ENVIRONMENTAL MANAGEMENT

CHA PTER I: rocks and minerals and their exp/thaﬁon

FORMATION OF ROCKS: 1.1
o The rock cyc’e: a represenfaﬁon of the changes between the three rock +ypes and the processes causing

them.
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o lgneous rocks:
«  Made when h'quid magma cools o form solid rock.
s Molten rock below the surface is called magma, and lava when it reaches the surface.
o Extrusive igneous rock: if the rock cools quickly, small cryshzls are formed eg.
basalt.
o Intrusive igneous rock: if the rock cools slowly, large crystals are formed e.g.
granﬁe.
o Examples: Granite and Basalt
o Sedimenfary rocks:
= Formed by the weathering of existing rocks at the Earth's surface.
«  Fossils may be presenJr.
= Sediments (small particles of rocks) accumulate into layers and get pressurized due to the
newer deposits above them.
«  The sediments are fransporﬁzd bH water and wind ( erosion).
s Particles like clays, silts, sands, _qrauels, and small boulders are found in sediments.
o Examples: limestone, sandstone, and shale.
) f\/]ejramorphw rocks:
= Formed from the existing rock when heat and/or pressure causes changes in the rock
orystals without melting it.
s The changes can be physical, chemical, or both.

° Examp’es: marble and SIG+€.



EXTRACTION OF ROCKS AND MINERALS FROM THE EARTH: 1.2

Exploring for minerals:
. Prospecﬁng: a process of searahing for minerals by examining the surface of the rocks

o Ore: A rock with enaugh imporf'amL mineral to make it worth mining

Methods of exp’ora'h'an

o Remote sensing: a process in which information is gathered about the Earth’s surface from above.
o Photographs of the area are taken from air.
o The images are carefully analysed for mineral presence.
o Aerial photography can cover more ground than a person on the surface.

o Satellite signals:
o Some satellites send signals to the Earth's surface and collect the reflected signals, indicaﬁng the

presence of minerals.

o The unique radiation pattern is processed and analysed by computers
o The system works in all weather conditions.
o The GPS gives the exact location
o Large area covered in low cost
o Most efficient method

o (Geochemical analysis and field surveys
o (eochemical analysis: ana’ysing the chemical properﬁes of rocks (by 1Laking samples).
o The samples can be taken from stream sediments, soil or rocks (using shallow dr‘i”ing).
o The location of the sample points can be accurately found using the Global Positioning System

(GPS).

o (Geophysics: method to identify mineral ores present in rocks using their physical properties.
o A series of vibrations ( seismic Waues) are sent Hwough the Earth's surface.
o Several sensors are placed at different distances from the source of vibrations on the surface.
o The vibrations create shock waves that travel down into the rock layers.
o They are reflected back to the sensors on the surface.

o The shock waves record different paHems depending on the mineral presemL in the rock Iayers.

Methods of extraction:
o There are two methods of extraction
o Surface mining: includes open—cas+ (open—pi+, open-ch) and s+rip mim'ng.

. 0pen-pi+ mining is used when a valuable deposh‘ is located near the surface.




= The Vege+aﬁon is cleared and Jropsoil removed.

Replacing the overburden Preparing the topsoil Natural vegetation is restored
and topsoil for rehabilitation

= The rocks are broken up and loosened with explosives.
«  The loose rock is removed using diggers.
= The rock or mineral is tipped info frucks or railway wagons.
. Building materials such as sand, 9rauel, and stone are removed from open piJrs
called quarries.
= Strip mining is used to mine a seam of mineral.
«  The overburden ( the unwanted overlying rock and soil) is removed as a thin sf’rip. \n
« ltis mainly used to mine coal and hgniJre
o Sub-surface mining: includes deep and shaft mining.
= A vertical shaft is sunk to the rock ’ayer con+aim'ng minerals.
= A horizontal tunnel is made, fo”owin_q the mineral Iayer.
«  The minerals are extracted by digging (by machines and miners).
= The loose rock is brought from the mine and piled up on waste heaps on the surface.
= The minerals are brought to the surface and transported in frucks or frains

= Resources: Gold and Diamonds

Factors that affect the decision to extract rocks and minerals:

o Geology:
o High~grade ores yield more of the required chemical elements than Iaw-grade ores.
o Small deposits of high-grade ore are worth mining.
o Small deposits of low-grade ore that cannot be mined at a profit is left as reserves.

o Accessibility:
o Transporting the ore from the mine to processing plants can be difficult and expensive.
o The cost of building road or rail links to the processing plamL or 1o the nearest p0r+ for expamL has to

be considered.

o Carrying out some processing at the mine reduces transport costs.
o The mining company must be 9iven a licence before ex+rac+ing a deposht.
o Along-term agreement between the qovernment and mining companies must be reached to avoid

rapid rises in the Jrax, which makes mim'ng unproﬁ'fable.



o Environmental impamL assessment:
For the license applicajrion to be approved, the company must have a plan to keep the loss of habitat
minimal, followed by the restoration of land proceeding with the comp’eﬁon of mining.
The choice of site for mine waste should also be considered.
° Supply and demand: the relation between how much of a Gommodify is available and how much is needed or
wanted by the consumers.
An increase in world demand for any mineral ore will elevate the prices.
The profit from a working mine depends on changes in supply and demand.
If the demand is too hi_qh, mines that were not proﬁ+able before becomin_q worth mining.

I.)C H’le demand 'FGHS, Workin_q mines may 9€+ imLO a ’OSS due +0 H)e 'ILF‘GHSPUF“" and exfracﬁan expenses.

IMPACT OF ROCKS AND MINERAL EXTRACTIONS: 1.3

Environmental impad‘s
° Ecalogical impamls:
Loss of habitat as the vegetation is cleared
plan+s do not have a p/ace to grow,so the animals depending on them for food and shelter are
affected.
o Pollution:
Noise po”uﬁan: due to machinery and explasiues
= disturbs the behaviour of animal species and causes hear‘ing problems for People.
o Water po”uh'an: water supph’es may also be po”ufed, making it unsafe for peop/e to drink.
«  The water may become acidic and dissolve toxic metal ions-this combination kills many
aquaﬁc organisms.
Biaaccumulaﬁan:organisms absorb the ions and retain them in their body, reaching a concentration
higher than that in water.
Biomagnification: the concentrations increase higher up in the food chain and cause the death of top
consumers.
Land pollution: toxic nature of the waste doesn't allow plant growth even years after the mining is
sfopped.
Air po”uﬁon: dust parﬁc/es settle on the Uege+aﬁon, not a”owing sunh’gH to reach the leaves and
+hus, reducing the rate of pho+osyn+hesis.
. Brea+hing in dust that remains in the lungs can cause serious Iung diseases.
Visual pollution: the landscape is damaged.
Economic impad's:
o Jobs are created in the extraction and +ransp0r+ing of minerals
o Increase in the Country's economy
o Earn foreign exchange.
o The income earned can be used for buying goods and services and investing in infrastructure projects.

° ImprouememLs +0 fransporf



Social impamLs:

communities.

Positive Nega+iue
Better standard of life due to economic gain o Affects health of the labour workers
o lmprovemenfs to services, like healthcare and o Affects health of civillans due to po”uﬁon
education Lack of safety

o Inuesﬁng in infrastructure prqjecfs can help the

coum‘ry in building more We”—designed

MANAGING THE IMPACTS OF ROCKS AND MINERAL EXTRACTIONS: 1.4

Safe disposal of mining waste

o Mine waste must be stored to preuen+ co”apse.

o The site of the mine must preuenf the chances of water po”uﬁ'on.

o The WGS]Le mus+ be monhLored +0 defecf any mouememL or furH)er PO”U‘HOH.

o Land restoration:

o Soil improuemen+:

After (sanﬁary} Iandﬁ”ing, mine waste can be covered by a layer of soil, that can be
enriched with fertilizers.

Landﬁ”ing: the waste is +ipped into a hole; from time fo time it is leveled off and
compacted.

Sanifary landﬁ”ing: As in landﬁ'”ing, the waste is used fo fill the hole, but aHer‘naJring

layers O'F WGSTLG and sand are used.

o Tree Planﬁng:

After improving soil ferﬁlﬁy, p/amls and frees can be grown in that area, he/ping an

6605951"6”’1 +0 be reborn.

Bioremediation:

Itisa process of removing po”ufanﬁ from waste using ]iuing organisms.

In situ treatment: treatment of contaminated waste where it's left.

Ex-situ treatment: removal of contaminated waste from a site to a treatment plant.
o Offen happens slow!y ( can be sped up by prow’ding oxygen and nifrogen).

Microorganisms, like bacteria, can absorb po”ufamls and metabolize them into less harmful
substances.

Some p’amts have the abi/hLy to bioaccumulate toxic metals.

After these plants grow for a while, the parts of the plants aboveground are removed so

the waste in the 9round becomes less tfoxic.



Making lakes and natural reserves:

= Several free and herb species are introduced. This will help maintain the biodiversity

«  As their popu’aﬁons grow, Hley create habitats for many species.

= These nature reserves become valuable green spaces for human recreation and help in
maintaining biodiversity.

s [f the rock h’ning the hole (crea+ed by the ex+raoﬁon) is non-toxic and imperuious to water,
it can be filled with water to form a reservoir or lake.

o Itis used for irrigaﬁng farmland or pracessing to prow'de clean, safe drinking

water for humans.

SUSTAINABLE USE OF ROCKS AND MINERALS: 1.5

o  Sustainable resource: a resource that can be conﬁnuously replem'shed eq. agricuHure, foresﬁy, efe.
o Sustainable deuelopmenf’:deuelopmemL that meets the needs of the presenﬁ without compromising the abi]hly
of future generations to meet their own needs.
S+ra+e_qies for the sustainable use of rocks and minerals:
Increasing the eﬂ:icienay of the extraction of rocks and minerals:
Mine wastes must be processed for the second time.
«  This allows the valuable minerals to be recovered and reduces the risk of po”uﬁon due to
mine waste.
Chemical treatment of the waste and biological treatment ( using microorganisms) extracts much of
the valuable mineral still within if.
Improvements in the performance of the machines used in mining and processing.
Greater use of data analysis by oompufers (+0 predimL geo!ogica/ condiﬁons).
o Increasing the efficiency of the use of rocks and minerals:
Engineering solutions €.9. design of steel beams with the same s+reng+h but using less steel.
o The need to recycle rocks and minerals:
Recyc/ing uses less enerqy than processing the ores.
Recych‘ng also produces less waste and thus, reduces the risk of po”uﬁon.
° Legis’aﬁon:
The governmen+s pass laws that require manufacturers to become respansible for recych’ng and

reuse.



