, more load is
deposited and this builds the new delta out into the sea.

For a delta to survive, the river must bring a constant supply of material to
deposit on the delta or it will be eroded away by the sea. Many human-made
dams on rivers stop silt getting to deltas in this way.

Three types of delta

 Arcuate or Fan-shaped t Cuspate k Bird's Foot
e.q. the Higer [Migeria) e.q. the Ebro (Spain) e.q. the Missizzippi (USA)

Hississippi

MHiger

e arcuate - the land around the river mouth arches out into the sea, the
river splits many times on the way to the sea, creating a fan effect.

¢ cuspate - the land around the mouth of the river juts out arrow-like into
the sea.

* bird's foot - the river splits on the way to the sea, each part of the river
juts out into the sea, rather like a bird's foot.

Rivers and Coasts
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Flooding

The reasons why some rivers flood
Rivers flood for many reasons. The main reasons are:

Precipitation:

Frequent cause of flooding = heavy rainfall over days
Ground becomes saturated and water runs over surface
Most serious flooding usually after short intense storms.

Flash floods usually occur after hot summer when ground dry so water can't
infiltrate the surface.

Water held as snow also can cause floods when melts as temp’ rises

Soil/underlying rock:

Rocks that let water through - Permeable
Rocks that don't let water through - Impermeable

Surface run-off and flood risk greater when river basin has impermeable soil
and underlying rock.

Land use:
River basins with little vegetation cover = high flood risk
Forested basins = low flood risk

Human activity:

Deforestation (cutting down trees) and urban growth increasing flood risk
Bangladesh = increased flood risk due to deforestation in Himalayas

Impermeable tarmac surfaces and concrete surfaces are replacing fields and
woodland - surface run-off increased

Rivers and Coasts
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Flood Hydrographs

When it rains the water will either:

* be held in storage in lakes or the soil

* be lost through evapotranspiration

e make its way into rivers, either on the surface or
underground.

All precipitation that reaches a river is called runoff.

What is a

A hydrograph is used to show how the discharge of a
river changes over time at a particular point on the
river. A flood (or storm) hydrograph is usually drawn
for a particular period of time when rainfall is
unusually high. It shows how river discharge
responds to short-term storm conditions (Figure 1.20).
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Base flow - expected discharge for the time of year

Rising limh - increasing discharge as rainfall finds its way into the river
Falling limb — decreasing discharge as the river carries storm rainfall away
Lag time — time between the highest rainfall and the highest (peak) discharge

VESETATION COVER
This varies seasonrally. The fwpe  f
andamaunt will affect interceptiont
and stemt lows throughfall. 1
Crerland Flow is reduced. Lag time
will be increasad.

SLTMATE
The distribution of rainfa
yazr and The Tempararunes W

SLOPES

Stesn slopes will
encaunage averland ©law
and gentle slape will slow
run att down,

offecs tha lag times FACTORS These will store floodwater anrd
WHICH Thws reduce lag time and
THRFLUEMCEE cantral river respanse to heaw

STORM

HYDROGRAPHS

~,

ROCK TYPE

Impermeable rocks prevent
graundwater flowand encourage
through Flow ard averland flow. These
racks will decrease lag time.
Permeable rack will kave the
effect.

Ll .—ﬂ
afuia

LAKES & RESERVOIRS

raintall.

RATMFALLTMTEMSITY gﬂ’
LURATION

Intense rainwill increase
averland Floward reduce lag
fimes. Senile rain aver a larger
time will allowmare infiltration

LANMD USE
Impermeable surfaces
created by urbanisation
will reduce infiltration
andencourage averland
Flow.

Different fypes of crops
affectinterception mtes
eg.cereals 7-15%.

