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INTRODUCTION



This book has been written specifically for the new Edexcel specification introduced for first teaching in September 2016. 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 AS or your first year of A level, including all the options. There is also a Place Investigations section, which will support you with your two in-depth place studies: of the place in which you live or study and of a contrasting place. Year 2 of A level, including all the options, is covered in Book 2.


Edexcel AS Geography – Paper 1
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AS Compulsory content
   

	    






	Topic 1: Tectonic Processes and Hazards   

	
Edexcel A level Geography Book 1   






	
AS 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
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AS Fieldwork
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Guidance on fieldwork is given in Chapter 23
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Summary of the specification and its coverage in Edexcel A level Geography Books 1 and 2



Edexcel A level Geography – Paper 2
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	Topic 3: Globalisation   

	
Edexcel A level Geography Book 1   






	Topic 7: Superpowers   
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	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   
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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 to develop your data-response skills.



•  Further research provide 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.
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Topic 1


Tectonic Processes and Hazards





Chapter 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 tsunami. 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.


The global distribution of tectonics 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 11.


The global distribution of tectonics 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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Figure 1.1 The global distribution of earthquakes and their associated plate margins
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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





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, 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 of which are fed by the melting of the subducting 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 thick 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.



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 in the middle 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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Figure 1.4 Subduction and the development of island arc volcanoes at a destructive boundary





Volcanoes at different types of boundary will of course present a risk for 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).


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.


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.
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Figure 1.5 The formation of volcanic hotspots over time
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Figure 1.6 Section through the upper layers of the Earth as a schematic diagram





Heat which is 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 1.7). 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.
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Figure 1.7 The role of convection currents in ‘slab pull’





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 paleomagnetic reversals (called paleomagnetism) can be used to date the age of new tectonic crust (Figure 1.8).


The importance of convection cells is disputed, however. There is likely to be a combined force of convection and gravity driving tectonic plate movement. Gravity in particular causes the denser oceanic crust to be pulled down at the site of subduction. At constructive margins (i.e. spreading ridges), magma is simply ‘gap filling’, rather than the main driver pushing the plates in opposite directions away from each other.
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Figure 1.8 Changes in the direction of magnetic ‘signatures’ allow crust to be dated






The Benioff Zone and subduction processes


The Benioff Zone of 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 8).
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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.
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Figure 1.10 Different depth tectonic earthquake boundaries mapped on to a world map





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.


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.





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.


Table 1.1 shows the ten largest recorded magnitude earthquakes since 1900.


You can find out more at: http://earthquake.usgs.gov/earthquakes/world/10_largest_world.php
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Figure 1.11 Anatomy of an earthquake





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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Figure 1.12 Differences between P, S and L waves





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.


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.


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.
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Figure 1.13 The process of soil liquefaction





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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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 and 2008 Sichuan earthquakes, for example, landslides account for around a third of all deaths.



Tsunamis


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


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.


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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Figure 1.15 Notable tsunami events on a global scale since 1900
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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 it takes for a tsunami to travel to Hawaii from various points of origin. 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.


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 1.17 Primary hazard impacts of volcanoes
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Figure 1.18 The long reach of primary impacts from the source





Table 1.2 The range of primary volcanic hazards






	
Pyroclastic flows   

	Responsible for most 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 can accumulate in valleys undetected by people. In 1986, emissions of carbon dioxide from Lake Nyos in Cameroon killed 1700 people.   







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 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.
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Figure 1.19 Jökulhlaups can be a very destructive force with huge, but often shortly lived, discharges





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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Review questions





1  Explain why earthquakes and volcanoes have both a predictable, similar and yet different distribution.



2  Which type of plate boundary does not lead to volcanic activity? Give reasons for this.



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  Examine the different processes operating at different plate margins.



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 impacts, within different spatial zones, that occur as a result of volcanic activity.
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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


Download the spreadsheet of volcanoes from this website (click on ‘Holocene spreadsheet’) then use a GIS package to plot the volcanoes according to location, that is, from the latitude and longitude column: http://volcano.si.edu


Find out more about the role of USGS’s Volcano Hazards Program: http://volcanoes.usgs.gov


Have a look at this video from YouTube, which gives a wider context to paleomagnetism: www.youtube.com/watch?v=NfVNnk8FHcU
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Chapter 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, risk, 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 $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





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.
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Figure 2.2 The risk-perception process





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 2.3 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.


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 66 per cent of the world’s population aged over 60 live in less-developed regions. 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 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.