CHAPTER 2.' Energy and H]e enuironmemt

FOSSIL FUELS: 2.1

o Fossil fuels: carbon-based fuels, formed over millions of years ago from the decay of h’uing matter.
o Coal: formed from plants.
o Qil and natural gas: formed from sea creatures.

«  Formation of coal:

o Huge 'FOPESTLS 9!‘6W mi”ions O‘F HBGPS 090 60V€Piﬂg mos+ 01[ 'H?B EGP‘H‘I

ETERAIASTE

Lignite

o The Uegehzﬁon died and formed pemL.
The peat was compressed between layers of sediments to form lignite (low-grade coal ).
o Further compression formed coal.
o+ Formation of oil and natural gas:
Small animals and plants die and fall to the bottom of the sea.
o Their remains are covered by sediments.

o As the sediments start forming layers, Jrhey start to change into sandstone as the Jremper‘afure and

pressure increase.

o The heat and pressure turn the remains into crude oil and natural gas.
o They separa+e and rise H}rough the sandsf’one, ﬁ'”ing in the pores.
> The rock above the oil and gas is impervious ( non-porous).

o So, they get trapped underneath it.



ENERGY RESOURCES: 2.2

o The demand for energy is increasing worldwide due to:
° Increasing populaﬁon size.

o Increasing industrialisation and urbanisation.

o Improvements in standards of living and expectations.

° TyPES O'Ic energy sources:

Non-renewable renewable
o Limited o Can be used over and over again
o Take millions of years o get replenished o Can be replenished in a short period of fime
o Fossil fuels (Goal, oil and natural gas) o  Geothermal power
o Nuclear power (using uranium) « Hydro-electric power
o Tidal power

o Wave power
o Wind power
o Solarp my ower

o Biofuels €.9. bioeJrhano!, biogas and wood

o Nuclear fuels last for centuries and are a good replacemenJr for fossil fuels, but the source material
(uranium ) is limited.
o Biofuels may become limited, but it can be renewed by replacing the cut-down trees with new ones to obtain
bioethanol and wood.
Bio_qas can be obtained by recycling waste produc+s.
o How energy sources are used to generate electricity:
o Turbine: a machine, offen confaining fins, that is made to revolve by gas, steam or air ( it is connected fo a

genermLor).

|  powerstation |
O Uil=¢

'Eﬂ ;

o Generator: a machine that converts mechanical energy info electrical enerqy.
o Fossil fuels and biofuels:

These produce a massive amount of energy during combustion that is used fo heat water and

GENERATOR

convert it into steam, which thereby drives the turbines.



 Nuclear power:
o Uranium, a radioactive element, releases huge amounts of enerqy when nuclear fission ( sph‘Hing of
the atom)) ocours.
o This enerqy is used to heat the water, produae steam, and rotate the turbines.

o Geothermal power:

o Cold water is pumped under pressure into a layer of hot rocks.

o The rocks heat the water.

o The hot water returns to the surface under pressure and heats the second supply of water using a
heat exchanger.

o The steam produced in the second supply moves the turbine, generaﬁng elecfricify.

Lowspead Hi ad
SR N

Rotor Hub Gearbox

Brake Brake Generator
o Wind power:

o Wind turbines have shafts ( blades) that rotate due fo wind.
o QGearbox maximises the rotation of the shaft.
o Brakes slow down or s+ap the rotor in very windy conditions, preuenﬁng damage to the blade.

o As the turbine rotates, the 9enera+or produces elecfriaify.



Solar power:

o Uses phmlauoHaie cells that produce a small electric eharge when exposed to h'gH.

il

o Abank of cells organised into solar panels produce a signiﬁcan+ amount of elem‘rici’ry.

Sluice Gates

High Water Level

Tidal power:
o Uses the natural rise and fall in the level of water in an area.

o When the levels drop, water is held back by a tidal barrage ( a small dam that releases water back
fhrough a furbine).

Wave power:
o Also uses turbine and generm‘or.

o Uses the smaller differences in water levels that are caused by wind.

Hydro-eleef’rie power:
o Uses a dam on a river to store water in a reservoir.
o Water is released from the reservoir that flows Jrhrough the turbine, rofa’ring it.

o The turbine then activates a generah)r that generaw‘es eleeh‘icﬁy.
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Aduan"'ages and disaduan"'ages 01(-.'

Fossil fuels:

aduanhzges

disaduan+ages

Plentiful supply
Prouidesjob oppor+uniﬁes (mining and
processing

The fechnologu USEd is u/e”-known and ‘H]e

methods of extraction are u/e”—pracﬁsed.

Carbon dioxide and toxic gases are released
when burnt contributes to g’obal Warmin_q
Damages local area

Limited supp’u ( non-renewable).

Biofuels:

aduanﬁzges

disaduan+ages

Renewable source
Growing more plamLs uses carbon dioxide

Plentiful supplu.
The fuel tends 1o be cheap.

The methane gas from the waste would
otherwise end up in the a+mosphere - and
methane is a worse "greenhouse _qas" than
carbon dioxide.

Biofuel production is closer to being
carbon-neutral than using fossil fuels

Carbon dioxide and toxic gases are released
when burnt

Lot of land needed.
Shortage of land for agriculture

making biofuels from algae does not
need so much land
Removal of natural ecosystems
Some of the materials are not available all
year round.

DEMAND OF ENERGY: 2.3

Domestic demand:

Created b_u aﬂordabi’ﬁu, auai!abilifu and social status.

Most of the purchases that are considered as necessities now increase the demand for enerqy supp!ies,

nmLablu elecﬁ“icijru.
Example:

Fruits and uegefables, that aren't nmLura”u available in the season Ioca”u, are produced in

9lasshouse or in areas with a favourable climate and are then franspom‘ed.

In both the scenarios (glasshouse operaﬁon and +ranspor+), the enerqgy cost is signiﬁ'can+.

Industrial demand:

Manufacfuring req_uires 'H]B use O'F large amoumLs 0{ energu +hr0u9hou+ ‘H‘le producﬁon e.g. iron and sfeel

producﬁon.

/‘\duanced manufacfuring TLeGhniques made 'Hle produds, 1Lha+ were once ]uxury hLems, Gheaper.

So, more people want to buu them.

The demand for the produd increases.

The demand 'FOV‘ energu (needed ')CW‘ Pf‘DdUG'HOn) GISO increases.

Transpor+:

MGHU‘I(GC+UFCFS SUPP’y cus+0mers across H)e globe.

This decreases producﬁon costs in countries that imp0r+, but increases the +ransp0r+ costs as Jrheu require

lar_qe amoun+s 0{ 7[055” fue’s +0 operafe.
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Personal and national wealth:

o If economic conditions are qood:
o Higher emp!oymeml;
o More money to spend on quury items:
o Increase in demand for the produm‘;
o Increase in demand for enerqy (for production ).

o If economic conditions are poor:
o Families have less money to spend on quury items;
o Need to make savings;
o Reduce the use of fuel:
o Reduce the purchase and use of electrical items;
o Decrease in the demand for enerqy.

o Decline in the economy of one counf’ry can have a global impac+.

o Reduction in the economy of China meant a worldwide:
o Reduction in producﬁon of steel.
o Decrease in the amount of manufactured goods (transported by ships).
o Decrease in the price of oil ( energy sourae).

Climate:
o The demand for enerqy with regard to climate depends on the country.
° People liuing ina +empera+e climate are Iike!y to experience colder winters, so the enerqy demand for heaﬁng
would be far higher.

o They also experience fewer hours of daylighf
o This increases the usage of electrical lighting.

o Climate change (excessive heat or cold) increased the energy consumption (particularly in urban areas).
o Need for additional heaﬁng.

o Installation and operaﬁon of air-condiﬁoning units.

CONSERVATION AND MANAGEMENT OF ENERGY RESOURCES: 2.4

S+ra+egies for the efficient managemen+ of energy resources:

° Reducing consumpﬁon:

o Reducing the amount of energy used to heat a building.

loft insulation

small window,
triple glazed,
thick curtains

cavity wall foam

carpet large windows

underfloor double glazed

insulation

12



Insulation: consir‘uciing using material with good insulation properiies prevemts loss of heat.
Loft insulation: adding an insulation layer into the roof space.
Underfloor insulation: adding an insulation iayer on the floor €.g9. carpei.
Cavity wall insulation: a gap between inside and outside walls is filled with an insulating material
causing the heat to pass ihrough more slowly.
Double giazing: two panes of glass with a qgap in the middle to act as an insulator.
= This sealed gap is usually filled with air or an inert gas e.g. argon.
" Tripie giazing can also be used, but it is oo expensive.
Electrical devices must be turned off when not in use.
= Devices can be left in 'siandby' mode and can be accessed rapidiy.
= More energy-efficient devices must be bought.
Developing alternative fuels for vehicles and further development in engine technology.
'Scrappage' schemes: remove inefficient machines from use ( electrical appiiances or uehicies).
o Energy from waste:
Reusing exisiing materials to extract enerqy from them before ihey are disposed.
Anaerobic digestion: breaking down of organic matter (waste food and vegetation) using bacteria.
= This process takes piace in a sealed container and releases methane ( a flammable gas)
that can be used for heaiing purposes.
= The composted waste can be used as organic matter to improve soil structure.

HOUSEhO’d rubbish can be incinerajred (burni) 1('0 produce heai, Jrhai can be used +0 generaie

e/eciricdy;
Aduaniages disaduam‘ages
Waste from burning (ash) is small in volume. Thus, it Produces poisanous gases during combustion.
doesn't take up much space.

. Vegeiable oils, once used, should be disposed;
These oils can be collected and recycied info biofuels suitable for running uehicies;
It can be used exoiusiueiy or as an additive.
«  Education:
Benefits of the iechnolagy must be communicated to others;
Promote new ways of Hiinking;
The message must be that significani savings in enerqy bills can be made over the ionger term,
reducing energy use;
Enerqy-efficiency ratings must be provided for new products to compare with the old ones.
Laws passed by the gouernmen+ to make changes rapidiy:
= Stricter building regulations: new constructions must be more energy efficient.
. Preueniing the sales of inefficient +ypes of electrical devices.
= Incentives to encourage the purchase of more efficient technologies:
. insuiaiing older houses that are enerqy efficient;
. Replacing older, inefficient electrical devices:

. Scrapping older, inefficient cars, that emit more po”uianis.

