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Exam tips


Advice on key points in the text to help you learn and recall content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.
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Knowledge check answers




	1  Turn to the back of the book for the Knowledge check answers.
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Summaries




	
•  Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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About this book






Much of the knowledge and understanding needed for A-level geography builds on what you have learned for GCSE geography, but with an added focus on key geographical concepts, depth of knowledge and understanding of content. This guide offers advice for the effective revision of physical geography, which all students need to complete.


A-level Paper 1 tests your knowledge and application of physical geography, focusing on Tectonic processes and hazards, either Glaciated landscapes and change or Coastal landscapes and change, the Water Cycle and water insecurity and the Carbon cycle and energy security. The whole exam lasts 2 hours and 15 minutes and makes up 30% of the A-level qualification. More information on the external exam papers is given in the Questions and Answers section at the back of this book.


To be successful in this unit you have to understand:




	
•  the key ideas of the content


	
•  the nature of the assessment material — by reviewing and practising sample structured questions


	
•  how to achieve a high level of performance within the exams.





This guide has two sections:


Content Guidance — this summarises some of the key information that you need to know to be able to answer the exam questions with a high degree of accuracy and depth. In particular, the meaning of key terms is made clear and details of case study material are provided to help meet the spatial context requirement within the specification.


Synoptic links have also been highlighted to help you make connections between concepts and themes and the three synoptic themes outlined in the specification. These are:




	
1  Players (P)


	
2  Actions and Attitudes (A)


	
3  Futures and Uncertainties (F)





In many cases these synoptic links also link to specialised concepts such as adaptation, mitigation, resilience and globalisation which are relevant within several different topics.


Questions and Answers — this includes sample questions similar in style to those you might expect in the exam. There are sample student responses to these questions as well as detailed analysis, which will give further guidance about what exam markers are looking for to award top marks.


The best way to use this book is to read through the relevant topic area first before practising the questions. Only refer to the answers and examiner comments after you have attempted the questions.












Content Guidance






This section outlines the following areas of the AS geography and A-level geography specifications:




	
•  Tectonic processes and hazards


	
•  Landscape systems, processes and change



	–  Glaciated landscapes and change


	–  Coastal landscapes and change








	
•  The water cycle and water insecurity


	
•  The carbon cycle and energy security





Read through the topic area before attempting a question from the Questions and Answers section.




Tectonic processes and hazards




Why are some locations more at risk from tectonic hazards?




	
•  Tectonic hazards (earthquakes, volcanic eruptions and tsunami) occur in specific locations, related to tectonic plate boundaries and other tectonic settings.


	
•  Their distribution is uneven, with some areas at high risk and other locations at no risk.


	
•  Tectonic events can generate multiple hazards when they occur.
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Exam tip


All tectonic hazards are physical events, with natural causes. Only use the word ‘disaster’ when referring to the impact of these events on people.
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The global distribution of tectonic hazards


All tectonic hazards are caused by the Earth’s internal heat engine. Radioactive decay of isotopes such as uranium-238 and thorium-232 in the Earth’s core and mantle generate huge amounts of heat which flow towards the Earth’s surface. This heat flow generates convection currents in the plastic mantle. The interior of the Earth is therefore dynamic rather than static. Most tectonic hazards occur at or near tectonic plate boundaries. These represent the locations of ascending (divergent plate boundaries) and descending (convergent plate boundaries) arms of mantle convection cells (Figure 1).
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Exam tip


The terms ‘plate boundary’ and ‘plate margin’ are used interchangeably. They both mean the narrow, linear zone where two tectonic plates meet.
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The mantle is a solid, but because of the very high temperatures present it is locally deformable (plastic) and capable of very slow ‘flow’.
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Figure 1 Earth’s internal structure and mantle convection








Figure 2 shows the distribution of earthquakes, volcanoes and tectonic plate boundaries. Most earthquakes occur at, or close to, these boundaries. This is also true of volcanic eruptions. Some plate boundary earthquakes cause a secondary tectonic hazard, tsunami.
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Figure 2 The global distribution of plate boundaries, earthquakes and volcanoes








Not all tectonic plate boundaries are the same and this has an important impact on the type and magnitude of tectonic hazards. Plate boundary type depends on two factors:




	
1  Motion: whether plates are moving apart (divergent), colliding (convergent) or sliding past each other (conservative or transform).


	
2  Plate type: whether the tectonic plates are oceanic or continental. Oceanic plates make up the ocean floor and are high-density, basaltic rock but only 7–10 km thick. Continental plates make up Earth’s landmasses and are much thicker at 25–70 km but made of less dense granitic rock.





This combination of motion and plate type causes the different plate boundary types that are summarised in Table 1 on p. 8.