S0IL TYPE & DEPTH
Ligap sails sfore mare
water, pipes inthe sail
encaurage through

T law. Sails with small
pare spaces will
reduce infiltration and
increase averland

T low.
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HOW FLASH FLOODS OCCUR

(D Heavy rain falls onto
..~ waterlogged ground

2 | Rainfall cannot soak in
5 runs down into Fiver

@ River rises dramatically
and bursts its banks,
flooding valley floor

® The Boscastle flood of 2004 occurred on Monday, 16 August 2004 in the two
villages of Boscastle and Crackington Haven in Cornwall, England, United
Kingdom.

® The villages suffered extensive damage after flash floods caused by an
exceptional amount of rain that fell over the course of eight hours that
afternoon.

® The flood in Boscastle was filmed and extensively reported but that in
Crackington Haven was not mentioned beyond the local news. The Boscastle
flooding was caused by rainfall which the river could not hold. The floods were
the worst in local memory.

Rivers and Coasts
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CASE STUDY The Boscastle flood 2004

Flash flooding in North Cornwall

What Impression does the term *flash flood® suggest?

Ihere are three main tvpes of fleading event

e slow onset Aoods: develop over a period of days and las a week
Or more

e papid onset Hoods: occur more quickly, often in bighland arcas
that freed large river catchments. This type of flood does ot alwavs

15t long, but can be destructive
o flash floods: an Immediae response w shorn penods of Intense
rminfall, River levels rse without warning, often reaching a peak
within minuies or hours. This type of flooding s very destractive
and can cause a significant danger 1o life

Boscastle 2004 - 3 flash flood

The Bosciest'e Hood of 2004, in North Cornwall, 1s an
example of a flash food - a rare event In the UK,
where slow onset Boods are more useal, The
toltowing article describes the day and the flood in
s2ostastie

Cornish village
devastated by flash
floods

The moming of 16 August stoted
quiealy for the resedents of Hoscastle,
o vl ol the coafloenie of the
Valensy amd lorcdan Rivers. Halidey-
makers enjoved the wrly moming
sanshing g3 they s and rcdnired the
beautiful scenery, or toak tire oo shop
G souvaties in thi Socs! gt shop,

Within hewrs, the village was a
disgster zoav, A1 Jumditime, clhoxls
hezan to gother 2nc toevaesizl roin
Gl va the sumoeximg hillsides.
Within manmes, Aver levels rase and
the three rivees that Sow through
Hoaceatle burstthasr hanks - Soading
the whaole village.

I was esuerated thal overs 500 mm
nfrain fell in 4 heurs - crexing a tide
ol waler 1Al swapt through the vil-
laps at veady 40 mph. destroving
voerylhing b= ils paih,

THINK ABOUTIT §

Fact file

R et

The rick of fash Rooding is

increased by:

» buiding on flood plains

« canalisation of rivers, which
Increases flow ates

* development of catchments -
especialty on steep slopes

* removing trees and vegetation

* mot maintaining drains and
gullies.

lnhwwlmm mthmbm :
mwmm inany other month of the year.
Wiy do you think that is 07

What were the causes of the Boscastle flood?
I'be natural characteristics of the area make the village of Boscastle
vulnemble to Hooding, The citchment is smmall (about 23 kee®) and includes
the relatively impermeabie upland area of Bodmin Moor (Flgure 1.27).

s they run towards the sea, funnelling water

Stee psided valleys converge

owards Boscastle. Aftes heavy rainfall, surface run-off quickly reaches the

rivers, increasing the likehhood of Hash flooding

During the summec of 204, & number of unusual factors occurred, 1t bad been
an extremely wet summee, and by August the ground was saturdted. On 16
August thundery couds developed, the remnants of Hurricane Alex that had
moved across the Atlantic Ocean. These clonds remained stitionary over Noeth
Cornwall, because of converging winds, Throughout the afternoon an
unprecedented amount of rain tell, estimated at over 1,400 il lion fitres in jest
2 kours - nearty 200,000 lizes a second! The rintall guickly made its way 1o
nvers that ros

at an alarming rate as they Bowed towards Boscastie (Figare 1.24).