13



Exploiﬁng exisﬁng enerqy resources:

The fype of enerqy source used depends on social, environmental and economic factors.
The current solution is fo use a renewable resource as a primary enerqy source when possible and
have a fossil-fuel ( or biofuel) powered station available as a backup when weather conditions are

not suitable.

This is a reliable source for indusfrg and households and reduces the amount of fossil fuels used.

Transpor+ poh’cies:

Regula+ions regarding the qua/hly of exhaust gases from vehicles;
Check on the fuel efﬁciency;

Restrictions on where vehicles may go;

Taxation on fuels:

Suraharges for +raue”ing to certain p’aces at peak times:

Improuing pubh'c +ranspor+ so it is easier and cheaper than using cars;
Improving routes for cgalis+s and pedes+rians;

Encouraging car—sharing;

Res+ricﬁng when cars can be used eq. odd even rule in Delhi:

Prow'ding incentives fo buy more fuel-efficient vehicles and for vehicles using cleaner fechnology.

Deuelopmen+ O'F new resources:

Fracking: obfaining oil or gas from shale rock by spliHing them open using water, sand and
chemicals.
A vertical hole (2-3 km deep) is drilled to reach the fuel-rich rocks (shale rocks).
Water, sand and chemicals are pumped down into the shale rock layer.
This causes the rock fo fracture, releasing oil and natural gas, which are forced back fo the surface
and collected.
Purpose of the three components:
= Water: easy to handle (in high pressure).
«  Chemicals: sfop the blockage of pipes.
= Sand: keeps the cracks in the rock open.

AduamLages

Disadvan+ages

Acsess to more oil and gas;
Less poHuﬁon than burning

coal:

The need o impor+ reduces;

Provide manyjobs Ioca”y.

Risk of toxins emLering the water fable:
Chemicals are toxic and may affect local

residenfs;

Uses a lot of water: may cause water scarohly;

Noise po”uﬁon;
Natural areas damaged;

May cause additional Earth tremors.

IMPACT OF OIL POLLUTION: 2.5

Main causes of marine oil spi“s:

Offshore oil extraction: Ieakage from the rigs.

il pipelines: leaks in the oil pipework.

Shipping: risk of collision or damage 1o oil tankers.

Effects of an oil spi”:

14



Or_qanism or habitat lmpac+ of oil
o Qil floats on the surface of the water and blocks the sunh'gh7L from
Ph-ljh’P lankton en+erin9. The phyfoplanHon can't Pho+osyn+hesise. so Hley die.
_ . Shorjrage of food: reduction in phyh)planHon.
Fish o Qil floating on the surface prevents gas exchange. Fish become short of
oxygen and die; Direct contact of the fish with oil affects their gills.
_ . Shor’rage of food as fish and other creatures die:
Birds ° May consume oil when eaﬁng fish (foxic);
o When hunjring for food, feathers ge+ covered with oil, aﬁecﬁng their
abilhty to ﬂy.
o Food sources are depleted;
Mammals o Mammals may also swallow oil while feeding (foxic);
° Coaﬁng of oil will affect their skin.
. Comple+e devastation of the reef due fo lack of oxygen ( species die),-
Reefs A b d . I
o Areas may be covered in oil.
o Oil ( washed by ﬁdes) coats rocks:
Beaches . Organisms in shallow water and rock pools may die due to toxic effects of
the oil;
o Animal food sources and tourism are affected.

MANAGEMENT OF OIL POLLUTION: 2.6

° Reducing oil spi”s in marine environment's:

«  MARPOL (Marine Pollution): International Convention for the Prevention of Pollution from Ships.
o Regulaﬁans of the MARPOL.:
Supervise the transport of oil at sea;
All tankers must be certificated to show Hwy have appropriafe sysfems in use;
Else, it can result in a heaug fine or the ship may not be PermiH’ed to leave porJr.
o Tanker design:
o 0l spi” can be caused by damage to the hull (a hole in the hull of the boat causes its contents to
leak ).
Increase in the number of compartments within the hull of the ship: if one of the compartment's

damaged, H‘]e con+en+s 0')(: 'H?e WhOIB Shlp aren '+ IDS')L‘
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o Double-hulled tankers: if the outer layer's damaged, the contents are still secure by the inner pla+e.

" Double Hull Diagram

Double hulls

Single hull

<outer hull> <inner hull>

o Though double-hulled tankers cost more than single-hu”ed, the risks of oil spi” are far less.
Minimising the impad' of oil spi”s:

o Floaﬁ'ng booms: a ﬂaaﬁng barrier is used to surround the oil slick, preuenﬁng it from spreading.

o This process works well when the spi” covers a relaﬁuely small area and the sea is calm.

o De%ergemL sprays: deJrergemLs help break down the oil slick into smaller droplefs, that euenfua”g
degrade, and disperse it.

o They are effective on smaller spi”s, but cause damage to the coral reefs themselves as H)ey 're not
folerant fo detergents.

o Skimmers: clean the water using a material that oil easily attaches fo.

= 7

G

o The skimmer drags oil off the seawater surface, that is then scrapped off info a container.
o This sstrern is used when oil slick is contained within a boom and the sea is calm.

o When the oil reaches beaches, it can on/y be removed by hand ( difficult and Jrime-consuming).
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CHAPTER 3 /‘\gricuHure and the environment

THE SOIL: 3.1

Soil aomposi'h'an:

Mineral particles: combination of rock fragments and other inorganic substances.
They are formed due to physical, chemical and biological WeaJrhering of the paren+ rock.
Organic content: mixture of h'ving plam‘s, animals, microorganisms and their dead remains.

Air: held within the pore spaces ( between the mineral parﬁcles and organic aomLemL).
Air enters the soil by diffusion.

Organic

Mineral
45.0%

Water: held within the pore spaces (water that is available for plant growth).

Water enters the soil when there's precipitation or when the soil is irrigated.
The proportion of these components depends on:

Type of soil:

Way it has been managed;

Local climatic conditions:

Size of the mineral parﬁcles.

Soil can be classified into three groups:

Type Size Texture

Sand | 20-0.02 mm Grritty

Sit 0.02-0.002 mm Silky or soapy

clay <0.002 mm Sticky when wet and Hard when dried

SOILS FOR PLANT GROWTH: 3.2

Soil is the cheapesf and most abundant medium in which water, mineral nutrients, anchorage and
oxygen can be supph'ed toa planjr.
Plants require a supply of nh‘ro_qen, phosphorus, pm‘assium and a range of other elements tfo

consf’ruml prmLeins and carry 0U+ Ince processes.
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Nifrogen Nitrate ions ( NO;')
Phosphorus Phosphate ions (PO,”)

Potassium Potassium ions ( K*}

Organic content: decomposers that produce humus (rich in nutrients ):
Earthworms: break down uegefaﬁon; mix the soil; aerate the soil; spread organic matter 1Lhrough
the soil.
Fungi: feed direcHy on dead maHer; diges?‘ hard Woody hlems; aid plamLs to take up nutrients
+hrough their roots.
Bacteria: work on organi matter: convert waste produc+s to simp/e chemicals; some convert
nifrogen to nitrates « impamLamL in nifrogen cycle.
High levels of organic matter:
Increase the Wafer-holding capacify ( like a sponge};
Increase air spaces in the soil:
Increase no. of decomposers, tunnels and burrows in the soil, prouiding additional drainage
and less compacﬁon;
Prevent the loss of mineral nutrients (humus holds on to mineral nufrienfs).
Soil pH:
Depends on the +ype of parenJr rock and pH of water that flows info the area;
Affects the up+ake of nutrients by plamL roots;
Affects the auai’abi’ﬁy of nutrients;
Farmers can try changing the pH of the soil either fo acidify it
(using fertilisers that have an acidic effed) or make it alkaline (adding 9r0und h'mesfone).

Larger air spaces Poor air spaces
Drains well Poor drainage
Poor refention of humus Retains humus
Easier fo cultivate Hard o cultivate

Drainage: capacity of the soil to drain water must be medium (no water loss; no surplus amount of
WaJrer).

Ease of cultivation: how easily the soil can be ploughed.
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Cultivation of food 1o meet the needs of the farmers Culfivation of food with the main aim of se”ing them

and their families: for cash:
Surplus is bartered for other goods ( or cash). Some food may be used by the farmers.
Examples: wheat and rice. Examples: tea, coffee, cocoa, sugarcane, cotton, rice,

WhemL and corn.

Production of plants for consumption by Production of animals or animal-related products.
humans.
Examples: rice, wheat, maize and Examples: gr‘ass/gr‘ain (+o feed the animals), milk,
soybeans. wool and eggs.
Mixed:

Farms 'H')G'f' 9(‘0W CY‘OPS 'IEUF‘ 'FOOd and rear am'mals.

Crop rotation: the principle of growing different +ypes of planfs in different plmLs each year.
Lequmes: have nitrogen-fixing bacteria in their root nodules.

Leafy crops: Vegefables that are required for their leaves ( require a lot of nhtragen left by
lequmes ).

R00+ CPOPS.' haue deep 7‘00"' sysfems.

Fallow: the land is ploughed but left barren for a period to restore soil ferh’lifg and fo avoid surp[us

production.

/\duam‘ages of crop rotation:
Diseases in the soil affecting the plant are left behind;
Pests need to find a new site = their popu/aﬁon is reduaed;

The soil in the new plmL is likely to have the essential nutrients:

Crops ready to harvest at different fimes « less pm‘enﬁal waste, less labour and machinery

needed.
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Fertilisers: contain minerals such as nerogen, po+assium and phosphorus. Add on to the nutrients

available in the soils.

