
Key Idea 3.2 Vulnerability and hazard reduction 
 

Key questions Depth of study 
3.2.1 What are the impacts 
of tectonic processes? 
 
 
 
 
 
 
 
 
 
 
 
 
3.2.2 How might the risks 
associated with tectonic 
hazards be reduced? 

Physical and human factors that increase vulnerability to 
tectonic hazards: 
Physical factors to include the magnitude of volcanic eruptions 
and earthquakes. The characteristics and scale of pyroclastic 
flows, lava flows, lahars and ash clouds. Impacts of earthquakes, 
tsunami and volcanic activity on health, infrastructure, and 
economy. 
Social and economic factors that can increase vulnerability of 
communities in tectonic zones in countries at different levels of 
economic development. 
 
Coverage must include one located example of a volcanic hazard 
and one earthquake event. 
 
How monitoring, hazard mapping, new building technology and 
improved emergency planning may be used to reduce the risks 
associated with earthquakes, tsunamis and volcanic eruptions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What are the impacts of tectonic processes? 
Tectonic processes are those related to the movement of the Earth’s tectonic plates. 
The two main tectonic hazards are Earthquakes and Volcanoes. Each of these has their own 
set of hazards and associated risks.  
The immediate consequences of an event are its primary impacts, such as people caught in 
a crater during an eruption of steam or those buried inside a collapsed building during an 
earthquake. Secondary impacts result from the primary event, for example destroyed 
buildings lead to people becoming homeless. Secondary impacts can last for many years 
after the event.  
 



Why are some communities more vulnerable tectonic events than others? 
Tectonic processes create a variety of potentially dangerous events, which include volcanic 
eruptions, earthquakes and tsunami. The threat to people created by these events depends 
on a number of factors: 
• The strength or magnitude of the event. 
• The number of people who may be affected – an underwater volcanic eruption on a 

mid-ocean ridge is not a hazard, but a volcanic eruption close to a large city would pose 
a huge threat. 

• The vulnerability of the people affected by the event; vulnerability is linked to factors 
such as poverty. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Country 
Number of 

active 
volcanoes 

Cities with a 
population  
> 300,000 

Gross National 
Income (GNI) 

per person US $ 

Number of people 
living on less than US$ 
1.90 per day (million) 

Chile 108 7 14,910 0.16 
DR Congo 6 15 380 50.71 
Iceland 35 0 46,350 0 
Indonesia 147 28 3,630 38.27 
Japan 118 19 42,000 0 
Papua New Guinea 67 1 2,240 2.70 
Philippines 53 18 3,500 12.68 
Selected countries that have a significant number of active volcanoes. 
 
1. Explain why volcanoes pose a greater threat in Japan than in Iceland. 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
  
2. Suggest which two countries may have the greatest vulnerability to volcanic activity. 

Justify your choice. 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 

Vulnerability 
Vulnerability is a measure of someone’s 
inability to cope with, or recover from, a 
disaster such as an earthquake, or other 
tectonic hazard. Some groups of people are 
more vulnerable to hazards than others. 
Poverty, age, gender and disability are all 
factors that can affect vulnerability. For 
example, someone’s poverty may mean that 
their house is badly built and unable to 
withstand ground shaking during an 
earthquake.  

Capacity 
Capacity is the opposite of vulnerability. It 
describes someone’s ability to survive a 
hazard or recover from it quickly. Capacity is 
increased where individuals or communities 
have the resources they need to cope with 
the hazards. Resources can be financial or 
material, such as strong building materials. 
But capacity can also be improved by factors 
such as education, technology and disaster 
preparedness and planning.  



  
 

 
 
 
 
 
 
Choose four different groups of people in Figure 3. 

a) For each group annotate the diagram to explain why they may be more vulnerable 
to natural disasters.  

b) For one of the groups, suggest how their capacity could be improved to cope with an 
earthquake.  

 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
 



How can we reduce vulnerability to tectonic events? 
Across the world there are 67 large cities (with a population greater than 100,000) that are 
close to active volcanoes. These include Tokyo in Japan, Manila in the Philippines and 
Mexico City, which all have populations greater than 10 million. The number of large cities 
at risk from earthquakes is even greater. There are 38 major cities at risk from earthquakes 
in India alone. To reduce vulnerability to a tectonic event, organisations need to: 
• Reduce the impact of the hazard 

This can be achieved by monitoring and predicting the hazards and mapping the areas 
that are most likely to be affected. 
 

• Build capacity to cope with the hazard 
Educate people and emergency services on what to do in the event of a disaster. Create 
hazard plans and have drills and practices. In Japan and California, USA, a lot of money is 
spent on the organisation of disaster plans in the event of an earthquake. 

 
• Tackle the causes of vulnerability 

Governments need to reduce poverty and inequality so that everyone has the same 
level of protection when a hazard strikes. 

 
Volcanic Hazards 
The magnitude of volcanic eruptions is measured using the Volcanic Explosivity Index (VEI). 
It measures how much volcanic material is ejected, the height of the material thrown into 
the atmosphere and how long the eruptions last. Each point on the scale is ten times the 
magnitude of the one before it (a logarithmic scale).  

