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Introduction





This book has been written specifically for the Edexcel specification introduced for first teaching in September 2016. This edition has been updated to reflect changes made to Topics 1–4 in May 2024 (Specification Issue 6). The writers are all experienced authors, teachers and subject specialists with examining experience, who provide comprehensive and up-to-date information that is both accessible and informative.


This title (Book 1) covers the topics usually taught in Year 12, including all the options. This book also corresponds to the AS level course. There is also a Place Investigations section, which will support you with your two in-depth place studies for Topic 4A or 4B: a place that is local to you and of a contrasting place. The topics usually taught in Year 13 of A level, including all the options, are covered in Book 2.




Edexcel A level Geography – Paper 1








	Content

	Covered in










	A level Compulsory content

	 






	Topic 1: Tectonic Processes and Hazards

	Edexcel A level Geography Book 1






	Topic 5: The Water Cycle and Water Insecurity

	Edexcel A level Geography Book 2






	Topic 6: The Carbon Cycle and Energy Security

	Edexcel A level Geography Book 2






	A level Optional content

	 






	Topic 2: Landscape Systems, Processes and Change

One of these topics must be studied:




	•  Topic 2A: Glaciated Landscapes and Change


	•  Topic 2B: Coastal Landscapes and Change







	Edexcel A level Geography Book 1









Summary of the specification and its coverage in Edexcel A level Geography Books 1 and 2







Edexcel A level Geography – Paper 2








	Content

	Covered in










	A level Compulsory content

	 






	Topic 3: Globalisation

	Edexcel A level Geography Book 1






	Topic 7: Superpowers

	Edexcel A level Geography Book 2






	A level Optional content

	 






	Topic 4: Shaping Places

One of these topics must be studied:




	•  Topic 4A: Regenerating Places


	•  Topic 4B: Diverse Places







	Edexcel A level Geography Book 1






	Topic 8: Global Development and Connections

One of these topics must be studied:




	•  Topic 8A: Health, Human Rights and Intervention


	•  Topic 8B: Migration, Identity and Sovereignty







	Edexcel A level Geography Book 2









Summary of the specification and its coverage in Edexcel A level Geography Books 1 and 2








Edexcel A level Geography – Paper 3








	Content

	Covered in










	Synoptic investigation

	
Edexcel A level Geography Book 2

Chapter 18 provides detail on the synoptic investigation









	Coursework: Independent investigation

	
Edexcel A level Geography Book 1

Guidance on fieldwork is given in Chapter 23












Summary of the specification and its coverage in Edexcel A level Geography Books 1 and 2


Each chapter in this book covers one enquiry question in a topic. Within a chapter, each key idea from the specification is addressed and there is full coverage of what the specification indicates that you need to learn.


There is a range of features designed to give you confidence and to present the content of your course in a clear and accessible way, as well as supporting you in your revision and exam preparation.




	
•  An introduction to each chapter gives you an overview of what is covered in that chapter.


	
•  Key terms are defined throughout to increase your geographical vocabulary.


	
•  Key concepts explain important ideas and how to apply them.


	
•  Skills focus provides opportunities for you to learn and practise the skills required as indicated within the detailed content for each topic in the specification.


	
•  Synoptic themes in the compulsory topics indicate that the content relates to the three over-arching synoptic themes in the specification: players, attitudes and actions, and futures and uncertainties.


	
•  Place contexts are indicated with a globe symbol and provide detailed content in context, as suggested by the place contexts within the specification.


	
•  Fieldwork opportunities suggest ideas for how you could carry out fieldwork for that topic.


	
•  A range of photographs, maps and graphs are provided to develop your data-response skills.


	
•  Further research provides information on useful websites relevant to the chapter.


	
•  Review questions at the end of each chapter enhance understanding of key ideas and provide extension activities.


	
•  Exam-style questions have been designed to offer study practice and to develop your exam technique skills.










Summary of changes to this edition






	Topic 1

	Minor updates to tectonic processes (Chapter 1), human and physical factors causing tectonic disasters (Chapter 2).






	Topic 2A

	The inclusion of the Anthropocene (Chapter 4), clarification of the use of ‘climate change’ rather than ‘global warming’ (Chapters 4–7).






	Topic 2B

	Minor changes to wording. Inclusion of ‘bedding planes’ (Chapter 8).






	Topic 3

	Replacing ‘switched-off’ with ‘detached’ (Chapter 12), other minor changes to wording and place contexts (Chapters 12–14).






	Topic 4A

	More significant changes to some place contexts, language and focus in Chapters 15–16.






	Topic 4B

	Minor changes to language and wording in Chapters 19–22.
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Topic 1



Tectonic Processes and Hazards





Chapter 1: Locations at risk from tectonic hazards


Chapter 2: Tectonic hazards and disasters


Chapter 3: Management of tectonic hazards and disasters












1 Locations at risk from tectonic hazards
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Why are some locations more at risk from tectonic hazards?


By the end of this chapter you should:




	•  understand how the global distribution of tectonic hazards can be explained by plate boundaries and other tectonic processes


	•  understand the theoretical frameworks that attempt to explain plate motion and movement


	•  be able to understand and explain the physical causes of tectonic hazards.
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1.1 The global distribution of tectonic hazards


Tectonic hazards include earthquakes and volcanic eruptions, as well as secondary hazards such as tsunamis. These represent a significant risk in some parts of the world in terms of loss of life, livelihoods and economic impact. This is especially the case where active tectonic plate boundaries interact with areas of high population density, and medium and high levels of development. Tectonic hazards can be classified as either seismic or volcanic.
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Key terms


Seismic hazards: Generated when rocks within 700 km of the Earth’s surface come under such stress that they buckle and become displaced.


Volcanic hazards: Associated with eruption events.


Intra-plate earthquakes: These occur in the middle or interior of tectonic plates and are much rarer than boundary earthquakes.
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The global distribution of tectonic hazards: earthquakes


The global distribution of tectonic hazards is far from random. Figure 1.1 clearly shows that the main earthquake zones are found (often in clusters) along plate boundaries. About 70 per cent of all earthquakes are found in the ‘Ring of Fire’ in the Pacific Ocean. The most powerful earthquakes are associated with convergent or conservative boundaries, although rare intra-plate earthquakes can occur. This distribution of earthquakes reveals the following pattern of tectonic activity:




	
•  The oceanic fracture zone (OFZ) – a belt of activity through the oceans along the mid-ocean ridges, coming ashore in Africa, the Red Sea, the Dead Sea rift and California.


	
•  The continental fracture zone (CFZ) – a belt of activity following the mountain ranges from Spain, via the Alps, to the Middle East, the Himalayas to the East Indies and then circumscribing the Pacific.


	
•  Scattered earthquakes in continental interiors. A small minority of earthquakes can also occur along old fault lines and the hazard is associated with the reactivation of this weakness, for example, the Church Stretton Fault in Shropshire.





Earthquakes are a common hazard and can develop into a major disaster, especially when they are both high magnitude and occur in a densely populated area. Earthquakes are primary hazards (ground movement and ground shaking) but also cause secondary hazards, such as landslides and tsunamis. The distribution of tsunamis is discussed later in the chapter, on page 12.
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Figure 1.1 The global distribution of earthquakes and their associated plate margins













The global distribution of tectonic hazards: volcanoes


The violence of a volcanic eruption is determined by the amount of dissolved gases in the magma and how easily the gases can escape. There are about 500 active volcanoes throughout the world (Figure 1.2) and, on average, around 50 of them erupt each year.
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Key term


Volcano: A landform that develops around a weakness in the Earth’s crust from which molten magma, volcanic rock and gases are ejected or extruded.
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Figure 1.2 The global distribution of active volcanoes














Plate boundary types and their distribution


There are three types of plate boundary (Figure 1.3):




	
•  Divergent (constructive) margins, most clearly displayed at mid-ocean ridges. At these locations there are large numbers of shallow focus and generally low magnitude earthquake events. Most are submarine (under the sea).


	
•  Convergent (where plates move together): these are actively deforming collision locations with plate material melting in the mantle, causing frequent earthquakes and volcanoes.


	
•  Conservative (oblique-slip, sliding or transform) margins, where one plate slides against another. Here the relative movement is horizontal and classified as either sinistral (to the left) or dextral (to the right). Lithosphere is neither created nor subducted, and while conservative plate margins do not result in volcanic activity, they are the sites of extensive shallow focus earthquakes, occasionally of considerable magnitude.
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Figure 1.3 Different plate boundaries
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Key term


Lithosphere: The surface layer of the Earth is a rigid outer shell composed of the crust and upper mantle. It is on average 100 km deep. The lithosphere is always moving, but very slowly, fuelled by rising heat from the mantle which creates convection currents. The distinction between lithosphere and asthenosphere is one of physical strength rather than a difference in physical composition. The lithosphere is broken into huge sections, which are the tectonic plates.
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Plate movement and earthquake type


There are three ways plates can move with respect to one another: they can pull away from each other, slide past each other or crunch into each other. Each possibility offers different focal depths and typical magnitudes.




	
•  The places where they move away from each other are the divergent ‘spreading ridges’ in the oceans. New oceanic crust, which is thinner and denser than the continental crust, is created. The earthquakes seen at these boundaries tend to be frequent, small and typically a low hazard risk because of their geographical position (that is, in the ocean) and they do not typically trigger tsunamis.


	
•  Locations where plates slide past each other can present more risk. In simple terms, this is what is happening along the San Andreas Fault in California, where the Pacific Plate (moving north) creates a zone of friction against the North American Plate (moving north at a different speed).


	
•  The plate boundaries that generate some of the largest and most damaging earthquakes are those where two plates are moving towards each other (convergent). Typically when this happens, one plate starts sliding under the other. As the strain builds over time in the subduction zone, the friction between the two masses of rock is overcome, releasing energy. This will produce both earthquakes – such as the tsunami-generating ones off Japan in 2011 and Aceh in Indonesia in 2004 – and volcanoes, the magma being created by hydration of the subducting oceanic plate. The subduction zones at the edge of the Pacific Plate are the reason for the Ring of Fire that is a feature of this ocean.





Active subduction zones are characterised by magmatic activity, a mountain belt with thickened continental crust, a narrow continental shelf and active seismicity. Passive continental margins are found along the remaining coastlines. Because there is no collision or subduction taking place, tectonic activity is minimal here.