The Hood risk in Boscastle had been increased by the amount of building
alongside the river and also the construction of small bridges across i hese
trapped materal being wished downstream, creating o ‘dam-like' attect.

Grast T e Diary of events on
16 August 2004
12,15 Day in Bascastie ~ dark douds

visible ie Camelford.
12,30 Beavy rain begins to fall

|| Xev n s hkm 8
| 24-howr amtyl
16 August 2004

B 50 nmm 12.39 Flood-watch Ssued.
[ EERTLLS 15.00 First of many power cuts
Z2mn caused by lightning.

15.30 River valercy begies to flood,

15.46 Reported rise of 2 mie rivers
in ane hour.

15.53 Fire brigade mabilised.

16.00 All gccess roads closed.

16,30 A 3.m wall of water flows
theough Boscastie at 64 kph.

17.00 Floods reach peak bevel, cars
swept away and buildings
destroyed. Rain is so haavy
that it is difficult to see,

17.10 Major incident declared - RAF
search and rescue aletted.

(LT R 28 Ratnfell maps Boscostie, 16 Avgust 2004, (Sosrce; Adapted from
Cromn Copyright dats supplied by the MET Offica}

ACTIVITIES RESEARCH LINK

1 Why are fash floads the mast Find put more about the Boscastie flood at the Met Dffice website.

dangerous type of fipod?
2 Describe the village of Boscastle
before the food,

wuw&mmmmmuwm

3 a Explain how both physical and mmwmmm

human factors make Boscastle

vulnerable to flooding.
b What particular events in August
2004 triggered the flash flood? Canalisation - making a river more ke an atificially builr canal

Rivers and Coasts



GCSE Revision Guide OCR B

CASE STUDY Responding to the 2004 Boscastle flood

OCH GISE GEOGRAFHY

Reducing the impact of future floods

View the video footage of the 2004 Boscastle flood on the
internet, What evidence shows the power of the flood?

HBoscastle had been attected by minor Hooding events
before 2004, but was unprepared for a Pood of the
scale that it experienced in August 2004

The flood destroyed bomes and businesses and
swept away 4 hundred vehicles. Beidges and roads
were damaged, and rescue services had to mount
the fargest peacetime rescue operation in Britain's
history

When the flood waters receded, thousands of wons of
mud and debris were left throughout the lower part
of the willage. The effect on the local economy was
devastating ~ the arcas relies on wansm for 90 per
cant of its income, most of which is earned during
the summer months,

Fact file

Effects of the Boscastle flood ( 1
e 25 husiness properties destroyed. S/
* 50 buildings flood damaged.

* 4 footbridges washed away.

e Visitor centre destroyed.

» Pavements and gardens damaged by the weight of
the flood water.

w  Stress and anxiety of local people.
* |nsurance companies pakl out an estimated £20
million to repair damaged property.

Rivers and Coasts

Responding to the flood - planning for the future

After the 2004 flood 10 Boscastle the Environment

Agency investigated the causes of the Hood and

found a number of human factors had added o the

flood risk. These included

¢ the building of Yow bridges, which trapped
boulders and trees that bad been washed down
the valley

ullowing trees to grow alongside the river, during

the flood these were washed into the river,

blocking chanmels

* artibicially narrowing the river as it passed
through Boascastle, reducing its carrying capacity

e huilding alongsde the river and not allowing for

its expansion during pecids of high water flow

Whie ™ fiood deferce sheme IS beieg consinictng
SOWEIRS UM peTAR T I WO\ s, I duding 3 new
pumging stitien, wil be put in place.

