
Global Distribution of Tectonic Hazards

Earthquakes

Earthquakes occur throughout the world but predominately on plate boundaries. For example the San 
Andreas Fault, a conservative plate margin. Furthermore, earthquakes also occur on the constructive 

plate boundaries of the Mid- Atlantic Ridge, although these are not as severe when compared to 
conservative, collision and especially destructive plate margins.

Volcanoes

Volcanoes are most likely to occur along subduction zones where oceanic plates dive under 
continental plates. Volcanic activity can also be found along constructive plate margins such as the 

Mid Atlantic ridge. There are, however, exceptions. The Hawaiian Islands, which are entirely volcanic 
in origin, formed in the middle of the Pacific Ocean. This is explained by the 'hotspot' theory.

Tsunamis

The global distribution of tsunamis is fairly predictable, with around 90% of all events occurring within 
the Pacific Basin, associated with activity at plate margins. Most are generated at subduction zones, 

particularly off the Japan-Taiwan island arc, South America and the Aleutian Islands.

Types of Plate Boundaries

Divergent/Destructive Plate Boundaries

Oceanic – Continental: Subduction of an ocean plate at oceanic and 
continental plate margins leads to fold mountains & volcanoes.

Andean Mountain Range, Peru and Chile

Oceanic – Oceanic: When two oceanic plates collide the older and 
denser plate subducts. The process here creates volcanic island 
arcs such as those found in the Lesser Antilles.

Aleutian Island, Alaska USA

Continental - Continental: Involves two plate margins that are both 
continental and neither subducts. As these two plates are similar 
in density, the two plates collide to uplift and fold the crust.

Himalayan Mountain Range, Nepal and China

Divergent/Constructive Plate Boundaries

Continental – Continental: Caused by geologically recent mantle 
plume splitting a continental plate to create a new ocean basin. It 
can cause Basaltic volcanoes and minor earthquakes.

African Rift Valley, Ethiopia

Oceanic – Oceanic: New lithosphere forms at constructive margins, 
where rising plumes of magma stretches the crust to create 
intense volcanic activity on the ocean floor. 

Mid-Atlantic Ridge, Atlantic Ocean

Conservative Plate Boundary

Oceanic – Continent: Two plates slide past each other in either 
different directions or the same direction but at different speeds. 
As they shear past they can cause powerful earthquakes. 

San Andreas Fault, California USA

The Structure of the Earth

The Crust
Varies in thickness (5-10km beneath the ocean).
Amounts to less than 1% of the Earth’s total mass.  
Made up of serval major plates.

The Mantle 
Widest layer (2900km thick). The heat and pressure 
means the rock is in a liquid state that is in a state 
of convection. 

The Inner and 
outer Core

Hottest section (5000 degrees). Mostly made of iron 
and nickel and is 4x denser than the crust. Inner 
section is solid whereas outer layer is liquid. 

Theory of Plate Tectonics

In 1912, Alfred Wegener proposed the theory of continental drift. He suggested 
the existence of Pangaea and that continents drift. Evidence for this includes;

1 Geology- Rock sequences and jigsaw fitting of the world’s continents. 

2 Fossil records –Fossil remains of reptiles found in different continents.

3 Living species – Some species found on different continents are similar.

4 Climatology- Glacial deposits on the Equator suggests plate movement. 

Vine and Matthews’s theory included the Palaeomagnetism – Record of the Earth’s polarity  on erupted lava.

What is a Tectonic Plate?

A tectonic plate is a massive, irregularly shaped slab of solid rock, composed of both continental and oceanic
lithospheres. These tectonic plates move in various ways against each other on areas know as plate margins. 

Volcanic Hotspots

A concentration of radioactive elements inside the mantle may cause a hotspot to 
develop. From this, a plume of magma rises to melt through into the plate above. Where 

lava breaks through to the surface, active volcanoes can occur above the hot spot. 

Intra-plate Earthquake

An intra-plate earthquake refers to an earthquake that occurs within the interior of a tectonic plate.

Dynamic Landscapes: 
Tectonic Processes & Hazards

Mechanism of Plate Movement 

The lithosphere is divided into tectonic plates. The processes that cause their movement are still 
debated. Below are some of the up-to-date theories surrounding reasons why plates move.

Slab Pull

Newly formed oceanic lithosphere at mid ocean ridges is less dense than the 
asthenosphere, but becomes denser with age as it cools and thickens. This causes it 

to sink into the mantle at subduction zones (Mariana Trench), pulling slabs of 
lithosphere apart at divergent boundaries and resulting in sea floor spreading or 

rifting. This process linked to driving convection currents within the mantle. 

Ridge Push

As the lithosphere formed at divergent plate margins is hot, and less dense that the 
surrounding area, it rises to form oceanic ridges (Mid Atlantic Ridge). The newly-

formed plates slide sideways off these high areas, pushing the plate in front of 
them resulting in a ridge-push mechanism.

Types of Lithospheric Plates

Continental Oceanic

• Thick (10-70km)
• Buoyant (less dense than oceanic crust)
• Old sedimentary & metamorphic rock

• Thin (-7 km)
• Dense (sinks under continental crust)
• Young basalt (igneous) rock

Benioff Zone and Subduction Processes

The Benioff Zone is an inclined zone in which many deep earthquakes occur, situated beneath a 
destructive plate boundary where oceanic crust is being subducted.

As the asthenosphere and lithosphere at the 
ridge are heated, they expand and become 
elevated above the surrounding sea floor.

At a subduction boundary, one plate is denser 
and heavier than the other plate. The denser, 
heavier plate begins to subduct beneath the 
plate that is less dense. 

The subducting plate is much colder and 
heavier than the mantle, so it continues to sink, 
pulling the rest of the plate along with it. The 
force that the sinking edge of the plate exerts 
on the rest of the plate is called slab pull.

Benioff Zone and Earthquakes

When plates become stuck, they will lock 
together. When the frictional stress exceeds the 
given threshold, a sudden failure occurs causing 
a shallow focus earthquake .

Where faults may become stressed over long 
periods of time as they drag the plate further 
along with it. When the pressure is released, the 
result is a ‘mega-thrust event’.

When pressure/heat exceeds the strength of the 
subducted plate, deep-focus earthquakes occur. 

How do Earthquakes happen?

Earthquakes (shallow focus – less than 70km) happen when two plates become locked causing friction to 
build up. From this stress, the pressure will eventually be released, triggering the plates to move into a 

new position.  This movement causes energy in the form of seismic waves, to travel from the focus
towards the epicentre. As a result, the crust vibrates triggering an earthquake.

The point directly above the focus, where the seismic waves 
reach first, is called the EPICENTRE.

SEISMIC WAVES (energy waves) travel out from the focus.  

The point at which this pressure is released is called the 
FOCUS. 

Types of Seismic Waves 

P Waves
Travel through solids and liquids.
Shakes the Earth in the same direction as the travelling wave
Fastest type of wave.

S Waves
Travel through solids only.
Shakes the Earth vertically (90°angle to the travelling wave).
Most damaging type of wave.

Surface 
waves 

They can occur closest to the surface. They travel slower 
than P and S waves but are more destructive.

Love waves
Travel through solids only.
Shakes the Earth in the same direction as the travelling wave

Rayleigh waves
Travel through solids and liquids.
Shakes the Earth in a rolling motion (like an ocean wave).

Volcanic Hazards

Ash cloud
Small pieces of pulverised rock and glass which are 
thrown into the atmosphere. 

Gas
Sulphur dioxide, water vapour and carbon dioxide 
come out of the volcano.

Lahar
A volcanic mudflow which usually runs down a 
valley side on the volcano. 

Pyroclastic 
flow

A fast moving current of super-heated gas and ash 
(1000oC). This travels at 450mph. 

Volcanic 
bomb

A thick (viscous) lava fragment that is ejected from 
the volcano. 

Jökulhlaup
A massive flood that occurs when water trapped in 
a glacier breaks free due to a volcanic eruption.

Earthquake Secondary Earthquakes

Liquefaction Solid material changed into a liquid state. Damage to building foundations, results in them sinking.