Although the vast majority of earthquakes and eruptions occur at plate boundaries, a small number do not. Some volcanic eruptions are described as ‘intra-plate’. This means they are distant from a plate boundary at locations called mid-plate hotspots (such as Hawaii and the Galapagos Islands). At these locations:




	
•  isolated plumes of convecting heat, called mantle plumes, rise towards the surface, generating basaltic volcanoes that tend to erupt continually


	
•  a mantle plume is stationary, but the tectonic plate above moves slowly over it


	
•  over millennia, this produces a chain of volcanic islands, with extinct ones most distant from the plume location.
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Mantle plumes are concentrated areas of heat convection. At plate boundaries they are sheet-like, whereas at hot spots they are column-like.
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Table 1 Different plate boundary settings






	 

	 

	 

	 






	Divergent (constructive)

	Oceanic–Oceanic

	Mid-Atlantic ridge at Iceland

	Rising convection currents bring magma to the surface, resulting in small, basaltic eruptions, creating new oceanic plate. Minor, shallow earthquakes






	Continent–Continent

	African Rift Valley/Red Sea

	Caused by a geologically recent mantle plume splitting a continental plate to create a new ocean basin. Basaltic volcanoes and minor earthquakes






	Convergent (destructive)

	Continent–Continent

	Himalayas

	The collision of two continental landmasses creating a mountain belt as the landmasses crumple. Infrequent major earthquakes distributed over a wide area






	Oceanic–Oceanic

	Aleutian Islands, Alaska

	One oceanic plate is subducted beneath another, generating frequent earthquakes and a curving (arc) chain of volcanic islands with violent eruptions






	Oceanic–Continent

	Andean Mountains

	An oceanic plate is subducted under a continental plate, creating a volcanic mountain range, frequent large earthquakes and violent eruptions






	Conservative

	Continent–Continent

	California, San Andreas fault zone

	Plates slide past each other, along zones known as transform faults. Frequent, shallow earthquakes but no volcanic activity
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Exam tip


Make sure you know which types of plate (oceanic/continental) are involved in each of your examples of plate boundaries.
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Knowledge check 1


State two differences between oceanic and continental plates.
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Earthquakes can occur in mid-plate settings, usually associated with major ancient fault lines being reactivated by tectonic stresses or areas of crustal weakness and thinning. For instance, the New Madrid Seismic Zone on the Mississippi River generates earthquakes up to magnitude 7.5 but is thousands of miles from the nearest plate boundary.







Theories of plate motion


Earth’s tectonic plates move at a speed of 2–5 cm per year. There are seven very large major plates (African, Pacific), smaller minor plates (Nazca, Philippine Sea) and dozens of small microplates. All fit together into a constantly moving jigsaw of rigid lithosphere. Each plate is about 100 km thick. Its lower part consists of upper mantle material while its upper part is either oceanic or continental crust.


The theory of plate tectonics has developed because of a number of key discoveries:




	
•  Alfred Wegener’s Continental Drift hypothesis in 1912 that postulated that now-separate continents had once been joined.


	
•  The ideas of Arthur Holmes in the 1930s that Earth’s internal radioactive heat was the driving force causing mantle convection that could move tectonic plates.


	
•  The discovery in 1960 of the asthenosphere, a weak, deformable layer beneath the rigid lithosphere on which the lithosphere moves.


	
•  The discovery in the 1960s of magnetic stripes in the oceanic crust of the sea bed; these are palaeomagnetic (ancient magnetism) signals from past reversals of Earth’s magnetic field and prove that new oceanic crust is created by the process of sea-floor spreading at mid-ocean ridges.


	
•  The recognition of transform faults by Tuzo Wilson in 1965.





It remains a theory because scientists have not yet directly observed the interior of the Earth.
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Knowledge check 2


Why is plate tectonics still a theory rather than proven fact?
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Constructive margins


Mantle convection forces plates apart at constructive plate margins. Tensional forces open cracks and faults between the two plates. These create pathways for magma to move towards the surface and erupt, creating new oceanic plate. Eruptions are small and effusive in character, as the erupted basalt lava has a low gas content and low viscosity. Earthquakes are shallow, less than 60 km deep, and have low magnitudes, usually under 5.0.







Destructive margins and subduction zones


Locations where one plate is subducted beneath another illustrate the forces that drive plate tectonics (Figure 3).




	
•  Mantle convection pulls oceanic plates apart, creating the fracture zones at constructive margins, and convection also pulls plates towards subduction zones.


	
•  Constructive margins have elevated altitudes because of the rising heat beneath them, which creates a ‘slope’ down which oceanic plates slide (gravitational sliding or ‘ridge push’).