Lovaser snper bad
VAdon sher tn by an average
the noen bank ogth Widan wer chaena

198 Jrrss Wige nax! % the
i

Rencre muoee back the
dudonce patioand replyce
willy and extend the

othidge

Newm Nood
difance wil

/
Rerrove lowe

beidge | Retale
River wider | deferces
and deepar  Widen rivar

camry o tha seyth

Riveryide Hotel;  Rytye corpok
arens 0 that cars

esipn food level

* romoving Yegetstion from the sides of the
valleys, which Increased the rate of surface
runoff and mean: that minfall neached the nver
very quickly

In order to reduce the risks of tuture floods, a

£4.6 million flood defence scheme was completed

1n 2008, The scheme aims to reduce the Hood risk
whilst preserving the character and amenities of
the Village. The main features of the Hood defence
scheme are shown In Flgure |30,

RESEARCH LINK

Las Vegas (US) has been the victim of Aash floods. Use
the internet to lnvestigate the causes and the impacts of
fooding In Las Vegas,

mmmm
(Seurce: Enviromment Agescy website, 2006

Widhan dvat chasawl ey,
%o the car park and crmale
3 mersade walbwey

Ercousage Lindoseers 10 malesain
vegetation cover on valley sides
and semove any dead Sees

Foem wide itves channel
upetean of the <o
park 1o coadte an anel
of sleravas fow, vhase
Larger secimernt wil
depoyit and the e
con ypeead ot

aboree 3

Rermove trees
1R 10 dree

0 & Gm
highi Newws Baskinin
ol winer RO verge New flood
7 tetence wall |
¢ " . '
" :; .'::,“ Ensure that dead trees 1sh screen - 1o wop
cult ,"‘ and vegetation are boulders/trees 0o from
ot v remosed fom the iver bocking dalmge dhamnas
-
snm

ACTIVITIES

1 a UsingFigure 1.29, describe the effects of the flood on the village of

Boscastle.
b Suggest how the Aood affected the kocal economy.

2 Exphain how the development of Boscastie increased the fiood risk,

3 Explain how any five parts of the flood defence scheme mi
risk of future flooding.

PLENARY ACTIVITY

ight reduce the
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CASE STUDY Flooding in Bangladesh

Why is Bangladesh vulnerable o flooding?

How would & serious fiood in your local area affect your day-to-day [fe?

Bangladesh is one of the world's poorast aod most densely populated
couaniries. s 140 million r_\l,:llpll_: v m||ir|'§,' on the flood |:||||irh of the
rivers Ganges, Brahmaputra and WMeghna, Over thousands of years,
these three rivers have deposited millions of wnsof il creating one
of the most fertile areas in the world,

Bangladesh is affecied by ten tvpes of Aood:

= river Hoesds: these happen every year and are a pan of the nataral
cycle of snow-melt and monsoon rainfall. Tn some years, the
memnsonn @ins are exceptionally heasvy or prelonged - this is often
the main cause of extreme flood even=

= gcogsipl floodss these are creaced by cyclones that build up in che
Indian Ocean and move towards Hay of Bengal. Water is
funnelled wward Bangladesh creating & sborm surgs thar may
resch & moin beight, Booding large armas of bind, When combined
with heavy rainfall and river flooding, the effects of cyclones can
he total ly devastating

Trars cliinad Ml ting of snow om e Baimeatylion i the

bor fijel and Himalyges adids 1o the voleme Himalmjas morammes
Eraziey, = o wates in wame menths, sartace neoff,
ﬁrm*:aed Hazey monznne [ /"
rface rnCaes WmEE
meatt, I.DD'IHI. | /_/‘. Increatas Sy
| g i rin-oif leads to ol
\ ! et A erpeion and mone =it
i\ My ratsing river beds, The
Y s of Brahmagiiira is
'I|I & & --rising g om fyear.
: BHUTAR St
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KEY TERMS

Irrigation — artificisl watering of Hhe
kel

Monsoon - annual period of hearsy
rainfallin Asia.