 

 



Physical factors that increase vulnerability to volcanic hazards 
 
Lava flows 
Lava flows rarely cause death or injury. They usually move slowly and people can simply 
move out their way. A lava flow will, however, destroy anything in its path, including 
buildings, roads and crops. Blocked roads can hamper aid efforts or prevent evacuation. 
Kilauea, one of Hawaii’s five volcanoes, has 
been erupting since 1983. Lava from this 
eruption has destroyed 214 buildings, 
covered over 100km2 of land and buried 14 
km of roads, but has not directly caused a 
single fatality, It is possible to divert lava 
flows but this isn’t generally done in Hawaii 
for spiritual reasons, The Mauna Loa 
volcano observatory in Hawaii is protected 
by barriers as it contains very expensive and 
important equipment. It is the only lava 
barrier in Hawaii. 
https://www.nps.gov/havo/planyourvisit/lava2.htm 
 
Lava flows often threaten towns and villages on the slopes of Mount Etna in Italy. Diverting 
these flows is costly, and deciding which land to save and which to sacrifice raises complex 
legal, political and social issues. There are a number of successful methods that can be used 
to divert lava flows including: 

• Spraying lava with water to cool and solidify it, so it acts as its own barrier to the 
molten lava behind 

• Creating earth embankments to channel the direction of the lava flow 
• Dropping concrete blocks via helicopter to divert the flow 
• Blowing up lava tubes to widen them and spread out the flow so it solidifies quicker 

and doesn’t travel as far.  
 
Task: Describe how lava flows can affect people.   [4]  (adapted from WJEC 2011 F) 
 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
 
 
 
 
 
 
 
 
 
 



Ash Clouds 
Ash clouds form when an explosive eruption throws a mixture of gas, fractured rock and tiny 
lava droplets high into the air. The lava droplets cool rapidly and solidify into tiny fragments 
of glass-like ash. These ash particles are sharp and abrasive. If sucked into the engine of a 
passenger jet it can cause the jet engines to stall. In 2010 the eruption of Eyjafjallajökull in 
Iceland caused an ash cloud that spread over much of northern Europe, forcing the 
cancellation of around 100,000 flights at a cost of around US$2.6 billion to the aviation 
industry. Falling ash collects on power and communication lines as well as on buildings. 
When rain falls the ash becomes heavier, causing structural damage and power blackouts. 
Ash can have health effects too. It can pollute water supplies, and inhalation of volcanic ash 
can lead to lung damage. Crops can also be damaged by ash, leading to food shortages and 
higher food prices.  
 
Task:  Study the map below showing depth of ash fallout (cm) around Eyjafjallajökull 14th-
16th April 2010  (adapted from AS Unit 1 2018) 

 
Describe the pattern of ash fallout around the central vent of Eyjafjallajökull.  [3] 
 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Task: Study the information below.     From WJEC A 2016 (foundation tier) 
 

 
(i) On which island is Mount Kelud?  [1] 
 

__________________________________________________________________ 
  

(ii) Give the compass direction from Mount Kelud to the city of Surabaya  [1] 
 
__________________________________________________________________ 
  

(iii) Give the distance in kilometres from Mount Kelud to the capital city, Jakarta. 
Underline the correct answer below   [1] 

 
450 km  550km  650 km 750 km 
 

(iv) Complete the box below to give the latitude and longitude of Mount Kelud.  [1]  
 

 
 

 
(v) Suggest how ash from this eruption caused a hazard for people in Surabaya. [2] 

 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 

 



Pyroclastic flows 
 

Volcanoes which erupt very viscous and sticky lavas to form 
domes can also produce pyroclastic flows, when the dome 
becomes unstable. As the dome grows, blocks are pushed 
out of the dome to make room for more lava. These blocks 
tumble down the dome face and disintegrate. This is 
commonly referred to as rockfall activity. Pyroclastic flows 
are produced when large portions of the dome collapse 
and disintegrate.  

Eruption columns from explosive magmatic eruptions may 
collapse to form pyroclastic flows. The jet of ash and gas 
erupting from the vent heats cold air in the atmosphere. If 
enough air is heated, the mixture may become buoyant and 
form a vigorous rising plume. If the interior of the plume does 
not heat sufficient air, it will soon run out of momentum. This 
material is dense and undiluted by air, so collapses back on to 
the flanks of the volcano. 

Pyroclastic flows are deadly. The British Geological Survey, which monitors Soufriere Hills in 
Montserrat, has recorded temperatures between 100 and 600°C inside the flows. 
Pyroclastic flows on Montserrat typically travel at around 110kph down the volcano, 
carrying rock fragments ranging in size from fine ask to boulders the size of a small car. It 
can demolish buildings and the high temperatures can start fires. Even on the edges of the 
flow people are in danger from burns and the inhalation of hot, choking gases. Although 
pyroclastic flows are clouds of solid material they move like a liquid, hugging the ground and 
following contour patterns downwards much like an avalanche. However, they also have 
enough energy and mass to travel uphill on the lower slopes of a volcano. This makes their 
path difficult to predict. 
 
Task: Add letters to indicate suitable points for these annotations on the diagram below. 
 

A. Ash rises in a column up to 20km into the 
atmosphere; as pressure is released from the 
magma chamber, the gas in the rising column 
expands; it’s like shaking a bottle of pop before 
you take the lid off. 
 

B. The weight of the ash cannot be sustained by 
the eruption; it collapses due to the effect of 
gravity 
 

C. The pyroclastic flow is a mixture of heavier rock 
fragments, ash and gas; It rolls down the 
slopes, hugging the ground 

 
D. Lighter rock fragments and ash billow upwards 

above the main part of the flow 
 

The collapse of an ash column can trigger pyroclastic flows.  
 