Landslides and 
Avalanches

Earthquakes in mountainous regions often cause landslides and avalanches. Steep, unstable slopes 
are notoriously unstable and vulnerable to landslides.

Tsunamis Earthquakes occurring underwater can cause the seabed to rise, leading to the displacement of 
water, producing powerful waves which spread out from the epicentre. 

Formation of Tsunamis

1 Large waves caused by the displacement of water triggered by underwater earthquakes, 
submarine landslides and volcanic eruptions.

2 In the open ocean, the wave can travel at 500-950km/h and has a wavelength of 200km and 
a small amplitude (wave height) of 1m.

3 Closer to land the water gets shallower, causing the waves to increase in size but slow down.

4 Just before the tsunami reaches the coast, The water withdraws down the shore (drawback).

5 In Japan 2011, when the tsunami waves reached inland, in some places the waves were 20 
metres high. Overall, the tsunami destroyed 200,000 buildings, and killed 19,000 people. 

Main Types of Volcanoes

Shield
This type of volcano is almost entirely composed of fluid lava flows. They are found in hot spots or 

along constructive plate margins. Their eruptions are mostly effusive and predictable. 

Composite
Composite volcanoes are created by layers of ash and viscous lava.  They can be found along  

destructive margins and are often steep-sided. They are extremely explosive and unpredictable.

What is the Asthenosphere?

The upper layer of the earth's mantle, below the lithosphere, in which there is relatively low resistance 
to plastic flow and convection is thought to occur.



Hazard or Disaster?

Hazard Disaster

A perceived natural event that 
has the potential to threaten 

both life and property.

The reality of a hazard 
happening; when it causes a 

significant impact on a 
vulnerable population. 

The Degg’s Model

The Degg's Model shows that a 
natural disaster only occurs if a 

vulnerable population is 
exposed to a hazard. For 

example, if the magnitude of 
the hazard is large, such as a 
magnitude 9 earthquake, but 
there is little infrastructure of 
population density near the 
epicentre, then no one will 

experience the hazard and the 
disaster is small and weak.

Understanding Risk

There is a complex relationship between risk, 
hazards and people. This is due to several 

factors as shown below:

1. Unpredictability – many hazards are 
not predictable and people can be 
caught out by timing or magnitude.

2. Lack of Alternatives – People stay in 
hazardous areas for a multitude of 
reasons.

3. Dynamic Hazards – the threat from 
hazards fluctuates and human influence 
can play a role.

4. Cost-Benefit – the benefit of staying in 
a hazardous location may outweigh the 
risk  (perception of risk plays a role 
here)

5. Russian Roulette Reaction – the 
acceptance of the risk as something 
that will happen whatever you do, that 
is, one of fatalism.

Hazard-Risk Equation

The hazard-risk equation attempts to capture the various 
components that influences the amount of risk that a hazard 

may produce for a community or population.

Perception of risks can also drive a population 
to the point where they have to adjust to the 
presence of the risk. People and populations 

also vary in terms of resilience. 
According to the United Nations Office for 

Disaster Risk Reductions (UNISDR) the 
resilience of a community is generally based on 

resources, governance and level of 
organisation before and during disasters.

The Pressure and Release Model

The Pressure and 
Release Model (PAR 

Model) is a model that 
helps understand risk 

in terms of 
vulnerability analysis in 

specific hazard 
situations. PAR is a 

tool that shows how 
disasters occur when 
natural hazards affect 

vulnerable people.

Social and Economic impacts of tectonic hazards

Economic impacts are roughly proportional to the land area 
exposed to the hazard. But economic hazards need to take 

into account:

1. Level development in the region or country.
2. Insured impacts vs non-insured losses.
3. Total numbers of people affected and the speed of 

economic recovery following the event.
4. Degree of urbanisation and value of land
5. Absolute versus relative impacts on GDP; higher 

relative impacts are more devastating. 

Key Point: Tectonic hazards that happen in a wealthy 
location are often more costly because the infrastructure is 
more developed and the loss of business is more significant. 

Tectonic Measurements

Earthquakes: Richter Scale

• The Richter scale measures 
earthquakes magnitude. 

• It is determined by the logarithm of 
the amplitude of seismic waves. 

• In all, this is a scientific  
measurement for understanding the 
seismic effect. 

Earthquakes: Mercalli Scale

• The Mercalli scale measures 
earthquake’s intensity, i.e. the 
impact of an earthquake on people 
and structures. 

• The measurement is observational.
• The scale goes from 1 to 12. 1 is 

instrumental and 12 is catastrophic.

Volcanoes: VEI Scale 

• The Volcanic Explosivity Index (VEI) 
is a relative measure of the 
explosiveness of volcanic eruptions. 

• No modern human has experienced a 
VEI 8 supervolcano. These are rare 
caldera eruptions such as 
Yellowstone and Toba.

Tectonic Hazard Profiles

A hazard profile compares the physical processes that all hazards share and helps decision makers to 
identify and rank the hazards that should be given the most attention and resources. 

• Hazard profiles are useful for comparing the 
same hazard in different locations (for 
example, the Sichuan Earthquake to the Haiti 
Earthquake) 

• However it is difficult to compare different 
hazards (volcanoes, tsunamis, earthquakes) 
without a certain degree of accuracy.

Profile shows comparison of 2004 Asian Tsunami 
and ongoing eruption of Kilauea in Hawaii.

CASE STUDY: Haiti Earthquake 2010

Causes

• On a conservative plate margin, involving the Caribbean & North American plates.
• The magnitude 7.0 earthquake was only 15 miles from the capital Port au Prince. 

With a very shallow focus of 13km deep , Haiti (the poorest county in the western 
hemisphere) became more vulnerable. 

Short-Term Effects Long-Term Effects

• 230,000 people died and 3 million 
affected. 

• 250,000 homes and 30,00 business 
had collapsed or were damaged. 

• Rubble blocked roads & ports shut.

• 1 in 5 jobs were lost.
• Millions became homeless.
• The spread of disease became a big 

risk due to sanitation damage and 
unburied corpses. 

Immediate Management Long-term Management

• Individuals tried to recover 
buildings and people. 

• Many countries responded with 
appeals or rescue teams.

• Heavily relied on international aid. 
E.g. $330 million from the EU. 

• 6 months after, 98% of the rubble 
still remained.

CASE STUDY: Japan, Tohoku Tsunami 2011

Causes

• Measuring 9.0, the epicentre occurred 100km east , where the Pacific plate 
subducts beneath the North America plate.  

• A segment slipped suddenly to thrust upwards causing tsunami waves.

Short-Term Effects Long-Term Effects

• 500km2 coastal plains hit, 
destroying farmland, settlements 
and communications.

• Explosions at the Fukushima 
nuclear power plant.

• 20,000 were killed.

• Electricity lost in 6 million homes, 1 
million had no running water.

• Many people not allowed to return 
due to radiation.

• Triggered an economic slowdown 
and issues in energy supplies. 

Immediate Management Long-term Management

• 100,000 Japanese soldiers sent out 
to search and rescue.

• Exclusion zone set up around 
Fukushima; People evacuated.

• Re-building, re-construction. e.g. 
Port facilities were rebuilt.

• Tsunami defence system 
reconsidered and extended.

Governance and Hazard Vulnerability 

Governance and its impact goes from local to 
international scales and has three major 

components.
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e Economic governance is how decisions affect 
economic activities and relationships with other 
economies. Affects equity, poverty and quality of life.

Poor political governance increases vulnerability 
and is linked to:

• Population density/Rapid rise in unstable 
urbanisation.

• Geographic isolation and accessibility.
• Ineffective services such as law enforcement, 

healthcare and education.

Administrative governance is how policy is 
implemented. It requires good building codes, land 
use planning, environmental risk and vulnerability 
monitoring. 

Political governance is the process of making policy 
including disaster risk planning. This brings together 
state, non-state and private-sector players and 
stakeholders.