Slofm sUfge — exlnerw 210 Walies
creabey] by stromg wings and low
préssure, wading o higher sea levels
amdd Fonding,

IND L& _—= 7o pereent of intal land area is less than @ m above
- 83 level - Aowhame I0a saber b dain b,

— Eapkd usplaaned erban prosth

W Wdia,
he Ganpes has
b diaaitad for

rapory e the oy
sEyson W her g et
theou g, causing foods. f i Fradta
! Meatisgolthe  Sinblocks iver M
Barglidesh = 0 par cant Aondplain Hirws g e e
and datis reales | ey siscastible o looding, i 15, i

m:m#| I Banf e tha Ao nigk

qrng
capacity of rheers

hias 2 isd i the pevkd em ol
Neoding. Urkas popalafines in
Han gladesh harsi in crassad from
& i coril o wfes 1S 59, i 2|
i Foog desfimated), The proais
1 Loy made sp of pomr
migrants who often e in

wiin e e areas

I AEA: PUFLLATILHK

1 | 44 =illion people
1991 | & million peaple
rac | 9.9 million people
w31 | g, millian peeple (aslimalad)
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‘What factors Increase the risk of flooding In Bangladesh?
Although physical factors increase the risk of flooding, thers s
an increesng number of human influsnces.

River lloods

River fooding in Bangladesh is an annual eccurrence linked
v this rainfall pamern of the monsoon. The yearly fooding
prings with it millions of was of =it that adds w e =oil's
tertility. Flood water is used wo iragate tarmland and is an
impostant part of the Yeady ciche of agrcultuse

Ira noemal year, Noed waters cin be moly conteollad by wsing
storm drains and embankmens, And few people are badly
terl. However, in some years the wol weme and patte
gl is extremme and w r levels rise dangerously ligh,
imendating tovens and cites and covering vas aneas of 1he
country. The most recent severe Aoods were in 1998 and 2004

The 1998 flood

Tn 1998, the ralns wers exceprienally heary and water levels
reached recoed hedghts. The resulting Aoods covered nearly

B0 per cent of the country and all the main fdver channels wene
Hooded. Thee ita! ity of Dhaka and a number of regional
cithes werne hadly affected, with many parts of cities under water
for weeks, Hendredds of people were Billed and millions made
homeless. Agriculwiral land and crops wers lost or contaminaped
iy pol lued warer. Cver 00 bridges and 15,000 km of moads wene
destroyed by the Noods. An investigation was carried el after
this 1958 Hood to try o Assess the impact. Sorme of the sesuls
are shown in Table 10,

Table 1.1 Impact of the 1998 flood in Dhaka

FLEMARY ACTIVITY

T Percentage of people affected by the Aond in Dhaka
) Fully affected Partly affected Mot affected
Lass of lood 1 16 IEE
Lass of clothing 4 E7) [ 70
Loss of housing 17 &1 22
Lass of income 23 52 2]

Recavery after 1 year

Fully recpwered — $0°%
Partly recovered - § 3%
Kol recowened at all - 17%

ACTIVITIES

1 & Usethe following data to draw & dimste graph for Barelsdesk (line graph for

temperature, bar graph for rainfalll.
Table 1.2 Temperature and rinfall, Bangladesh
Month 1 F M A (M (] 1 A |5 (O (N D

Temperature (°C} |22 |24 |28 (33 | 32( 30 29[ 0] 30| 29|35 |24

Raiefall (mem) 100 (25 |60 |50 140|290 |320 (350|250 (120 |40 | 5

b Inwhich months of the year are river levels likely to be highest?

2 Why do somany people live imareas that are prose to fioodies in Bangladesh?

3 Draw o tabde with twa columins headed *Physical” and *Human® and complete it by
ilentifying the physical amd buman causes of flooding in Bangladech_

& [Describe the gffects of the 1998 flood in Bangladesh,

Fact rile

e

= [During the last 50
vears, s less sight
exlreme Mood evenls
hawe pecurred in
Bangladesh, each
one alfecting ower 50
peer cent af the tatal
land area.

= Extreme Mond evenis
usually kast belween
15 and 45 days.
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CASE STUDY Responding to the flood hazard

in Bangladesh

How can the risk of flooding in Bangladesh be reduced?