Plate movement and volcanic activity


The distribution of volcanoes is controlled by the global geometry of plate tectonics. Volcanoes are found in a number of different tectonic settings:




	
1  Destructive plate boundaries (Figure 1.4). These occur at locations where two plates are moving together. Here they form either a subduction zone or a continental collision, depending on the type of plates. When a dense oceanic plate collides with a less-dense continental plate, the oceanic plate is typically thrust underneath because of the greater buoyancy of the continental lithosphere, forming a subduction zone. Surface volcanism (volcanoes at the ocean floor or the Earth’s surface) typically appears above the magma that forms directly above down-thrust plates. During collisions between two continental plates, however, large mountain ranges are formed, such as the Himalayas. Destructive boundaries comprise a large proportion of the world’s active volcanoes and create the most explosive type, characterised by a composite cone associated with a number of hazards. These volcanic eruptions tend to be more infrequent but more destructive.
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Figure 1.4 Subduction and the development of island arc volcanoes at a destructive boundary










	
2  Divergent boundaries create rift volcanoes where plates diverge from one another at the site of a thermally buoyant mid-ocean ridge. These are generally less explosive and more effusive, especially when they occur under water deep in the ocean floor, for example, the Mid-Atlantic Ridge. Here there is basaltic magma, which has low viscosity.


	
3  Hotspot volcanoes are found away from the boundaries of tectonic plates and are thought to be fed by underlying mantle plumes that are unusually hot compared with the surrounding mantle.
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Key term


Plate tectonics: A theory developed more than 60 years ago to explain the large-scale movements of the lithosphere (the outermost layer of the Earth). It was based around the evidence from sea floor spreading and ocean topography, magnetic anomalies on the ocean floor, palaeomagnetism and geomagnetic field reversals. A knowledge of Earth’s interior and outer structure is essential for understanding plate tectonics (see Figure 1.6).
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Volcanoes at different types of boundary will of course present a risk to people and property, both in the shorter and longer term.










Hotspot volcanoes and mantle plumes


The vast majority of volcanic eruptions occur near plate boundaries, but there are some exceptions: hotspot volcanoes. The presence of a hotspot is inferred by anomalous volcanism (that is, not at a plate boundary), such as the Hawaiian volcanoes within the Pacific Plate.


A volcanic hotspot is an area in the mantle from which heat rises as a hot thermal plume from deep in the Earth. High heat and lower pressure at the base of the lithosphere enable melting of the rock. This molten material, magma, rises through cracks and erupts to form active volcanoes on the Earth’s surface. As the tectonic plate moves over the stationary hotspot, the volcanoes are rafted away and new ones form in their place. As oceanic volcanoes move away from the hotspot, they cool and subside, producing older islands, atolls and seamounts. Over long periods of time this can also create chains of volcanoes, such as the Hawaiian Islands (Figure 1.5).
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Figure 1.5 The formation of volcanic hotspots over time
















1.2 Theoretical frameworks and plate movements


There are two different types of crust, which are are made up of different types rock:




	
•  thin oceanic crust, which underlies the ocean basins, is composed primarily of basalt


	
•  thicker continental crust, which underlies the continents, is composed primarily of granite.





The low density of the thick continental crust allows it to ‘float’ high on the much higher density mantle below.
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Figure 1.6 Section through the upper layers of the Earth as a schematic diagram








The Earth’s mantle has a temperature gradient (geothermal gradient). The highest temperatures occur where the mantle material is in contact with the heat-producing core so there is a steady increase of temperature with depth. Rocks in the upper mantle are cool and brittle, while rocks in the lower mantle are hot and plastic (but not molten). Rocks in the upper mantle are brittle enough to break under stress and produce earthquakes. However, rocks in the lower mantle are plastic and flow when subjected to forces instead of breaking. The lower limit of brittle behaviour is the boundary between the upper and lower mantle.


The heat derived from the Earth’s core (radioactive decay) rises within the mantle to drive convection currents, which in turn move the tectonic plates. These convection currents operate as cells (Figure 1.8). We already know that plates can move in a number of directions when in contact with each other, and that the type of movement can be translated into a particular hazard risk.


There are three forces that cause tectonic plate motion:




	
1  Convection (Figure 1.8).


	
2  Ridge push, also known as gravitational sliding. This happens because oceanic plate divergent plate boundaries are elevated mid-ocean ridges in the form of submarine mountains. Gravity pulls oceanic plates down the sloping asthenosphere away from the mid-ocean ridge.


	
3  Slab pull. This is the force caused by old, cool, dense oceanic plates plunging into the mantle at subduction zones (ocean trenches) under their own weight. This sinking force pulls the rest of the oceanic plate towards convergent subduction zones.





It is thought that slab pull is the strongest force in tectonic plate motion, with ridge push and convection being weaker forces. Very active subduction zones around the Pacific Ring of Fire have movement rates of 80 mm/year, suggesting slab pull is a powerful force.


Sea floor spreading occurs at divergent boundaries under the oceans. This is a continuous input of magma forming a mid-ocean ridge, for example, the Mid-Atlantic Ridge. On land a rift valley forms. A technique involving the reconstruction of palaeomagnetic reversals (called palaeomagnetism) can be used to date the age of new tectonic crust (Figure 1.7).
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Figure 1.7 Changes in the direction of magnetic ‘signatures’ allow crust to be dated
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Figure 1.8 The role of convection currents in ‘tectonic plate motion’










The Benioff Zone and subduction processes


The Benioff Zone is an area of seismicity corresponding with the slab being thrust downwards in a subduction zone. The different speeds and movements of rock at this point produce numerous earthquakes. It is the site of intermediate/deep-focused earthquakes. This theoretical framework is therefore an important factor in determining earthquake magnitude, since it determines the position and depth of the hypocentre (page 10).
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Key terms


Palaeomagnetism results from the zone of magma ‘locking in’ or ‘striking’ the Earth’s magnetic polarity when it cools. Scientists can use this tool to determine historic periods of large-scale tectonic activity through the reconstruction of relative plate motions. They create a geo-timeline.


Subduction zones are broad areas where two plates are moving together, often with the thinner, more dense oceanic plate descending beneath a continental plate. The contact between the plates is sometimes called a thrust or megathrust fault. Where the plates are locked together, frictional stress builds. When that stress exceeds a given threshold, a sudden failure occurs along the fault plane that can result in a ‘mega-thrust’ earthquake, releasing strain energy and radiating seismic waves. It is common for the leading edge to lock under high friction. The locked fault can hold for hundreds of years, building up enormous stress before releasing. The process of strain, stress and failure is referred to as the ‘elastic-rebound theory’.


Locked fault: A fault that is not slipping because the frictional resistance on the fault is greater than the shear stress across the fault, that is, it is stuck. Such faults may store strain for extended periods that is eventually released in a large magnitude earthquake when the frictional resistance is eventually overcome. The 2004 Indian Ocean tsunami was the result of a mega-thrust locked fault (subducting Indian Plate) with strain building up at around 20 mm per year. It generated huge seismic waves and the devastating tsunami.
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Figure 1.9 Variations in earthquake hypocentres at convergent boundaries








Zones where there are locked faults can present a significant tectonic hazard. The Andes owe their existence to a subduction zone on the western edge of the South American Plate; in fact, this type of boundary is often called an Andean boundary since it is the primary example.


Figure 1.9 shows an idealised distribution of earthquakes at a convergent boundary, along a subduction zone and a continental–continental boundary. Earthquake centres are colour coded according to depth. Green triangles represent volcanoes on the Earth’s surface.


These different depth tectonic earthquake boundaries can also be mapped on to a complete world map to give an interesting distribution pattern in terms of depth of earthquake hypocentres (Figure 1.10).
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Figure 1.10 Different depth tectonic earthquake boundaries mapped on to a world map
















1.3 Physical processes and tectonic hazards




Earthquakes, crustal fracturing and ground shaking


Earthquakes are caused by sudden movements comparatively near to the Earth’s surface along a fault. Faults are zones of pre-existing weakness in the Earth’s crust. A sequence of events occurs in the generation of an earthquake:




	
1  The movements are preceded by a gradual build-up of tectonic strain, which stores elastic energy in crustal rocks.


	
2  When the pressure exceeds the strength of the fault, the rock fractures.


	
3  This produces the sudden release of energy, creating seismic waves that radiate away from the point of fracture.


	
4  The brittle crust then rebounds either side of the fracture, which is the ground shaking, that is, the earthquake felt on the surface.
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Figure 1.11 Anatomy of an earthquake








The point of rupture, the hypocentre, can occur at any depth between the Earth’s surface and about 700 km. Usually, the rupture of the fault propagates along the fault with the earthquake waves coming from both the hypocentre and the fault plain itself (Figure 1.11). The most damaging events are usually shallow focus, with a hypocentre of less than 40 km.
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Key term


Hypocentre is the ‘focus’ point within the ground where the strain energy of the earthquake stored in the rock is first released. The distance between this and the epicentre on the surface is called focal length.
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Table 1.1 shows the ten largest recorded magnitude earthquakes since 1900.


Table 1.1 Largest recorded magnitude earthquakes since 1900








	Location

	Date

	Magnitude










	Chile

	22 May 1960

	9.5






	Great Alaska Earthquake, USA

	28 March 1964

	9.2






	Off the west coast of northern Sumatra, Indonesia

	26 December 2004

	9.1






	Near the east coast of Honshu, Japan

	11 March 2011

	9.0






	Kamchatka, Russia

	4 November 1952

	9.0






	Offshore Maule, Chile

	27 February 2010

	8.8






	Off the coast of Ecuador

	31 January 1906

	8.8






	Rat Islands, Alaska, USA

	4 February 1965

	8.7






	Northern Sumatra, Indonesia

	28 March 2005

	8.6






	Assam, Tibet

	15 August 1950

	8.6
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Skills focus: Earthquake analysis


Research and download data on recent earthquake events from the US Geological Survey (USGS) (www.usgs.gov). Using a spreadsheet, calculate the median and inter-quartile ranges. Bear in mind that magnitude is a non-linear unit, so there is a real difference of ten times between each point on the scale.
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Seismic waves


A device called a seismometer measures the amount of ground shaking during an earthquake, recording both the vertical and horizontal movements of the ground. Analysis of the data shows that an earthquake produces different seismic waves.
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Seismic waves


Primary or P waves are vibrations caused by compression, like a shunt through a line of connected train carriages. They spread quickly from the fault at a rate of about 8 km/sec.


Secondary or S waves move more slowly, however, at around 4 km/sec. They vibrate at right angles to the direction of travel and cannot travel through liquids (unlike P waves).