Type Aduanf’ages Disaduan"'ages
Uses natural resources Unpleasanf to handle
Organic Supph’es organic matter Harder to +ranspor+
Variable in camposiﬁon
. Meet a parﬁaular need Cost of manufacture
Inorgamc Easier to store Transporhzﬁon costs
quick acﬁng Dfﬁcienc.y prob/ems are dealt Ea.si’y leach out in heavy
with sw;HIH rain
slow acﬁng No need to reapp/y Little immediate impac+
lrrigaﬁon: supp/ying water to the crops.
Large percem‘age of a p/amL is made up of water:
Essential for cell acﬁuh‘y;
Used in phofosyn#)esis;
Mineral nutrient upfake requires water in the soil:
The water must be free from po”uﬁon and low in salt.
Common water applica'h'on methods:
Easy to se+up Large drop/efs may cap the soil
Can cover a large area from one Small drople+s may be blown away by wind
sprinkler Water lands on leaves and soil, which euaporaﬁzs
No need to attach pipes to each quick/y
planJr
Simp/e +echnology; On/y suitable for per‘manemL p/amLS;
Easy to check the amount of water: Large labour cost.
High eﬁficiency.
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Water placed direcHy at the base of the Expensive to insfa”; comp/ex to maintain.

planf; Grit can block tubes;
Automated and controlled via compu+er; /nﬂexib/e; cannot be moved easi[y.

Water is used very eﬁcicienHy

/nexpensive; Inefficient use of Wmier;

Can cover large areas quiok/g. Damages soil structure.

Pest: an animal that attacks or feeds upon a crop plamL.
Pesticide: used to control pests.
Weed control: Weed—killing chemicals are known as herbicides.
They must be controlled because Hley:
Compe+e with crops for h'gH, water and nutrients;
Reduce the qua[hly of a seed or grain crop;
Might be poisonous;
Moake cultivation dhcﬁcuH;
Can block drainage systems with excessive growth;
Can be a source of pesfs and diseases;
Can look umLid_Lj ( impamL on tourism areas).
Advantages of herbicides:
Easier to manage;
Alternatives may be less effective;
Cheaper;
Results are more predicfable;
Less labour needed:
Effect is more rapid‘
AMernatives to herbicides are cultural controls:
Hand Weeding and hoeing;
Weed barriers:
Flame guns.
A crop disease is caused by fungi. bacteria or viruses (paH)ogens).
The most common are fungal diseases and are controlled by fungicides.
Insect control: insecf—confro”ing chemicals are called insecticides.

Alternative o insecticides:
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No chemical residues: Not as instant as chemical

No impamL of sprays; control:
No need of reapplication; Pests may breed faster than the
The predah)rs will die na+ura”y when the preda+or;
pests are controlled. Predator may feed on an
unintended plant.
Mechanisation:

Larger area can be cultivated:
Reduces labour cost:
Ploughing can be done even when soil is heav_(j

Additional attachments can be done to apply fertilisers and pesh’cides.

Selective breeding:

Choose parenfs that exhibit the desired characteristics of the species;
Raise the mcfspr‘ing from these paremls;

Select the best mcfspring that shows the desired characteristics;
Re,pemL the process.

Examples: beef cmLHe, dairy cmLHe, wheat and rice.

Drawbacks: slow process; less success rate.

: the DNA of one organism is inserted into another.

Disease and pes+—resis+ance may Unknown impamL of the new characteristics on
increase human health

Nutritional value may increase Products are not natural

Crops can be grown in inhospitable Genes might get info wild plants if they

areas interbreed with GMOs reducing biodiuersify

Herbicide resistance may increase Reduction in the gene pool

Cr‘ops with /onger s+0rage lives

Con'l'r‘o”ed enuironmen+s:

femperature
light
humidity
day length

WG'ILBF

Operate heating system (e.q. insulation ). Open roof venfilators.
Supplementary lighting. Shading material in the roof.
Misting units. Open roof ventilators.
Supplementary lighting. Shading material and curtains.
Sprinkler or irrigation. Drainage material underneath.
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Regular use of one insecticide can cause resistance within the pest population. Solution: use a range
of different pesﬁcides.
Unintended environmental damage: beneficial insects like bees are also affected and food web is
disturbed.
Spray drift: herbicides sfay longer in the soil and may affect the next crop.
Heavy rainfall can cause leaching of the chemicals into nearby lakes.
Overuse of fertilisers:
Addition of extra mineral nutrients is waste of money and resources if the soil has reached its
maximum level:
Heauy rain can dissolve the nutrients and cause Ieaching;
Excess water containing dissolved ferfilisers drain into nearby lakes and rivers, leading to
eufrophicaﬁan;
Nitrates from ferfilisers if consumed can cause diseases such as blue-baby syndrome;
Large quanﬁﬁes can affect the pH of the soil and in +urn, the auai’abi’ify of minera’s;
Too much of trace elements can be toxic to the plant.
Too much fertiliser dehgdrafes the plan+ ( scorching);
Imbalance of nutrient makes the plant produce lots of foliage, but no flower.
Solution: strict limits on where, when and how the fertilisers must be apph'ed; can replace with

organic fertilisers.

Damage to soil structure = soil is compacfed;

Death of plant roots as waterlogged soils prevent plant roots from getting enough oxygen;
Loss of nutrients as H)ey are dissolved and washed away with water:
High levels of run off = soil erosion.

Soil capping: surface of the soil becomes hard.

Salinization: salt content of the soil can increase.

Irrigaﬁon water soaks into the soil to a gremL dequ;

Salts dissolve in the water at a gremL depr;

Water evaporates from the field;

Water and salts are drawn up to the surface;

Salt remains at the surface and kills pfamL roofs.

Prevents soil cultivation as it's difficult fo cultivate soil with a high-wa+er content.

Waste from overproduction: the unsold proportion of the crop.

Waste of sforage space: may take longer to sell a crop; some crops need specia/ conditions.
Waste of transportation: o sell a crop, a farmer may need to fravel longer distances.
Waste of quality products: low quality means less demand.

Waste of labour: not an efficient use of fime and labour if oo much is produced.
The farmers use the soil over and over again with little fo no rest which leaves the soil dep/efed of

nutrients and minerals.

Solution: crop rotation, mixed cropping and Ieauing the land fallow.
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Soil erosion:
Overcultivation: soils that are cultivated regularly lose soil structure and are more vulnerable to
erosion as they break down to smaller particles.

Cash crops replacing food crops:
Most commercial farmers prefer to grow crops that genermLe more cash. This causes a decline in

the s+aple food available.

Removal of natural vegetation: no more roots to bind the soil together or slow down the torrents
of water, so flash ﬂooding and rainwater run-off pick the soil and carry it away.
Overcultivation: p’oughing breaks the soil into smaller and /igHer parﬁa/es. These are more easily
carried away by wind.
Ouergrazing: livestock reduces the Ve9e+aﬁon to nearlg ground level, sometimes leauing no roots to
hold the soil.
Animals trample down the plants and their hoofs compact the ground.
Wind erosion: deforestation ( due to need for space, excessive grazing, increase in developmemi of arable
crops) increases the chance of soil geHing eroded by wind.
Water erosion: heavy rainfall carries the particles away.
Excess run-off water that can't be absorbed by soil transports the soil from that area;
Soil compaction reduces infiltration;

GU”y erosion (uolume 01c WGTLEV’ erodes IDGGI SO” 'FUV“H’!EF) forms deeper and deeper crevices.

Topsoil is removed: the most productive layer is absent (subsoil lacks in nutrients ad air spaces ).
Organisms h'w'ng in the fopsoil lose their habitat: impad' on the enfire ecosysfem.
Silting up of water courses: flooding occurs as water bodies can't hold excess water (space taken
up by siH).
Silt deposits can form lagoons: providing breeding grounds for mosquitoes.
Silt affects the quthLy and auai’abi]hLy of water for drinkin_q.
Aqua'h’c organisms are buried under the siHy layer: preuenﬁng IigH from reaching the underwater
plants (low oxygen levels in ecosystem no photosynthesis).
Desertification: the process by which fertile land becomes desert.

Severe droughts lead to migration of the whole community.

Risk of famine and malnutrition, Ieading to lesser food source.

Terracing: prevenfs the erosion of soil by rainwater on sfeep slopes.

—
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In a natural slape: water runs down, increasing in speed and volume, carrying soil in the run-off.
In a terraced slope: water is held in the flat terraced areas, causing less risk of run-off and more
chance of infiltration.

Often used for cultivation of rice.

o Contour plaughing: ploughing of land along the contour in a para”el way.

Ridges and troughs (furrows ) run along the contour.
Each furrow holds water and preuemLs Iarge torrents of water running down the slope, preven’ring
the formation of qullies and run-off of topsoil.
Useful for all gradients of slopes.
« Bunds: artificial banks at the edges of growing spaces to hold back water.

Useful for crops that require moist soils e.q. rice.

The water is retained on the ferrace.

Increases the quantity and fertility of the soil.
« Windbreaks: a permeable barrier used to reduce the impact of wind on an area.
Three strata

barrier
Dominant

wind

Source: Adepted from SAGARPA (2012).

Without windbreaks, the soil is eroded away.

Solid structures, like walls, force the wind into smaller spaces, increasing wind speed and causing

eddy curr‘emLs.

Permeable structures, like Vegejraﬁon, allow some wind to pass H)rough, decreasing its speed and

thus, the amount of wind erosion.

/‘\duan+ages: additional habitats for beneficial insects: roots of the windbreak preuemL erosion due 1o

run-off.
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Sowing lequmes immediately after a crop has been harvested prevents soil erosion.
It also prouides more nerogen to the soil, increasing its ferﬁli'fy, for the next mqjor crop.

When cuHiuaﬁng, the Iegumes can be simply plou_qned.

Exisﬁng uegeh)ﬁon is left until the new grop is grown.
Rather than cuIJrivaﬁng the soil, herbicides are apph’ed to kill the weeds.
Roots of the exisﬁng Vegefaﬁ'on bind the soil until the mqjor plan+ is established.

Risks: herbicide residues build up. If the control of the cover Uegefaﬁon is ineffective, it may compefe

with the main crop as a weed.

Provides additional air gaps in the soil = improves soil structure;

Increases decomposers in the soil as they feed on the matter;

Adds nutrients to the soil after decomposition.

Acts like a sponge, nolding the extra Wmler, preuenﬁng denydraﬁon of the soil;

Reduces soil erosion as the organic matter acts like a base to smaller parﬁcles.

Row of trees acts as windbreak:

Tree canopy can prow’de shade for smaller plamLs that don't thrive for sunligH;
Provide a natural habitat for animals, that feed on pes+s;

Tree leaves fall fo the ground and add on to the organic matter.

growing more than one TLype plamL in the same area.

Resources in the soil, like nufriemLs, are used more efﬁ'cienﬂy.

: rows of a different crop are grown between the rows of the main crop. This maximises the

use of space and other resources.