Task: Suggest suitable labels of annotations for each of the three points on the photograph 
above. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Task: Study the information below. Mount Vesuvius is an active stratovolcano. 
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Explain why the people of Naples are vulnerable to the impact of pyroclastic flows. Use 
evidence from the photograph and the map.   [4]   From WJEC 2018 
 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
 
 
How can hazard mapping help to reduce the threat? 
The level of threat from tectonic events, such as pyroclastic flows, increases not only with 
the magnitude of the event but also with  the vulnerability of local communities. If 
communities can be removed from these areas, then the threat is much reduced. Hazard 
mapping allows local authorities to do two things: 

• Limit access to hazardous areas, for example, allowing people to only have access 
during daylight hours or only allowing scientists to enter the dangerous zones 

• Control development of the areas considered to be most at risk from tectonic 
events, for example, preventing the building of new homes in hazard zones. 

 
The Soufriere Hills volcano in Montserrat has been erupting since 1995. The southern part 
of the island has been divided into six zones, shown on the map. A hazard level system that 
restricts access to certain areas is used depending on how active the volcano is according 
the measurements made by the Montserrat Volcano Observatory (MVO). Zone V is out of 
bounds except to scientists, although daytime access to some areas of this zone is permitted 
when volcanic activity is low. There are also maritime exclusions zones because pyroclastic 
flows can reach the coast and travel out the sea. Many residents have left the island since 
the 1995 eruption began – many moving to the UK.  
 
 

 
 



 
 



Lahar 
 
Pyroclastic flows deposit layers of loose rock and ash. After an eruption these deposits can 
be hundreds of metres thick. When mixed with water they create a destructive type of 
mudflow known as a lahar. Lahar is an Indonesian term that describes a hot or cold mixture 
of water and rock fragments that flows down the slopes of a volcano and typically enters a 
river valley. 
 
Lahars can be formed in two different ways: 
• Snow and ice on the upper layers of the volcano can be melted by the eruption. The 

melt water mixes with the ash deposits creating the lahar. 
• Rainfall, during and after the eruption, mixes with pyroclastic deposits.  

 
Lahars can travel at 65kph, which is faster than a river in 
flood. The mixture of ash, rock and water has the 
consistency of wet concrete, the density of a lahar 
causes far more damage than water alone. People, 
buildings, roads and bridges are simply swept away or 
buried. Farmland is ruined, putting strain on local food 
supply. Lahars can travel long distances from the 
volcano. Lahars can continue to be created long after 
the volcano has stopped erupting, every time heavy rain 
mixes with rock and ash deposited in river valleys. 
https://www.youtube.com/watch?v=xJriWzxBa_Q 
https://www.youtube.com/watch?v=TpwiFtVRBTs 
 
Describe how a lahar can be formed during an eruption. (4) 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
 
Explain why the risk of lahars continues for many months after an eruption. (4) 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
 
Reducing the risk from Lahars in the Cascades, USA 
https://www.youtube.com/watch?time_continue=25&v=dx6ZQObNMmg&feature=emb_lo
go 
 
To understand lahars, scientists observe and quantify what happens when these events 
occur naturally, derive equations to describe lahar behaviour, and perform controlled 
experiments in a 95m long debris flow flume. The results help to understand flow dynamics 
and develop improved technologies for reducing the destructive effects of lahars. 



Because of the danger presented by lahars, scientists are ready to deploy lahar-detection 
systems when eruptions are imminent. Officials near Mount Rainier in Washington State 
maintain a permanent lahar-detection system and accompanying public notification system. 
Residents, employees, and visitors in lahar hazard areas will be notified of an approaching 
lahar through multiple channels of communication. Many schools and other public and 
commercial facilities will receive notice directly from the Emergency Operations Centre. 
Television and radio stations, as well as NOAA Weather Radio, will broadcast warnings on 
the Emergency Alert System. A system of All Hazard Alert Broadcast (AHAB) sirens in cities 
and towns will provide evacuation alerts regarding the lahar and protective measures.  
Once people in the river valleys receive a lahar warning, they 
need to respond effectively. The State of Washington agencies 
have developed an evacuation plan with marked evacuation 
routes to aid residents and visitors. Parts of some communities 
rely on evacuation by foot to high ground, especially in areas 
where highways may become clogged with traffic. 
 
 
Example of a volcanic eruption: Mount Merapi, Indonesia 

 
 
Mount Merapi is a stratovolcano located in central Java. This is one of the most densely 
populated areas of Indonesia. Mount Merapi is Indonesia’s most active volcano, producing 
pyroclastic flows and ash clouds. It is formed by the subduction of the Indo-Australian Plate 
beneath the Eurasian Plate at a destructive plate margin.  

 
Map of Indonesian subduction zone system showing the distribution of active volcanoes. 



Use the map to describe the location of Mount Merapi. (4) 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
  
Use the map to describe the distribution of volcanoes in this region. (3) 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
 
Volcanic activity on Merapi usually 
occurs every 2 to 4 years, and 
primarily involves lahars as well as the 
growth of viscous domes that collapse 
to form pyroclastic flows. Pyroclastic 
flows have caused the majority of 
casualties in the 20th and 21st 
centuries. Lahars accompany eruptive 
phases and often occur in large 
numbers for up to few years after an 
eruption, with the highest lahar 
frequencies occurring during rainy 
seasons. 
The two most significant eruptions in 
recent times have been the 1930-
1931 and 2010- eruption sequences. 
The major event associated with the 
2010- sequence occurred during 
October and November 2010, however, as there have been minor ash and steam ejections 
and continuous dome growth since, this eruptive period is considered here to still be 
occurring today. 
 