Love waves or L waves (also known as Q waves) are surface waves with the vibration occurring in the horizontal plain. They have a high amplitude.
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The overall severity of an earthquake is linked to the amplitude and frequency of these wave types. The ground surface may be displaced horizontally, vertically or obliquely during an earthquake depending on the strength of individual waves. The S and L waves are more destructive than the P waves as they have a larger amplitude and energy force.
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Figure 1.12 Differences between P, S and L waves













Secondary hazards of earthquakes: liquefaction and landslides


Secondary hazards are side effects of an earthquake but should be considered no less significant that the primary hazards. A serious secondary hazard from earthquakes, especially where there is loose rock and sediment, is soil liquefaction.
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Figure 1.13 The process of soil liquefaction








Liquefaction can cause buildings to settle, tilt and eventually collapse in the most serious of events (Figure 1.13). In some earthquakes tilts of up to 60 degrees have been recorded, for example, in Japan. Land adjacent to rivers and sloping ground can present a hazard by sliding under low-friction conditions across a liquefied soil layer. This is called lateral spreading, sometimes creating large fissures and cracks in the ground surface. The consequence of such hazards can be considerable: damage to roads and bridges as well as telecommunication and other services (gas, electricity, sewerage) which run through the upper sections of the ground. The short-term impact on the delivery of aid and the longer-term rebuild costs can be substantial as a direct result of this secondary impact.


Landslides are another important secondary hazard from earthquakes, where slopes weaken and fail. As many destructive earthquakes occur in mountainous areas, landslides (as well as rock falls and avalanches) can be major secondary impacts. Studies linking earthquake intensity to landslides show that they rarely occur when magnitudes are less than 4, but are significant problems when they are larger. For example, more than half the earthquake deaths in Japan are linked to events with a magnitude greater than 6.9. This can be especially hazardous to people and property as landslides can travel several miles from their source, growing in size as they pick up trees, boulders, cars and other materials.
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Key terms


Soil liquefaction: The process by which water-saturated material can temporarily lose normal strength and behave like a liquid under the pressure of strong shaking. Liquefaction occurs in saturated soils (ones in which the pore space between individual particles is completely filled with water). An earthquake can cause the water pressure to increase to the point where the soil particles can move easily, especially in poorly compacted sand and silt.


Intensity: A measure of the ground shaking. It is the ground shaking that causes building damage and collapse, and the loss of life from the hazard.


Magnitude: The magnitude of an earthquake is related to the amount of movement, or displacement, in the fault, which is in turn a measure of energy release. The 2004 earthquake in Indonesia was very large (M = 9.1) because a large vertical displacement (15 m) occurred along a very long fault distance, approximately 1500 km. (Earthquake magnitude is measured at the epicentre, the point on the Earth’s surface directly above the hypocentre.)


Epicentre: The location on the Earth’s surface that is directly above the earthquake focus, i.e. the point where an earthquake originates.
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Figure 1.14 The rockslide near the Kali Gandaki River in Nepal in May 2015 that buried the village of Baisari and blocked the flow of the river after the main earthquake shock








A report on the 2015 Nepal earthquake by the USGS suggests that the landslides created by this event could have been made worse by summer monsoon rainfall (Figure 1.14). The annual wet season in Nepal triggers landslides on the highly susceptible slopes in many parts of the country in normal conditions. Landscape disturbance caused by the 2015 earthquake could significantly worsen landslide susceptibility in future monsoons, for a period of at least a few years.


Research by the USGS suggests that, over the last 40 years, around 70 per cent of all deaths caused by earthquakes globally (excluding those from shaking, building collapse and tsunami) are attributable to the secondary impacts of landslides. In the 2005 Kashmir region and 2008 Sichuan, China, earthquakes, for example, landslides account for around a third of all deaths.










Tsunamis


Tsunamis are one of the most distinctive earthquake-related hazards.
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Key term


Tsunami: The word comes from two Japanese words: tsu (port or harbour) and nami (wave or sea). Tsunamis are initiated by undersea earthquakes, landslides, slumps and, sometimes, volcanic eruptions. They are characterised by:




	
•  long wavelengths, typically 150–1000 km


	
•  low amplitude (wave height), 0.5–5 m


	
•  fast velocities, up to 600 kph in deep water.
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Tsunami waves do not resemble normal sea waves as their wavelength is much longer. Out to sea they do not represent a hazard since they are generally low in height (often below 300 mm) and generally go unnoticed. It is only as they approach a coastline that they grow in height as the water becomes shallower. A tsunami is not a single wave but a series of waves, also known as a wave train, caused by seabed displacement. The first wave in a tsunami is not necessarily the most destructive, so often there is an escalation effect in terms of damage and loss of life. The amount of time between successive waves (the wave period) is often only a few minutes but, in rare instances, waves can be over an hour apart. This represents a greater risk: people have lost their lives after returning home in between the waves of a tsunami, thinking that the waves had stopped coming.
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Figure 1.15 Notable tsunami events on a worldwide scale since 1900








The global distribution of tsunamis is fairly predictable in terms of source areas, with around 90 per cent of all events occurring within the Pacific Basin, associated with activity at the plate margins. Most are generated at subduction zones (convergent boundaries), particularly off the Japan–Taiwan island arc, South America and Aleutian Islands (25 per cent of all historical events have been recorded in this geographic region).
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Skills focus: Analysis of tsunami travel time maps


Tsunami travel time maps give a better understanding of how an event may occur, and the potential risks for people living within a tsunami’s reach. Figure 1.16, for example, shows the predicted time taken for a tsunami originating near Hawaii to reach coastlines around the Pacific Ocean. The blue dots and white triangles are tsunami monitoring stations. How can people prepare for this type of hazard? Where are the gaps in the monitoring stations and why? Compare this model to the 2004 Indian Ocean tsunami.
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Figure 1.16 A tsunami travel time map centred on an event in Hawaii
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The impact of a tsunami depends on a number of physical and human factors:




	
1  the duration of the event


	
2  the wave amplitude, water column displacement and the distance travelled


	
3  the physical geography of the coast, especially water depth and gradient at the shoreline


	
4  the degree of coastal ecosystem buffer, for example, protection by mangroves and coral reefs


	
5  the timing of the event – night versus day – and the quality of early warning systems


	
6  the degree of coastal development and its proximity from the coast, especially in tourist areas.





The most serious events occur when the physical and human factors interact with each other to produce a disaster. There have been some very high-profile tsunami events in recent years, notably in Indonesia in 2004 and Japan in 2011. Both of these had wide global media coverage, but often tsunamis are not well reported as they typically involve much lower loss of life and/or economic damage. The tsunamis of 2004 and 2011 are therefore what might be classed as ‘mega-events’. On average, however, there might be one notable tsunami per year.







Volcanoes




Primary hazards of volcanoes


Volcanoes cause a number of primary, or direct, hazard impacts (Figure 1.17). These include pyroclastic flows, tephra, lava flows and volcanic gases.
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Figure 1.17 Primary hazard impacts of volcanoes








An important feature of all these primary impacts is that they can have a very long geographical reach away from the source (Figure 1.18). Table 1.2 considers the different primary volcanic hazards.
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Figure 1.18 The long reach of primary impacts from the source













Secondary impacts of volcanoes


Volcanoes have a number of secondary impacts. The most significant of these are volcanic mudflows (lahars) and catastrophic floods (jökulhlaups).




	
•  Lahars are volcanic mudflows generally composed of relatively fine sand and silt material. The degree of hazard varies depending on the steepness of slopes, the volume of material and particle size. As a secondary hazard, they are associated with heavy rainfall as a trigger as old tephra deposits on steep slopes can be re-mobilised into mudflows.


	
•  Jökulhlaups are a type of catastrophic glacial outburst flood. They are a hazard to people and infrastructure, and can cause widespread landform modification through erosion and deposition. These floods occur very suddenly with rapid discharge of large volumes of water, ice and debris from a glacial source (Figure 1.19). They can occur anywhere where water accumulates in a subglacial lake beneath a glacier. The flood is initiated following the failure of an ice or moraine dam.





Table 1.2 The range of primary volcanic hazards






	Pyroclastic flows

	Responsible for most primary volcanic-related deaths. ‘Nuées ardentes’, as they are sometimes called, result from the frothing of molten magma in the vent of the volcano. The bubbles burst explosively to eject hot gases and pyroclastic material, which contains glass shards, pumice, crystals and ash. These clouds can be up to 1000°C. They are most hazardous when they come out sideways from the volcano, close to the ground.






	Tephra

	When a volcano erupts it will sometimes eject material such as rock fragments into the atmosphere – this is tephra. It can vary in size from ‘bombs’ (>32 mm in diameter) to fine dust (<4 mm). This ash and larger materials can cause building roofs to collapse as well as start fires on the ground. Dust can reduce visibility and affect air travel.






	Lava flows

	These pose a big threat to human life if they are fast moving. The viscosity of the lava is determined by the amount of silicon dioxide it contains. On steep slopes some lava flows can reach 15 m/sec. The greatest lava-related disaster of all time was in 1873 when molten material issued from the Lakagígar fissure, Iceland, for five months. An estimated 22 per cent of the country’s population died in the resulting famine.






	Volcanic gases

	Gases are associated with explosive eruptions and lava flows. The mix normally includes water vapour, sulphur dioxide, hydrogen and carbon monoxide. Most deaths have been associated with carbon dioxide; it is dangerous because it is colourless and odourless and, being heavier than air, can accumulate in valleys undetected by people. In 1986, emissions of carbon dioxide from Lake Nyos in Cameroon killed 1700 people.







In comparison with other hazards, such as droughts, earthquakes and floods, volcanoes have historically killed far fewer people. Nevertheless, they claim a significant number of lives. More than 250,000 people have died in volcanic eruptions in the last 300 years. In any single decade, up to 1 million people may be affected by volcanic activity. This figure is likely to rise as vulnerability increases in populations living close to volcanoes. Catastrophic eruptions occur irregularly in both space and time, which makes the hazard all the more dangerous.
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Figure 1.19 Jökulhlaups can be a very destructive force with huge, but often short-lived, discharges
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Review questions




	
1  Explain the purpose of different layers within the lithosphere.


	
2  Why do locked faults present an increased tectonic risk?


	
3  Describe two areas of active volcanoes that are associated with plumes from hotspots rather than inter-plate boundaries.