Trends & Patterns in Global Hazard

Trends since about 1960
• The total number of recorded hazards has increased.
• Number of deaths is falling, but spikes with mega-events.
• Economic costs have increased significantly. 
• Total number of people affected is rising.
• The number of tectonic hazards has remained fairly stable. 

Reasons behind Patterns & Trends
• Improvements in monitoring and recording events.
• Improvements in technology allow for more reporting.
• The global population has increased by 4.3 billion since 1960.

Tectonic Mega-Disasters

Mega-disasters are a large scale (in spatial scale or in impact) event. They pose problems for effective management and 
require a coordinated, usually international, response. They are High Impact, Low Probability (HILP) events.

Multiple Hazard Zones

Some places are vulnerable to multiple hazards; we call these places ‘hazard hotspots’.
• They are hotspots due to their geography and location.
• They usually experience volcanic eruptions, earthquakes and tsunamis as well as their secondary hazards.
• Good examples of hazard hotspots would be California (USA), Philippines and Japan. 

Hazard Management Cycle

The theoretical model shows hazard management as a continuous four stage cycle.

Recovery
Getting back to normal.

This focuses on people’s immediate needs, 
so it overlaps with the response phases. 
However, it also has long term focuses 
such as aiming to improve systems for 

next time.

Mitigation
Preventing hazard events or minimising 

their effects.
Identifying potential natural hazards and 
taking steps to rescue their impact. The 

main aim is to reduce loss of life and 
property.

Response
Responding effectively to a hazard event. 

The main aims are to save lives, protect property, make 
affected areas safe and reduce economic loss.

Preparedness
Preparing to deal with a hazard event. Minimising loss of 

life and property whilst also facilitating response and 
recovery. Plans are implemented by emergency planners. 

The Park’s Model

The Park Model plots the quality of life after a disaster against the 
time since the disaster has occurred. 

The Park model takes into account:
• That hazards are inconsistent. Things such as the magnitude, 

development and aid received change over time. 
• All hazards have different impacts and responses.
• Wealthier countries have different curves as they recover 

faster. They have well-equipped services with technology.

Players: The Role of Aid Donors

Emergency Aid
Immediate help such as food, clean 

water and shelter for people 
displaced by a disaster event.

Short-Term Aid
Restoring water supplies to affected 
areas, providing temporary shelters 

for displaced people.

Long-Term Aid
Rebuilding infrastructure, 

redeveloping economy and managing 
to reduce the impact of future events.

Key Players in Modifying Disaster Losses

Communities Insurers Governments NGOs

When a disaster strikes, its 
local people who are the 
first to respond and who 
often play an important 

role in recovery

Provides individuals and 
business with the money 

they need to repair, 
rebuild and recover.

In industrialised countries, 
insured losses are low. In 
developing countries this 
disaster insurance is often 

unaffordable. 

NGOs can play a crucial 
role where the local 

government is struggling to 
respond, or doesn’t have 
the resources to do so.

Predict Plan and Protect 

Earthquakes Tsunamis

Predict: Scientists can deduce where 
earthquakes will happen but not WHEN!

Example methods include:
Satellite surveying (tracks changes in the 
earth’s surface)
Radon gas sensor (radon gas is released 
when plates move so this finds that)
Water table level (water levels fluctuate 
before an earthquake)

Scientists also use seismic records to 
predict when the next event will occur.

Predict
Like any earthquakes, there's no way of 
predicting when a tsunami-causing 
earthquake will strike, but thanks to 
early warning systems, it's now possible 
to get word out about an approaching 
tsunami within minutes.

Prepare
Evacuation routes on the coastlines 
indicated by signs & signalled by sirens .
DART (Deep-ocean Assessment and 
Reporting of Tsunami) buoys moored to 
sensors on the sea floor can monitor 
passing tsunamis.

Prepare 
Training for emergency services.
Practising earthquake drills 
Emergency kits that include first-aid 
items, blankets and tin food. Protect

Buildings designed with raised, open 
foundations and made of strong 
materials such as concrete.
Tsunami walls have been built around 
settlements to protect them. 

Protect
Building earthquake-resistant buildings
Raising public awareness 
Improving earthquake prediction

Volcanic Eruption

Predict
Seismometers to detect earthquakes.
Thermal imaging can be used to detect 
heat around a volcano.
Gas samples may be taken and chemical 
sensors used to measure sulphur levels.

Preparation
An exclusion zone around the volcano.
Emergency kit of key supplies.
Having evacuation routes.
Trained emergency services with good 
communication systems.

How can Governments use Hazard Profiles?

• Implement land-use zoning to keep danger areas clear.
• Use hazard-resistant designs. Improved buildings and infrastructure. 
• Educating local people about disasters and ensuring community preparedness.
• Management strategies to reduce losses; insurance and aid deployment. 



Wave Reflection 

Wave refraction is the bending of a wave due to its 
interaction with the seabed’s topography and/or 

shape of the coastline.

The Littoral Zone

An area of shoreline where land is subject to wave action. It's subdivided into offshore, nearshore, foreshore and backshore.

Coast Backshore Foreshore Nearshore Offshore 

Land adjacent to the 
sea and often 
heavily populated 
and urbanised.

Above high tide 
level and only 
affected by waves 
during high tides & 
major storms.

Where wave 
processes occur 
between the high 
and low tide mark.

Shallow water areas 
close to land and 
used extensively for 
fishing, coastal 
trade and leisure. 

Area of deeper 
water beyond the 
point at which 
waves begin to 
break. i.e. open sea. 

Types of Coastal Zones

Rocky Coastlines Coastal Plains

Which have cliffs varying in 
height from a few metres 

to hundreds of metres; 
cliffs are formed from rock 

but the hardness of the 
rock varies.

The land gradually slopes 
towards the sea across an 

area of deposited 
sediment, with sand dunes 

and mud flats being the 
most common example. 

Types of Coastal Zones

Concordant coasts Discordant coasts

Sometimes referred to as 
‘Pacific coasts’, these coastlines 
have alternating layers of hard 
and soft rock that run parallel

to the coast. 

Sometimes referred as ‘Atlantic 
coasts’, these coasts have 

alternating layers of hard and 
soft rock that are 

perpendicular to the coast. 

E.g. Dalmatian coast E.g. West Cork, Ireland

Anticline and Synclines 

Tectonic forces (sometimes ancient) can deform rock 
layers through compressional (pushed together) and 

tensional (pulled apart) forces. Under high pressure and 
heat, rocks may bend or break apart.  

Synclines Anticline

A downward, U-shaped fold 
in the layers of rock in the 

Earth's surface

An upward, curved fold in the 
layers of rock in the Earth's 

surface

e.g. Dalmatian coast, Croatia

Dip on Cliff Profiles

Dip is the angle of rock strata in relation to the horizontal. Dip is a tectonic feature.  

Horizontal dip
Seaward dip, High 

angle
Seaward dip, low 

angle Landward dip

Steep profiles of 70 -
80° producing a very 

stable cliff with 
reduced rockfalls.

Vertical or near vertical 
profile with notches 
reflecting strata that 

are more easily 
eroded.

Sloping, low angle 
profile with a rock layer 

facing the sea; 
vulnerable to rock 

slides down the slope. 

Profile may exceed 90°
producing areas of 

overhanging rock; very 
vulnerable to rock falls. 

The angle of the cliff dip profile can cause erosion to occur at different rates along the coastline.

Types of Geology

Sedimentary Metamorphic Igneous 

Weathering and 
erosion of rocks 
exposed at the 

surface.
e.g. Sandstone

Rocks under high 
temperatures & 

pressures change 
composition.

e.g. Slate

Formed by the 
cooling and 

solidifying of 
molten rock. 
e.g. Granite

Micro-features on a Cliff Profile

Joints Fissures Fault

These divide 
rock strata 

up in blocks 
with a 
regular 
shape.

Smaller 
cracks in 

rocks. Often 
they are 

only a few 
cms long.

A major line 
of weakness 
within the 
rock. This 

causes large 
fractures.

Vegetation stabilising sediment

• Roots bind sediment together.
• Provides a protective layer to 

prevent exposure.
• Protection from wind erosion.