The October 2010 eruption. 
Mount Merapi’s 2010 eruption was magnitude VEI 4. The destroyed homes and crops, with 
pyroclastic flows travelling up to 10km from the summit. Thousands were left homeless. Ash 
falls of 30cm were recorded in villages up to 20km away and caused breathing difficulties. 
Planes were grounded in Western Australia because of the risk of damage to aircraft and 
hundreds of international flights had to be cancelled to and from Indonesia. Financial losses 
have been estimated at around US$700million. 
In the weeks after the eruption, the price of food rose and thousands had difficulty 
affording the increase in food prices. The 700 emergency shelters provided were cramped 
and there wasn’t enough clean drinking water or toilets. This led to poor sanitation and the 
risk of outbreaks of disease such as cholera.  
 



  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Merapi is usually surrounded by beautiful 
verdant green countryside. When the volcano 
started spewing hot clouds, buildings, cars, 
trees and paddy fields were covered in a 
layer of fine dusty ash, lending everything an 
eerie grey sheen. 26,000 ha of crops were 
covered in ash. 

By 18 Nov the death toll had increased to 275. 
Most of these were reported as being killed by 
searing gas clouds and from respiratory 
complications and burns. Some victims died in 
road and other accidents during the panicked 
exodus from the mountain. The toll had risen to 
353 by 3 Dec when the mountain began to calm. 

 

An Indonesian veterinarian tends to a cow 
injured after Mount Merapi’s eruption. 
1,900 livestock were killed (mainly dairy 
cattle). 

Heavy rain during the night of 3–4 November 
triggered lahars with mixtures of water and rock 
debris cascading down the numerous rivers on the 
slopes of the volcano. 27 million m3 of ash and 
rock was deposited in the River Gendol.  



 
 
Describe the landscape in this photo. How has the volcanic eruption affected the 
environment? (4) 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
 
Describe the impacts of the 2010 eruption. Consider the impacts on health, infrastructure 
and the economy. (6) 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________  
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
 
How might the risks associated with volcanic eruption be reduced? 
Active volcanoes are constantly monitored to try and predict when the next eruption will 
take place. Accurate prediction gives people enough time to evacuate. Data from 
monitoring stations on Mount Merapi is sent to the Merapi Volcano Observatory in 
Yogyakarta City. The data is processed and the alert level of the volcano is adjusted on a 
daily basis.  
 
Six observation posts around Mount Merapi take regular photographs to show the evolution 
of the lava dome and record rock fall activity. Scientists can attempt to predict the direction 
of future pyroclastic flows based on the changing shape of the dome. Satellites provide 



high-resolution images of visible changes while thermal infrared images show changes in 
temperature due to rising magma. Tiltmeters analyse ground movements and five 
observation stations send a laser beam to mirrors placed around the volcano to measure 
the smallest change in ground shape.  
 
Mount Merapi has eight seismometers – instruments that record earthquakes. 
Geomagnetic monitoring is carried out by four stations: they take measurements of 
geomagnetic intensity once every minute. There are also several fixed-point geochemical 
monitoring sites, which sample gas emissions.  
 

 
 
https://members.gcsepod.com/shared/playlists/playlist/266130  
Reducing the effects of volcanoes 
 
https://www.youtube.com/watch?v=FP-m2aD0_W0 
https://www.youtube.com/watch?v=kc_T4buG2gE 
https://www.youtube.com/watch?v=M5PFLHF3m64 
 
Horizon 2002 Volcano Hell https://www.dailymotion.com/video/x226259 
 
 
 
 
 
 
 
 
 
 
 
 
 

Predicting 
an eruption

Increased seismicity 
(more earthquakes) as 
magma forces its way 

up through the volcano

Increased heat given 
off as magma gets 

closer to the surface

Gases such as sulphur 
dioxide and carbon 
dioxide are released 

from magma

Changes in magnetic field; 
rocks lose their 

magnetism as they are 
heated by rising magma

Rock falls are recorded 
as the movement of 

magma causes shaking 
on the slopes of the 

volcano

Ground deformation 
(change in shape) as 

the rising magma 
pushes up the rocks 

above it

What is the cause of observable 
changes in a volcano before an 
eruption? 
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________
__________________________ 



Study the photographs below which show scientists using technology to monitor an active 
volcano. 

 
Choose any two of the boxes and describe how they help scientist monitor a volcano. [5] 
(From WJEC foundation 2013) 

 
___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________  

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

 
 
 
 
 
 
 
 
 
 
 
 



Why do people continue to live close to Mount Merapi? 
 

 
 
Describe the eruptive history of Mount Merapi shown by the graph. (3) 
___________________________________________________________________________  
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
  
Can you suggest why there are fewer documented historic eruptions prior to 1850? 
___________________________________________________________________________  
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
 
Mount Merapi erupts frequently but most eruptions are relatively small. The average 
eruption VEI 3, so effects are usually localised. Volcanic ash is rich in minerals. Once it has 
weathered it creates fertile soil for agriculture. The area between the volcano and the city 
of Yogyakarta is a National Park that is popular with tourists. Some local people work in the 
tourist industry as guides, taking tourists into the new conservation areas where it is 
considered too dangerous to live.  
 