	
4  Explain the significance of the Benioff Zone in relation to the hypocentre and, therefore, earthquake risk.


	
5  Explain the difference between ridge push and slab pull in the movement of plates.


	
6  Examine the different roles of P, S and L waves in crustal fracturing and ground shaking. How does this lead to stress on buildings?


	
7  Describe the factors that influence the degree of impact of a tsunami.


	
8  Describe the range of different primary volcanic hazards.
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Further research


Look at this map of active volcanoes and write down their distribution linked to either inter-plate or intra-plate locations: http://earthquakes.volcanodiscovery.com


Look at Figure 1 on this website and account for the different depths of earthquakes shown: www.visionlearning.com/en/library/Earth-Science/6/Plates-Plate-Boundaries-and-Driving-Forces/66


Explore the resources available at the Smithsonian Institution Global Volcanism Program: http://volcano.si.edu


Find out more about the role of USGS’s Volcano Hazards Program: http://volcanoes.usgs.gov
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2 Tectonic hazards and disasters
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Why do some tectonic hazards develop into disasters?


By the end of this chapter you should:




	•  understand how disasters come about because of the interaction between hazards, vulnerability and resilience


	•  recognise the significance of tectonic hazard profiles as a tool in understanding different hazard impacts


	•  know how development and governance are important in understanding disaster impact and vulnerability.
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2.1 Hazards, vulnerability, resilience and disaster


The terms hazard and disaster are often used synonymously but they actually mean very different things.


The UN’s International Strategy for Disaster Reduction (ISDR) states that a disaster is:


‘A serious disruption of the functioning of a community or a society involving widespread human, material, economic or environmental losses and impacts, which exceeds the ability of the affected community or society to cope using its own resources.’


Alternative interpretations of disaster are provided by some large insurers, which define it as economic losses of over US$1.5 million.


Degg’s Model (Figure 2.1) shows the interaction between hazards, disaster and human vulnerability. Importantly, disaster may only occur when a vulnerable population is exposed to a hazard.
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Figure 2.1 Degg’s Model
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Key terms


Hazard: ‘A perceived natural/geophysical event that has the potential to threaten both life and property’ (Whittow). Yet a geophysical hazard event would not be such without, for example, people at or near its location. That is to say, earthquakes would not be hazards if people did not live in buildings that collapse as a result of ground shaking. Many hazards occur at the interface between natural and human systems.


Disaster: The realisation of a hazard, when it ‘causes a significant impact on a vulnerable population’ (Degg). The Centre for Research on the Epidemiology of Disasters (CRED) states that a hazard becomes as disaster when:




	
•  10 or more people are killed, and/or


	
•  100 or more people are affected.
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Understanding risk


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




	
1  Unpredictability – many hazards are not predictable; people may be caught out by either the timing or magnitude of an event.


	
2  Lack of alternatives – people may stay in a hazardous area due to a lack of options. This may be for economic reasons (work), because of a lack of space to move, or a lack of skills or knowledge.


	
3  Dynamic hazards – the threat from hazards is not a constant one, and it may increase or decrease over time. Human influence may also change the location or increase the frequency or magnitude of hazardous events.


	
4  Cost-benefit – the benefits of a hazardous location may well outweigh the risks involved in staying there. Perception of risk may also play a role here.


	
5  ‘Russian roulette reaction’ – the acceptance of the risks as something that will happen whatever you do, that is, one of fatalism.





The hazard-risk formula attempts to capture the various components that influence the amount of risk that a hazard may produce for a community or population.
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Figure 2.2 The risk-perception process
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Figure 2.3 The hazard–risk formula








Risk can also be understood through perception. In Figure 2.2, for example, when there is increasing stress from natural hazards, there may come a point when the population or community has to ‘adjust’. What is interesting is that the balance between absorption and adjustment will vary according to the type of hazard, as well as the attitudes of decision makers.


People and populations also vary in terms of their resilience. Resilience is an important concept.
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Key terms


Risk: The exposure of people to a hazardous event. More specifically, it is the probability of a hazard occurring that leads to the loss of lives and/or livelihood.


Resilience: In the context of hazards and disasters, resilience can be thought of as the ability of a system, community or society exposed to hazards to resist, absorb and recover from the effects of a hazard.
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Resilience is also about the ability to ‘spring back’ from a hazard event or disaster shock. According to the United Nations Office for Disaster Risk Reduction (UNISDR), the resilience of a community in respect to potential hazard events is determined by the degree to which the community has the necessary resources and is capable of organising itself, both prior to and during times of need.




Disaster Risk and Age Index


The Disaster Risk and Age Index highlights two important trends:




	
1  ageing populations


	
2  the acceleration of risk in a world that is increasingly exposed to a range of hazard types.





Age is a significant factor in people’s resilience, with children and the elderly likely to suffer much more from a range of hazards, including those of a tectonic origin. Around 68 per cent of the world’s population aged over 60 live in less-developed regions (2018). By 2050, this is expected to rise to 79 per cent.


A comparison of Myanmar and Japan in terms of a disaster risk and age index produces clear differences (Figure 2.4).
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Figure 2.4 Comparing disaster risk for the elderly in Myanmar and Japan








Table 2.1 Comparing Myanmar and Japan








	 

	Myanmar

	Japan










	Hazard and exposure score

	Myanmar has a significantly high natural hazard component due to the potential for tsunami and earthquakes (as well as floods and storms).

	Japan is subject to a range of natural hazards and is highly exposed.






	Vulnerability

	Moderate risk though a relatively low score – there have been few natural shocks in recent years.

	Vulnerability is high compared to other wealthy nations due to the ageing population, but it is still low risk.






	Coping capacity

	Poor coping capacity; low level of internet/mobile phone access for older people; education is poor.

	Coping capacity is good; the elderly tend to be educated, have high internet connectivity, effective government and low gender inequality.






	Overall risk

	Myanmar is ranked 7th out of 190 nations, which means that the disaster risk to elderly citizens is very high.

	Although Japan is highly exposed to natural hazards, it is ranked 133rd out of 190 nations thanks to its strong coping capacity and lower levels of vulnerability.









However, older people in Japan are still relatively vulnerable to hazards, at least in the context of their own county. The tsunami of 2011 killed 15,000 people and 9500 were either injured or went missing; 56 per cent of those who died in the tsunami were aged 65 and over, even though this age group comprised just 23 per cent of the population in the area affected.


The Disaster Risk and Age Index, developed by the UNISDR, is a way of signalling how age should be an important factor in understanding both vulnerability and the coping capacity of the older generation.










The Pressure and Release Model


We know that the risk faced by people must be seen as a combination of vulnerability and hazard. There cannot be a disaster if there are hazards but vulnerability is (theoretically) nil, or if there is a vulnerable population but no actual hazard event.


The basis for the Pressure and Release (PAR) Model (also known as the Disaster Crunch Model) is that a disaster is the intersection of two processes:




	
1  processes generating vulnerability on one side, and


	
2  the natural hazard event on the other.





The authors of the PAR Model suggest that it resembles a ‘nutcracker’, with increasing pressure on people arising from either side – from their vulnerability and from the impact (and severity) of the hazard for those people. The ‘release’ idea is incorporated to conceptualise the reduction of disaster: to relieve the pressure, vulnerability has to be reduced (Figure 2.5).
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Figure 2.5 The Pressure and Release Model (PAR)










Understanding the PAR Model


Root causes, such as limited access to power and resources, create vulnerability through different pressures such as inadequacies in training, local institutional systems, or capacity and standards in government. These dynamic pressures produce unsafe conditions in the physical and social environments of the people and groups most susceptible to vulnerability and risk. Physically unsafe conditions include dangerous locations and buildings with low resilience to the hazard (that is, unprotected). Socially unsafe conditions include risks to local economies as well as inadequacies in disaster-preparedness measures.


Figure 2.6 shows how this community in Peru would likely have little resilience to the impacts of a high-energy earthquake.
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Figure 2.6 Communities in Peru have low resilience to the earthquake hazard

















The social and economic impacts of tectonic hazards


The social and economic impacts of tectonic hazards vary considerably in terms of time and, more importantly, country. They may vary from minor nuisances to major disasters involving a considerable impact on people in terms of loss of livelihood or even death.


The impacts of earthquakes (and linked secondary effects) are generally much greater than those presented by volcanoes. The concentration of volcanoes in relatively narrow belts means not only that a relatively small proportion of the land area of the world is close to a volcano but also that a relatively small proportion of the human population has direct exposure to volcanic activity. Somewhat less than one per cent of the world’s population is likely to experience risk from volcanic activity, whereas the figure for earthquakes (directly) is estimated to be five per cent. That figure rises considerably when secondary impacts are considered (landslides and tsunami, for instance).


The economic impacts are roughly proportional to the land area exposed to the relevant hazard. Again, the earthquake hazard wins out. But economic impacts need to be considered more carefully set against the context, for example:




	
1  level of development (region or country)


	
2  insured impacts versus non-insured losses


	
3  total numbers of people affected and the speed of economic recovery following the event (a measure of resilience)


	
4  degree of urbanisation and, linked to this, land values, and the country or region’s degree of interdependence


	
5  absolute versus relative impacts on a country’s gross domestic product (GDP); higher relative impacts are more devastating.
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Key term


Development: Development is linked to an improving society, enabling people to achieve their aspirations. It includes the provision of social services, acquisition of economic assets, improved productivity and reducing vulnerability to natural disasters. Low levels of development are closely associated with high levels of risk and vulnerability to natural disasters.
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2.2 Linking tectonic hazard events to impact, vulnerability and resilience


A complex set of factors determine the effects of a tectonic disaster, both in the short and long term. It is not simply a question of magnitude but, moreover, the location and characteristics of the local population who have been affected. There is, therefore, a strong link to risk, resilience and vulnerability. Perhaps the best way of describing this is through a broader geographical context, one that links the historical dimensions of a place and its development together with its physical, cultural and societal characteristics.




The magnitude and intensity of tectonic hazards


A number of tools and techniques can be used to measure the magnitude and intensity of tectonic hazards. Magnitude and intensity are objective; numerical descriptors of the size and intensity of tectonic events are usually based on measurements recorded from instrumentation. Different scales are typically used for different types of hazard (see Table 2.2). Each has its own advantages and disadvantages.


Unfortunately many of these scales are imperfect in that they typically measure just one or two physical processes that might cause damage. In the case of earthquakes, for example, the Richter Scale was developed in the 1930s as a mathematical tool to compare the size of earthquakes based on the amplitude of waves recorded by seismographs. The nature of the impact depends on both the event itself (size, duration, and so on) but also the nature of the environment in which it is happening. We know that the impact depends on the degree of physical exposure and human vulnerability of the communities that might be threatened by the event.


