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AS 91007 (Geography 1.1) requires understanding of the following aspects:
•  natural processes that operate to produce the extreme natural event(s)
•  natural and cultural characteristics (features) of environments that make them vulnerable to 

extreme natural event(s)
•  effects of the extreme natural event(s) on the natural environments
•  effects of the extreme natural event(s) on the cultural environments
•  how different groups of people have responded to the effects of the extreme natural event(s).

You need to answer the following questions.
• What is a natural hazard, and when does such a hazard become an extreme natural event?
• What are the natural processes that produce the type of extreme natural event that you are studying? 

Identify it as a geophysical, hydrological or meteorological event and describe how it occurs.
• What are the features or characteristics of the type of extreme natural event that you are studying? Describe 

in what kind of environment this type of event occurs and identify elements that make the event extreme.
• How does the type of extreme natural event that you are studying shape the natural environment?
• How does the type of extreme natural event that you are studying shape the cultural environment?
• What impact does the type of extreme natural event that you are studying have on the people affected?
• How do people respond to the effects of the type of extreme natural event that you are studying?
• Which geographic concepts and terminology relate to the extreme natural event you are studying?

Important note: You need to study only one type of extreme natural event.

Natural events
Natural events or hazards are caused by forces within, on, or above the Earth’s crust that occur without human 
involvement. Examples of natural events include:
• Avalanche – slipping of a large amount of snow down a mountainside.
• Coastal erosion – erosion of sand, soil or rock at beaches, especially during storms.
• Drought – periods of time with little or no rainfall.
• Earthquake – sudden movements of the Earth’s crust along fault lines.
• Flood – heavy rainfall can cause a river to overfl ow and fl ood surrounding low-lying areas.
• Landslide – the movement downhill of material such as soil and rock, often caused by heavy rainfall. 
• Tropical cyclone (also known as hurricane) – strong winds with very heavy or torrential rainfall.
• Tsunami – a series of huge waves, often generated by earthquakes.
• Volcanic eruption – magma coming to the surface of the Earth through weaknesses in the ground.

GEOGRAPHY 1.1 Externally assessed
4 credits

 Demonstrate geographic understanding of environments that have 
been shaped by extreme natural event(s)
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Categories of natural events
Natural events can be grouped into four categories, based on whether they originate above, on, or below, the 
Earth’s crust.
• Geophysical (also known as tectonic) events are driven by tectonic forces inside the Earth.
• Hydrological events such as fl oods, avalanches or landslides occur on the Earth’s surface and involve water.
• Climatological events and meteorological events (also known as atmospheric events) take place 

above the surface of the Earth, in the atmosphere. Together, they cause a range of events that occur on the 
surface of the Earth.

New Zealand’s environment includes mountains, volcanoes and surrounding oceans and it is located in an area 
where meteorological (weather) patterns converge. New Zealand is subject to geophysical events because it is 
located on the boundary between two of the Earth’s tectonic plates. As a result, New Zealand experiences natural 
events of all four types. 

Extreme natural events
When a natural event (hazard) threatens people and their property or activities (cultural environment), it becomes 
an extreme natural event.

Extreme 
natural 
event

Natural event
(hazard)

Cultural
environment

 

Activity:  Identifying and categorising extreme natural events
1. What are the two factors that can turn a natural event into an extreme natural event? Give an example of 

how each of these factors can bring about an extreme natural event.

2. Using the table provided below, categorise each of the following extreme natural events as either 
geophysical, hydrological or climatological/meteorological.

 avalanche blizzard cyclone downpour of rain drought earthquake extreme temperature
fl ood forest fi re high wind hurricane landslide storm surge tornado tropical storm tsunami
typhoon volcanic eruption

Geophysical events Hydrological events
Climatological and 

meteorological events

Answers
p.  89
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INVESTIGATIONS
Three types of extreme natural event

Investigations: Three types of extreme natural event
Important notes: 

You may select any extreme natural event to study in depth.

You need to study only one type of extreme natural event. 

Three types of extreme natural event will be studied in the three investigations that follow. The three types are:
• volcanic eruptions
• earthquakes
• tropical cyclones.

INVESTIGATION 1
 Volcanic eruptions

You need to answer the following questions.
• What are the natural processes that produce volcanic eruptions?
• What natural characteristics make environments vulnerable to the effects of volcanic eruption(s)?
• What cultural characteristics make environments vulnerable to the effects of volcanic eruption(s)?
• What are the effects of volcanic eruptions on the natural environment?
• What are the effects of volcanic eruptions on the cultural environment?
• How have different groups of people responded to the effects of volcanic eruptions?