Reducing vulnerability of riverside communities. 
Indonesia is a newly industrialised country (NIC) with a rapidly growing urban population 
(investigate using Google Earth). Planners have struggled to keep up with demand for 
affordable new housing. It is estimated that as much as 80% of all new housing is informal 
settlements. Much of this housing is built in locations that are not really suitable or safe, for 
example, riverside communities that are at risk of flooding in Indonesia’s wet season. After 
volcanic eruptions, these communities are at deadly risk from lahars.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One non-governmental organisation (NGO) that is trying to help the situation is Arkomiogia 
– a group of community architects working in the riverside community of Kali Jawi in 
Yogyakarta. This project was begun by a group of women who started a micro-credit 
scheme so they could make regular savings. The women’s group met with architects, 
planner and local government officials regularly to plan a new community centre. This 
centre can be used for village meetings and as a shelter during a flood or lahar. The new 
community centre has several features to make it practical and sustainable. 
 
1. Concrete stilts raise the building above 

flood height 
2. Steel bolts firmly hold the structure 

together 
3. The traditional style of building fits in 

with local architecture 
4. The bamboo construction uses three 

species of bamboos that are all 
commonly found in Java 

5. Community members were able to be 
involved in the simple construction 

6. The large roof provides shade and 
shelter from rain; open spaces provide 
ventilation 

 
Study the picture of the community centre above. Describe how one or more features of the 
building are designed to: 
a) Be sustainable 

________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
 

b) Suit the climate of the region 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 

 

Suggest why people living in informal housing in 
Yogyakarta are most vulnerable to ash falls and lahars. 
_____________________________________________
_____________________________________________
_____________________________________________
_____________________________________________
_____________________________________________ 
_____________________________________________
_____________________________________________ 
_____________________________________________ 
 



c) Improve the capacity of Kali Jawi to cope with flooding and lahars 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 

 
Enquiry: Which of these cities is most at risk of lahars? 
• Use an interactive map, such as Google Maps, to find the distance of each city from 

Mount Merapi 
• Describe the drainage pattern of rivers in this region 
• Use this information to put the three cities in rank order of risk. Justify your choice. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Mount Merapi 2010 Case Study (GCSE Pod) 
https://members.gcsepod.com/shared/playlists/playlist/266130 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tectonic setting (include a diagram) 

Secondary effects Primary effects 

Responses to the volcanic hazards 
Monitoring the volcano: 
 
 
Emergency shelters and evacuation centers: 
 
 
Disaster Risk Reduction: 
 
 
National aid response: 
 
 
International aid response: 
 
 
Government response: 



Eyjafjallajokull 2010 Case Study (GCSE Pod) 
https://members.gcsepod.com/shared/playlists/playlist/266130 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tectonic setting (include a diagram) 

Secondary effects Primary effects 

Responses to the volcanic hazards 
Monitoring the volcano: 
 
 
No fly zone: 
 
 
Warning systems: 
 
 
National crisis coordination centre: 
 
 
Jokulhlaup management (glacial flood from volcano): 
 
 
Government response: 



 
The Earthquake Hazard 
Earthquakes are measured on the moment magnitude scale 
(Mw). It measures the size of an event in terms of how much 
energy is released. To calculate this scientists measure the 
amount of movement by rock along the fault line and the area 
of the fault surface. Each number on the scale represents ten 
times the level of ground shaking than the one before it. Each 
number represents 32x more energy released.   
 
The strength of ground shaking during an earthquake is 
reduced with distance from its origin – a point underground 
called the focus. This means that earthquakes close to the earth’s surface will be felt more 
than an equally strong earthquake with a deeper focus. Similarly, ground shaking is reduced 
with distance from the epicentre, the point on the surface that is immediately above the 
focus.  

 
The amount and strength of ground shaking during an 
earthquake is affected by the hardness of the rock the 
seismic waves travel through. Earthquake waves travel 
quickly through hard rock. When they reach softer 
ground they slow down and the amount of shaking 
becomes amplified.  

 
 
 
 
 
 
 
 
 
 
 

Explain why people living in homes on soft ground more vulnerable to earthquakes? (3) 
 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________  
___________________________________________________________________________
___________________________________________________________________________ 
 
Using the table, roughly how much greater was the magnitude of the Nepal earthquake 
(12/05/15) than the one in Greece? 
 



Explain why the shallow depth of the two earthquakes in Nepal was significant. 
 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________  
___________________________________________________________________________
___________________________________________________________________________ 
 
Extension: Why are some earthquakes more deadly than others? 
Look again at the table. Suggest a hypothesis linking the number of deaths to one of the 
other factors in the table. Make a prediction. 
 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
 
How could you investigate your hypothesis? What mathematical or statistical techniques 
could you use? 
 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
 
 
Physical factors that increase vulnerability to earthquakes 
Most significant earthquakes occur due to movements along a plate margin. Earthquake 
hazards include: 
Ground movement, shaking and rupture: seismic waves are comprised of primary waves 
(that push and pull), secondary waves (that move up and down) and surface waves (that roll 
and move side to side). The combination of all these wave movements causes complex 
surface waves that shake the ground in all directions. This can cause buildings and bridges 
to collapse and underground pipes to rupture.   
Tsunami: also known as a seismic sea wave. When an earthquake lifts or drops part of the 
ocean floor the water above rises and forms a series of waves called a tsunami. In the open 
ocean, the tsunami wave is only about a metre high. As it approaches shallower water, near 
to the coast, the wave builds to a great height and flood onto low-lying coasts causing great 
damage and devastation.   https://www.youtube.com/watch?v=Wx9vPv-T51I 

 



Soil liquefaction: this occurs when vibrations cause soil particles to lose contact with one 
another. As a result soil behaves like a liquid, has an inability to support weight and can flow 
down very gentle slopes. 