Sand Dune Succession

Embryo dune Yellow Dunes Grey Dunes Dune Slacks Climax

Pioneer species 
colonise the bare 
sand, e.g. prickly 

saltwort have a high 
salt tolerance and 
leaves that retain 

moisture. The roots 
of these plants bind 
the sand together. 

The pioneer species 
die and decompose,

helping to form a 
thin soil. Other 

species move in, e.g. 
marram grass. The 
soil is still alkaline 
but will begin to 
tolerate a wide 
range of plants.

The soil deepens 
and becomes less 
alkaline as more 
organic matter 

forms. This is called 
humus. Small plants 

(e.g. hawkweed)
and larger plants 
(e.g. gorse and 

heather) move in.

Dune slacks are very 
large depressions 

that are often deep 
enough to expose 

the water table. As 
fresh water is 

exposed at the 
surface, new types 
of vegetation such 

as reeds grow.

The soil can 
eventually support 

large trees. Fast-
growing trees (e.g. 
pine), followed by 

slower growing ash 
and oak. These 

gradually become 
the dominant climax 

species.

Beach Morphology

Beaches are shaped by waves and tides. This variation changes the 
morphology of a beach, with different landforms formed as a result 
of differing conditions. This impacts the beach in a range of ways. 

Types of Tides

Tides are the periodic rise and fall of sea levels. 
They are caused by the gravitational pull of the Sun and the Moon. 

The moon pulls the water towards it, creating high tides One the other side of the Earth, a compensatory bulge is 
created causing high tides there as well. The area between the two bulges are where the tides are at their lowest. 

Spring Tides Neap Tides                     

Twice in a lunar month 
when the sun, moon and 
earth are all in a straight 
line, the tide force is at its 

strongest and highest. 

Twice a month the Sun and 
Moon are positioned at 90o to 
each other in relation to the 

Earth.

Types of Erosion

Breaking down and removal of material by 
the movement of wind & water.

Attrition
Rocks that bash together to become 
smooth/smaller.

Solution A chemical reaction that dissolved 
rocks.

Abrasion
Rocks hurled at the base of a cliff to 
break pieces apart. 

Hydraulic 
Action

Water enters cracks in the cliff, air 
compresses, causing the crack to 
expand.

Types of Transportation

A natural process by which eroded material 
is carried/transported. 

Solution
Minerals dissolved in water and are 
carried along.

Suspension 
Sediment is carried along in the 
flow of the water.

Saltation
Pebbles that bounce along the 
seabed.

Traction
Boulders that roll along a seabed 
by the force of the flowing water.

Dispositional Formation - Coastal Spits

Example: Spurn Head, Holderness Coast

1) The swash moves up the beach at the angle of the 
prevailing wind.

2) Backwash moves down the beach at 90° due to gravity. 
3) This creates a zig-zag motion called longshore drift. This 

movement transports beach material along the beach. 
4) Despite a change in the coastline’s direction, deposition 

causes the beach to extend . This will continue until 
reaching a river estuary/open ocean.

5) A change in the prevailing wind direction forms a hook.
6) Sheltered area behind the spit encourages deposition. This 

can eventually form a salt marsh. 

Formation of Coastal Stack

1. Hydraulic action widens cracks 
in the cliff face over time.

2. Abrasion forms a wave cut 
notch between HT and LT.

3. Further abrasion widens the 
wave cut notch to form a cave.

4. Caves from both sides of the 
headland break through to 
form an arch.

5. Weather above/erosion below 
–arch collapses leaving stack. 

6. Further weathering and 
erosion leaves a stump.

Formation of Bays and Headlands

1. Waves attack the coastline.

2. Softer rock is eroded by the sea quicker forming 
a bay, calm area cases deposition.

3. More resistant rock is left jutting out into the 
sea. This is a headland.

Mass Movement – e.g. Slumping

A large movement of soil and rock debris that
moves down slopes in response to the pull of 

gravity in a vertical direction.

1
Rain saturates the permeable rock above 
the impermeable rock making it heavy.

2 Waves will erode the base of the slope 
making it unstable.

3
The weight of the permeable rock above 
the impermeable rock weakens & collapses.

4
The debris at the base of the cliff is then 
removed and transported by waves.

Types of Waves

Constructive Waves Destructive Waves

This wave has a swash that is 
stronger than the backwash. This 

therefore builds up the coast.

This wave has a backwash that is 
stronger than the swash. This 
therefore erodes the coast.

Types of Weathering

An alternation or breakdown of rock when they are exposed to the atmosphere.

Carbonation Breakdown of rock by changing its chemical composition.

Mechanical A physical change caused by the movement of water or wind.

Biological Rocks that have been broken down by living organisms. 

How do waves form?

Waves are created by wind blowing over the surface of the sea. 
As the wind blows over the sea, friction is created - producing a swell in 

the water. It is the energy within the wave and not the water that moves.

Why do waves break?

1 Waves start out at sea. 

2 As waves approach the shore, friction slows the base.

3 This causes the orbit to become more elliptical.

4 Eventually the top of the wave breaks over. 

Factors that affect the size of Waves:

-Fetch is how far the wave has travelled.
-Strength of the wind and depth of water.
-How long the wind has been blowing for.

What is Deposition?

When the sea loses energy, it drops the sand, rock particles and pebbles it has been carrying.  
Deposition can occur on coastlines that have constructive waves.

Depositional Features

Bayhead Beach
Waves break at 90 degrees 
to the shoreline and moves 

sediment into a bay. 

Tombolo
A sand or shingle bar that 
links the coastline to an 

offshore island.

Barrier beach/Bar
A sand or shingle beach 
connecting two areas of 

land with a lagoon behind.

Cuspate foreland
Triangular-shaped features 

extending out from a 
shoreline. 

Cliff Retreat

1. Notch becomes deeper, the 
overhanging rock above is then 

unstable and collapses. 

2. Repeated cycles of notch-
cutting and collapse cause the 

cliffs to recede inland.

3. Former cliff position is 
shown by the horizontal rock 
platform visible at low tide. 

This cause a wave-cut platform.

Dynamic Landscapes: Coastal 
Landscapes and Change

Lithology

The general physical characteristics of a rock or the 
rocks in a particular area.



Sediment Cells of the UK

• The movement of sand and 
shingle in the nearshore zone 
by longshore drift (littoral drift) 
has been found to occur in 
separate sediment cells.

• There are 11 around England 
and Wales. Smaller ones can be 
found within each cell. 

• Interruptions to movement of 
sand and shingle within one 
cell should not affect beaches 
in an adjacent sediment cell.

A Sediment Cell

Sediment cells act as part of a 
system – with sources, transfers
and sinks. 

The amount of sediment available 
within a sediment cell is called the 
sediment budget.

The system aims for an equilibrium
between inputs and outputs of 
sediment material.

Changing Sea Levels

Sea levels are rising globally at the present time, but have changed significantly over 
millions and millions of years. In the past (up to 13,000 years ago) Britain was 

actually part of Europe and the North Sea did not exist!

Global or Local Changes in Sea Levels

Isostatic Changes Eustatic Changes

Isostatic changes refers to local changes
in land and sea levels. 

Eustatic changes refers to changes which 
affects worldwide sea levels. 

Emergent Coastlines 

Emergent coastlines are formed as a result of a (relative) fall in sea level.

Feature Examples Photograph

Raised Beaches 

Isle of 
Arran, 

Scotland

As the coastline rises 
(or sea levels fall) 

beaches which were 
once at sea level are 

left high up in the 
cliffs. 

Relict Cliffs

Ayrshire, 
Scotland

Caves, arches and 
stacks formed when 

they were at sea level 
are now left high  up 

on the cliff face today.

Submergent Coastlines 

Submergent coastlines form as a result of sea level rise.

Feature Examples Photograph

Rias

Kingsbridge 
Devon 

Rias are drown river 
valleys. These 

landforms form funnel 
shaped branching 

inlets and decrease in 
depth and width the 
further it goes inland.