( refer to section 3.l Increasing agriculfural yields; Crop Rohzﬁon).

Meeﬁng the needs of the popula’rion for agricuHural produe+s;
Making efficient use of non-renewable resources;
Supporﬁng the natural ecosysfem by following natural processes with farming +ecnniques;

Sus+aining the economic independence of farmers.
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Are slow acﬁng reduces the risk of eufrophicaﬁon;

Are a waste product using them saves on disposal costs
Are already present on many farms minimal transport costs
Do not require enerqy for their manufacture

Also impr‘oue soil structure.

Prevention of auergrazing;
Ensure sufficient grazing;
Mainfaining apprapriafe soil ferﬁfﬁy by animal Wasfe;
Maintaining good drainage prevents compaction of the soil.
( refer to section 3.1 Increasing agricuh‘ural yields; Crop ro+aﬁon).
reduces pesﬁcide use.
reduces water usage for irrigation.
reduces herbicide use.
(Refer to section 3.1 Increasing agr‘icuHural gie!ds; Irrigaﬁon).
the collection of rainwafer, for example from the roofs of buildings, and its sforage in

a +an/e or reservoir 'FO!" IG+€P use.
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CHAPTER &: Water and its management

DISTRIBUTION OF WATER ON EARTH: &.1

Fresh-

water 3% Other 0.9% Rivers 2%
A— - Surface
Ground ‘;Z‘:
water .
30.1%
Earth's water Freshwater Fresh

surface water
(liquid)

o Oceans cover 11% of the Earth's surface.
o Oceans and seas contain 9% of all the Earth's water.

. Only 3% of water on Earth is fresh-water.
o Near’y two thirds ( 65%) of this 3% fresh-water is in the 'deep freeze' in the ice sheets.

WATER CYCLE: 4.2

The hydrologic cycle

Precipitation t

Groundwater flow ..’

° Precipihﬁan: moisture that reaches the surface in the form of rain, slee+, snow, or hail.

o Rain is the most common type.

o Surface run-off: precipﬁaﬁon that flows over the 9r0und surface, euenfua”y ﬁnding its way info streams and
rivers.

. In'l'ercepﬁon: preaipi+a+ion that doesn't reach the Earth's surface due to being obstructed by trees and plan’rs.
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o Infiltration: precipihzﬁon soaks into sub-surface soils and moves info rocks leough cracks and pore spaces.

o Through-ﬂow: downslope movement of water Hwough the soil, raughly para”el to the ground surface.

Precipitation
Evaporation
Transpiration P

0
t 17

Infiltration

Surface RUun-oft

Through Flow

Percolation -

Groundwater Flow

o Ground water flow: slow horizontal movement of water through rock.
o Euaporm‘ion: water from oceans, seas and other water bodies is changed from water droplefs to water
vapour ( invisible 905) in the a+mvsphere due to heat.
o Transpiration: evaporation or diffusion of water from plant leaves.
o Condensation: water vapour converted back into liquid (water droplets) or solid (particles of ice) due fo a
decrease in +empera+ure with increasing heighjr by air currents, eq. clouds.
Water supply:
o Surface water: water in lakes, rivers and swamps.
o  Ground water;: water in the soil, and in rocks under the surface of the ground.
o Aquifers: water stored in porous rocks under the ground.
Alternating layers of permeable and impermeable rocks Groundwater and Water Table
Jrra,o the water in permeable rock:

Well Surface
Folded layers Of: rock So Wafer accumula+es H)e mosf in

Porous rock/soil not
the down fold: saturated with groundwater

Permeable FOCIQS oufcropping on Huz SU"FGG@ receive new

. . Water Table
supphes of rainwater:

Water is stored in the limestone and sandstone Porous rock saturated

with groundwater

(porous) rocks below the water table;
Mechanical pumps, or human labour are used to raise

Wmler +0 'H7€ SUF‘FGCE.
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o Artesian aquhcer: an aquifer in which the water is under pressure.

Artesian Well

Saturation Level

o Water from a well sunk into an artesian aquifer will rise to the surface without the need for a
pump.
Congepts:

o Potable: safe to drink.

o Reservoirs: an artificial lake used as a source of water supply, usua”y created behind a dam or by the side of
a river (bank-side reservoir).

o Service reservoir: a reservoir where potable water is stored e.q. Water tower and Cistern.

o Wells: a hole bored or dug into rock to reach the water stored in them.

o Rivers: a large, natural stream of water ﬂowing in a channel to the sea, a lake, or another river.

o They provide surface fransfers of water to low-land areas where farms, villages, towns and cities are
concentrated.

o Desalination: removal of salt from seawater by:

o Distillation: water is boiled and released as vapour, leauing salt behind.

;— Thermometer
4

| H#
™, water outlet
BH. Mask =
A
—

=

condenser

water inlet

—

ligquidl substamnce
o The vapour is then condensed as h'quid water and can be used.
o 10-30% efficient and uses a lot of enerqy.

o Provision of enerqy and salt water ( brine) is a source of po”uﬁon‘

Reverse Osmosis

o Reverse osmosis: pumping water at high pressure through i
Applied Pressure Pure Water

fine membrane.

- Fresh
o 30‘50% eff’c’en"‘ Water
o requires less enerqy than distillation.
Semi-Permeable
Membrane
OO e
o anar?inar(l?s %gg o ©
0009 % 890011

Water Flow
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WHY HUMANS NEED WATER: 4.3

domestic
o At home for drinking and cooking (3% of domestic water)
o« MEDCs
o Washing and ﬂushing the toilet (50%)
o Washing clothes (20%)
o Gardening
o Washing cars
o Lost in leaks.
industrial

o Infactories for:
. Cooh’ng;
o Mixing and making products such as dyes and paints;
o BoHIing and canning in food and drink industries:
o Power 9eneraﬁon.
agricultural
o Mainly for irrigation (plants need water for transporting minerals, for photosynthesis, and for the prevention
of wiHing);

o  For domestic animals.

MAIN SOURCES OF WATER FOR HUMAN USE: k. L.
o  Surface water: water in lakes, rivers and swamps.
o Uround water: water in the soil, and in rocks under the surface of the ground.

. Aquifers: water stored in porous rocks under the ground.
Groundwater and Water Table

Well Surface

Water Table

o /‘\Hernaﬁng Iagers of permeable and impermeable rocks +rap the water in permeable rock:
o Folded layers of rock so water accumulates the most in the down fold;

o  Permeable rocks oufcropping on the surface receive new supplies of rainwater;

o Water is stored in the limestone and sandstone ( porous) rocks below the water table;

o Mechanical pumps, or human labour are used to raise water 1o the surface.
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o Artesian aquifer: an aquh‘er in which the water is under pressure.

Artesian Well

Saturation Level

o Water from a well sunk into an artesian aquifer will rise to the surface without the need for a
pump.
Potable: safe to drink.
Reservoirs: an artificial lake used as a source of water supply, usually created behind a dam or by the side
of a river (bank-side reservoir).
Service reservoir: a reservoir where potable water is stored e.g. Water tower and Cistern.
Wells: a hole bored or dug into rock to reach the water stored in them.
Rivers: a Iarge, natural stream of water ﬂowing in a channel to the sea, a lake, or another river.
They provide surface transfers of water to low-land areas where farms, villages, towns and cities are
concentrated.
Desalination: removal of salt from seawater by:

Distillation: water is boiled and released as vapour, Ieauing salt behind.

}_ .I ]I\.'I'I'I wirmeler
4

R.H. flask

condenser

water inlet

—

ligpuicl subetamce

o The vapour is then condensed as h'quid water and can be used.
o 10-30% efficient and uses a lot of energy.

o Provision of enerqy and salt water ( brine) is a source of po”uﬁon.
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° Reuerse osmosis: pumping Wa+€f‘ G')L hlgh PV‘BSSUP@ leough a fine membrane.

Reverse 0smosis

Applied Pressure Pure Water
Fresh
Salt Water
Water
] o)
Contaminants o
Water Flow

o 30-50% efficient and requires lesser enerqy than disfillation.

AVAILABILITY OF SEA DRINKING WATER AROUND THE WORLD: &.5

o Water-rich countries: countries with plenﬁful fresh water supplies:

o Some are Iarge countries with plenfy of land for rain to fall on eq. Russia, Canada, China, and some with the
world's greawLes+ rivers ﬂowing H}rough them €.g. Amazon, yan9+ze, Mississippi‘

o  However, big areas do not ensure water avai’abilh‘y eq. Australia, /‘\rgenﬁna, Sudan, due to confaining
substantial areas of desert within its borders.

o Water-poor countries: countries with scarce fresh water supplies:

o Dominated by desert countries.

° Exaep+ Singapore and Mauritius since Jrhey receive high precipﬁaﬁon totals, but are ﬁny island states that
have only small areas for rain to fall on.

o Water conflict: conflict between countries, states, or groups over an access fo water resources.

o Physical water scarcity: not enough water to meet both human demands and those of ecosystems to function
effecﬁue/y.

o Arid regions frequenﬂy suffer from physical water scarohlg.

o It also occurs where water seems abundant, but resources are over-committed.

o Economic water saaraH’y: caused by a lack of investment in water infrastructure or insufficient human
capacity to satisfy the demand of water in areas where the population cannot afford to use an adequate
source of water.

o Unlike Rural areas, Urban areas have higher access to safe drinking water because:

o Cities are more weath places with factories and offices:

o On average, people’s incomes are higher;

o Easier to pmL pressure on the po/iﬁcians or leaders to make improvemen+s;

° \/Veath people are more h'ke/y to live in ciﬁ'es;

o Water pipes are easier and cheaper to build when a lot of people live close together.
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MULTIPURPOSE OF DAM PROJECTS: 4.6

Example: the Ramganga Dam, Uttarakhand, India.