This 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).


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.
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Figure 2.5 The Pressure and Release Model (PAR)
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Figure 2.6 Share of life years lost across different income groups





As an example, Figure 2.6 shows how income is an important factor in vulnerability. Upper-middle and lower-middle income groups account for the greatest degree of lives lost.


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, geographical region. 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 county 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.





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.




Table 2.2 Scales used for different types of tectonic hazard
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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





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.
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Figure 2.9 Examples of earthquake hazard profiles





Understanding tectonic hazard profiles


Figure 2.9 shows one style of tectonic hazard profile.


Figure 2.10 is a different style of hazard profile for California, showing the differences between volcanoes, earthquakes, landslides and tsunamis.


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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Figure 2.10 An example of a hazard profile for California





A comparison of hazard events in developing, developed and emerging economies


Figure 2.11 shows that, at the international scale, there are wide differences in disaster vulnerability.


These variations can also been seen in data from countries at different levels of development. Table 2.3 shows data for the number of people reported killed and affected by tectonic hazard event and level of human development (HD) between 2004 and 2013.
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Figure 2.11 A comparison of disaster vulnerability between developed and developing/emerging countries
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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 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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Disaster Risk Index (DRI)


This index seeks to combine physical exposure to hazards with vulnerability. Figure 2.12 shows how risk varies globally, with the darker red colours indicating a greater degree of risk. The top countries at risk in terms of numbers of people killed per year (absolute) are the most populated countries (China, India, Indonesia, Bangladesh), whereas small island states (Vanuatu, Dominica, Mauritius, Antigua and Barbuda, St Kitts and Nevis, Solomon Islands, Grenada, and so on) come first in terms of numbers killed per million inhabitants per year (relative).




Table 2.3 Number of people killed and affected 2004–2013
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Red = killed; orange = affected.
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Figure 2.12 The Disaster Risk Index





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.


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 which is equitably distributed.



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



3  An environmental strand which 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 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 increase 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 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.


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 how there were huge differences in the vulnerability of the population in two comparable earthquake events, Haiti and Chile (2010). Inequality was a key factor in the different rates of survival.


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 (2015) also suggests that urban segregation can generate new patterns of disaster risk. Low-income households are often forced to occupy hazard-exposed areas where there are 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.


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






	    

	
Haiti 2010   

	
Chile 2010   






	
Quake magnitude   

	7.0   

	8.8   






	
Death toll   

	160,000* people   

	550* people   






	
GDP per capita (2010 data)   

	$608   

	$12,640   







*Best estimates


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.





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.
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Figure 2.14 The risk–poverty nexus model





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.


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.





Comparing natural disasters in countries with different levels of development


The characteristics of a natural disaster are the result of the changing pattern of social 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
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Synoptic themes:


Players


Local and national government
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[image: ] Bam 2003: a tool to understanding the ‘complexity perspective’


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 (World Bank classification) and is ranked 75 of 187 countries (2015).


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 reasons for this unexpectedly high impact?





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 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.



5  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.



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



7  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.



8  In the initial search and rescue phase, emergency services struggled with the destruction of their own facilities and infrastructure.



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





(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 interactions, which are summarised in Figure 2.17.
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Figure 2.16 Bam – before and after the earthquake
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Figure 2.17 The complex interactions at work in the 2003 Bam earthquake
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[image: ] The Nepal earthquake of 2015: a true disaster


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 drivers 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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[image: ] New Zealand earthquakes 2010 and 2011: a resilient developed economy


In September 2010 and February 2011, the Canterbury region of New Zealand’s South Island endured a series of major earthquakes. These earthquakes caused deaths and considerable destruction in Christchurch and the surrounding area. The Canterbury economy was resilient in the aftermath of the earthquakes. In spite of considerable damage to properties (residential and commercial), public infrastructure, and a large amount of relocation, business activity rebounded rapidly after the initial disruption. There are a number of reasons why the Canterbury as well as the wider New Zealand economy remained resilient to this hazard:





1  Disruption to industrial production, goods exports and activity was relatively short lived as the region’s manufacturing hub escaped significant damage.



2  The agricultural sector was largely unaffected.



3  Rebuild costs of around NZ$20 billion (US$15 billion) were largely insured losses.



4  Financial markets largely ignored the earthquake impacts.



5  Indicators suggest that business activity has been quite resilient. Although business confidence dropped nationwide in the immediate aftermath of the February 2011 quake, they recovered quickly.