	
•  Cold, dense oceanic plate is subducted beneath less dense continental plate; the density of the oceanic plate pulls itself into the mantle (slab pull).
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Figure 3 Tectonic forces and plate margin features








Earthquakes at subduction zones occur at a range of focal depths from 10 km to 400 km, following the line of the subducting plate. This is called a Benioff Zone and it can yield very large earthquakes up to magnitude 9.0. The descending plate begins to melt at depth by a process called wet partial melting. This generates magma with a high gas and silica content, which erupts with explosive force.
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Subduction is the process of one plate sinking beneath another at a convergent (destructive) plate boundary.
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Exam tip


Sometimes it can be quicker and easier to sketch and annotate a diagram of a plate boundary in the exam.
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Collision zones


The Himalaya mountains is a location where two continental plates are in collision (the Indo-Australian and Eurasian plates). The collision began about 52 million years ago. As both continental plates have the same low density, subduction is not possible. Instead, the plates have ‘crumpled’, creating enormous tectonic uplift in the form of the Himalayan and Tibetan Plateau. Magma is being generated at depth, but it cools and solidifies beneath the surface so eruptions are rare. Collision zones are cut by huge thrust faults that generate shallow, high-magnitude earthquakes such as in Kashmir in 2005 and Nepal in 2015.







Transform zones


Conservative plate boundaries consist of transform faults. These faults ‘join up’ sections of constructive plate boundary as they traverse the Earth’s surface in a zig-zag pattern. In some locations, long transform faults act like a boundary in their own right, most famously in California where a fault zone — including the San Andreas fault — creates an area of frequent earthquake activity. Earthquakes along conservative boundaries often have shallow focal depths, meaning high-magnitude earthquakes can be very destructive. Volcanic activity is absent.










The causes of tectonic hazards




Earthquakes


Earthquakes are a sudden release of stored energy. As tectonic plates attempt to move past each other along fault lines, they inevitably ‘stick’. This allows strain to build up over time and the plates are placed under increasing stress. Earthquakes are generated because of sudden stress release — so-called ‘stick-slip’ behaviour. A pulse of energy radiates out in all directions from the earthquake focus (point of origin, sometimes called the hypocentre) (Figure 4). In some cases the earthquake motion displaces the surface, so a fault scarp is formed.






[image: ]


An earthquake originates at the focus. The epicentre is the point on the Earth’s surface directly above the focus.
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Knowledge check 3


What is an earthquake?
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Figure 4 The anatomy of an earthquake








Earthquakes generate three types of seismic wave:




	
•  P-waves, or primary waves, are the fastest. They arrive first and cause the least damage.


	
•  S-waves, or secondary waves, arrive next and shake the ground violently, causing damage.


	
•  L-waves, or Love waves, arrive last as they travel only across the surface. However, they have a large amplitude and cause significant damage, including fracturing the ground surface.





Earthquakes cause crustal fracturing within the Earth, but also buckle and fracture the ground surface. Some very large earthquakes, such as the one that generated the 2004 Indian Ocean tsunami, rupture a fault line for up to 1000 km. Think of this as ‘unzipping’ a fault, with energy pulses being generated along the entire fault length. Such earthquakes can cause ground shaking that lasts up to 5 minutes, as well as dozens of powerful aftershocks.


Earthquakes frequently generate large landslides as secondary hazards. This is especially true in areas of geologically young (and therefore unstable) mountains such as the Himalayas. Landslides accounted for up to 30% of deaths in the 2008 Sichuan and 2005 Kashmir earthquakes.


Liquefaction is a particular hazard in areas where the ground consists of loose sediment such as silt, sand or gravel that is also waterlogged — often found in areas close to the sea or lakes. Intense earthquake shaking compacts the loose sediment together, forcing water between the sediment out and upward. This undermines foundations and causes buildings to sink, tilt and often collapse.







Volcanoes


Major volcanic eruptions frequently have more than one hazard associated with them. In some cases these are secondary hazards, which are an indirect consequence of the eruption (lahar, jökulhlaup). This is especially the case with the violent eruptions associated with volcanoes at destructive plate margins, as shown in Table 2 on p. 12.


In most cases, only large composite volcanoes found at destructive plate margins represent a significant tectonic hazard. These eruptions often have lava flows, pyroclastic flows, lahars and extensive ash and tephra fall that can affect areas up to 30 km from the volcanic vent.
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Pyroclasts (meaning ‘fire broken’) are any rock fragments ejected from a volcano, including ash, tephra and volcanic bombs.
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Tsunami


There have been a number of deadly tsunami in recent years (Table 3, p. 12) such that this hazard is more well known than it once was. Tsunami can be generated by landslides and even eruptions of volcanic islands. Most are generated by sub-marine earthquakes at subduction zones.


Most tsunami are generated when a sub-marine earthquake displaces the sea bed vertically (either up or down) as a result of movement along a fault line at a subduction zone. The violent motion displaces a large volume of water in the ocean water column, which then moves outward in all directions from the point of displacement. The water moves as a vast ‘bulge’ in open water, rather than as a distinct wave.