GET STARTED

How would your life be affected if your area had a
severe flood every year?

The river floods in 2004
In 2004, the moasoon arrived easly and heavy rain
fell from late June. By early July, the Brahms

ind Meghaa Rivers had risea above their danger
levels, A week later, the Hood waters kad drained
southwards and the capital city of Dhaks had begun
1o flood. The food witers over-topped many flood
protection pmbankments, inundating ansss not
provided with storm dralnage systems. By mid-

the Hood waters kad fallen in mosy aness

Augu

leaving contarminated mud and general destruction
Government Agures estimated that the flood kad
aftected 36 million people

Aftermath of the 2004 Bangladesh flood:
WaterAid report
Dhaka, the capital of Bangladesh, was a city
swimming in sewage. More than kalf the city was
submerged when the floodwaters began pouring,
first trom the swollen rivers as they burst their
hanks, then from overburdened sewers
disgorging back on to the streets,
[Souroe: WaterAid website)

THINK ABOUT IT

The word ‘monsoon’ comes from the Arabic word for
“ceason'. Looking back at Table 1.2, which months are

RESEARCH LINK

Use the internet to find out more about the causes and
effects of the 2004 flood in Bangladesh,

UN fears malnutrition after
flooding in Bangladesh

Lt 25 mikon wornen and chidren are o rsg of ‘scue
malutriticn’ after Sngldeshs worst Toods for s ynars,
twn UN agencias s yestrediy,

Morgoon 135 2nd foods iuncated Raf the couttry In
July anc August, king 765 peopke ang attecting more Tman
30 miion,

‘Withcut mibersenticn, the nurbe of "scusty mancorishsd
shidrer in the Toodsd srees coold nse fo mve tha =
mibicn within eght weeks, 2 cirt sistemest by Unced and
the \wnrdd Fond Programme said.

t 53K that more than HU0000 pregnact wamen and
peastizedng mothers were Ihaly 10 face ‘serhus
mekulribion’, and that baties Lo 1o manturished waren
werse s Iy bo become 1.

(Source: Guarchwn webste, 20041

Reducing the flood risk

Historcal records show that the frequency and scale

of flooding in Bangladesh has increased in the last
50 years, increasing 1the need for floed planning and
praparation. However, despite more use of Hood
contro! measures, the cost ot 4L-rn.4_.;rr caused by

Hooding frass steasdily risen.
he: follow:ng
Hood mana,

Preparedness Pro

pxamples look at two approaches (o

gure 1.34 dascribes pars of the
amme' being suppocted by

Oxtam. Figure 1.36 shows part of the Dhaka

teggrated Flood Protection Project, @ 3100 million

sovernment project that includes a number of hard
engineering methods

Fact file

PR is—————

Cities where aver 80 per cenl of the land is covered by
mads and buildings are six limes less likely o flood if
they have a storm drain system,

KEY TERMS

bard H . — s nf b be

1 et el Wit

Rivers and Coasts

* Cluster villages: a cluster village & a village that has
been raised 2 m abave water level, Each village
houses between 25 and 30 families.

* Raised homestead: individual homes are ralsed 2 m
above water level on earth banks. The earth banks
are planted with grass to prevent emsion,

* Food shelter: around 2 hectares of raised land
where people can bring livestock, Each shelter has
space for over 100 familles and includes a
community room and toilets,

* Rescue boats: rescue boats are located around the
areas most at risk from Nooding and near to Mood
shelters

* Radios: radios given Lo each “preparedness
committee’. Flood warnings can be issued and the
preparedness plan put into action.

LU CURR LR Part of the Preparedness Fregramme,

ACTIVITIES

1 Describe the immediate and longes-term effects of
the 2004 floods In Bangladesh.

2 Explsin how the Dhaka Flood Protection Project 'will
reduce the risks of Nooding.

3 Describe and exphain how the Flood Preparedness
Programme will help people in rural areas.

PLENARY ACTIVITY B

Wy are developiag courtries often more badly affected
by floods?