Choice of site:

High

Low

preaipﬁaﬁon to prouide sufficient water:

temperature to prevent evaporation;

Built on s+r0n9 impermeable rock so water doesn't drain and has a goad foundation;

Built high up in order to have 900d meemLiaI for hydro-eledric power;

Narrow, s+eep sided Ua”ey for economic reasons:

Rivers and lakes nearbg to prouide water:

Away from deueloped areas to reduce the risk of po”uﬁon in reservoirs:

Easily accessible:

Flood control:

Irrigation

Creates recreational land for tourism and
leisure

Provision of water

Creation of habitat for wetland species
Access by boat to otherwise inaccessible
areas

Renewable source of energy

Doesn't produce greenh

ouse gases

Reduces fossil fuel consumption

Creates more J'obs

Advantages Disadvantages
o  Generation of eleefrieh‘y in hydro-elecjrric . Relocaﬁng people;
power plan+s; . Flooding land:

Disrupﬁng the life cycles of fish and other
aquaﬁc organisms

Dam may become redundant due to
sediment build up

Very expensive to build

Requires maintenance

Reduces jobs for farmers if natural fisheries
are affected

Altering water supply for people
downstream the dam

Reducing soil enrichment downstream of the

dam

Moasximises water sforage capacijry.

Reservoir

Sus*ainabili'l'y of dams:

Intake

P ENstock

s 2

.

s

7
7

HYDROELECTRIC DAM

e S, Z
e 7 S = 72

T

4L

i

River

o AMernative for burm’ng of fossil fuels as no greenhouse gases are produced.

Mnsushinabﬂi'fy of dams:

o Reservoir can become silted due to material carried into it by rivers;

e} Dam S+FU6+U!‘6 under a lO‘f’ O'F PPBSSUY‘Z can deferioraf’e and euenf’ua”y fail,-

o Have nega+ive effects on the environment and fish populaﬁon.
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WATER-RELATED DISEASES: &.1

° Wa'fer-borne disease: spread by consuming confaminm‘ed WG+€F due +0 POOF sanifaﬁon and unfremted

sewage, or bg washing food, mes and pans, or hands and face in dimLy water.

Examples: cholera and typhoid.

Cholera: intestinal infection that causes severe diarrhoea that may lead to dehydraﬁon and
eventually death.

Typhaid: disease that cause fever, abdominal pain and skin rash

Causes: poor sanitation, contamination of water and food, disrupﬁon of piped water supph'es affer a

natural disaster occurrence.

o  Woater-bred disease: the carrier breeds in water and spreads the disease by biﬁng its victims.

o

(¢}

Example: malaria.

Malaria: a Iife-fhreafening disease which is transmitted H}raugh the bite of an infected /\nopheles
mosquh‘o ( Uec+or) that carries the Plasmodium parashLe. Once bitten, the parasi+e reaches your
bloodstream.

Sympfoms: high Jrempera%ure and fever, diarrhoea, dehydraﬁon and feeh'ng weak.

Life cycle of the malaria parasiTLe:

Plasmodium multiplies
| by cell division

ransmission 10

° 5+ra+e9ies to control malaria:

Sleeping under mosqui’ro nefs and using antimalarial drugs in and around homes;
Draining marshes and era_qnamL pools to eliminate breeding grounds;

Put kerosene over the +ops of pools to choke the larvae;

Spray antimalarial drugs on stagnant areas of water to kill the larvae;

Use vaccinations;

Educate peop’e on the risks of malaria bg seHing up campaigns and programmes.

° S+ra+egies o control cholera and +yphoid:

o

]

]

]

(e]

o

Ensure that sewage and drinking water are keer separafe;
Sewage removed directly info a freatment works;

Water being freated before it's delivered into homes;

Do not use contaminated water to wash food;

Hands should be washed after contact with any faecal material;

Boi!ing water and chlorination
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SOURCES, IMPACT AND MANAGEMENT OF WATER POLLUTION: .8

Water Po”u‘h’on and its sources

Sewage: waste matter that is rich in organic matter, thus microbial organisms can thrive in it.

Itis usua”y disposed in water bodies, and thus has to be treated.

Domestic waste: sewage from rural and urban settlements carry many pangenic micro-organisms,
increasing the content of nitrates and phosphates in rivers.

Detergents, metals and other manufactured products contain traces of foxic chemicals.

Industrial processes: use of chemicals, the processing of metal ores, and the Ieaching of metals from waste
heaps and dumps cause the presence of metals in rivers (e.q. manganese, mercury, copper).

Gases from industrial chimneys enter the afmosphere, where Hwey dissolve in water and form acid rain.
Agricultural practices: surpluses of phosphorous and nitrogen not absorbed by the plants are washed from
the land or percolate into the ground water.

On farms, animal manure, synfheﬁc fertiliser, and chemical pesﬁcides dare main sources.

/\groahemicals: pesﬁcides, herbicides and fertiliser.

'mpac'l’ O‘F wa"’er PO”U'HOH

Global inequali'h'es in sewage and water treatment: developin_q countries have dhcﬁ'culjry +reaﬁng water and
sewage compared to developed countries as people aren't educated and can't put pressure on the government.
Risk of infectious bacterial diseases, fyphoid and cholera: water-borne diseases are caused by drinking
contaminated water.
Accumulation of toxic substances from industrial processes in lakes and rivers: reduces oxygen in lakes and
rivers, causing reduction in phmlosymlhesis and death of fish and insect larvae.
Biomagnification of foxic substances in food chains: increases concentration of a toxic substance (e.q.
mercury and pesﬁcides) in the tissues of organisms at sucaessiuely higher levels in a food chain, causing
illness.
Bioaccumulation: accumulation of a toxic chemical in the tissue of a particular organism.
Formation of acid rain: burm'ng fossil fuels such as coal and oil produce sulfur dioxide ( SOZ) and oxides of
nitrogen (NO,) that are blown long distances and react with water in the atmosphere.
Sk S g ‘
X gases combine with 1

water droplets to
| form acids

acidic gases
releasedinto |

the atmosphere I

acid rain destroys plants,
pollutes water sources and
soil and erodes buildings

36



o S0, dissolves in water to form sulfuric acid, and NO, dissolves to form nitric acid that fall in the form of
rain.

° PH: measured by acidify or a”ealinhly.
Acid Neutral Alkali

Soda

Acid Rain
Urine fSaliva
*Pure Water
SeaWater
Baking Soda
Ammonia
Scapy Water
Bleach

Drain Cleaner

o q
T 0
<
& U
£ g
a O

Black Coffee

Hydrochloric Acid
Milk of Magnesium

o Ranges from very acidic, 1, to very alkaline, L.
o Tis neutral.
o The effect of acid rain on organisms in rivers and lakes:
o Lower pH makes the environment intfolerable for aquaﬁc life;
o Fish e_qg—laying is reduced, and young fish are malformed:
o Leaching of heavy metals such as aluminum, lead and mercury from the soil into the water;
o Aluminium clogs fish gi”s and causes suffocation;
o Minerals essential for ’hce, nofab!y calcium and pofassium, are washed out of the lake or river,
reducing algae growfh and Ieauing less food for fish and other animals.
o Nutrient enrichment leading to eutrophication:
o Increase in nutrients, such as nitrates and phosphafes, in a water body causes algae bloom (rapid
growth of algae).
o Death of algae causes an increase in organic matter that acts as food for bacteria as Hvey
decompose the dead algae.

o Bacteria use up oxygen, reducing oxygen content in the water and causing the death of organisms.

Managing pa”uﬁon of fresh water

° Improue sanitation: separafes human excreta from contact with humans, achieved by toilets and latrines.
Waste can be removed by:
o Connection to a sysﬁem of sewer pipes or sewerage, that collects human faeces, urine and waste
water.
o Connection to a sepﬁc sysﬁzm, which consists of an underground, sealed seHh’ng tank.
o Flush toilet: uses a holding tank for ﬂushing water, and a water seal that preuemLs smells.
e Pour toilet: has a water seal but uses water poured by hand for Hushing.
e Pit latrine: +Hpe of toilet that collects human faeces in a hole in the ground that is sometimes ventilated to
fake away smells.
° Compasﬁng toilet: dry toilet in which uegefable Wasfe, sfraW, grass, sawdusﬁ and ash are added to the

human waste to produce composf



Trea+men+ O‘F sewage: aims +0 reduce Hw BiDIDgiCGI Oxygen Demand (BOD) 01( H)e sewage.

Sewage outfall: waste water from homes and industries is taken fo a sewage freatment plant in sewers.
Screem'ng tank: Iarge oly'ecfs are removed from the waste using a coarse grid.

Primary treatment, first se'f’Hing tank: solid organic matter, mainly human waste, settles at the bottom of the
tank (slud_qe), which is treated in a sludge—digesfer.

o Clean water then overflows the sides of the tank and is taken to the next stage.

Secondary treatment, oxidation: water is pumped info a tank where oxygen is bubbled Hvrough it.
o This encourages the growH) of bacteria and other microbes that break down organic matter, which
cause BOD.
Secondary treatment, second seH/ing tank: water enters, where bacteria settle to the bottom, forming more
sludge.

o This cleaner water overflows the sides of the tank as effluent, usua”y discharged into a river.
Sludge digesfer: oxygen-free conditions are created that encourage the growfh of bacteria which can break
down the s’ud_qe, releasing methane, that can be burnt.

o Treated s’udge can be dried in s!udge lagoons and used as organic fertiliser on farmland.

Tertiary freatment: further filtering out of its effluent or its chlorination which produces even cleaner effluent
that prm‘ecfs the habitat in which it is released.

Water treatment: Water is made po+able by undergoing caagula’rion treatment, being filtered and
disinfected.

sedimentation causes
clumped particles to
settle out

distribution

Coagulaﬁon: Particles in the water are stuck JrogeHier and settle to the bottom of the container.

Water is then filtered through sand.

Chlorination: to kill remaining pafhogens, chlorine is added as a disinfectant.

Pollution control and legislation: puts pressure on polluters to find ways to reduce pollutants.

Industries are required to monitor the pollution they cause and keep it within set level.

Bi-national Great lakes water quahfy agreememL ( GLWQ/\): a Iaadin_q limit of phosphorus was set at 11000
metric fonnes year™ (per year) in response to eutrophication issues in the Gireat Lakes of USA and Canada.
Fines for exceeding set limits.

Compam’es may be prosecujred and in extreme cases, forced to shut down.

Companies may need government agreement on strategic plans to reduce pollution levels.

Incentives may be used to encourage companies to take part, such as grants or tax relief, for those that do

achieve a reduction in po”uﬁon.
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CHAPTER 5: Oceans and fisheries

THE RESOURCE POTENTIAL OF THE OCEANS: 5.1
o Food: fish that includes true fish, finfish, shellfish and other sea animals that can be eaten.