Defi nition
A volcano is a weakness in the surface of the Earth through which gases and molten rock called magma are 
forced out. 
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Natural processes that produce an extreme volcanic event
Volcanic eruptions are the result of tectonic processes operating beneath the Earth’s surface. 

Internal structure of the Earth
The Earth is made up of several layers.
• At the centre is a solid, very hot (4 000–6 000 °C) inner core and a liquid outer core.
• The mantle around the core consists of molten rock or magma.
• The crust is the outer layer or surface of the Earth.

The Earth’s interior is liquefi ed by heat 
generated mostly by radioactivity in the 
Earth’s core. Contributing factors are
• gravity
• the Earth’s spin.

The heat from the core moves outwards 
towards the crust by radiation and 
convection.

Crust (land mass and ocean floor) – 
tectonic plates, 60 km thick in places, 
form outer layer of the Earth

Mantle – semi-solid, 
layer of hot, molten rock

Outer core – fluid rock
Inner core – solid, extremely 
hot (estimated temperature at 
centre 4 000–6 000 °C)

Earth’s interior 
Tectonic processes
The Earth’s crust is broken into about 12 large pieces, called tectonic plates. They are up to 60 km thick in places 
and sit atop the Earth’s molten upper mantle. Tectonic plates shift because of convection currents in the upper 
mantle, and the movement of these plates is known as plate tectonics. 

Eurasian American

African

Antarctic

Pacific

Australian
Nazca

Key Subduction zone (triangles 
point in direction of 
subduction)

Direction of plate movement

N
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The major tectonic plates and their movement
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Investigation 1: Volcanic eruptions  19

Activity: Tectonic processes
1. Complete the diagram below to illustrate tectonic processes and resulting volcanoes, by inserting the 

following labels correctly.

 convection currents crustal rock melting Earth’s crust Earth’s upper mantle magma rising
 sea-fl oor spreading subduction tectonic plate volcanic vent volcano

trench
underwater volcano

2. What is a volcano?

3. Which tectonic process typically occurs where tectonic plates are diverging?

4. Which tectonic process typically occurs where tectonic plates are converging?

5. Which tectonic process produces all New Zealand’s active or recently active volcanoes? Write a paragraph 
explaining the process.

Answers
p.  90
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Eruption processes
Volcanoes can erupt explosively as a result of built-up gas and steam escaping from the molten rock. The gases 
(e.g. sulfur dioxide and hydrogen chloride) can be very poisonous and can be a hazard. Other eruptions are 
quieter (these are called effusive eruptions).

The force of the eruption depends on:
• the amount of gas the magma contains
• the type of lava formed (whether it is fl uid or viscous) and 
• whether the magma interacts with water (creates super-heated steam). 

Lava fl ows
As magma rises to the surface it loses its gases and begins to cool.

Cooled, de-gassed magma is called lava, and while it is in a fl uid state, lava may pour out of vents and can 
fl ow over a large area. 

There are three types of lava:
• basaltic lava is basic, fl uid, generally 

erupts effusively (not explosively) and 
cools slowly

• rhyolitic lava is acidic, very viscous, 
erupts explosively and cools quickly

• andesitic lava is not very viscous, 
erupts with moderate explosiveness, 
and cools at a moderate rate.

Lava fl ows can be a hazard as they cannot 
be stopped or diverted, and often burn 
down or crush vegetation and structures 
in their path. As lava cools, it hardens into 
rock.  

Pyroclastic rocks
Pyroclastic rocks form from lava that is ejected high into the air by the force of a volcanic eruption, cooling as it 
falls and being pulverised. 

Types of pyroclastic rock:
•  ash – very fi ne particles, less than 2 mm in diameter
•  lapilli – small rocks, between 2 and 64 mm in diameter
•  blocks – large fragments, over 64 mm in size, ejected in a solid state
•  bombs – large fragments, over 64 mm in size, ejected in a liquid or plastic state
•  scoria – a rock that has cooled rapidly, and so is pockmarked by air bubbles.

Pyroclastic rocks can be a hazard. Ash may damage aircraft engines, or cause respiratory problems. Erupted 
blocks and bombs can be a danger to people caught in the blast.

Edge of a lava fl ow on the lower slopes of Ruapehu
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How earthquakes shape the natural environment
Seismic waves
The focus of an earthquake is the place in the Earth’s crust where a sudden movement along a line of weakness 
releases stress that has built up over time. The epicentre is directly above the focus and is where the greatest 
intensity of the earthquake is felt on the Earth’s surface. 

Seismic waves are shock waves that spread out in all directions from the focus, like ripples in a pool. 