Increasingly, hazards managers are also considering magnitude frequency relationships as a tool to help understand risk. These probability-based estimates help engineers to plan and design key infrastructure in hazard-prone areas. Such modelling is based on the general assumption that magnitude is often inversely proportional to the frequency of a particular event, that is, large earthquakes are much rarer than small ones.


Table 2.2 Scales used for different types of tectonic hazard








	 

	Hazard

	Scale

	Overview










	Richter Scale

	Earthquake

	0–9

	A measurement of the height (amplitude) of the waves produced by an earthquake. The Richter Scale is an absolute scale; wherever an earthquake is recorded, it will measure the same on the Richter Scale. It is a magnitude scale.






	Mercalli Scale (modified)

	Earthquake

	I–XII

	Measures the experienced impacts of an earthquake. It is a relative scale, because people experience different amounts of shaking in different places. It is based on a series of key responses, such as people awakening, the movement of furniture and damage to structures (see Figure 2.7). It is an intensity scale.






	Moment Magnitude Scale (MMS)

	Earthquake

	0–9

	A modern measure used by seismologists to describe earthquakes in terms of energy released. The magnitude is based on the ‘seismic moment’ of the earthquake, which is calculated from: the amount of slip on the fault, the area affected and an Earth-rigidity factor. The USGS uses MMS to estimate magnitudes for all large earthquakes.






	Volcanic Explosivity Index (VEI)

	Volcanic eruption

	0–8

	A relative measure of the explosiveness of a volcanic eruption, which is calculated from the volume of products (ejecta), height of the eruption cloud and qualitative observations (see Figure 2.8). Like the Richter Scale and MMS, the VEI is logarithmic: an increase of one index indicates an eruption that is ten times as powerful.
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Figure 2.7 Modified Mercalli intensity scale, with the scale I–XII
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Figure 2.8 Volcanic Explosivity Index and ejecta volume correlation













Understanding tectonic hazard profiles


Figure 2.9 shows one style of tectonic hazard profile.
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Figure 2.9 Examples of earthquake hazard profiles
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Key term


Tectonic hazard profile: A technique used to try to understand the physical characteristics of different types of hazards, for example, earthquakes, tsunamis and volcanoes. Hazard profiles can also be used to analyse and assess the same hazards that take place in contrasting locations or at different times. Hazard profiles are developed for each natural hazard and are based on criteria such as frequency, duration and speed of onset. Figure 2.9, for example, compares the features of earthquakes at two different boundaries.
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Figure 2.10 is a different style of hazard profile for California, showing the differences between volcanoes, earthquakes, landslides and tsunamis.
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Figure 2.10 An example of a hazard profile for California








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.


One of the difficulties with hazard profiling, however, is the degree of reliability when comparing different event types. It is relatively easy to compare, say, an earthquake in Nepal to an earthquake in California because they are measured using similar scales or metrics and cause similar types of damage. However, it is much more difficult to compare across hazards, for example, an earthquake to a tsunami or a volcanic eruption, as they all have different impacts on society and have varying spatial and temporal distributions. To accurately rank multiple hazards on one scale, certain elements of the hazard become inaccurately displayed or must be omitted from the profile itself.


The traditional strategy for hazard planning has been on an individual hazard-by-hazard basis. Each hazard was treated as unique and, therefore, mitigation strategies should also be unique. This type of hazard planning can be problematic, however, due to conflicts between cost and government willingness to pay, and the resources available.
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Skills focus: Manipulating hazards data


Hazards data relating to numbers of deaths, numbers affected, levels of development and type of event contains a number of complex patterns and trends. Using a spreadsheet it should be possible to analyse some of this data to find out means, modes and medians, as well ranges and inter-quartile distributions. There isn’t a pattern based on level of development and deaths or numbers of people affected. Why should this be the case?
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A comparison of effects


Figure 2.11 shows that, at the international scale, there are wide differences in disaster vulnerability.
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Figure 2.11 A comparison of disaster vulnerability between developed and developing/emerging countries








These variations can also been seen in data from different regions, as Table 2.3 shows.




WorldRiskIndex (DRI)


The WorldRiskIndex assesses the risk of disaster. It is calculated on a country-by-country basis through the multiplication of exposure and vulnerability.


Figure 2.12 shows how risk varies globally, with the darker colours indicating the highest levels of risk. There is a difference between overall highest levels of risk versus the data for vulnerability and exposure.


Those with highest vulnerability include the African countries of Chad, the Central African Republic and the Democratic Republic of the Congo, whereas the highest overall risk is experienced by, among others, the Pacific Island nations of Vanuatu and Tonga, and Antigua and Barbuda in the Caribbean.


Some hazards demonstrate that there can be a disaster which has far-reaching impacts, irrespective of its geographical source area, however. This is discussed further at the beginning of Chapter 3.


Table 2.3 Percentage of tectonic disasters (earthquakes and volcanoes) as a share of total disasters, 1998–2007 and 2008–17 by selected regions








	Region

	Tectonic risk (%) 1998–2007

	Tectonic risk (%) 2008–17






	 

	Earthquakes

	Volcanoes

	Earthquakes

	Volcanoes










	Oceania

	11

	  5

	  8

	  3






	Europe

	  4

	<1

	  5

	  0






	Asia

	12

	  1

	12

	<1






	Americas

	  5

	  3

	  4

	  2






	Africa

	  2

	<1

	  1

	  0











[image: ]



Figure 2.12 The WorldRiskIndex



















2.3 Development and governance: disaster impact and vulnerability


In the ‘root cause’ phase of the PAR Model, the most important causes are those which have an economic, demographic or a political foundation. In developing and recently emerging countries, people tend to have less power over their socio-political and physical environments than the more wealthy. As a result of this difference, risk vulnerability is greater for them. This can be explained as follows:




	
•  People and communities in developing and recently emerging countries only have access to livelihoods and resources that are insecure and difficult.


	
•  They are likely to be a low priority for government interventions intended to deal with hazard mitigation.


	
•  People who are economically and politically ‘on the edge’ are more likely to stop trusting their own methods for self-protection and to lose confidence in their own local knowledge. This means they rely more on government help, which may actually not work very well for them or their families.







Development, disaster impact and vulnerability


People’s basic health and nutritional status correlates strongly with their ability to survive disruptions to their livelihood and normal well-being. It is an important measure of their resilience when dealing with the external shock from hazard events.


There is also a clear relationship between nutrition and disease, which is often evident after a hazard impact (especially when people are forced to find shelter and come into close contact with one another). People who are undernourished and sick are at greater risk of disease as they have weaker immune systems.


There are several elements of development that relate to vulnerability and disaster risk, which broadly fit into a sustainability framework:




	
1  An economic component dealing with the creation of wealth and the improvement of quality of life that is equitably distributed.


	
2  A social dimension in terms of health, education, housing and employment opportunities.


	
3  An environmental strand that has a duty of care for resource usage and distribution, now and in the future.


	
4  A political component including values such as human rights, political freedom and democracy.





Level of development and other human activities related to development may contribute towards disasters by increasing vulnerability as well as creating new hazard risk. But development can also reduce disaster risk. Table 2.4 (taken from a United Nations Development Programme report) summarises the complex development-disaster relationship.


In the aftermath of the devastating Haiti earthquake in the Caribbean in 2010, for example, an estimated 9000 people died from cholera, and around 700,000 were thought to be affected (Figure 2.13). The source of the 2010 outbreak is disputed but it centres around the Artibonite River, from which most of the affected people had drunk water. There was suspicion among Haitians that a UN military base, located on a tributary of the river and home to peacekeepers from Nepal (who had come to help with the recovery), was actually the source of the disease. They thought that the base could have caused the epidemic, and this was confirmed in 2011 by the UN who stated that there was ‘substantial evidence that the Nepalese troops had brought the disease to Haiti’. Other scientists believe that the outbreak may in fact have been triggered by a more complex set of factors, including above-average temperatures and precipitation in 2010, coupled with destroyed water and sanitation infrastructure as a result of the earthquake. Ultimately, low levels of development are often at the roots of such disasters.


Table 2.4 The development–disaster relationship






	Disasters limit or destroy development

	



	•  Destruction of physical assets and loss of production capacity, market access and input materials.


	•  Damage to infrastructure and erosion of livelihoods and savings.


	•  Destruction of health or education infrastructure and key workers.


	•  Deaths, disablement or migration of productive labour force.












	Development causes disaster risk

	



	•  Unsustainable development practices that create unsafe working conditions and reduce environmental quality.


	•  Development paths generating inequality, promoting social isolation or political exclusion.












	Development reduces disaster risk

	



	•  Access to safe drinking water, food and secure dwelling places increases community resilience.


	•  Fair trade and technology can reduce poverty; social security can reduce vulnerability.


	•  Development can build communities and broaden the provision of opportunities for participation and involvement in decision-making, recognising excluded groups such as women, and enhancing education, health and well-being.












	Disasters create development opportunities

	



	•  Favourable environment for advocacy for disaster risk-reduction measures.


	•  Decision makers are more willing to allocate resources in the wake of a disaster.


	•  Rehabilitation and reconstruction activities create opportunities for integrating disaster risk-reduction measures.
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Figure 2.13 Haiti cholera map










Development and cross-cutting factors


Drought, violence and armed conflict may turn natural hazards into disasters. In addition, the incidence and risks of diseases, such as malaria and HIV/AIDS, may interact with human vulnerability, worsening disaster risks brought about by urbanisation, climate change, violence and armed conflict, and marginalisation.


Cross-cutting factors may therefore be internal or external to the region or country in the context of disaster risk. Internal factors are often politically derived, whereas external factors may be longer term and much harder to manage or control, for example, climate change and the risk of drought.







The ‘risk-poverty nexus’


We recognise that low-income households and communities suffer a disproportionate share of disaster losses and impacts. The social processes and power dynamics that drive the disaster risk-poverty nexus are strongly linked with inequality.
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Key term


Inequality: Usually refers to an unfair situation or distribution of assets and resources. It may also be used when people, nations and non-state players (ranging from transnational corporations to international agencies) have different levels of authority, competence and outcomes.
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In the context of tectonics, inequality has a number of dimensions and many of these aspects have a more significant impact on disaster risk levels than simply income inequality alone:




	
1  Asset inequality relates to housing and security of tenure, as well as agricultural productivity (in farming communities) or goods and savings in trading communities.