Fjards

Isle of Islay, 
Scotland

Fjards are drowned 
glacial lowlands.

They are typically 
covered with 

scattered small 
islands.

Fjords

Hardanger, 
Norway

These are glaciated 
valleys near the coast 

which have been 
drowned by the rising 
sea levels at the end 

of the last ice age. 

Causes of Coastal Flooding

• Severe weather events create meteorological conditions that drive up the water 
level, creating a storm surge such as those from hurricanes.

• Large waves, whether driven by local winds or swell from distant storms, raise 
average coastal water levels and can cause large waves that reach land.

• When a severe storm hits during high tide, the risk of flooding increases. 
• Flooding from  a storm surge can combine with river flooding from rain in the 

upland watershed.

What are Storm Surges?

The main cause of a storm surge is high 
winds pushing the sea water towards the 
coast, causing it to pile up there. There’s 
also a smaller contribution from the low 
pressure at the centre of the storm that 

"pulls” the water level up.

CASE STUDY: Kiribati and Climate Change

Location & Backgrounds Why are sea levels rising? Effects on Kiribati What’s next for Kiribati?

• Situated in the middle of the Pacific 
Ocean and is composed of 33 
islands. 

• These islands are low-lying sand 
and mangrove atolls that are only 1 
metre or less above sea level. 

• Many of the islands could disappear 
under the sea in the next 50 years. 

• Sea levels are rising by 1.2 cm per 
year (four times faster than the 
global average).

• Global warming is increasing 
average temperatures by nearly 1°C 
from 1880 to 2012. 

• Sea levels are increasing due to 
polar ice sheets (as well as glaciers) 
melting and thermal expansion 
(when water expands as it warms). 

• Scientist forecast that by 2100, 
average sea levels will be between 
30cm – 1 metre higher than what 
they are presently.

• Rising sea levels are contaminating 
its ground water sources. 

• Climate Change has caused 
‘bleaching’ of the coral reefs.

• Homes and businesses are 
particularly damaged during king 
tides (exceptionally high tides). 

• There has been an increase in beach 
erosion and flooding.

• Food sources are becoming 
increasingly insecure. 

• The Kiribati government has 
purchased land in Fiji for farming 
agriculture and fish-farming. 

• Its people could become 
environmental refugees. 

• Under a scheme supported by the 
government, known as the 
‘migration with dignity’ policy, 
people have decided to relocate for 
better job opportunities in New 
Zealand and Fiji. 

CASE STUDY: Coastal Flooding - Typhoon Haiyan 2013

Started as a tropical depression on 2rd November 2013 and gained strength. Became a 
Category 5 “super typhoon”. 

Effects Management

• Almost 4,000 deaths.
• 130,000 homes destroyed.
• Water and sewerage systems 

destroyed which caused diseases.
• Emotional grief for lost ones.

• The UN raised £190m in aid.
• USA & UK sent helicopter carrier 

ships to deliver aid to remote areas
• Education on typhoon 

preparedness.

Coastal Recession on Communities

The threat of climate change in regards to sea level rises and weather events is becoming an increasingly bigger challenge to the UK and other 
parts of the world. These consequences can be classified into three broad categories. 

Social Economic Environmental

Various emotional and financial stress. Cost to businesses, property and jobs. Damage to ecosystems and coastal landscapes.

Coastal Defences 

Hard Engineering Defences Soft Engineering Defences

Groynes

Wood or rock 
barriers slow 
longshore drift, so 
the beach can build 
up.

Beach still accessible.
No deposition further down 
coast = erodes faster.
May be an obstacle to people 
moving freely.

Beach 
Nourishment 

Beaches built up 
with sand, so waves 
have to travel 
further before 
eroding cliffs. 

Cheap
Beach for tourists.
Storms = need replacing.
Offshore dredging damages 
seabed. 

Sea Walls

Concrete walls 
break up the 
energy of waves.
Has a lip to stop 
waves going over.

Long life span
Protects from flooding
Curved shape encourages 
erosion of beach deposits.
Most expensive defence.

Managed 
Retreat

Low value areas of 
the coast are left to 
flood and erode 
naturally. 

Reduce flood risk
Creates wildlife habitats.
Compensation for land.
Does not prevent land being 
lost.  Medium term strategy. 

Rip Rap

Boulders that are 
resistant to erosion 
with large surface 
to break up waves.

Long Lasting
Effective at absorbing energy.
Can create access difficulties.
Seawater still moves through it.

Positives and Negatives of Soft Engineering

Relatively low cost.
Less impact on the surrounding 
environment. 
A more natural appearance 
with limited visual intrusion.

Need for regular maintenance.
Less likely to be effective against 
extreme storm events.
People may have to be 
compensated for property loss. 

Gabions
Pebbles in wire 
baskets.

Very flexible with placement.
Need frequent repair.

Benefits of using Hard Engineering Negatives of using Hard Engineering

• It’s obvious that ‘something has been done’ to protect at risk people. 
• Can be a quick/one-off solution that could protect a stretch of coastline. 
• It can reassure coastal communities that properties are secure.
• Can reduce insurance costs of homes in high risk areas. 

• The cost is usually very high and requires maintenance.
• Can make the coastline unattractive and unappealing for tourists.
• Defences built in one place frequently have adverse affects downdrift.
• The needs of the environments are often overlooked. 

Managing Coastlines Sustainably

Holistic Coastal 
Management

Coastal communities 
around the world face 

an increasing threat 
from the sea such as 
rising sea levels and 
frequent storms. To 

cope with these 
threats, communities 

need to adapt and 
employ sustainable 

coastal management.

Integrated Coastal Zone Management (ICZM)

National and sometimes international scale policy for a large 
stretch of coastline.  

Shoreline Management Plan (SMP) 

Regional scale management  for a specific stretch of coast. 
Normally for a sediment cell.

Management Unit

Local scale management  for a small stretch of coast within a 
sediment cell (sub cell).

Shoreline Management Plan (SMP) Decisions

Coastal engineers follow a strict criteria before deciding on 
a strategy. Each coastal strategy needs to be socially, 

economically and environmentally appropriate for that 
specific stretch of coastline.

Cost Benefit Analysis 

This compares the cost of coastal defences with the value of 
land to be protected. 

Environmental Impact Assessment (EIA)

This aims to identify the environmental positives and 
negatives of a development before it’s implemented.

Options for Coastal Action

Decision Making in the UK
The DEFRA have four policies 

available for coastal management. 
These vary different in terms of 
their costs and consequences. 

Decision are based on:
• Economic value of assets. 
• Technical feasibility of 

engineering solutions. 
• Cultural and ecological value 

of the land. 
• Pressure from communities. 
• The social value of 

communities.

Hold the Line
Maintain the existing coast by 

building defences.

Advance the Line
Build new defences outwards 

into the sea. 

Managed Realignment
Allow the land to flood and 

construct a new line of defence 
inland.

No Intervention
Allow natural processes to shape 

the coastline

CASE STUDY: Coastal Management. Odisha, India

Location and Background
Odisha’s coastal zone is on 
India’s north-east coast. 

The coastline includes a range 
unique environments with 

different marine flora & fauna. 
The area has huge potential for 

offshore renewable energy. 

Coastal Concerns
• Rapid urban 

industrialisation. 
• Tourism. 
• Coastal erosion
• Oil and gas production. 
• Rising sea levels. 
• Fishing

ICZM Project Stakeholders
Central government
e.g. Fisheries Department
State and local government
e.g. Odisha State Disaster 
Management Authority.
Businesses
e.g. Odisha Tourism
Development Corporation. 

Attempts at ICZM
• Public and organisational 

consultations frequently 
meet and discuss issues.

• Developments to facilitate 
eco-tourism.

• Planting/replanting more 
mangrove forests

• Building cyclone shelters. 

CASE STUDY: Wash East Coastal Management Strategy – Between Wolferton Creek and Hunstanton

Location and Background
West coast of Norfolk. The main town 
is Hunstanton with several villages 
which include Snettisham and 
Heacham. The coastline has low-lying 
dunes, lagoons and salt marshes with 
rocky cliffs towards the north. The 
North Sea Floods of 1953, killed 65 
people and significantly damaged 
hundreds of properties.