There are two main types of seismic wave.
• Body waves – these travel beneath the surface of the 

Earth at depths of up to 700 km.
– Primary waves (P-waves) are rapid-moving (6–8 km/s) 

waves that can move through solids, liquids and gases. 
They expand or compress rock; generally they cause 
little damage.

– Secondary waves (S-waves) move more slowly 
(4–5 km/s) and can move through solids only. They 
cause the ground to vibrate or shake vertically or 
horizontally and can cause much damage.

• Surface waves (L-waves) – these are the slowest but 
potentially most destructive seismic waves. They move 
outwards from the epicentre of the earthquake and along 
the surface of the Earth.
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Seismic waves after an earthquake
Seismic waves are recorded and measured on seismographs. A seismograph continually records motion of the 
ground and the record produced is called a seismogram.

Start of earthquake

The seismogram that is coloured red has been clipped, i.e. the largest parts of the signal are not shown. If this was not 
done, then a large earthquake would obscure much of the seismogram. Lots of aftershocks can be seen.

Seismogram of 7.1 Canterbury earthquake, September 2010, recorded on Banks Peninsula
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Aftershocks
Aftershocks are secondary earthquakes which can be felt for some time after a main earthquake event and can 
cause further damage.

Example

After the two Canterbury earthquakes (Darfi eld on 4 September 2010, magnitude 7.1; Christchurch 
earthquake on 22 February 2011, magnitude 6.3), there were a large number of aftershocks which 
caused damage.

Ground movement and landforms
The movement of tectonic plates over a long period of time, and the earthquakes that result from this, can 
produce dramatic changes in landforms.

Example

Mountain ranges such as the Southern Alps and the Himalayas have been formed by millions of 
earthquake events over millions of years.

Faulting and folding occur when the pressure of plate collision causes the Earth’s surface to buckle, bend, or split 
apart during earthquakes.

Faulting Folding

Faulting
When tension and compression associated with 
plate movement is so great that blocks of rock 
fracture or break apart, faulting occurs. An 
earthquake causes a break or fracture of the 
ground surface and the ground on either side of 
the fault moves in opposite directions. The ground 
surface is sometimes tilted. Movement can be 
horizontal, vertical or both, and often is on a large 
scale.

Example

The 1855 Wairarapa earthquake caused a 12 m 
horizontal movement. Large-scale faulting along 
the Alpine Fault has produced the Southern Alps.

Folding
An earthquake causes a change in the height and 
slope of the ground surface due to folding in which 
land is compressed either side of the fault, resulting 
in a bulge in the Earth’s surface. Movements can 
create height changes, either upwards resulting in 
hillocks or downwards resulting in a depression. 
These effects can accumulate, with repeated 
earthquakes causing a major fold in the land. 

Example

Folding has been a common process in the hill 
country of the North Island.

• Horizontal (lateral) ground movement caused by seismic waves can pull rocks apart, creating fi ssures.
• Vertical (up and down) ground movement caused by seismic waves creates landforms such as scarp faces 

(small cliffs), grabens (valleys) and horsts (raised blocks of rock), and can lift areas of the seabed to form dry 
land.
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d. As the cyclone moves away from the island, what changes occur
 i. in the strength of the wind?

 ii. in the direction of the wind? 

e. Why is there a change in the direction of the wind as the cyclone moves past the island? 

f. These diagrams illustrate a tropical cyclone in which hemisphere of the Earth? Justify your answer. 

7. Look at the satellite picture of two large storm systems below. In which hemisphere of the Earth did these 
storms occur? Justify your answer.

8. What happens to a cyclone when it moves into lower latitudes? Why does this happen?
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How cyclones shape the natural environment
The three main characteristics of tropical cyclones are:
•  torrential (heavy) rainfall (300 mm in a few hours is common)
• strong winds (over 100 km/h; sometimes up to 320 km/h)
• storm surges (a rapid rise in sea level, well above the high tide mark, caused mainly by strong onshore 

winds). The cyclone’s high winds and lowered air pressure can raise a ‘wall’ of water, up to 25 metres high.

Storm tide

High tide
Mean sea tide

Low tide

Storm surge

Normal high tide

Cyclone storm surge

Pacifi c islands
Many tropical cyclones in the southwest Pacifi c do not make landfall (i.e. their path takes them over the ocean) 
and so they do not affect land areas.

However, if the cyclone’s (unpredictable) path means that it passes near or over islands, its effect on the land can 
be devastating.

In the southwest Pacifi c, there are two types of island:
• mountainous (‘high’) islands    • atolls (‘low’) islands.

Cyclones affect each of these island types in different ways.

Mountainous islands are characterised by inland peaks, narrow coastal lowlands, lagoons and coral reefs. 