Table 2 Volcanic hazards






	Volcanic hazard

	Explanation

	Volcano types






	Lava flow

	Extensive areas of solidified lava, which can extend several kilometres from volcanic vents if the lava is basaltic and low viscosity. It can flow at up to 40 kmh
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	Pyroclastic flow

	Very large, dense clouds of hot ash and gas at temperatures of up to 600°C. They can flow down the flanks of volcanoes and devastate large areas
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	Ash fall

	Ash particles, and larger tephra particles, can blanket huge areas in ash, killing vegetation, collapsing buildings and poisoning water courses

	[image: ]






	Gas eruption

	The eruption of carbon dioxide and sulphur dioxide, which can poison people and animals in extreme cases
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	Lahar

	Volcanic mudflows, which occur when rainfall mobilises volcanic ash. They travel at high speed down river systems and cause major destruction

	[image: ]






	Jökulhlaup

	Devastating floods caused when volcanoes erupt beneath glaciers and ice caps, creating huge volumes of meltwater. They are common in Iceland
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[image: ] Subduction zone volcano (composite type)

[image: ] Hot-spot volcano (shield type)


[image: ] Constructive plate margin volcano (cinder cone, fissure eruption)
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Knowledge check 4


Which type of plate boundary produces the most hazardous volcanoes?
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Table 3 Deadly tsunami since 2004






	Location

	Earthquake magnitude

	Wave height (m)

	Deaths






	2004 Indian Ocean

	9.2

	24

	230,000






	2006 Java, Indonesia

	7.7

	2–6

	800






	2009 Samoa

	8.1

	14

	190






	2011 Japan

	9.0

	9.3

	16,000






	2018 Indonesia

	Volcanic eruption of Anak Krakatau

	2–5

	425







Tsunami characteristics are very different from those of wind-generated ocean waves:




	
•  wave heights are typically less than 1 m


	
•  wavelengths are usually more than 100 km


	
•  speeds are 500–950 km/h.





In the open ocean tsunami waves are barely noticeable. As the waves approach shore they slow dramatically, wavelength decreases but wave height increases. Tsunami usually hit coastlines as a series of waves (a ‘wave-train’), the effect of which is more like a flood than a breaking wave. Sub-marine earthquakes that occur close to shorelines can generate intense ground-shaking damage, followed by damage from the subsequent tsunami.
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Exam tip


Tsunami have nothing to do with tides, despite being commonly called ‘tidal waves’.
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Knowledge check 5


What has to happen to the sea bed during an earthquake for a tsunami to be generated?
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Why do some tectonic hazards develop into disasters?





	
•  There is a relationship between hazard, vulnerability and resilience that sometimes leads to tectonic disasters.


	
•  The impacts of disasters vary hugely between locations.


	
•  Tectonic disasters and their impacts can be understood using hazard profiles.


	
•  Level of development has a major influence on the nature of disasters.


	
•  Governance is a key concept in understanding the impacts of disasters.
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Exam tip


Use key words from the specification in your answers. Although related, the word ‘governance’ has a different meaning to ‘management’.
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Hazard versus disaster


Tectonic hazards are natural events that have the potential to harm people and their property. A disaster is the realisation of a hazard, i.e. harm has occurred. By definition disasters have to involve people and they occur at the intersection of people and hazards, as shown by the Degg disaster model (Figure 5).
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Figure 5 The Degg disaster model








A threshold level is often used to determine whether the impact of an event is large enough to be considered a disaster, such as:




	
•  10 or more deaths


	
•  100 or more people affected


	
•  US$1 million in economic losses.





We can understand the relationship between hazards and disasters using the hazard risk equation. The risk of disaster rises if hazard magnitude rises, i.e. a VEI 6 eruption compared with a VEI 3. If vulnerability rises (poverty, lack of preparedness, lack of awareness of potential hazards), so does risk:
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A threshold is the magnitude above which a disaster occurs. This threshold level could be different in a developed versus a developing country because of different levels of resilience.
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Some communities have a high capacity to cope and high resilience. This means they can reduce the chances of disasters occurring because:




	
•  they have emergency evacuation, rescue and relief systems in place


	
•  they react by helping each other to reduce numbers affected


	
•  hazard-resistant design or land-use planning have reduced the numbers at risk.
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Resilience is the ability of a community to cope with a hazard; some communities are better prepared than others so a hazard is less likely to become a disaster.
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For these communities the threshold for a disaster will be higher than for ones with low coping capacity.


Some disasters are truly catastrophic in terms of their impact. A good example is the 2010 Port-au-Prince earthquake in Haiti. Its magnitude of 7.0 was relatively low, but the death toll has been estimated at 160,000. The Pressure and Release model (PAR model) can be used to help understand the enormous death toll (Figure 6).
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Exam tip


You can draw models, such as the Degg disaster model, in your answers to exam questions.
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Figure 6 The Pressure and Release model


Source: after Blaikie (1994)
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Knowledge check 6


What is the name given to the outcome between a vulnerable population and a natural hazard?
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The PAR model suggests that the socioeconomic context of a hazard is important. In poor, badly governed (root causes) places with rapid change (dynamic pressures) and low coping capacity (unsafe conditions), disasters are likely. Sadly, in 2010 Haiti fitted many of these criteria (Table 4).