Ohako Mtepsated Floed Precection Froject.
(Soarce; Askan Development Sank, 7002

Embankmients - =N i)
eath {
embankments
bt 20 weld
bask risieg -
mwitar

Skpe
peteting -
1o sedara he

reesinn of tha =~
embankments |

Draas -
stoim drns -7
Inkad Bk
10 rivary

Sldemgates ~
ol 10 deye == —
channels whem

b nyes

e Roads .h_"

s Project pamp station

nluin ket Dram
— arr il et e bun kmient

There is an ongoing debate shout which method of
flood protection should be used. Hard engineering
can contred large amounts of water, but it is

expensive and can create environmental peoblems
- for example, building embankmenis may reduce

the How of water to Larming aress. Smal ler-scale
projects can be used across a wider area, but may
have himited etfect in large arban sreas
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River Management

Steps can be taken to manage flooding. Often these steps involve trying to lengthen the amount of
time it takes for water to reach the river channel, thereby increasing the lag time. Flood management
techniques can be divided into hard and soft engineering options.

'Hard' options tend to be more expensive and have a greater impact on the river and the surrounding
landscape.

'Soft' options are more ecologically sensitive. The tables summarise the main flood management
techniques.

Hard engineering options

Dam ) Dams are often built along the course of a river in order to control the amount of discharge. Water is held back by the dam and
construction released in a controlled way. This controls flooding.

Water is usually stored in a reservoir behind the dam. This water can then be used to generate hydroelectric power or for
recreation purposes.

Building a dam can be very expensive.
Sediment is often trapped behind the wall of the dam, leading to erosion further downstream.
Settlements and agricultural land may be lost when the river valley is flooded to form a reservoir.

RiV‘?" . The river channel may be widened or deepened allowing it to carry more water. A river channel may be straightened so that
engineering water can travel faster along the course. The channel course of the river can also be altered, diverting floodwaters away from
settlements.

Altering the river channel may lead to a greater risk of flooding downstream, as the water is carried there faster.
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Steps can be taken to manage flooding. Often these steps involve trying to lengthen the amount of time it takes
for water to reach the river channel, thereby increasing the lag time. Flood management techniques can be

divided into hard and soft engineering options.
'‘Hard' options tend to be more expensive and have a greater impact on the river and the surrounding landscape.

'Soft' options are more ecologically sensitive. The tables summarise the main flood management techniques.

Hard engineering options

Dam Dams are often built along the course of a river in order to control the amount of discharge.
construction Water is held back by the dam and released in a controlled way. This controls flooding.
Water is usually stored in a reservoir behind the dam. This water can then be used to
generate hydroelectric power or for recreation purposes.
Building a dam can be very expensive.
Sediment is offen trapped behind the wall of the dam, leading to erosion further downstream.
Settlements and agricultural land may be lost when the river valley is flooded to form a

reservoir.
River The river channel may be widened or deepened allowing it to carry more water. A river channel
engineering may be straightened so that water can travel faster along the course. The channel course of

the river can also be altered, diverting floodwaters away from settlements.
Altering the river channel may lead to a greater risk of flooding downstream, as the water is
carried there faster.

Soft engineering options

Afforestation Trees are planted near to the river. This means greater interception of rainwater
and lower river discharge. This is a relatively low cost option, which enhances the
environmental quality of the drainage basin.

Managed flooding (also The river is allowed to flood naturally in places, to prevent flooding in other areas
called ecological flooding) - for example, near settlements.
Planning Local authorities and the national government introduce policies to control urban

development close to or on the floodplain. This reduces the chance of flooding
and the risk of damage to property.

There can be resistance to development restrictions in areas where there is a
shortage of housing. Enforcing planning regulations and controls may be harder in
LEDCs.