Example

Rarotonga is a mountainous island.

Cyclones shape the natural environment of mountainous islands by:
• causing landslips      • causing rivers to fl ood their banks and carve out new beds
• uprooting trees       • destroying surrounding reefs.

Atolls are usually ring-shaped, and encircle or partially encircle a shallow lagoon in the centre. They are low-lying 
(seldom more than 6 m above sea level).

Example

The capital of Tuvalu is situated on Funafuti atoll.

Cyclones shape the natural environment of atolls by:
• fl ooding resulting from storm surges  • destroying reefs.
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d. How many people are thought to have been affected by the cyclone?

e. List three of the effects that cyclone Pam has had on the infrastructure of the islands.

f. Name three problems that are making relief work more diffi cult.

g. What is the estimated population of Tanna island?

h. How has Tanna been affected specifi cally by the cyclone, and what is probably the most pressing need 
on the island?

i.  According to the news report, how are the following people or organisations responding to the effects of 
cyclone Pam?

 • The president of Vanuatu.

 • The Australian and New Zealand governments.

 • The Red Cross.

j. What is the World Conference on Disaster Risk and Reduction, and what are its aims? Do research 
to fi nd out.

2. Outline the steps that will need to be taken to ensure rehabilitation in the long term in Vanuatu following 
cyclone Pam. Use your own paper.
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 ANSWERS

 Activity:  Identifying and categorising extreme natural 
events (page 2)

1. magnitude (size) – small earthquakes occur frequently; a large 
earthquake becomes an extreme natural event, when people and 
their livelihoods are affected (e.g. Canterbury quakes 2010 and 2011; 
185 people died, 164 were seriously injured).

 duration (length of time) – short-term droughts occur frequently; 
when a drought continues for months and sometimes years, it becomes 
an extreme natural event (e.g. the drought in California that, at the 
time of writing, has lasted four years).

2. Geophysical 
events

Hydrological 
events

Climatological and 
meteorological events

earthquake

volcanic eruption

tsunami

avalanche

fl ood

landslide

storm surge

forest fi re

blizzard

cyclone

downpour of rain

drought

extreme temperature

high wind

hurricane

tornado

tropical storm

3. The difference lies in where the natural events occur, in relation to 
the Earth’s surface. Tectonic events are driven by tectonic forces inside 
the Earth, atmospheric events take place in the atmosphere above 
the surface of the Earth, and hydrological events occur on the Earth’s 
surface.

 Activity:  Natural events, extreme natural events, natural 
disasters and cultural hazards (page 4)

1. A volcanic eruption on an uninhabited island does not threaten people 
or their property, while an eruption in a populated area does pose such 
a threat and is therefore an extreme natural event.

2. 

0000
00
00

Year
Cost, $bn (2011 dollars)
Number of deaths

Earthquake Floods

Key

Hurricane / 
Tornado

Tsunami

Japan, 2011

Peru, 1970

Haiti, 2010

USA, 2005

3. A natural hazard is a natural event over which people have no control; 
a cultural hazard is a dangerous or risky event or situation caused by 
people.

4. Natural event Extreme natural 
event

Cultural hazard

c – minimal impact 
on people

a, b, d, e, j – caused 
by natural processes 
but have an impact 
on people and 
people’s property 
and livelihoods 

f, g, h, i – problems 
caused by human 
actions

 Activity:  Patterns of vulnerability to extreme natural 
events and natural hazards (page 7)

1. Economic Socio-cultural Political

a

b and c (may also be 
socio-cultural)

e

(b and c may also be 
socio-cultural)

d

f

2. Any two of: Areas located on plate boundaries and fault lines; tropical 
coasts prone to tropical cyclones; river deltas prone to fl ooding.

3. Any two of: high population concentrations, poverty, concentration 
of industry, lack of building codes, lack of preparation for natural 
disasters.

4. a.  Fault lines and plate boundaries. Low-lying coasts in the tropics. 
Large river deltas in areas with heavy rainfall. Dry areas of land 
prone to drought or fi re.

b. Poor economic management. Living in fl ood- or earthquake-
prone areas. Poor housing. Concentration of industry. Lack of 
preparation. Lack of building codes. Poor services. Unequal 
distribution of resources.

5. a.  No. Extreme natural events are events over which people have 
no control, so large settlements in certain areas will neither 
increase nor decrease extreme natural events happening in those 
areas.

b. Yes, probably. An extreme natural disaster is an event that 
negatively affects people or destroys property; by settling in 
vulnerable areas in large numbers, people place themselves in 
the path of extreme natural events, which then become disasters 
– because they affect people.
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