Table 4 The PAR model applied to the 2010 Haiti earthquake






	Per capita GDP (PPP) US$1200

	70% of jobs are in the informal sector

	25% of people live in extreme poverty






	50% of the population is under 20 years old

	Port-au-Prince, a city of 3.5 million, has no sewer system

	80% of Port-au-Prince’s housing is unplanned, informal slums












The impacts of tectonic hazards


The impacts of tectonic hazards are broadly of three types:




	
1  Social: deaths, injury and wider health impacts, including psychological ones.


	
2  Economic: the loss of property, businesses, infrastructure and opportunity.


	
3  Environmental: damage or destruction of physical systems, especially ecosystems.





In the last 30 years, different tectonic hazards have had contrasting impacts in terms of scale (Table 5).


Table 5 Contrasting tectonic hazard impacts






	Volcanic eruptions

	Earthquakes

	Tsunami






	Small and declining impacts, especially death tolls

	Large impacts, as major earthquakes are common and widespread

	Very large impacts from a small number of events







Comparing impacts between countries is difficult because both the physical nature of the event and the socioeconomic profiles of affected places are different. Table 6 on p. 16 compares the impact of recent disasters in developed, developing and emerging countries. Some general observations are:




	
•  economic costs in developed and emerging economies are, in some cases, enormous


	
•  deaths in developed countries are low, except for the 2011 Japanese tsunami (a rare mega-disaster)


	
•  volcanic eruption impacts are small compared with those of earthquakes and tsunami.
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A mega-disaster is a disaster with unusually high impacts. Today that means millions of people affected and billions of dollars in damage over a wide area, i.e. an entire region or even more than one country.
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Measuring magnitude and intensity


The ‘size’ of a tectonic event, called its magnitude, has a relationship with its impact. Broadly, larger magnitude events have a bigger impact — but the relationship is not a simple one because of the vulnerability and capacity to cope parts of the hazard risk equation.


Earthquake magnitude is measured using the moment magnitude scale (MMS). This is an updated version of the well-known Richter magnitude scale. MMS measures the energy released during an earthquake. This is related to the amount of slip (movement) on a fault plane and the area of movement on the fault plane. MMS uses a logarithmic scale, meaning that a magnitude 6 earthquake has ten times more ground shaking than a magnitude 5.
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Knowledge check 7


What type of scales are the Richter and moment magnitude scales?
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The Mercalli scale measures earthquake intensity on a scale of I–XII. This older scale measures what people actually feel during an earthquake, i.e. the intensity of the shaking effects, not the energy released. It cannot be easily used to compare earthquakes as shaking experienced depends on building type and quality, ground conditions and other factors.
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Exam tip


Learn some key facts and figures about your examples and case studies as these add weight to your answers.
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The relationship between magnitude and death toll is a weak one because:




	
•  some earthquakes cause serious secondary impacts, such as landslides and tsunami


	
•  earthquakes hitting urban areas have greater impacts than those in rural areas


	
•  level of development, and level of preparedness, affect death tolls


	
•  isolated, hard-to-reach places could have a higher death toll because rescue and relief take longer.
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Exam tip


Make sure you understand the difference between magnitude and intensity.
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The magnitude of a volcanic eruption is measured using the Volcanic Explosivity Index (VEI). VEI ranges from 0 to 8 and is a composite index combining eruption height, volume of material (ash, gas, tephra) erupted and duration of eruption (Table 7 on p. 17).


Table 6 The impact of disasters compared






	 

	Developed countries

	Emerging countries

	Developing countries






	Volcanic eruption

	2010 Eyjafjallajökull (Iceland)

Constructive margin, mid-ocean ridge


Basaltic magma; stratovolcano


VEI = 4



	2010 Merapi (Indonesia)

Destructive margin subduction zone


Andesitic magma; composite cone volcano


VEI = 4



	2002 Nyiragongo (DRC)

Constructive margin, continental rift zone


Basaltic magma, stratovolcano


VEI = 1








	



	
•  No injuries, no deaths


	
•  Major disruption to European and transatlantic air travel affecting 10 million passengers and costing US$1.7 billion in economic losses


	
•  Ice melt on the volcano caused some flash flooding






	



	
•  353 deaths, about 500 injured


	
•  350,000 people successfully evacuated before the eruption


	
•  US$0.6 billion in losses


	
•  Loss of rice harvest due to ash fall and some destruction of forests due to pyroclastic flows






	



	
•  147 deaths, 120,000 made homeless


	
•  15% of the city of Goma destroyed by lava flows


	
•  Major international aid response launched


	
•  US$1.2 billion in economic losses











	Earthquake

	2010 Canterbury (New Zealand)

Magnitude 7.1


Focal depth = 10 km


Subduction zone



	2008 Sichuan (China)

Magnitude 8.0


Focal depth = 19 km


Continent–Continent collision zone



	2015 Gorkha (Nepal)

Magnitude 7.9


Focal depth = 8.2 km


Continent–Continent collision zone








	