	
2  Inequality of entitlements refers to unequal access to public services and welfare systems, as well as inequalities in the application of the rule of law (policing, judging and sentencing).


	
3  Political inequality exists worldwide in the unequal capacities for political agency possessed by different groups and individuals in any society.


	
4  Social status inequality is often directly linked to space (for example, informal settlements in urban settings) and has a bearing on other dimensions of inequality, including the ability of individuals and groups to secure regular income and access services.





Table 2.5 shows large differences in the vulnerability of the population in two comparable events, Haiti and Indonesia (Sulawesi). Level of development and inequality was a key factor in the different rates of survival.


Table 2.5 Death tolls for two similarly sized (magnitude) earthquake events, 2010 and 2018








	 

	Haiti 2010

	Indonesia 2018










	Earthquake magnitude

	7.0

	7.5






	Death toll

	160,000* people (1.78% of total population)

	4350* people (0.01% of total population)






	GDP per capita (2010 comparison)

	US$660

	US$3120









*Best estimates


Disaster risk inequality is therefore characteristic of broader social, economic and political inequalities, rather than just one dimension of disparity (Figure 2.14).


The Global Assessment Report on Disaster Risk Reduction (2019) also suggests that urban segregation can generate new patterns of disaster risk. Low-income households are often forced to occupy hazard-exposed areas which have low land values. Such places have poor infrastructure and social protection; they are also likely to have high levels of environmental degradation.


People living in such areas often have low resilience as they have little ‘voice’ in terms of political debate and influence, as well as being socially excluded and marginalised. Their lack of secure tenure discourages planners from investing in better housing, and they are less likely to benefit from the services or measures, such as earthquake protection measures, provided for other neighbourhoods. When these communities suffer losses as a result of disasters, their exposure to risk may be used to justify their relocation to even less suitable sites, far from sources of employment, rendering them more vulnerable in the longer term.










Governance and hazard vulnerability


Weak political organisation and political corruption are additional and often compounding factors that contribute to a more vulnerable population in terms of disaster risk. They are also linked to other factors at both a local and national scale, including:




	
•  population density


	
•  geographic isolation and accessibility


	
•  degree of urbanisation.
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Figure 2.14 The risk–poverty nexus model








All of this contributes to a community’s resilience. At all scales, inequality also quickens the transfer of disaster risks, through ineffective accountability and increased corruption, from those who benefit from taking the risks to other sectors, people and communities, who bear the costs.


Governance encompasses a number of formal and informal arrangements and procedures, which can change over time. Governance, and its impacts, also varies in scale from local to regional and national. Figure 2.15 shows the interaction of the three main components of governance.
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Key term


Governance: The sum of the many ways individuals and institutions, public and private, manage their common affairs. It is a continuing process through which conflicting or diverse interests may be accommodated and co-operative action may be taken. It includes formal institutions and regimes empowered to enforce compliance, as well as informal arrangements that people and institutions have either agreed to or perceive to be in their interest (Commission on Global Governance, 1995).
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However, modern thinking about governance suggests that there is no longer a single higher or sovereign authority. There are instead a range of stakeholders and blurred boundaries between the public, private and voluntary sectors. This means that risk governance is the result of the interaction of several socio-political forms of governing. In particular, governance should be considered against the following wider characteristics and processes:




	
•  an increase in economic activity on a global, transnational scale


	
•  increased activity of institutions such as the European Union (EU) operating across national boundaries in their scope and operation


	
•  the rise of neo-liberal ideology values (market-led, smaller state, and so on) and its tackling of what were perceived to be the inefficiencies of centralised state control and the overly bureaucratic public sector, replacing these with a market-based logic of service provision through the private sector


	
•  the spread of information technology, which made it easier to link different organisations and introduce changes.
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Synoptic themes:


Players


Local and national government
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Comparing natural disasters in countries with different levels of development


The characteristics of a natural disaster are the result of the changing pattern of human and physical factors that influence the event, and their degree of interaction. Many people involved in trying to better understand disasters have recognised that disasters need to be viewed through a lens of complexity, one that recognises the systemic linkage of physical and human factors.
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Figure 2.15 Interactions of governance










Summary: contrasting hazards, events and disasters


The case studies of Bam, Nepal and Japan illustrate that tectonic hazards turn into disasters as a result of the complex interaction between physical processes and human factors (Table 2.6). The impacts of a tectonic disaster are a result of its locational context.




	
1  Historical context: poor governance (Haiti) over decades, as well as the legacy of colonialism, means that some places have never built up resilience to tectonic disasters.


	
2  Political context: democracies such as Japan may be better prepared because governments are accountable to voters; where democracy is weak or absent (Iran), corruption is often present and accountability low.


	
3  Social context: a low level of human development (Nepal) creates vulnerabilities such as poorly constructed housing, food and water insecurity, limited health services and high housing density.


	
4  Economic context: poverty increases vulnerability because people lack a financial safety-net and cannot afford insurance, whereas rich developed countries can afford recovery costs.
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Classic example: Bam 2003: a tool for understanding complexity


The relevance of these ideas can be shown by reference to an example: the January 2003 earthquake in Bam, southern Iran. Iran is classified as a country with an upper middle income with an average GNI per capita of US$5420 (2019 data).


The earthquake had a magnitude of 6.6 (on average about one earthquake of this magnitude occurs every week worldwide) yet 26,000 people were killed in the ancient city of Bam. What were the physical and human reasons for this unexpectedly high impact?


Physical factors




	
1  The earthquake was shallow, with a hypocentre depth of 7 km.


	
2  It occurred at 5.26 a.m. local time, when most people would have been in their homes, asleep.


	
3  Research suggests that the release of energy in the form of seismic waves was directly under the city and the intensity of shaking was very high. It was also shaking in a vertical direction – causing maximum damage to the buildings.


	
4  The cold winter temperatures in January meant that a large number of trapped victims died from hypothermia rather than direct crush injuries





Human factors




	
1  The buildings were exceptionally vulnerable to shaking due to their age (Bam is an ancient citadel); some were 2400 years old. These ‘adobe’ buildings (made from earth and other organic materials) have very heavy roofs.


	
2  More recent construction in the city and recent reconstructions had been of poor quality. This was compounded further by the fact that the Iranian seismic building code had not been effectively enforced.


	
3  Many wooden structures in the city had previously experienced extensive damage from termite activity that had pre-weakened them.


	
4  The three main hospitals were destroyed in the earthquake, twenty per cent of health professionals were killed, and the remainder were incapable of giving care often due to their own injuries. Medical provision was also hindered by a lack of specialised medical training to deal with large-scale trauma care.


	
5  In the initial search and rescue phase, emergency services struggled with the destruction of their own facilities and infrastructure.
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Figure 2.16 Bam – before and after the earthquake








(Adapted from Environmental Hazards: Assessing Risk and Reducing Disaster, Smith and Petley, Routledge)


In summary, the Bam earthquake became a disaster because of a complex set of physical and human interactions, which are summarised in Figure 2.17.
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Figure 2.17 The complex interactions at work in the 2003 Bam earthquake
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The Nepal earthquake of 2015


Nepal is a developing country with a population of about 26.5 million people. On 25 April 2015, a magnitude 7.8 earthquake struck Nepal and caused massive destruction. Approximately 9000 people lost their lives and more than 22,000 people were injured. Estimates suggest that more than half a million houses collapsed or were seriously damaged. There are several physical and human factors which gave this particular disaster a context different to that of Bam:




	
•  Nepal is a multiple hazard zone with a steep mountain landscape; it is exposed to landslides, debris and floods, as well as earthquakes.


	
•  The low level of development means that much of the local earthquake science is out of date – the current seismic hazard map is around twenty years old.


	
•  Kathmandu Valley has a population of 2.5 million people and a very high population density (about 13,000 per km2). It is also growing at four per cent a year, making it one of the fastest-urbanising areas in South Asia. Around 85 per cent of the country’s population is rural and much of the country’s economy is primary industry.


	
•  Nepal’s population is vulnerable. Poor and socially excluded groups are less able to absorb shocks than well-positioned and better-off households. Because of poverty, many people build their own houses, which are often built without following the correct building code (Figure 2.18).
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Figure 2.18 Building construction process for residential buildings in the Kathmandu Valley (Source: UNISDR 25 April 2015 Gorkha Earthquake Disaster Risk Reduction Situation Report)
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Earthquakes in Japan: risk and resilience


Between 2012 and 2024, Japan was hit by eight earthquakes of magnitude 7.0 MMS or more, with combined deaths of 525 people. In contrast, earthquakes with similar magnitude have taken the lives of 10,000s of people, such as the 2023 Türkiye–Syria earthquake (magnitude 7.8 causing at least 62,000 deaths).


Physical geography makes Japan a very high-risk location:




	
•  Japan sits close to the Pacific-Philippine Sea-Okhotsk triple junction where three tectonic plates collide and interact in complex ways.


	
•  There are thousands of miles of subduction zone off Japan’s east and south-east coasts.


	
•  Mountainous terrain increases the risk of landslides while coastal areas are at risk of liquefaction.





Yet many large earthquakes in Japan have relatively minor impacts. There are exceptions: the 1995 Kobe earthquake killed 6400 people and caused $200 billion in economic losses.


Japan’s physical locational context increases risk, but its political, economic and social context increases resilience:




	
•  Political: as a democracy, politicians are accountable and people expect government to work to increase resilience, such as setting and implementing strict building design codes to reduce earthquake damage (Japan’s Building Standards Law).


	
•  Economic: Japan has the fourth largest global economy, with a per capita GDP in 2023 of $33,000. Most housing is good quality and government can afford to invest in education, preparation and response, e.g. well-funded emergency services.


	
•  Social: hazard awareness is very high in Japan, with 1 September designated as Disaster Prevention Day when schools undertake drills and education programmes. All mobile phones sold in Japan have an earthquake early warning (EEW) capability built-in.





On the other hand, Japan’s rapidly ageing population (29 per cent were over 65 in 2022) is increasing the number of vulnerable, elderly people. High population densities make cities vulnerable. Very high magnitude, low frequency events, such as the 2011 Tohoku earthquake and tsunami, can still overwhelm the country.
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To fully understand why some tectonic hazards become disasters with huge economic and human costs, we need to understand the complex interaction of physical and human factors and vulnerabilities, as well as the locational context of a place.