Fishes are the main resources of the ocean
They are located on the continental shelves where the water is shallow, this means that light is able
to peneﬁ*(nte, Ieading to a more oxygen rich habitat
It's a good area for plamLs to grow as well
o Chemicals and building materials: many materials in the oceans have been eroded from the land, where
rain and wind break down rocks, and are carried into the oceans via rivers.
Salt from seawater
Diamonds are mined from the bottom of the ocean, this can be a difficult process ﬂwugh as the
ocean floor needs to be dredged
Sand and 9rauel are also mined for construction, Jrhough it should be done carefu”g as there migH
be some physical damage to the seabed
Oil is a chemical that is extracted by offshore dri”ing rigs.
Fine parﬁale clouds that are produced resettle and interfere with pha+osyn+hesis; Hmy also act as a
source of heavg metals that can enter food chains.
o Wave enerqy: an enormous amount of energy in the waves is estimated fo produce twice the present world
energy producﬁ'on if harnessed.
Due 1o the graui+a+ional pu” of the moon and the sun, the tides moves up and down twice a day
o Tidal energy: due to the varying grauifaﬁonal pu“ of the sun and moon, water in the sea moves up and down
on a twice-daily basis.
This causes it fo come onto land and later recede, which can be harnessed to genermLe eleafricify.
o Tourism: seaside is a major tourist attraction. People of MEDCs are attracted to marine sites of 9rea+
natural beaufg, especia”y coral reefs.
Diving, snorkeh’ng, Windsur')cing,_jmL skiing, deep—sea ﬁshing or simp/y sunbaH’ting on the beach are
some adventurous activities.
There's a business in boat 1Lrips to view sea oreafures, especia”y whales and da/phins.
° Transpom‘: ships are imporfamL to +ranspor+ peop/e and goods; however, shipping is less common to +ranspor+
people now due to the advent of aviation.
Pleasure cruises are still an impomtanjr economic sector and bulk freigH is best Tlranspomted from

counﬁy to counﬁy on ships,

WORLD FISHERIES: 5.2

o Surface currents: movement of the surface water of the sea in a constant direction.
o Prevailing wind: the direction from which the wind nearly always blows in a particular area.
e Currents

Currents in the Southern Hemisphere are usually anti-clockwise

Cold currents are near the north and south poles

Warm curremLs are near H‘]e equmLor and 'H]B "T‘OPiGS
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They are found in sha”ow conﬁnen’ral shelves due +0 'H?e Iarge abundance 07(- OXHQBH and phyfoplankfon

They 're par+ of the food web, erarﬁng with the phyfoplanHon. Thus, fish are found where there are plenjriful

phytoplankton.

Phyh)plankhm produce their own food by phoJrosynHwesis which requires Iigh+, water, and carbon dioxide
(C02).

Water is abundant in the oceans and CO2 dissolves in the water from the a+mosphere, therefore IigH is
likely to be the limiting factor for photosynthesis.

Continental
Crust

Limiting factor: of all the factors that mithr affect a process, that one is in the shortfest supply.

Not all areas with continental shelves have signiﬁ'can+ fisheries because:
Phybplanlefon need not J‘uer h’_qh’r, CO,, and water, which allow it o make carbohydrajres such as
sugars, but H]ey also require mineral nutrients fo make pro+eins.

El Nino Southern Oscillation ENSO
Upwelling: areas where minerals on the ocean floor are brought up to the surface by currents.
An example is the Peruvian anchovy off the west coast of South America.
Overfishing: when the number of fish that is caught is greater than the rate at which the fish
reproduce, leading to a fall in fish numbers in an area.

El Nifio Southern Oscillation (ENSO) the change in the preuailing winds that lead to a change in the

pattern of currents in the oceans of the South Pacific.

o The upwelling of cold, nutrient-rich water is disturbed due to the change of prevailing winds

Leadmg to the upwe”mg of warm, nutrient- -poor water
No nutrients mean the phytoplankton does not grow well, so there is less food for the fish.
This affects the fishing industry (namely anchovy fishes ) negatively
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EXPLOITATION OF THE OCEANS: IMPACT ON FISHERIES: 5.3

o Causes of ouerﬁ'shing:
o Demand for fish as food due to increasing world population
o Economic gain
o Creation of huge nets that scoop up everyfhing in an area, often half of which is discarded as

bycatch
o Bycah;h- animals caugH bg fishers that are not the intended fargml of their ﬁshing effort

19308 mass 5.1 kg

° lmpad’ of auerfishing on marine fish species:
o Reduced catch Ieading to loss of J'obs and reduction in food supp’y
o The size of fish gefs progressively smaller, increasing the demand for food
o Increase in fishing efforts
o Harvest of untargeted/protected/endangered marine species that are discarded at the sea or shore
(bycatch)

o Reduction in marine biodiversity, causing a disruption in the food chain.
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Far‘ming marine species :

o Due to the increasing human populaﬁon, the increased demand for fish as food is above the

producﬁon capacﬂy of oceans and seas;

o Overexploi+aﬁon of the fisheries leads to a decline in wild fish populaﬁons;

So, fish are farmed in controlled environments.

/\quacuH’ure: farming freshwater fish.

Mariculture: aquacuHure pracﬁced in marine environments eq. closed sections of an ocean, tanks, ponds, and

PGCBWGHS ﬁ”ed WIH"I seawafer.

Aduanfages and disadvanfages

/‘\duanwLages

disaduan'fages

increase;

o Production is constant:

unhkely to be presen+ on the farm;

caused by trawl nefts.

o It reduces the pressure on the wild

populaﬁon, a”owing their popufaﬁon to

« No bycatch, as non-interest species are

o No erosion of seabed, which is usua”y

More prone to diseases
Less likely fo be successful due o

po”uﬁon from waste

STRATEGIES FOR MANAGING THE HARVESTING OF MARINE SPECIES: 5..

Nets

HOW A TRAWL NET WORKS

If the mesh size is too small, J’uuenile fish will be caughf which reduces the number of fish that grow to

mafurify and reproduce.

A diamond-shaped mesh catches fish more easily, thus a square mesh the panel is offen included in an

otherwise diamond net.

Other methods of 'Fishing

Fish aggression device ( F/\D)

o These devices baits all the fish +oge+her and uses a net fo collect it

o Leading toa Iarge byaafch and more younger fishes
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Pole and line
Very selective method leads to almost no bycatch
Quotas
Legislators e.g. government set limits on how many and what type of fish can be caught;
The limits are set accarding to the information gmlhered from networks across the world about fish
populajrions
These limits ensure enough fish are left o reproduce and replenish the fishery for the following

season.

Governments close down fisheries for a paﬁL of the year, usua”y dum’ng the breeding season
Protected areas and reserves: some fisheries are protected by preventing fishing in certain areas, often
where the fargef species is known to breed.
International agreemen+s ( implemenﬁng and moni+oring):
Economic exclusion zone- the zone around a country’s coastline that is under the control of that country
International agreememLS: needed to regulmLe fisheries in international waters, Ieading to the UN Convention
on the Law of the Sea (UNCLOS).
Countries can monitor varying levels of success
Conservation laws are used to aim to-
Conserve fisheries and the territorial waters
Conserve ﬁ'shing resources
PrmLecﬁng fish habitats
Emforcing international ﬁshin_q agreemenfs
Effectiveness of these sfrafegies:
Because of the vastness of the oceans, it is difficult to monitor fisher‘y laws and agreememts;
Moniforing organizaﬁons based in p0r+s have more success;
Fishing is impomLamL for both income and food for many people, and there is a huge incentive for
i”egal acﬁuiﬁes;
Quotas can easily be avoided by simply not declaring how many fish are being caught:
Overstretched authorities may not be able to check every boat, and fishers may be Wi”ing to risk
under-declaring the size of their catch and not being checked:
Usa_qe of the net with an i”ega”y small mesh size, and in areas where pafro!s are inadequafe;

Fishers freq'uenﬂy ‘l"F'ESPGSS in areas Where H’)ey are nmL supposed +0 ﬁsh

Physical event that has the potential fo cause loss of life or injury and damage property and infrastructure.
they can be:
Short term
Long term
Classification:
Cause of the hazard
geological (earthquakes, volcanos)
ch’maﬁc( drougHs, Jrropical cyclones, Hoods)
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Based on the magni+ude or im‘ensﬁy of the event

o

o

Speed at which the event takes place
o Duration of the event
- Frequency of the event

WHAT CAUSES EARTHQUAKES AND VOLCANOES: 6.2
o The structure of the Earth:

EARTH IN CROSS SECTION

Continental QOcean Oceanic
crust — crust
Crust
0-70km
Asthenosphere
100 kim
Mantle
70 - 2885 km
Outer core
2391- 5155 km
Inner core
2391 - 6731 km
Layer Temp State Material
(°C)
INNER CORE 5000 - Solid ( intense pressure from overlying Iron and nickel.
6000 rocks).
OUTER CORE 4000 - Lictuid. Iron and nickel.
5000
1000 - Liquid (ﬂaws slowly due 1o Mainly silicate
MANTLE 1200 conventional currents from aore). minerals.

o Tectonic pla+e: a piece of Iifhosphere that moves slowly. It is made of crust and upper mantle.

o Where the convention currents rise to the surface, the plafes move away from each other ( and uice—uersa).

o Plate boundaries: where two or more plajres meef.
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Constructive (divergen'l') P’a+e baundary:

Constructive Plate Underwater chain of volcanic

Boundary Py

(e]

o

mountains formed by the build
p-of hardened rock.

Magma

Two plates move away from each other.

When two oceanic pla+es move away, magma rises to the surface ( convention curremL) and
solidifies when it comes in contact with cold ocean water.

The magma turns to lava and forms new basaltic ocean crust.

They can also form shield or basic volcanoes ('submarine) and have non-explosive eruptions.
This is known as sea-floor spreading or ridge push.

Small Earthquakes are triggered.

If two continental pla+es move away from each other, a rift ua”ey may form.

Destructive (conuerging) Pla*e boundary:

Spreading Oceanic ridge
Sea level cent

=

TWO pla+es move +0WOPd$ each O'Hlef‘.

When an oceanic pla+e and continental p’m‘e move towards each other, the denser ( oaeania) plm‘e
is forced down (subducted) under the lighter (continental) plate.

This happens in the subduction zone and an ocean trench is formed.

The friction between the plates friggers Earthquakes.

The heat praduced due 1o friction turns the descending pla+e into magma.

The magma starts to rise and erupt (due to pressure) through a weakness in the crust as an
explosive composite volcano.