	
•  100 injuries, no deaths


	
•  Widespread building damage due to liquefaction



	
•  A magnitude 6.3 aftershock in 2011 in Christchurch killed 185


	
•  Total costs (including aftershocks) estimated at US$40 billion






	



	
•  69,000 deaths, 370,000 injured


	
•  At least 5 million homeless


	
•  More than US$140 billion in economic losses


	
•  About one-third of deaths due to landslides






	



	
•  9000 deaths, 22,000 injured


	
•  Economic losses about US$5 billion


	
•  Killer avalanches triggered on Mt Everest


	
•  Many rural villages totally destroyed











	Tsunami

	2011 Tohoku (Japan)

Magnitude 9.0


9.3 m tsunami height


Megathrust subduction zone



	2018 Sulawesi (Indonesia)

Magnitude 7.5


7 m tsunami height


Strike-slip fault zone



	2004 Indian Ocean

Magnitude 9.2


24 m tsunami height


Megathrust subduction zone








	



	
•  16,000 deaths and 6000 injuries


	
•  US$300 billion in economic losses


	
•  46,000 buildings destroyed and 145,000 damaged


	
•  Huge infrastructure damage to ports, water and electricity supply






	



	
•  4,340 deaths


	
•  205,000 made homeless


	
•  Economic costs of US$1–2 billion


	
•  Violent ground-shaking, tsunami and liquefaction all contributed to the high impacts






	



	
•  230,000 deaths and 125,000 injured


	
•  1.7 million people displaced across 15 countries


	
•  US$15 billion in economic losses
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Liquefaction occurs in waterlogged, loose sediment; earthquake shaking ‘liquefies’ the ground, causing buildings to tilt, sink and collapse.
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Table 7 The Volcanic Explosivity Index scale






	VEI

	0

	1

	2

	3

	4

	5

	6

	7

	8






	Eruption height

	<100 m

	100 m–1 km

	1–5 km

	3–15 km

	>10 km

	>10 km

	>20 km

	>20 km

	>20 km






	Eruption volume

	<10,000 m3


	>10,000 m3


	>0.001 km3


	>0.01 km3


	>0.1 km3


	>1 km3


	>10 km3


	>100 km3


	>1000 km3







	Effusive

	Explosive

	Colossal







VEI eruptions from 0 to 3 are associated with shield volcanoes and basaltic eruptions at constructive plate margins and mid-plate hotspots. VEI eruptions from 4 to 7 occur at destructive plate margins, erupting high-viscosity, high-gas, high-silica andesitic magma. No modern human has experienced a VEI 8 supervolcano. These are rare caldera eruptions such as Yellowstone and Toba.
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A supervolcano is one whose impacts would be felt globally, because of a worldwide cooling of the Earth’s climate, perhaps for up to 5 years.
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Hazard profiles


Tectonic events can be compared using hazard profiles. These allow a better understanding of the nature of hazards and therefore risks associated with each. Figure 7 shows hazard profiles for four tectonic hazards. Hazards with the following characteristics present the highest risk:




	
•  high magnitude, low frequency events — these are the least ‘expected’ as, by definition, they are unlikely to have occurred in living memory


	
•  rapid onset events with low spatial predictability — they could occur in numerous places, and happen without warning


	
•  regional areal extent — affecting large numbers of people in a wide range of locations.
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Figure 7 Tectonic hazard profiles








Arguably, major earthquakes at subduction zones and collision zones are the most dangerous tectonic hazards. They can have magnitudes of 8–9 MMS, cannot be predicted and could occur along any of tens of thousands of kilometres of plate margin, instantaneously.
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Knowledge check 8


Which plate tectonic setting generates the most destructive, high-risk earthquakes?
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The Kashmir earthquake


The 2005 Kashmir earthquake ranks as one of the most destructive in recent decades.




	
•  At magnitude 7.6 and with a ground-shaking intensity of VII (severe), this was a large event.


	
•  As with all earthquakes, speed of onset was very rapid so there was no chance of evacuating to a safe area.


	
•  Damage was centred on Muzaffarabad but spread over an areal extent of more than 1000 km2.


	
•  Ground shaking lasted 30–45 seconds, but landslides triggered by the earthquake continued for some time, as did aftershocks up to magnitude 6.4.
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Aftershocks occur in the hours, days and months after a primary earthquake and can be of high magnitude; they often number in the hundreds or thousands.
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Destruction in Kashmir was severe: 87,000 deaths, 2.8 million people displaced or made homeless, 17,000 schools destroyed or damaged and nearly 800 health centres destroyed. Numerous factors help explain the impacts, including poverty, poor building construction, time of day (many children were in school), geology and terrain (contributing to landslides) and isolation (making the rescue and relief effort difficult), but two hazard profile characteristics are also relevant:




	
1  Frequency: the previous major earthquake in Kashmir was in 1905, so there was no ‘collective memory’ of the risks and impacts of earthquakes in the region.