Coastal Concerns
A storm surge and high tide combined 
caused excessive damage in 2013. 
Snettisham is home to a RSPB reserve. 
The economy is highly dependent on 
seasonal tourism.
Resident and businesses are extremely 
vulnerable to an increase in sea levels. 
Coastal heritage and Sites of Special 
Scientific Interests are threatened. 

Regional Players
The SMP2 strategy has been 
developed through an Advisory 
Group. Stakeholders include:
• Norfolk County Council
• Snettisham Parish Council
• RSPB
• Hunstanton cliff top residents
• Caravan Park Owners
• Beach Bungalow Association

East Wash SMP Strategy
A ‘Hold the Line’ strategy has 
been implemented, with hard 
engineering in Hunstanton.
Construction of a shingle ridge
using beach recycling is in place 
between Heacham & Snettisham.
Plans for cliff netting for 
Hunstanton’s cliffs are under 
consideration. 



The Hydrological Cycle 

The hydrological cycle is a closed system. This means no water is added to the global budget and none is 
removed. The system is driven by solar energy and gravitational potential energy. 

STORE FLUXES FLOWS

These are reservoirs where 
water is held, such as oceans.

This measures the rate of flow 
between the stores. 

The transfer of water from one 
store to another.

The Global Water Cycle

Water largely exists as 
vapour in the atmosphere. 
Clouds can contain liquid 

water or ice crystals.

In the cryosphere water is 
largely found in a solid state, 

with some liquid form as melt 
water and lakes. 

On the land water is stored in 
rivers, streams, lakes and 

groundwater in liquid form. 

Water is also stored in vegetation
or in the soil.

In the oceans the vast majority 
of water is stored in liquid form, 
with only a minute fraction held 

as icebergs. 

The Global Water Budget

The table shows residence times. This is an average time a water molecule will spend in the reservoir or 
store. Residence times can impact on the turnover within the water cycle system.

STORES Volume (10³ km²) % of total water % of fresh water Residence time

Oceans 1,335,040 96.9 0 3,600 years.

Icecaps 26,350 1.9 68.7 15,000 years.

Groundwater 15,300 1.1 30.1 Up to 10,000 years.

River and lakes 178 0.01 1,2 2 weeks to 10 years. 

Soil moisture 122 0.01 0,05 2-50 weeks

Atmospheric 
moisture 13 0,001 0,04 10 days

Types of Water

Blue Water Green Water Fossil Water

Blue water is the amount of 
rainfall water that ends up in 
rivers, lakes, reservoirs and 

groundwater.

The green water is the amount 
of rainfall that falls on 

vegetation, enters the soil and 
gets used by the vegetation.

This is an ancient body of water 
that has been contained in an 
undisturbed space, typically 
groundwater for millennia. 

The Drainage Basin Water Cycle

On a smaller scale the drainage basin is a subsystem within the global hydrological cycle. It is an open 
system as it has external inputs and outputs that cause the amount of water in the basin to vary overtime. 

Input Flows Stores Outputs

Groundwater 
Storage

Water which is stored underground in permeable 
rocks. e.g. aquifers.

Precipitation Moisture falling from clouds as rain, snow or hail.

Interception Vegetation prevents water reaching the ground. 

Surface Runoff Water flowing over surface of the land into rivers. 

Infiltration Water absorbed into the soil from the ground.

Percolation When water moves downwards through the soil.

Transpiration Water lost through leaves of plants.

Through Flow When rainfall or water flows through the land.

Evaporation The process in which a liquid changes state and 
turns into a gas.

Accessible Water for Human Life

Overwhelmingly, 97% of water is stored in the 
oceans, with only 3% as fresh water. 

77% of this fresh water is inaccessible and is locked 
in ice sheets, ice caps and glaciers found in the high 

latitude and altitude locations. Another 22% is 
groundwater, therefore leaving only 1% being 

easily accessible for humans. 

Drainage Basin

A drainage basin is an area of land drained by a river and its 
tributaries.

The boundary of the drainable basin is defined by the watershed (the 
highland which divides and separates water flowing to different rivers). 

Drainage basins can be any size, from a small stream to major rivers 
across international boundaries. 

This is important as drainage basin size can influence the length and the 
amount of discharge held in a river basin.

Human Impacts on the Drainage Basin

Dams can be built to 
generate hydro-

electric power and 
fresh water supplies.

Urbanisation can 
increase surface 
runoff and water 

usage. 

Rivers can be 
diverted for 
irrigation in 
agriculture.

Deforestation or 
afforestation can 
change storage 

levels. 

Abstraction of 
water for 

domestic/industry 
reduces flows.

Physical Impacts on the Drainage Basin

Climate has a role in 
influencing the type 

and amount of 
precipitation. Also it 

influences the 
amount of 

evaporation.

Soils determine the 
amount of 

infiltration and 
throughflow directly 
and indirectly. Also 
types of vegetation. 

Geology can impact 
on subsurface 

processes such as 
percolation and 

groundwater flow. 

Relief can impact 
on the amount of 

precipitation. 
Slopes can affect 

the amount of 
runoff. 

Presence/absence 
of vegetation can 

impact 
interception, 
infiltration, 

overland flow and 
transpiration.

The Water Budget

This is the annual balance between inputs
(precipitation) and outputs (the channel flow 

and evaporation). 

The water budget shows the times when water 
naturally enters and leaves the system: 
• When there is more than enough water (this is 

called a positive water balance).
• When there is not enough water (this is called a 

negative water balance). 
This is useful as it shows times for a potential drought. A 
drought would create challenges to human 
consumption, agriculture, health etc.

Equation to calculate a water budget:
Precipitation (P) = channel discharge (Q) + 

evapotranspiration (E) + change in storage (S)

CASE STUDY: Amazon Drainage Basin

The Amazon basin is the world’s largest at 6 million km². The basin contains the world’s largest area of tropical 
rainforest. The climate experiences high precipitation rates and average temperatures, with little seasonal 

differences. Around 50-60% of precipitation in the Amazon basin is recycled by evapotranspiration. 

The rainforest’s trees play a crucial role in the water cycle. This is done by 
absorbing and storing water from the soil & releasing it through transpiration. 
However, recent deforestation has disrupted the drainage basin cycle with:
• Less precipitation
• More surface runoff and infiltration
• More evaporation, less transpiration
• More soil erosion and silt being fed into the rivers. 

River Regimes

This is the annual variation in the discharge or flow of a river at a particular point. It is measured using cumecs. 

The main factors that affect the regime of the river are:
• Drainage basin area
• Temperatures, with possible meltwater and high 

rates of evaporation in the summer. 
• Variation in altitude
• Geology and soil, particularly their permeability.
• Mean annual precipitation and discharge rates.
• Main land use, such as urbanisation or forests.
• Human activities aimed at regulating a river’s 

discharge such as dams.

The highest flow is 
shown by the bottom of 
the blue coloured area.

The lowest flow is shown 
by the top of this red

coloured area.

CASE STUDIES: Different River Regimes

Amazon River 
South America

Yukon River
North America

River Nile
Africa

Humid tropical climate based by 
ancient shield rock. Peak discharge 

in April-May and-lowest in 
September. Linked to wet and dry 

seasons and Andean snowmelt.

Tundra climate which flows through 
a mountain range. In winter the 

temperature drops so water 
freezes. In summer, meltwater is a 

sudden input into the system.

Warm, arid climate. Huge drainage 
basin. In 1970, the Aswan Dam 
significantly altered the regime. 

Flow reduced by around 65% and 
the seasonal flow was changed. 

Storm Hydrographs and River Discharge

River discharge is the volume of water that flows in a river. Hydrographs show discharge at a 
certain point in a river changing over time in relation to rainfall

1. Peak discharge is the discharge in a 
period of time.

2. Lag time is the delay between peak 
rainfall and peak discharge. 

3. Rising limb is the increase in river 
discharge. 

4. Falling limb is the decrease in river 
discharge to normal level.

Factors affecting the Shape of a Storm Hydrograph

Shape
Circular basins have shorter lag 

times when compared to 
elongated basins which have 

longer lag time.