 
 
Landslides: If the ground moves in an earthquake, the soil that covers it also moves. When 
earthquakes occur in areas with steep slopes, the soil can become unstable and collapse 
under its own weight. This is a landslide. These can bury people, livestock and buildings. 
 
Social and economic (human) factors that increase vulnerability to earthquakes 
 

 

Human 
factors 

increasing 
vulnerability

wealth

education

governments

age

health

population 
density

time of day

emergency 
services



How vulnerable to tectonic activity a region is depends on: 
Magnitude: the stronger the hazard the more severe the impacts may be. 

Duration: the longer the hazard lasts the more severe the impacts are likely to be. 

Predictability: hazards that hit with no warning are going to have more serious results. 

Regularity: if hazards happen often and in quick succession, for example an earthquake 
followed by multiple aftershocks, then the severity is likely to be greater. Communities do 
not have the capacity to recover before the next earthquake hits. 

 

 
 
The anatomy of an earthquake  https://www.youtube.com/watch?v=8QNigxTN384 
 
Can technology be used to reduce the impacts of earthquakes? 
 
The capacity to survive an earthquake is increased where individuals or communities have 
the resources or the technology they need to cope with the hazard. Japan 
is a high-income country (HIC) that has financial resources it can invest 
in technology and hazard preparedness. Many aseismic buildings 
have been constructed, such as the Yokohama Landmark 
Tower, to withstand earthquakes. These 
structures are flexible and strong rather than 
being rigid and brittle like concrete. 
Infrastructure, such as roads, can also be built to 
flex and withstand earthquakes.  
  
https://www.youtube.com/watch?v=c4fKBGsllZI 
 
 
 
 
 
 
 
 



Suggest how three of the features of this building improve its safety during an earthquake 
 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
 
So, as countries become more economically developed, do they become safer? Not 
necessarily. In many NICs, such as India or China, economic development does not 
guarantee that everyone has a reduced risk from earthquakes. Vulnerability is not reduced 
for everyone in society. 
Shillong is a city in northeast India. In 1897 an earthquake of magnitude 8.3Mw killed about 
1,500 of the 50,000 people who lived there. It has been estimated that an earthquake of 
similar size today could perhaps kill 90,000 people of the current 400,000 population. Why 
are there so many people at risk today? The reason is technology. In 1897 most people lived 
in traditional single-story bamboo homes. These were flexible and lightweight, like modern 
steel-frame structures. Now, most people live in cheaply constructed multi-storey buildings 
constructed from concrete. Many are on steep slopes. During an earthquake, these 
buildings could collapse, crushing and killing people inside.  

 
Indian soldiers inspect a house that 
collapsed in an earthquake in Imphal, 
capital of the northeastern Indian 
state of Manipur, Monday, Jan. 4, 
2016. 
 
 
 
 
 
 

 
Disaster Planning 
After an earthquake people face a number of further hazards, for example: 
• From unstable buildings, which have been weakened by the earthquake 
• The need for medical attention for their injuries 
• Risks associated with exposure because they have lost their homes 
• Risks associated with the lack of basic resources, such as food, clean water and 

sanitation. 
A swift and targeted response is needed to minimise these effects. This is harder to achieve 
when: 
• The area is very remote 
• The country does not have enough money to invest in disaster planning and 

preparation. 
Specialist emergency teams trained to use equipment specifically designed to locate 
survivors buried under rubble are found in most HICs at risk of tectonic disasters, such as 
Japan, Italy and the USA. In these countries, educational programmes in schools and 
workplaces teach people how to react during an earthquake, tsunami or volcanic eruption. 
Annual events like the ‘Great ShakeOut’ in California involve whole communities in raising 



awareness of what to do during and after a major earthquake. In Japan, coastal towns have 
tsunami escape routes clearly signposted.  
https://www.shakeout.org/california/index.html 
https://www.youtube.com/watch?v=p5W3YgT86UA 
 
Example of an Earthquake: Nepal, April 2015 
On 25 April 2015, a 7.8 Mw earthquake occurred in the Gorkha district of Nepal. The 
epicenter was close to the Nepalese city of Kathmandu, but people in India, China and 
Bangladesh were also affected by the powerful quake. A number of powerful aftershocks 
caused further damage and injuries, including one of 7.3 Mw close to Mount Everest on 12 
May.  
 
Describe the location of the epicentre of  
the earthquake. (3) 
 
_________________________________ 
_________________________________ 
_________________________________  
_________________________________  
_________________________________ 
_________________________________ 
_________________________________  
_________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Explain why earthquake events occur in Nepal. (4) 
___________________________________________________________________________  
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________  
___________________________________________________________________________
___________________________________________________________________________ 
 
 



What were the effects of this earthquake? 
The earthquake was caused by the Indian Plate moving under the Eurasian Plate in a sudden 
movement. As a result, Kathmandu is now 3m further south than it was before the 
earthquake. 
 