	
2  Spatial predictability: Kashmir is in a ‘seismic gap’, i.e. an area of known risk that had not experienced an earthquake for some time. There should have been education and risk awareness, which could have reduced the impacts.
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Exam tip


Physical process exam questions require you to use accurate and precise terminology.
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Development and governance


The impacts of tectonic hazards are not only determined by level of development, but it is an important factor. Table 8 shows five recent earthquakes which all had the same 7.7 magnitude. There is some relationship between death toll and HDI (Human Development Index), such that lower HDI appears to suggest higher death tolls.


Table 8 Five magnitude 7.0 earthquakes compared






	Date and location

	Deaths

	HDI






	2013 Balochistan, Pakistan

	825

	0.54






	2015 Nepal

	9018

	0.55






	2010 Sumatra, Indonesia

	711

	0.68






	2013 Khash, Iran

	35

	0.77






	2007 Chile

	2

	0.83







However, other factors such as population density, duration of ground shaking, secondary hazards and response are also important. Generally, low level of development increases risk by increasing vulnerability, as shown in Table 9.


Table 9 Factors increasing and mitigating risk






	Increasing risk

	Mitigating risk






	



	
•  Population growth


	
•  Urbanisation and urban sprawl


	
•  Environmental degradation


	
•  Loss of community memory about hazards


	
•  Very young, or very old, population


	
•  Ageing, inadequate infrastructure


	
•  Greater reliance on power, water, communication systems






	



	
•  Warning and emergency-response systems


	
•  Economic wealth


	
•  Government disaster-assistance programmes


	
•  Insurance


	
•  Community initiatives


	
•  Scientific understanding


	
•  Hazard engineering












In some locations with very low levels of human development (HDI below 0.55), vulnerability is usually high because:




	
•  many people lack basic needs of sufficient water and food even in ‘normal’ times


	
•  much housing is informally constructed with no regard for hazard resilience


	
•  access to healthcare is poor, and disease and illness are common


	
•  education levels are lower, so hazard perception and risk awareness are low.





Many low-income groups lack a ‘safety net’ — either a personal one (savings, food stores) or a government one (social security, aid, free healthcare) — so have few resources after a disaster.


In rural Nepal, the area hit by the 2015 earthquake, 40% of families lived below the poverty line and more than 90% of people depended on subsistence farming. Of the rural population, 40% exhibited stunting as a result of malnutrition and only 20–40% of rural adults were literate.
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Knowledge check 9


Name a secondary hazard often associated with earthquakes in high terrain areas.
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Governance


Governance refers to the processes by which a country or region is run. Sometimes this is called ‘public administration’ and relates to how ‘well run’ a place is. ‘Good governance’ implies that national and local government are effective in keeping people safe, healthy and educated.


The effectiveness of governance varies enormously and has a significant impact on coping capacity and resilience in the event of a natural disaster. Table 10 explains the link between governance and vulnerability.


Table 10 Aspects of governance and disaster vulnerability






	Meeting basic needs

	Planning

	Environmental management






	When food supply, water supply and health needs are met, the population is physically more able to cope with disaster

	Land-use planning can reduce risk by preventing housing on high-risk slopes, areas prone to liquefaction or areas within a volcanic hazard risk zone

	Secondary hazards, such as landslides, can be made worse by deforestation. The right monitoring equipment can warn of some hazards, such as lahars






	Preparedness

	Corruption

	Openness






	Education and community preparation programmes raise awareness and teach people how to prepare, evacuate and act

	Siphoning off money earmarked for hazard management, or ‘kick-backs’ and bribes to allow illegal or unsafe buildings increase vulnerability

	Governments that are open, with a free press and media, can be held to account, increasing the likelihood that preparation and planning take place
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Synoptic link


(P): Players in governance include local and national government and their agencies, which can be highly effective in terms of disaster response or ineffective and corrupt.
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Most countries have national disaster management agencies, such as FEMA in the USA, which increase resilience to hazards and reduce the impacts of disasters. In the developing world these can be effective, such as PHIVOLCS in the Philippines, but they are often under-funded and under-resourced. Low-level corruption of local government officials is common in many developing countries, meaning that building codes are often ignored and construction is allowed in inappropriate places. This was widely blamed for the high death toll of 17,000 in the Izmit earthquake in Turkey in 1999.
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Corruption refers to illegal practices, such as accepting bribes designed to influence decision making or paying people to stay silent about known problems.
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Geographical factors


The nature of tectonic hazard impacts is influenced by a number of geographical factors. These include:




	
•  population density: highly populated areas may be hard to evacuate, such as the area around Mt Vesuvius in Italy, and are likely to be hit harder by an earthquake


	
•  degree of urbanisation: when cities are struck by major earthquakes, such as the 1995 Kobe earthquake in Japan or Haiti in 2010, death tolls can be high because of the concentration of at-risk people


	
•  isolation and accessibility: often rural areas are hit less hard than urban areas by the initial impact of a tectonic disaster, but isolation and limited access can slow the rescue relief effort. The 2005 Kashmir earthquake is a good example.