Fold mountains are also formed.

The magma that erupfs at the surface forms a chain of volcanic islands called an island are.
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o If two continental pla+es move towards each other, the sediments between the two plm‘es are

compressed ( collision zone) and pushed upwards to form fold mountains.

Fold mountains

Continental crust

Continental crust

o Eamthquakes oceur, but no volcanic acﬁthy as there's no subduction of oceanic pImLe.

Conser‘va'h'ue P’a+€ boundary:

DISCOVERINC

J = . = cl o =

o Two plates slide past each other.
They move in different speeds.
o The plafes geJr locked Jrogmther and pressure builds up until it is released as an Ear’rhquake.
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The magnhLude ( sfrenng) of an Ear‘quuake is measured using a seismometer on the Richter scale.

Richter Earthquake
Magnitude effects
0-2 Not felt by people
2-3 Felt little by people
3-4 Ceiling lights swing
4-5 Walls crack
5-6 Furniture moves
6-7 Some buildings collapse
7-8 Many buildings destroyed
8-Up ;qtal destruction of buildings,
ridges and roads
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Caused due to the tectonic acﬁuﬁy ( refer 1o 6.1: Plate boundam‘es).
Found on constructive and destructive p/mLe boundaries and hofspmts.
Distribution and causes of Ear'H'nq'uakes:
Caused due 1o the tectonic acﬁvﬁy ( refer 1o 6.1: Plate boundaries).
Occur mostly on the destructive and conservative plate boundaries (and sometimes on the
constructive plate boundaries ).
Earthquakes:
Focus: where the Earthquake begins underground.
Epicentre: point on the surface above the focus.

Seismome*er: an insﬁ‘umeml USEd +0 measure 'H']e magnhLude O'Ic an Earjrhquake (on Hve RicHer SCGIE).

Factors that affect the impact of an Earthquake:
Location of the epicenﬁ“e;
Time of the Earthquake;
Geology of the area;
Relief of the area:
Severﬁg of aftershocks:
Level of development of human settlement;
Population density;
Building density and strength.
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WHAT CAUSES TROPICAL CYCLONES: 6.3

Causes of tropical cyclones:
o Ocean surface +empera+ure of at least 271°C.

o Warm water prouides the energy to evapora+e more water, that rises, condenses, releasing huge

amoumLs O'F energy.

o Ocean depr of at least 60m deep.

Legend
—- direction of air

-3 deflected path

direction of
J

Earth's rotation

o These conditions oceurring between 5° and 20° north and south to have sufficient Coriolis effect, making the
air spin.
o Very little wind shear (change in wind speed or direction).
o Allows the vertical development of the storm.
o Distribution of 'h‘opical cyc’ones:

- -

The seasons and

pathways of tropical

cyclones [also known as

tropical storms, typhoons B Areas where they usually develop
and hurricanes) =i The paths they usually follow

o Between 5° and 20° north and south.
. They do not form on the equmLor because the Coriolis effect there is O.
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The air at the equah;r tends tfo flow s+raigh+ from high pressure to low pressure, without any

rotation.

WHAT CAUSES FLOODING: 6.4

Physical cause impam‘

o Reduces the infiltration capacHy of the soil:

heaug rainfall o Increase in overland flow.

o Saturates the soil:

P rolonged rainfall o Causes the water table to rise, reducing infiltration capach‘y.
snowmelt o Overland flow oceurs due to rapid snowmelt.
o Steeper gradients lead to faster overland flow «</spanwater
land relicf P P
a ¢ has little time to infiltrate.

o The more saturated the soil is ( before the raimfa”), lesser

saturated soil infiltration and more overland flow.

° Floodin_q of Iaw-lying coastal areas.
storm surges, tsunamis

Human cause lmpach
Deforestation Reduces in+ercep+ion and infiltration.
Cultivation P’oughing down rather than across slopes increases the water flow.
Urbanisation Concrete and tarmac are impermeab’e surfaces ( no infiltration a</spanhigh

overland ﬂow}

Climate change Global warming may lead 1o rise in sea levels and more rainfall in some

areas.

WHAT CAUSES DROUGHTS: 6.5

Causes of drougH:
o Lack of rain caused by prolanged high pressure:
Airin a high-pressure sysfem sinks and doesn't form rain clouds.

o Effect of El Nifio Southern Oscillation and La Nifia:
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El Nifio causes the surface water in the Pacific Ocean along South America to be warmer.

w

These warmer waters alter storm paHerns and can cause drougHs in Australia.
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The cooler conditions cause drougH in pam‘s of North and South America.
(refer to Section 5.2 World Fisheries; El Nifio Southern Oscillation ( ENSO»

o Effect of climate change:

Warmer worldwide temperatures cause the rainfall fo decrease in some parts of the world, leading

to drough’r.

IMPACTS OF NATURAL HAZARDS: 6.6

° ’mpac+s 0{: +ec+anic EUBH"'S.'

Damage to bui’dings and infrastructure;
Fires from rup+ures of gas pipes;
Tsunamis hit coasHines;
Landslides cover buildings and roads;
Destruction of farmland, leading to starvation:
Loss of wildlife habitats;
Water-related diseases because victims are in temporary accommodation with no sanitation or clean
water:
= Water is also contaminated by broken sewage pipes or untreated sewage.
Loss of Ihce;
Trauma, poor mental health;

Financial losses when repairing the damage.
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Flooding from storm surges and heavy rainfall;

Loss of life;

Damage to buildings and infrastructure;

Disrupﬁan of elecfricify, fransporf and water supp’y;
Water-borne diseases;

Economic loss as producﬁon is halted:

Damage 'ILO CFOPS, 'FOOd shor+ages and IOSS 0{ EXPOF')L earnings;

Loss of wildlife habitats.

Loss of life;
Damage to buildings and infrastructure:
Contamination of water supplies leading to disease;
Loss of crops and livestock /eading to food shomlages;
Deposiﬁon of silt from the flood Wafers,-
Recharge of groundwater stores;
Rivers may change course;

Financial losses when repairing the damage.

Water sources dry up, forcing people to travel Iong distances to fetch water;
Decline in crop yields;

Loss of crops, h’vesfock, plamLs and Wild’hce;

Decrease in land prioes as producﬁon declines and farmers lose money;
Migraﬁon from rural to urban areas:

l/lnemplaymenf;

Increase in food prices;

Health Problems due to malnuﬁ“iﬂon;

Soil erosion, leading to desertification:

Increased risk of wildfires and poor air qualh‘y;

COH'FIiC'I('S over W0+8f" usage and fOOd.

Prediction:
Seismometers can be used to monitor tremors caused by rising magma;
Satellites using hea+—seeking cameras can be used to monitor increasing ground femperm‘ures;
Tiltmeters ( measure very subtle changes in the surface of the Earth as magma accumulm‘es) and
GPS can be used fo monitor changes in volcano shape;
Emissions of steam and gas (su/fur dioxide) can be monitored.
Preparaﬁon and proh’cﬁon:
Volcano hazard map ( sfudy pas+ erupﬁons);
Lava diversion channels and lava barriers ;
Spraying lava with water;
HaHing lava advance by dropping concrete slabs into the flow:
Building reinforcements (s!oping roofs fo prmLemL againSTL ashfa”).
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Earthquakes:

o Prediction:
o Monitor tremors ( using seismomeﬁzrs), groundwafer levels and radon gas;
- Epicen+res and frequencies of pas1L events can be mapped to check if a paHern is developing;
o Measurement of local magnetic fields;
o Hazard zone map can be drawn ( geologioal info and ground s+abili+y),-
o Unusual animal behaviour.

o Preparation and protection:

- Eamlhctuake—proof or aseismic buildings. Older buildings can be modernised:

Com lled i i i
r Birdcage' interlocking
weig on roof to dbeicd
reduce movement ol
Steel frnmesdwl'l_ich .
can_ sway duri B |5 flel
earth mr.wemen{;u A E&'ﬁﬁé’ﬁﬁhﬂ bl
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flll]tumuﬁ{:n wiru:lmli' :..-
utters to preven Roads to provide
falling glass quicts for
EMergency services
Open areas where

le can assemble
If evacuated

[

] Fire-resisitant building
materials

SRS AT
o Smart meters to switch off gas supph'es, prevenﬁ'ng ﬁ'res;
o Land-use planning: imporw‘amL services ( schools, hospi’rals) must be built in low-risk areas.
Trapiaal cyc’anes:
o Prediction:
o Tracked using satellites.
o Preparation and protection:
o Cyclone shelters;
o Embankments along the coast;

o Preserve mangrove swamps to absorb the energy of storm surges.



Prediction:

Maniforing the amount of rainfall and river discharge using an ADV.

Using the features of the drainage basin and type of storm to determine the severity of the flood.
Preparation and protection:

Hard engineering projeds (leuees, flood barriers and dams);

Soft engineering projeds ( afforestation and sforage basins);

Increasing the river channel ( clearing Vege+a+i0n);

Land-use p/anning to restrict deuelopmen+ on ﬂoodplains;

Use of sandbags and pumps;

Ada(ﬁ houses to posiﬁon power sockets 1.5 m above ground level to pr‘euemL electrocution.

Prediction:
Monitoring precipitation and temperature.

Preparaﬁon and prof'ecﬁon:
Increase water supplies ( dams, reservoirs, wells, percolaﬁon ponds, aquifers, pumps, water transfer
by pipeh'ne and desah’naﬁon);
Water conservation ( erorage tanks, spray irrigaﬁon, drougH-]Loler‘amL crops, reoyoling water and
reducing defores+aﬁon>;
AgricuHural improuememLs (sheHerbeHs to decrease wind and evaporaﬁon, bunds to increase
infiltration and fencing to control ouergrazing);

Giovernment s+06kpi/ing supph’es of WmLer, food and medicine.

Individuals may want to be near family and friends.

Confidence in predicﬁon, preparaﬁon and pro+ecﬁon.

EmploymemL opporfuniﬁes €.g. tourism.

No choice in mouing if there is pressure on land or if it is too expensiue to move.
After a volcanic erupﬁon, fertile soils are created that produce high crop yields.
The scenery can be specfacular;

Geothermal enerqy can be obtained easi/y,-

Possibilify of mining minerals such as suhfur, diamonds and 9old.

Liw’ng near rivers may prouide a source of food, water for drinking and irrigaﬁon.
Communications may be easier;

Flat land on either side is available for building on.
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