Topography
Steep slopes promote surface 
runoff, whereas gentle slopes 

allow for infiltration and 
percolation. 

Vegetation
Deciduous trees in winter means 

low levels of interception than 
compared to the summer. This 
also causes more evaporation.

Soil
Clay has low infiltration rates 
when compared to sandy soils 

which have a much higher 
infiltration rate.

Geology
Impermeable rocks, such as 

granite, restricts percolation and 
increases surface runoff in 
comparison to limestone. 

Human activity
Urbanisation has impermeable 
(concrete and tarmac) surfaces. 

Natural landscapes will have 
fewer of these surfaces. 

Storm Hydrographs and Players

Urban planners will aim to manage the impacts of flood risks due to populations being in proximity to 
rivers. Therefore planners will explore options such as strengthening embankments, implementing 

emergency procedures and avoiding any new developments on known floodplains. 

Types of Drought

Meteorological 
drought

This happens where long-term precipitation is lower than normal. It changes for 
different regions as it is affected by the atmospheric conditions. 

Agricultural 
drought

This happens when there is not enough soil moisture to allow enough crops to grow. 
It is caused by precipitation shortages, changes in rates of evapotranspiration and 
reduced groundwater levels. 

Hydrological
drought

This happens when the amount of surface and subsurface water (rivers, lakes, 
reservoirs and groundwater) is deficient. It is caused by a lack of precipitation and 
usually occurs after meteorological and agricultural drought. 

Socio-economic
drought 

This occurs when water demand outstrips the water availability. This could be caused 
by a lack of precipitation or by human overuse of water sources. 

Physical Causes of Drought: El Nino Effect

El Nino can trigger very dry conditions throughout the world, especially in Australia and 
Indonesia. The dry conditions causes weak rains and monsoon failure in India and SE Asia.

Normally, warm ocean currents off the coast 
of Australia cause moist warm air (low 
pressure) to rise and condense causing 

storms and rain over Australia. 

In an El Niño year (every 2-7 years) the cycle 
reverses. Cooler water off the coast of 

Australia reverses the wind direction leading 
to dry, sinking air (high pressure) over 

Australia. This creates hot weather and a 
very low amount of rainfall. 

Sometimes following an El Nino event are La Nina episodes. They involve the build up of 
cooler than usual subsurface water in the tropical part of the Pacific. This reversal can lead to 
severe droughts in western parts of South America and wet conditions in Eastern Australia.

Human Activity on Drought

Agriculture Dam Construction Deforestation

Using large amounts of water to 
irrigate crops can remove water 

stored in lakes, rivers and 
groundwater. Some crops 

require more water than others. 
Finally, overgrazing can destroy 

vegetation cover.

Large dams can be built across a 
river to produce electricity and 
store water in a reservoir. This 

can reduce river water naturally 
flowing downstream. This can 

create drought conditions 
downstream from the dam.

This can reduce the amount of 
water stored in the soil as rain 
tends to fall and wash off the 
land as surface run-off. This 

causes the ground to become 
vulnerable to erosion and 

desertification.



Ecological Impacts of Drought

Wetlands Forests Desertification

A deficit of water can lead to the 
drying out of wetland habitats. 
Since such habitats support a 

great variety of flora and fauna, 
the survival of all these life forms 
becomes difficult when there is a 

deficit of water.

The absence of precipitation and 
dry foliage. If temperatures are 
high, this foliage can catch fire. 
Wildfires are highly common 

during droughts. In the absence of 
rainfall to extinguish any fires, 

wildfires can destroy vast areas.

Droughts can accelerate 
desertification caused by 

overgrazing, deforestation, and 
other human activities. The lack of 
water further kills plants, leaving 

little chance for the land to 
recover.

Wildlife Migrating Biodiversity Dust Storms

The lack of water and food during 
droughts forces wildlife to 

migrate to where vital resources 
are available. However, many 

animals die during such journeys. 
Those reaching better habitats 
often die after failing to adjust.

Most plants and animals living in 
areas that are experiencing severe 
drought are unable to survive. As 
a result, entire populations of a 

species can be wiped out from an 
area. Thus, drought-affected areas 
exhibit a great loss of biodiversity.

In the absence of water, soil dries 
up and becomes susceptible to 
wind erosion. Thus, droughts 

often trigger dust storms, which in 
turn negatively affects the plant 
and animal life. Dust storms can 

also affect human health.

CASE STUDY: Drought in Australia (The Big Dry) 2006

Causes

Drought in Australia is often caused by a weather pattern in the Pacific Ocean known as El Niño. In an El Niño 
year (every 2-7 years) the cycle reverses. Cooler water off the coast of Australia reverses the wind direction 

leading to dry, sinking air (high pressure) over Australia causing hot weather and a lack of rainfall. 

Short-term Effects Long-term Effects

• Urban areas suffered a major water shortage.
• Critical reservoirs dried up.
• Crop failure and dried vegetation. 
• Animals die from starvation and dehydration.

• Crop failure led to financial losses for farmers
• Suicide rates amongst farmers soared. 
• Number of sheep in Australia fell by 6 million.
• Vegetation loss and soil erosion lead to rivers 

and lakes suffering with outbreaks of toxic algae.

Short-term Management Long-term Management

• Water conservation measures were introduced. 
The 3 million people who rely on the River 
Murray for their water allocation reduced.

• The Australian government provided over 23,000 
rural families and 1500 small businesses with 
income support.

• Investment into improving drought forecasts so 
that farmers can prepare better, improving 
irrigation systems, and drought resistant crops.

• Large-scale recycling of grey water.
• Construction of desalinisation plants and 

devising new water conservation strategies.

Types of Flooding

Groundwater Flood Flash Flood Surface Water Flood

Flooding that occurs after the 
ground has become saturated 
from prolonged heavy rainfall.

Occurs when intense rainfall has 
insufficient time to infiltrate the 

soil, so flows overland.

A flood with an exceptionally 
short lag time –often minutes or 

hours. 

Physical and Human Causes of Flooding

Prolong & heavy rainfall
Long periods of rain causes soil to 
become saturated leading runoff. 

Geology
Impermeable rocks causes surface 
runoff to increase river discharge. 

Earthquakes
Can cause the failure of dams or 
landslides that can block rivers. 

Relief 
Steep-sided valleys channels 

water to flow quickly into rivers 
causing greater discharge. 

Land Use 
Tarmac and concrete are 

impermeable. This prevents 
infiltration & causes runoff. 

Jokulhlaups
When volcanic activity generates 

meltwater beneath ice sheets that 
is suddenly released.

Dams 
Blocks the flow of sediment which 

can lead to increased river bed 
erosion downstream.

Vegetation
High vegetation cover will create 

higher rates of interception, 
storage and evapotranspiration. 

Channelization
Improves river discharge but 

could simply displace the flood 
risk to a location downstream. 

Impacts of Flooding

Socioeconomic Environmental

x Deaths & injury
x Water-borne 

diseases
x Property 

damage
x Disruption to 

infrastructure
x Interruption of 

utilities
x Destruction 

crops/livestock

 Connectivity of 
aquatic habitats

 Soil 
replenishment

x Eutrophication 
of water bodies

x Leach 
pollutants into 
rivers.

x Disease carried 
by floodwaters

Ecological Resilience

The capacity of an ecosystem to withstand and recover from a natural event or human disturbance. 

CASE STUDY: Lincolnshire Flood 2019

Causes
On 12th June 2019 the River Steeping burst its banks causing 

flooding in and around Wainfleet. An equivalent of about 
two months’ rain fell in two days.

Effects
Crops were destroyed.
130 properties flooded.
590 people forced out of 
their homes.
An animal park was forced 
to close temporarily after 
being flooded.

Responses
Social media used to inform 
people about evacuation. 
An emergency centre set up 
in nearby Skegness.
340 tonnes of ballast were 
dropped by RAF helicopters 
to plug breach in a levee.