Different interest groups have different views about flood management techniques:

Governments and developers often favour large hard engineering options, such as dam building. Building a
dam and a reservoir can generate income. Profits can be made from generating electric or leisure revenue.
Environmental groups and local residents often prefer softer options, such as planting trees. Soft options
cause little damage to the environment and do not involve the resettlement of communities.

Rivers and Coasts
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Effective flood management strategies should be economically, environmentally and socially sustainable.
Sustainable strategies allow management without compromising the needs of future generations.

Glossary of terms

Term

Definition

Hydrological cycle

The cycle by which water moves between the earth’s surface and
the atmosphere

Closed system

No loss occurs from the system. The cycle does not lose any water,
it has a fixed amount

Open system

Loss of matter occurs from the system, water lost from the
drainage basin system

Drainage basin

The area of land drained by a river and its tributaries

Watershed Boundary of the drainage basin. A ridge of high land. It separates
one drainage basin from neighbouring drainage basins

Inputs Water enters system through precipitation

Outputs Water is lost from system by rivers carrying it to the sea or by

evapotranspiration

Precipitation

Process by which water is transferred from the atmosphere to the
earth's surface in the form of rain, snow sleet or hail

Interception

Incoming precipitation is trapped by vegetation and/or buildings

Overland flow or
surface run-off

Process by which water moves downslope over the earth's surface

Infiltration Process by which water enters the earth's surface

Percolation Process by which water moves vertically downwards through soil and
rock

Throughflow Process by which water moves downslope through the soil under the
influence of gravity

Water table The line marking the upper limit of saturation in the ground

Groundwater Water filling all pore spaces below the water table

Groundwater flow

Process by which groundwater moves downslope below the water
table under the influence of gravity

Transfers Water moves through the system from one place to another
Storage Water is held within the system

Source A point at which a river begins

Tributary A small stream or river flowing into a main river

Confluence A place where a tributary joins the main river

Mouth The end of a river where it meets the sea

Attrition Material is moved along the river bed. It collides with other

Rivers and Coasts
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material and breaks into smaller pieces

Corrasion Fine material rubs against the river bank. The bank is worn away
and collapses
Corrosion Some rocks forming the banks ands bed of a river are dissolved by

acids in the water

Hydraulic action

The sheer force of water hitting the river banks

Traction Large rocks and boulders are rolled along the river bed

Saltation Smaller stones are bounced along the river bed in a leap-frogging
motion

Suspension Fine material, light enough to be carried by the river

Solution Dissolved material transported by the river
Sweeping curve in the course of a river

Meander

Oxbow lake Curved lake found on the flood plain of a river. Caused by the loops

of meanders being cut off at times of flood and the river
subsequently adopting a shorter course

Lateral erosion

Erosion that occurs sideways instead of vertically

Naturally formed raised bank along the side of river channel

Levees
Flood plain Area that suffers periodic flooding along the course of the river.
Delta Feature composed of silt formed when sediment is deposited at the

mouth of the river, caused by the slowing of the water on entering
the sea.

Distributary

River that has branched away from a main river.

Aquifer

A rock which stores significant amounts of groundwater in its pore
spaces

Evaporation

Process by which water is transferred from the earth's surface to
the atmosphere

Transpiration

Process by which water is transferred from vegetation to the
atmosphere via stomata on leaves

Evapotranspiration

The total output of water vapour from the drainage basin system fo
the atmosphere through the combined processes of evaporation and
transpiration

Storm hydrograph

Graph showing discharge against time following a single
precipitation event. Comprises of a rising limb and a recession limb

Lag time

The time between peak precipitation and peak discharge

River discharge

The volume of water passing a given point at a given fime.
Calculated by multiplying cross-sectional area by average velocity.
Expressed in cumecs (m/s>)

Rivers and Coasts
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Suspended load

Solid particles carried within the current, but not touching the bed

Bedload

The coarser material carried along the bed of a stream by the
force of the water.

Rivers and Coasts
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