Table 2.6 Physical and human factors influencing disaster risk








	Physical factors increasing risk

	Human factors increasing risk










	



	•  Event magnitude


	•  Event duration


	•  Secondary hazard risk (landslides, tsunami)


	•  Interactions with other hazards (tropical cyclones, rain)


	•  Season, which influences outside temperature and survivability







	



	•  Low human development


	•  Weak governance


	•  High population/building density


	•  Building quality


	•  Preparedness of emergency services


	•  Poverty, water and food insecurity
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Review questions




	
1  Explain the difference between a natural hazard and a disaster.


	
2  What is the difference between high- and low-resilience communities? Support your answer with examples.


	
3  How does the PAR Model help us to understand more about vulnerability hazard impact?


	
4  Explain how the social and economic impacts of tectonic hazards might affect people, the economy and the environment in different parts of the world.


	
5  Explain the importance of physical and human factors in understanding the scale of tectonic disasters.


	
6  Examine the most important root causes in the PAR Model.


	
7  Summarise the places globally where there are the highest degrees of vulnerability, and state why, grouping into social, economic and political.
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Further research


Research data from the International Disaster Database to investigate patterns and trends, and to look for links between magnitude of events, deaths and economic damage: www.emdat.be


Use International Red Cross World Disasters Reports to compare hazard impacts (loss of life, numbers affected, and so on) between hazard types and regions.


Find out more about the role of UNDRR and what it does: https://www.undrr.org/


Research the most significant earthquakes in the last 30 days using the USGS website. If possible, use GIS to show their distribution and then add a layer to show vulnerability in terms of wealth: http://earthquake.usgs.gov


Munich Re is a Swiss re-insurer. Research its connection to natural hazards online.


Research different tectonic hazard events in areas of varying development and explain the ways in which the context of each disaster is different.
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3 Management of tectonic hazards and disasters
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How successful is the management of tectonic hazards and disasters?


By the end of this chapter you should:




	•  understand the complex trends in disasters over time and how some disasters can become mega-events and have impacts over a very wide geographical area


	•  recognise the hazard models and frameworks that can be used to understand the prediction, impact and management of hazards


	•  know how tectonic hazard impacts can be managed through a range of mitigation and adaptation strategies which have varying successes.





[image: ]








It is worth remembering that seismic tectonic and volcanic processes cannot be prevented, and it’s unlikely that they ever will be. Yet we have found out that the risks seem to be increasing for many people, especially vulnerable groups and people living on low incomes. This increase in hazard vulnerability is mostly due to human factors rather than physical factors, as the trends in tectonic hazards reveal a pattern that does not indicate a significant increase in the last 50 years. This idea is complex and needs additional explanation.




3.1 Understanding tectonic and other disaster trends in recent decades


In comparison with other natural hazards, few tectonic hazards manifest themselves into disasters. Figure 3.1, for example, shows that in the period 1980–2019 geophysical hazards had a low occurrence compared to hydrological and meteorological hazards, and also much lower numbers of victims compared to the other three hazards (climatological, hydrological and meteorological).




A look at the overall patterns


The overall longer-term natural hazard trends, in recent decades, show a number of key points:




	
•  The total (aggregate) number of recorded hazards has increased over the last 50 years.


	
•  The number of reported disasters seems to be falling, having peaked in the early 2000s (but that appears to be an anomaly to the longer-term trend).


	
•  Number of deaths is also lower than in the recent past, but there are spikes with mega-events.


	
•  The total number of people affected is increasing for some hazard and disaster types, especially meteorological and hydrological.


	
•  The economic costs associated with both hazards and disasters of all types have increased significantly since 1960.


	
•  Figure 3.3 shows the different distributions of hazard types that have affected larger urban areas (1985–2015). Notice the significance of hydrological and meteorological, especially in Asia. Geophysical is also significant in Asia compared to other regions.
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Figure 3.1 Number of relevant loss events by hazard type, 1980–2019
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Figure 3.2 Number of deaths by disaster type: 2018 compared to 2008–17 annual average








But trends relating to tectonic (geophysical) hazards only show a different overall trend, one which is much more stable in terms of the number of events. However, somewhat hidden within that overall pattern is one that shows that the number of people affected and the number of deaths do vary considerably year on year (Figure 3.2). While economic costs are increasingly better reported, especially in developed countries, human impacts, including deaths, remain significantly underestimated.




Spatial variation of tectonic disasters


Another important aspect of disaster geography is the spatial variation of tectonic impacts. It is wrong to assume that the locations of hazard impacts always translate into simple distributions. Data from the Centre for Research on the Epidemiology of Disasters (CRED) and the International Red Cross shows that the number of disasters reveals a complex pattern when either viewed by world region or by level of development.
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Figure 3.3 Number of urban areas with populations over 750,000 affected by disasters (1985–2015)













How good are disaster statistics?


There is neither a universally agreed definition of a disaster nor a universally agreed numerical threshold for disaster designation. Reporting disaster impacts, especially deaths, is therefore controversial for a number of reasons:




	
1  It depends on whether direct (primary) deaths or indirect (secondary) deaths from subsequent hazards or associated diseases are counted.


	
2  Location is significant because local or regional events in remote places are often under-recorded.


	
3  Declaration of disaster deaths and casualties may be subject to political bias. The 2004 Asian tsunami was almost completely ignored in Myanmar but perhaps initially overstated in parts of Thailand, where foreign tourists were killed, and then played down to protect the Thai tourist industry.


	
4  Statistics on major disasters are difficult to collect, particularly in remote rural areas of low human development countries (LHDs); for example, the earthquakes in Kashmir in 2005 and Haiti in 2020, or in densely populated squatter settlements, for example, the Caracas landslides in 2003–04 in Venezuela.


	
5  Time-trend analysis (interpreting historical data to produce trends) is difficult. Much depends on the intervals selected and whether the means of data collection have remained constant. Trends (deaths, numbers affected, economic impacts) can be upset by a cluster of mega-disasters, as happened in the 2004 Asian tsunami or the 2011 Haiti earthquake, or even in the 2015 Kathmandu earthquake.













Tectonic mega-disasters


Tectonic mega-disasters have several key characteristics:




	
•  They are usually large-scale disasters on either a spatial scale or in terms of their economic and/or human impact.


	
•  Because of their scale, they pose serious problems for effective management to minimise the impact of the disaster (both in the short and longer term).


	
•  The scale of their impact may mean that communities, but usually governments as well, often require international support in the immediate aftermath as well as during longer-term recovery. This may be at a regional level (for example, the Asian tsunami of 2004) or globally (for example, Japan 2011). These events can affect more than one country either directly or indirectly.





Figure 3.4 illustrates how a large volcano, for example, can have significant impacts in both time and space.
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Figure 3.4 Diagrammatic representation of the likely range of impacts following a large VEI 6 (or above) eruption








Tectonic mega-events and disasters are often classified as high-impact, low-probability (HILP) events. So, one-off, high-profile crises such as the 2010 Haiti earthquake and the 2011 Japanese earthquake and tsunami were all mega-disasters requiring rapid responses at a global level.
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The 2010 Eyjafjallajökull volcano and 2011 Japanese Tohoku tsunami


Two examples of significant tectonic events in the last couple of decades are the Iceland Eyjafjallajökull eruption in 2010 and the Japanese tsunami mega-disaster of 2011. They both had significant, but different, impacts at a global scale. Table 3.1 considers the effects on the global supply chain (Eyjafjallajökull) as well as the wider concerns about nuclear power (Tohoku).


Table 3.1 Context and impacts of two high-profile tectonic events








	Eyjafjallajökull, Iceland

	Tohoku tsunami, Japan










	
Context

In March 2010, Iceland’s Eyjafjallajökull volcano erupted into life for the first time in over 190 years. By 15 April 2010, the ash plume generated from the eruption had begun to affect much of Europe, spreading as far as northern Italy. The ash cloud grounded flights in most of Europe for several days. More than 100,000 air-journeys were cancelled, leading to the worst disruptions in air travel since the 9/11 terrorist attack in 2001.


However, this was a relatively small eruption ‘in the wrong place’, with no direct deaths. It was high profile due to the impact on the air movements (passenger and freight).



	
Context

A magnitude 9.0 earthquake in March 2011 produced a great tsunami that wreaked destruction along the Tohoku (eastern) coast of Japan, including to the Fukushima nuclear power station. It was the largest earthquake recorded in Japan and the combined impacts of the earthquake and tsunami left 15,749 dead and 3962 missing; 63 per cent of the dead were aged 60 and over. The event eroded public trust in the Japanese government and its nuclear energy policies.


This was a very large magnitude event causing widespread deaths and large-scale destruction along the coast to properties, infrastructure and communities. It was particularly high profile because of the nuclear impact.








	
Evaluating the 2010 volcano’s effect on the global supply chain

Imports and exports in and out of Europe were greatly affected by the air travel shutdown in 2010. Although airfreight accounts for a tiny amount of world trade by weight, it accounts for a much higher proportion of trade by value. For example, airfreight accounts for approximately 0.5 per cent of UK trade by weight but a much bigger 25 per cent of trade by value.


Example 1: Car manufacturing disruption


The disruption to airfreight by the eruption highlighted how important airfreight is in supplying high-value key components to many manufacturers. The Nissan plant in Japan, for example, had to stop production of the Cube, Murano SUV and Rogue crossover models because they ran out of a critical sensor produced in Ireland. Airfreight is only used for a small quantity of high-value but vital electronic components where there are few alternative suppliers.


Example 2: Impacts on the transport of perishable goods


There were impacts on the producers of flowers, fruit and vegetables in African countries, such as Kenya, Zambia and Ghana, with delays in transportation meaning large quantities of fast-perishing produce rotted, leading to losses for producers. The World Bank estimated that, in total, African countries may have lost US$65 million due to the effect of the airspace shutdown on perishable exports.



	
Evaluating the earthquake and tsunami’s impact on costs and attitudes to nuclear energy

The tsunami hit the Fukushima Daiichi nuclear power plant on the east coast of the island of Honshu, about 200 km northeast of Tokyo, and disabled the power supply. This affected the cooling of three reactors, causing high radioactive releases. Contaminated water leaked from the plant into the Pacific Ocean and into fishing grounds.


The effects of the accident on energy security were not restricted to Japan.


Example 1: LNG price rises


The worldwide availability and affordability of liquefied natural gas (LNG) were affected by Japan’s increased demand. This had the biggest impact in the Asian market, where they had the quickest rate of increasing energy consumption.