However, the tourism industry did suffer badly. The city of Christchurch had been the hub of tourist activity and many of its attractions were demolished. International visitors were down 40 per cent in the 2011–2012 period.
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Summary: Reason’s Swiss Cheese Model of disaster causation


The Swiss Cheese Model of disaster causation is also known as the cumulative act effect model (Figure 2.19) and is widely used in risk management and analysis, especially by the aviation industry. This industry in particular is very conscious of safety so there are many barriers put in place to minimise accidents – the idea of layered security or duplicate back-up systems. In the model the layers of cheese represent these safety systems and the holes the weaknesses in each line of defence. J. Reason, the developer of the model, argued that an accident occurs when all the holes line up in a single trajectory.


So, in natural hazards science, a disaster is thought to occur as a result of a series of coincidental events and processes. It highlights the fact that a particular disaster can be linked to a single hazard event, but then there is a cascade of other events (possibly through the ‘holes’) that provide a context for the hazard. Generally the hazard becomes a disaster when several holes line up (a trajectory of accident opportunity), which creates the conditions for loss of life, property and livelihood.
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Figure 2.19 Reason’s Swiss Cheese Model applied to hazards and disasters
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Review questions





1  Explain how a natural hazard can become 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 how unsustainable development rebalances the risk equation. Give examples of places and regions where you think this is happening.



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: www.ifrc.org/en/publications-and-reports/world-disasters-report/world-disasters-report


Find out more about the role of UNISDR and what it does: www.unisdr.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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Chapter 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.
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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 those in the middle income and poorest groups. 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 true but complex and needs additional explanation.


3.1 Understanding tectonic and other disaster trends since 1960


In comparison with other natural hazards, few tectonic hazards manifest themselves into disasters. Figure 3.1, for example, shows that in the period 2004–2014 tectonic 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).
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Figure 3.1 Natural hazards, 2004–14 (Source: CRED Annual Disaster Statistical Review 2014: The numbers and trends. http://cred.be/sites/default/files/ADSR_2014.pdf)





A look at the overall patterns


The overall longer-term natural hazard trends, since about 1960, 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 (Figure 3.2).



•  The economic costs associated with both hazards and disasters of all types have increased significantly since 1960.
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Figure 3.2 Natural disaster trends (all types), 1975–2011





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 (Figure 3.3). However, somewhat hidden within that overall pattern is one that shows that the number of people affected and number of deaths does vary considerably year on year.


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 hazard loss events (all types), 1980–2014


Note that tectonics (purple) remains stable compared to the other types, especially meteorological and hydrological, which appear to be increasing







Table 3.1 Total number of reported disasters grouped by type and level of economic development, 2004–13
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Table 3.2 Total number of reported disasters grouped by type and global region, 2004–13
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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 earthquake in Kashmir in 2005, or in densely populated squatter settlements, for example the Caracas landslides in 2003–2004.



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 an aerial/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 government 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.
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Figure 3.4 Diagrammatic representation of the likely range of impacts following a large VEI 6 (or above) eruption





Figure 3.4 illustrates how a large volcano, for example, can have significant impacts in both time and space.


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. 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.


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.
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[image: ] The 2010 Eyjafjallajökull volcano and 2011 Japanese Tohoku tsunami


Two examples of significant tectonic events in recent years 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 3.3 considers the effects on the global supply chain (Eyjafjallajökull) as well as the wider concerns about nuclear power (Tohoku).




Table 3.3 Context and impacts of two recent 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 shutdown 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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Figure 3.5 The characteristics of a hazard hotspot





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.


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 3.4 lists the countries that are most exposed to multiple hazards globally. Figure 3.6 is a global summary of the multiple-hazard pattern.




Table 3.4 The countries most exposed to multiple hazards (Source: International Red Cross World Disasters Report www.ifrc.org/Global/Documents/Secretariat/201410/WDR%202014.pdf)
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Figure 3.6 Global summary of the multiple-hazard pattern





There may also be variation 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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[image: ] Comparing the Philippines and California – classic multiple-hazard geography


There is a tendency to 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 3.5 summarises the hazard similarities and differences.


Table 3.5 Hazard similarities and differences (Source: International Red Cross World Disasters Report www.ifrc.org/Global/Documents/Secretariat/201410/WDR%202014.pdf)






	    

	
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 2012–15.
   

	

Rare, but El Niño does cause these, e.g. 1999 and 2010.
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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 disc’ (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.
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