The violent shaking of the ground during the earthquake caused a lot of damage to buildings 
and infrastructure. Whole villages collapsed. The Earth’s movement fractured many roads. 
Others were blocked by landslides that slid down the steep mountain slopes because of the 
earthquakes. Avalanches of snow and ice that were triggered by ground shaking killed 
hundreds of people. One of these avalanches was over 2 km wide. 
 
Aid workers struggled to reach people who 
needed help because of the mountainous 
terrain and damaged roads. Much of the 
help has to come in by helicopter. This 
meant that smaller amounts of supplies 
could be delivered and fewer people could 
be rescued in each trip. Many medical 
centres were destroyed and medical 
supplies hard to access. Fresh food and 
clean water were scarce. Many tourists were 
stranded on the mountains. Priority was 
given to the wounded and communities 
without food and water. Six months later, 
many people were still suffering with respiratory diseases and infected wounds. Nepal is a 
low-income country (LIC); its economy generates about US$20 billion each year. The cost of 
rebuilding is estimated to be at least US$5 billion. 
 
How can technology help reduce risk? 
Electricity and telephone lines were broken during the earthquake. This damaged 
communications, which could have slowed down the relief effort. However, a mixture of old 
and new technologies allowed the public to help. Amateur radio operators, using radios 
running on solar power and batteries, were able to give information to the Nepalese Police. 
This was made possible by the US chapter of the Computer Association of Nepal, who 
supplied the equipment needed to relay the radio messages. People also used social media 
to describe conditions in remote areas. Humanity Road, an NGO, kept a log of social media 
messages to relay important information to rescue teams.  
 



Other projects are in place to reduce the damage 
caused by future earthquakes. Traditional Nepalese 
houses use alternating bands of stone and wood; 
the wooden bands stitch the building together and 
allow some flexing during an earthquake. However, 
cut stone is expensive and many of the trees in 
Nepal have been cut down for firewood, so poorer 
people have built cheap concrete houses. These 
houses have no flexibility and many collapsed during 
the earthquake. Arabi is a project that aims to revive 
traditional building techniques along with the 
benefits of modern technology. Specially treated 
bamboo is used instead of wood, and people are 
taught the traditional methods, thus making the 
buildings more affordable and sustainable.  
 
 
 
 
Reading Guide: The Nepal Earthquake of April 2015 

Reading Directions Task Answers 
 

Read the introduction  
How big was the earthquake? 
 
Name four countries affected. 

 

 

 
Read the first two 

paragraphs ‘What were 
the effects of this 

earthquake?’ 

 
List the secondary hazards 
caused by the ground shaking. 
 
 
 

 

 
Read the next 

paragraph on the aid 
effort 

 

 
Describe how the Nepal 
earthquake affected a) people 
and b) the economy 
 
Why was it difficult to get aid 
to some communities after the 
earthquake? 
 
Were these communities urban 
or rural? 
 
 

 

 
Read the next two 
paragraphs about 

technology 
 

How did technology help the 
relief effort in Nepal? 
 
 
 
Why are poorer people in 
Nepal more vulnerable? 
 
 
 
 
 

 



 

 
 
Study the geological cross section. Suggest how the geology of Kathmandu affected 
vulnerability during the earthquake. 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________ 
 
‘In a low income country, like Nepal, people in densely populated urban areas are more 
vulnerable than people in remote rural areas during a powerful earthquake.’ 
To what extent do you agree with this statement?  [8 marks] 
 
Consider why the effects of an earthquake could be worse in a densely populated urban 
area. What advantages would an urban are have over a rural area during the hours and says 
after an earthquake? 
 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 



___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________ 
 
Mathematics and statistics in GCSE Geography   
Numeracy Starter – interpreting line graphs 
 
Study the line graph below. Answer the questions that follow. 

 
1. Tick four statements that are correct. 

 Tick 
The amount of hospital admissions is steady in the hours following an earthquake.  
The amount of hospital admissions fluctuates in the hours following an earthquake.  
The amount of hospital admissions increases and then decreases in the hours following 
an earthquake. 

 

Hospital admissions peaked at 50% in two hours.  
Hospital admissions peaked at 55% in two hours.  
Hospital admissions peaked at 50% in an hour.   
Hospital admissions went down every hour between two and eight hours.  
Hospital admissions went down every hour after two hours except for hour six.  
There were almost twice as many admissions in the second hour than in the third hour.  
There were almost half as many admissions in the second hour than in the third hour.  
There were almost 3 times as many admissions in the second hour than in the third hour.  



 
2. Describe how the percentage of admissions to hospital changes during the eight hours after the 
earthquake. [3] 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________
3. Suggest two reasons to explain why hospital admissions continue many hours after the 
earthquake event. [2] 
___________________________________________________________________________
___________________________________________________________________________ 
___________________________________________________________________________ 
 
Mathematics and statistics in GCSE Geography 

• Distance and direction 
• Choropleth shading 

Study the map of Japan. Answer the questions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Study the photograph below. 