Example 2: Public acceptability of nuclear power and rising costs


The accident itself resulted in the loss of public acceptability of nuclear power and led countries, such as Germany and Italy, to immediately shut down some of their nuclear reactors or abandon plans to build new ones. The accident has also contributed to the escalating capital costs associated with the construction of new nuclear reactors because of the additional safety measures required.
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But known hazards, such as earthquakes and volcanoes (as well as floods and hurricanes), which, owing to the low likelihood of occurrence or the high cost of mitigating action, often remain ill- or under-prepared for in many parts of the world. These events are impossible to predict but very likely to occur over long time scales.
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Figure 3.5 The characteristics of a hazard hotspot








The globalisation of production and supply chains has increased manufacturing efficiencies, but it has also reduced resilience in the case of some events. High-value manufacturing is often most at risk because of its just-in-time (JIT) business model. The consequences of HILP events spread rapidly across both economic and geographic boundaries, creating other impacts (economists might call these negative externalities) that are difficult to plan for. The Japanese earthquake in 2011, for example, led to a five per cent reduction in the country’s GDP. There were much wider knock-on impacts for global transnational corporations (TNCs), however, such as Toyota and Sony, which were forced to halt production. This was similar to the 2016 series of Kumamoto earthquakes. Their supply chains were broken so Honda (in Swindon, UK) went onto a three-day week because of missing parts.







Multiple-hazard zones


Multiple-hazard zones are places where a number of physical hazards combine to create an increased level of risk for the country and its population. This is often made worse if the country’s population is vulnerable (wealth/GDP, population density, and so on) or suffers repeated events, often on an annual basis, so that there is never any time for an extended period of recovery. Such places are often seen as disaster hotspots.
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Key term


Disaster hotspot: A country or area that is extremely disaster prone for a number of reasons, as shown in Figure 3.5.
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Hazards in multiple-hazard zones are, in fact, part of a wider picture of more complex geography linked to vulnerability over both space and time. This often makes their impact greater and more challenging to manage. The magnitude of the hazard event together with the human geography of the area in which it occurs are important factors, but hazards generally form part of a much more complex web of socio-economic-environmental issues that makes the impact greater and harder to manage. Table 3.2 lists the countries that are most exposed to multiple hazards globally. Figure 3.6 is a global summary of the multiple-hazard pattern.


Table 3.2 The countries most exposed to multiple hazards (Source: International Red Cross World Disasters Report 2014)








	Country

	Total area exposed (%)

	Population exposed (%)

	Number of different hazards the country is exposed to










	Taiwan

	73.1

	73.1

	4






	Costa Rica

	36.8

	41.1

	4






	Vanuatu

	28.8

	20.5

	3






	Philippines

	22.3

	36.4

	5






	Guatemala

	21.3

	40.8

	5






	Ecuador

	13.9

	23.9

	5






	Chile

	12.9

	54.0

	4






	Japan

	10.5

	15.3

	4
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Figure 3.6 Global summary of the multiple-hazard pattern








There may also be variations in disaster risk within smaller geographical areas. Large urban areas are often zones of multiple-hazard risk (Figure 3.7). Cities are centres of economic development (economic cores) as they represent a natural focus for investment and development. They are also frequently centres of growing population as a result of the rapid urbanisation occurring in most developing countries. Many cities have huge areas of unplanned, poor-quality housing where growing numbers of the urban poor live, often located on marginal, potentially dangerous sites such as river banks and steep slopes.


Analysis of the global distribution of these rapidly growing mega-cities shows that many of them are located in hazard-prone areas. With such high densities of people, up to 25,000 per km2, hazard management in large urban areas is both expensive and complex, making disasters inevitable, both socially (high concentration of vulnerable people) and economically (for example, loss of infrastructure).
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Figure 3.7 Why some mega–cities have low hazard resilience
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Comparing the Philippines and California – classic multiple-hazard geography


One might assume that all hazards occur in both places, and that the hazards may have the same root causes. In the Philippines, the main risk is typhoons with typically five or six storms a year, as it lies on a major storm track. Annual deaths far exceed the long-term average for California (the last time more than 100 people died in a Californian natural disaster was the 1933 Long Beach earthquake). The Philippines has to spend around two per cent of its annual GDP cleaning up after typhoons. Table 3.3 summarises the hazard similarities and differences.


Table 3.3 Hazard similarities and differences (Source: International Red Cross World Disasters Report)








	 

	Californian coast

	Philippines










	Volcanoes

	Rarely in northern California (Mount Shasta, Lassen Peak), which is part of the Cascades subduction zone – not really on the coast.

	Very common; Pinatubo, Mount Mayon. Frequent and violent; andesitic magma, ash, lahars, pyroclastic flows.






	Earthquakes

	Frequent, within the conservative plate margin that includes the San Andreas and Hayward faults; usually shallow.

	Subduction zone; frequent but vary in depth from shallow to deep.






	Landslides

	Frequent; associated with earthquakes, heavy rain, coastal erosion and wildfires.

	Frequent; linked to typhoons and deforestation; often deadly.






	Cyclones

	Never occur here.

	Very frequent and usually deadly.






	Flood

	Rarely; can be associated with El Niño cycles.

	A frequent result of typhoons.






	Drought

	Very common, e.g. 2008–11 and 2012–17.

	Rare, but El Niño does cause these, e.g. 1999, 2010 and 2016.
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Figure 3.8 The risk disk – a model to help better understand disaster management

















3.2 Managing tectonic hazards




Prediction and forecasting frameworks


The ‘risk disk’ (Figure 3.8) is one model that attempts to explain the reasons for the decline in deaths in terms of disaster preparedness, disaster mitigation (hazard proofing), disaster response and disaster recovery. The next section of this book will examine these different areas, together with the associated models that help to explain their purpose.




Getting closer to earthquake forecasting and prediction?


Earthquake forecasting and prediction is an active topic of geological research.


Earthquake risk can be forecast since it is based on a statistical likelihood of an event happening at a particular location. These forecasts are based on data and evidence gathered through global seismic monitoring networks, as well as from historical records. Long-term forecasts (years to decades) are currently much more reliable than short- to medium-term forecasts (days to months). Forecasting is very important as it can encourage governments to enforce better building regulations in areas of high stress, or create improved evacuation procedures in areas of highest risk.


Currently it is not possible to make accurate predictions of when and where earthquakes will happen. For this to be possible, it would be necessary to identify a ‘diagnostic precursor’ – a characteristic pattern of seismic activity or some other physical, chemical or biological change – which would indicate a high probability of an earthquake happening in a small window of space and time. So far, the search for diagnostic precursors has been unsuccessful.


Some geophysicists are trying to improve prediction based on calculating the underground movement of magma. Their models try to predict where the plates are running together with the most stresses, often a tell-tale sign of where an earthquake might hit. They map underground patterns of activity in the Earth’s mantle across underground grid points. The models then predict where stress points will occur by simulating different rocky mantle flows. The calculations can ascertain where, as a result of these flows, the plates are likely to run together, and automatically detect these stressed zones.
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Figure 3.9 The range of factors affecting the response to hazards








Such models are still in their infancy and need considerable refinement as the link between earthquakes and underground mantle flows is complex and hard to model. Other scientists are working on predicting earthquakes based on animal behaviours, changes in radon emissions and electromagnetic variation, but with very limited success.


However, for predictions to be useful – that is, to enable evacuation of affected areas – they must be highly accurate, both spatially and temporally. And that is the issue. At present the science makes this impossible and most geoscientists do not believe that there is a realistic prospect of accurate prediction in the foreseeable future. They suggest that the main focus of research instead should be based on improving the forecasting of earthquakes.










Understanding the hazard management cycle


Figure 3.9 shows how the choice of response depends on a complex and interlinked range of physical and human factors. As people, communities and organisations have limited resources and time to make decisions, the relative importance of the physical risk from natural hazards, compared with other priorities (such as providing jobs, education, health services and defence) will be a major factor in influencing how resources are devoted to reducing hazard impacts.




Park’s Model and levels of development


Park’s Disaster Response Curve (1991) (Figure 3.10) can be used as a framework to help better understand the time dimensions of resilience: from a hazard striking to when a place, community or country returns to normal operation.


Each stage on the x-axis shows the different stages of time during which either relief, rehabilitation or reconstruction is started. The words on the y-axis describe quality of life, stability and infrastructure.


The model can be used to help plan and understand risk and resilience, as well as to better prepare for future events, for example, through modification of the responses to the event.
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Figure 3.10 Park’s Model – the Disaster Response Curve








Table 3.4 Understanding the stages in the Disaster Response Curve






	Pre-disaster

	Quality of life is normal before a disaster strikes; people do their best to prevent and prepare for such events happening, for example, by educating the public on how to act when disaster strikes, preparing supplies, putting medical teams on standby, and so on.






	Relief

	The hazard event has occurred – immediate relief is the priority with medical attention, rescue services and emergency care provided. This period of time can last from hours to a number of days. The quality of life has seemingly stopped decreasing and is beginning to move up slowly.






	Rehabilitation

	Groups (for example, the government) try to return the state of things back to normal, by providing food, water and shelter to those who are without these basic needs.






	Reconstruction

	In the longer term, rehabilitation moves into the reconstruction period during which infrastructure, crops and property are invested in. During this time, organisations may use preparation and prevention to improve from the mistakes of this disaster to respond better to the next one.
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chapter, plus answers to these and the questions in the textbooks

Extends learning with bonus case studies for each chapter, key terms sheets and
presentations to help you use the textbooks content flexibly, and further reading
lists for each chapter

Pearson Edexcel A level Geography Book 1
Updated Fourth Edition: Boost eBook

Boost eBooks are interactive, accessible and flexible. They use the latest research
and technology to provide the very best experience for students and teachers.

© Personalise. Easily navigate the eBook with search, zoom and an image gallery.
Make it your own with notes, bookmarks and highlights.

® Revise. Select key facts and definitions in the text and save them as flash cards
for revision.

Listen. Use text-to-speech to make the content more accessible to students and to
improve comprehension and pronunciation.

Switch. Seamlessly move between the printed view for front-of-class teaching and
the interactive view for independent study.

Download. Access the eBook offline on any device — in school, at home or on the
move — with the Boost eBooks app (available on Android and iOS).

To subscribe or register for a free trial, visit
hoddereducation.co.uk/edexcel-alevel-geography-boost

The Boost course has not been entered into
the Pearson Edexcel endorsement process.
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