Impact of Climate Change on the Hydrological Cycle

The International Panel of Climate Change predict that as a result of increased greenhouse gas emissions, there 
will be considerable changes to the inputs, outputs and stores within the hydrological cycle. 

Increasing convection and 
evaporation.

Increased condensation and cloud 
cover.

Increased precipitation in the 
tropics and mid-latitudes.

Decreased snow, permafrost and 
ice cover. Increase in meltwater 

will increase river flooding.

Decreased humidity and 
precipitation in certain locations 

e.g. subtropics.

Less accumulation of glacial ice 
because more precipitation is 

falling as rain. 

Increase in high-pressure systems. Increased flood risks in the tropics 
and mid-latitudes.

Increasing incidence and severity 
of drought events.

Climate Change Future Trends – more rain and more drought 

• 2010 was the wettest year ever recorded; heavy precipitation increased the incidence of flooding. 
• Economic losses from hydrological disasters have grown quickly.
• Flood figures do not show an upward trend of flooding, however they do show more extremes.
• Droughts have become more widespread and severe. More intense droughts have affected more people. 
• ENSO also plays a role; This can destabilise atmospheric conditions and set the stage for the increase in 

precipitation and flooding events. 

Water Insecurity

This is defined as the lack of a reliable source of water, of appropriate quality and quantity to meet the needs 
of the local human population and environment.

Water Stress Water Scarcity Absolute Water Scarcity

When demand for water is 
greater than the amount of water 

available (1,000-1,700m3 per 
capita) , and when water is of 

poor quality and restricts usage.

Water scarcity is the lack of 
sufficient available water 

resources (500-1,000m3 per 
capita) to meet the demands of 

water usage within a region. 

When renewable water resources 
are extremely low (less that 

500m3 per capita) then there is 
widespread restriction on use. 

Causes of Water Insecurity

There are a number of factors that reduce the amount of water that is eventually available for human use. It is 
worth noting that many physical causes are augmented by ever increasing human activities. 

Physical Human

Climatic Variations
This will increase in severity, affecting rates of aquifer 

recharge, glacial ice loss and precipitation patterns.

Over-abstraction of groundwater 
20% of global aquifers are over-used, limiting their 
capacity to sufficiently recharge - which increases 

future water insecurity.

Eutrophication
Bacteria blooms in warm water causing death of living 
organisms, and pollutes the water - making it unsafe 

for consumption and will increase water stress.

Pollution and Contamination
Runoff from agriculture (chemical fertilisers + 

pesticides), industries and, untreated sewage and
urban runoff is transported to water sources.

Sedimentation
Slower rates of flow (and lower water levels) 

encourage sedimentation, which reduces water 
quality.

Population Increase
As greater levels of agriculture, industrialisation and 

growing living standards place stress on water 
sources.

Salt water encroachment
As different water densities do not mix, saltwater 

rises (as freshwater is extracted), contaminating soil 
and water sources in coastal areas.

Rising living standards
Greater domestic demand for water, higher meat 

consumption and higher electricity demands (many 
forms of electricity generation require large 

quantities of water).

Risks and Consequences of Water Insecurity

Nearly 20% of the global population live in areas of water scarcity. This is due to many factors, 
including low rainfall, climate change affecting rainfall patterns and reliability and human activities
such as land use change, soil degradation, industry and agriculture.  Collecting, storing, purifying 
and distributing water is expensive. In many places (such as Ethiopia), people suffer from economic 

water security whereby they cannot afford water.
Physical and Economic Water Scarcity

Physical Scarcity Economic Scarcity

A quantity problem exists where there is not enough 
water to meet its demand. Physical water scarcity is 

prevalent in arid regions and can be tackled by 
adopting good water conservation policies.

A quality problem exists where there is not enough 
technology to utilize existing sources of water. For 

instance, water resources are plenty but the 
technological capacity to harness them does not exist. 

Water Supply and Economic development

Economic development is one of the main drivers of the 
increasing demand for water. Agriculture (70%) is dominant over 

water use, particularly for irrigation. In addition, industry and 
energy (20%) depend on a reliable supply of water for the 

production of goods but also in generating HEP or as cooling 
water within power stations. Finally, domestic use (10%) has been 
increasing as standards of living rises. This includes having safe & 

sufficient supply of water for washing & food preparation.

Water Conflicts

When the demand for water overtakes the available supply and there are key stakeholders desperate for 
that water, there is potential for conflict, otherwise known as ‘water wars’. 

CASE STUDY: Nile River Conflict

Location and Background

Located in Africa, the Nile is the world’s longest river 
(6,700km) and no less than 11 countries (e.g. Sudan, 

Egypt, Ethiopia and South Sudan) and 300 million people 
are competing for its water. Importantly, many of these 

countries are amongst the poorest in the world. 

Issues and Concerns

Egypt is entirely dependent on the Nile for its water 
supply. They regard any reduction as a national security 

issue and against the agreements of 1959 Nile Water 
Treaty. With the construction of dams downstream in 

Ethiopia (such as the Gran Renaissance Dam on the Blue 
Nile) a potential flash point has emerged due to the 

possibility of a reduction in annual flow. Both Egypt and 
Ethiopia has seen rapid population growth and seek to 

become more economically developed. Therefore access 
to safe and sufficient water will be critical in the future.  

Managing Water Supply

Hard Engineering Methods of Water Supply

These projects involve high levels of capital and technology. However, these projects have various questions 
as to their environmental and social costs. 

Water transfer schemes Mega dams Desalination

This involves the diversion of 
water from one drainage basin to 

another. 

Large rivers are impeded, 
stored, rechanneled and re-
engineered to redesign the 

natural flow. 

Converts saltwater from the 
oceans into useable freshwater 

on a large scale 

Example: The South-North water 
Transfer project, China. 

Example: The Three Gorges 
Dam, China

Example: Israel, Saudi Arabia and 
Australia

Sustainable Methods of Water Supply

This is using methods that are more natural or minimizing wastage and pollution of water resources. It also 
aims to ensure all viewpoints are expressed and water is safe but affordable.

Restoration Rainwater Harvesting Filtration Technology

Restoring damaged rivers, lakes 
and wetlands to support the 
natural hydrological cycle.

Collecting rain falling on roofs in 
butts for flushing or watering 

plants.

Ensuring that water is physically 
purified and recycled to a safe, 

drinkable standard.

CASE STUDY: Sustainable Water Management in Singapore 

The 5.4 million residents of Singapore are urban, thus demand is high. 
To ensure sustainable water supplies, they have used several methods: 
• Metering water supplies so people cannot waste water.
• Public education to reduce water use.
• Cutting water leaks to 5% (UK leakage is 20%).
• Water prices which rise and fall with usage.
• Subsidies which protect the poor from expensive water.
• Rainwater collection.

Integrated Water Resource Management (IWRM)

This approach aims to create a framework for coordination in which all PLAYERS, at all scales are involved in 
water management. The aim to for these players to work together in order to effectively develop policies 
and strategies to achieve a common approach to land, water and resource management. This is important 

in avoiding future ‘water wars’. 

CASE STUDY: Colorado Integrated River Management

The Colorado river flows 2,330km from the Rocky mountains to the Gulf of 
California. However the river is prone to the effects of drought, urbanisation, 
population growth and agricultural needs. Despite some previous attempts 
for regulation, there still isn’t enough. This has therefore caused disputes. 

Since the 1990s, there have been environmental protection laws, such as the 
Grand Canyon Protection Act 1992. Now individual states have been forced to 

explore alternatives. For example, Nevada has negotiated for extra water 
allocation (especially for Las Vegas) and California is investing in desalination. 

Water Sharing Treaties and Frameworks

Despite the threat of military conflict over water, there has actually been very few ‘water wars’. Instead there 
has been far more international cooperation. Examples of important international agreements includes;
• The Helsinki Rules with their equitable use and shares concepts.
• UN Water Course Convection which sets guidelines for the protection and use for transboundary rivers.