 
 
Suggest the social impacts of this earthquake on the people of Amatrice. Use evidence from the 
photograph. [4] 
 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
 

1. Tick (✓) five statements that are correct. 
 Tick (✓) 
1 Ofunato and Ishinomaki are a similar distance from the epicenter.  
2 Sendai is closer to the epicenter than Miyako.  
3 Strongest ground shaking was measured in the west of Japan.  
4 Strongest ground shaking was measured in the east of Japan.  
5 Tokyo experienced extreme ground shaking.  
6 Tokyo experienced moderate ground shaking.  
7 Tokyo experienced strong ground shaking.  
8 Fukushima Nuclear Power Plant is about 190 km SW of the epicenter  
9 Fukushima Nuclear Power Plant is about 170 km SW of the epicenter  
10 Fukushima Nuclear Power Plant is about 170 km SE of the epicenter  
11 Fukushima Nuclear Power Plant is about 108 miles SW of the epicenter  

 



 
 
1. Use evidence from the photograph to give one impact of the tsunami. [1] 
___________________________________________________________________________ 

 
2. Use the map to work out how long (hours) the wave would have taken to reach Hawaii. [1] 
___________________________________________________________________________ 

 
3. Calculate the distance from the epicenter of the earthquake to Hawaii. [1] 
___________________________________________________________________________ 
 
4. Use evidence from the map to describe the changes in the height of the tsunami wave as it 

moved away from Japan. [2] 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
 
Tsunami 
Tsunami are caused by violent movements of the ocean floor, such as those during an earthquake. 
This movement displaces huge amounts of water upwards, which creates a series of waves. Tsunami 
waves travel at 25m per second in deep water. As a tsunami reaches shallow water it slows down 
and increase in height in a process called shoaling. Debris carried in these large, powerful waves can 
be carried far inland across coastal planes and up river valleys, causing injury to people and sever 
damage to buildings. The danger can last for several hours after the first wave. 
 
 
 



The 2011 Tohoku earthquake and tsunami 

 
 
Japan experienced one of its largest seismic events on March 11th 2011. A magnitude 9.0 
earthquake occurred 70km off the coast of the northern island of Honshu where the Pacific and 
North American plate meet. It is the largest recorded earthquake to hit Japan and is in the top five in 
the world since records began in 1900. The earthquake lasted for six minutes. The earthquake had a 
significant impact on the area. The force of the megathrust earthquake caused the island of Honshu 
to move east 2.4m. Parts of the Japanese coastline dropped by 60cm. The seabed close to the focus 
of the earthquake rose by 7m and moved westwards between 40-50m. In addition to this, the 
earthquake shifted the Earth 10-15cm on its axis. 
The earthquake triggered a tsunami which reached heights of 40m when it reached the coast. The 
tsunami wave reached 10km inland in some places. 
The tsunami in 2011 claimed the lives of 15,853 people and injured 6,023. The majority of the 
victims were over the age of 60 (66%). 90% of the deaths was caused by drowning. The remaining 
10% died as the result of being crushed in buildings or being burnt. 3,282 people were reported 
missing, presumed dead. 
The massive surge overtopped Japan’s sea defences and destroyed three-storey buildings where 
people believed they were safe. Fukishima Daiichi, a nuclear power plant to the south of Sendai, had 
lost power to its cooling rods during the earthquake and was running on back up power. When the 
tsunami struck it destroyed the diesel generators, eventually leading to a full meltdown to a number 
of reactors and releasing harmful radiation. 36 nuclear reactors across the country were closed after 
the earthquake, resulting in electrical blackouts across much of the country. 
 
How much greater in magnitude was the 2011 Tohoku earthquake than the Nepal earthquake of 
April 2015? 
___________________________________________________________________________ 
 
Compare these two tsunami events. (4) 
 

 
 
 
 

 

___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
 
 



 
Annotate the photograph to describe the impacts of the Tohoku earthquake. (4) 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
How are tsunami monitored?  
The Pacific Tsunami Warning System (PTWS) was set up after the 1960 Chile earthquake. This 
earthquake caused a tsunami responsible for the deaths of hundreds of people across the Pacific 
region. There was no warning. The PTWS uses a network of seismographs and ocean buoys to detect 
earthquakes that might create a tsunami and changes in sea levels that may indicate the formation 
of a tsunami. Once a tsunami is detected, warnings can be given to local centres around the Pacific 
region. These centres then warn local people by radio or text message giving them time to evacuate 
the area. A similar system was set up in the Indian Ocean following the Boxing Day tsunami of 2004, 
which killed over 230,000 people.  
 
The 2007 Solomon Islands tsunami 
The Solomon Islands are a group f 492 islands in the Pacific Ocean to the NE of Australia. On 
01/04/07, a powerful earthquake created a tsunami; it was detected by the PTWS but the wave 
struck the island of Ghizo before the warning could be issued. The small coastal town of Gizo was 
swamped by waves several metres high, which flooded 50-70 m inland, destroying a number of 



timber-framed buildings. Aid workers struggled to reach the scene, which is 370km from the capital 
Honiara. Australia sent US$54.1 million in aid. The nearest major airport in Australia is Darwin, which 
is 2,887 km away.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3 (c) Study the map and the information about the Solomon Islands. 

 
‘Remote islands are more vulnerable to tectonic hazards than any other location.’  
To what extent do you agree with this statement?     (8) 
 

Structure Information from 
resource to 
support 
arguments 

Elaboration 
 … so … because … this means … therefore … 
however … consequently … as a result … 
eventually … on the other hand .. 

Introduction –  Vulnerability 
Tectonic hazards 
Remote 
 
 

 

Agree 
 

 

 
 
 
 
 
 
 
 
 

 

Disagree 
 

 

 
 
 
 
 
 
 
 
 

 

Conclusion – 
make your 
opinion clear 

 
 
 
 

 



 