Urban areas usually have more assets than rural areas. These include hospitals, emergency services, food stores and transport connections, which increase resilience and coping capacity compared with isolated rural places. However, high population density may mean more people are affected.
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Knowledge check 10


Why are cities more vulnerable to earthquakes than rural areas?
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Disaster context


No tectonic disaster can be separated from the wider local and national context within which it occurs. Table 11 illustrates this (see Table 6 on p. 16 for additional examples).


Table 11 Disaster context in Haiti and China compared






	Developing country

Haiti


HDI = 0.48



	Emerging country

China


HDI = 0.73








	Port-au-Prince earthquake, 2010

160,000 deaths, 1.5 million homeless, 250,000 homes destroyed



	Sichuan earthquake, 2008

69,000 deaths, 375,000 injured and economic costs of US$140 billion








	Decades of corrupt, ineffective and brutal government left Haitian people hugely vulnerable because of slum housing, ineffectual water supply and endemic poverty. A post-earthquake cholera epidemic had infected 700,000 and killed 9000 by 2015

	Economic losses in China were high, reflecting its development progress since 1990 (destroyed formal homes, businesses and infrastructure). The immediate response was rapid because the 2008 Beijing Olympic Games were only months away, so the Communist government mobilised the army and other responders rapidly







In developed countries major death tolls from tectonic hazards are rare. The 2011 Tohoku earthquake and tsunami in Japan was very much exceptional in terms of impacts. Countries such as Japan, the USA and Chile have:




	
•  advanced and widespread insurance, allowing people to recover from disasters — at least in the long term


	
•  government-run preparations such as Japan’s Disaster Prevention Day on 1 September each year, as well as public education about risk, coping, response and evacuation


	
•  sophisticated monitoring of volcanoes and, where possible, defences such as tsunami walls


	
•  regulated local planning systems, which use land-use zoning and building codes to ensure buildings can withstand hazards and are not located in areas of unacceptable risk.
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Land-use zoning is a planning tool used to decide what type of buildings (residential, commercial, industrial or none) are allowed in particular locations.
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How successful is the management of tectonic hazards and disasters?




	
•  There are important trends in tectonic disasters which need to be understood.


	
•  Some locations are vulnerable to multiple hazards.


	
•  Prediction and forecasting are important in managing disasters, but are not always possible.


	
•  There are different models of disaster management but they are not universally applied.


	
•  Different strategies can modify hazard events, vulnerability and loss, and reduce the impacts of events.







Tectonic disaster trends


The number of disasters and the impacts of disasters are not static. There is, however, a difference between two broad categories of natural hazard.




	
1  Hydrometeorological hazards, such as floods, storms, cyclones and drought, appear to have become more common over time, perhaps because of global warming and human environmental management issues such as deforestation.


	
2  Tectonic hazards, i.e. the events, have not increased or decreased over time. The number of events is broadly the same decade on decade.





Tectonic hazards and disasters are not the same, so even though the number of hazard events remains stable, the number of disasters has risen. Trends for all disaster types are shown in Figure 8 on p. 22.
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Figure 8 Natural disaster trends 1975–2019








Figure 8 shows three trends for all disasters.




	
1  Deaths have fallen over time because of better response management, preparation and, in some cases, prediction. Numbers of deaths have fallen especially since 2000, which may be due to vastly improved mobile communications to warn people of disasters.


	
2  The number of reported disasters increased then stabilised as improvements in data coverage and the accuracy of databases increased. Decades ago many disasters in isolated areas simply went unreported. Most recently, numbers of reported disasters have fallen, suggesting fewer hazard events are becoming disasters.


	
3  The number of people affected by disasters has recently stabilised but populations continue to grow and more people live in risky locations.
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Exam tip


You can sketch graphs, such as Figure 8, as part of your exam answer.
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Trends in tectonic hazards can be summarised as follows.




	
•  There has been no change in the number of earthquake disasters since 1980, which varies between about 15 and 40 each year.


	
•  Earthquake deaths are very variable: there were fewer than 10,000 deaths worldwide annually from 2012 to 2018, but more than 200,000 in 2004 and 2010. Overall, there are fewer earthquake deaths than there were 30–40 years ago but the impact of single, mega-disasters skews the data.


	
•  The trend for earthquake economic losses is upwards, averaging about US$20–40 billion per year, but once again this is affected by a few very large events.
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Mega-disasters are high-magnitude, high-impact, infrequent disasters that affect multiple countries directly or indirectly so their impacts are regional or even global.
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Economic losses from tectonic disasters continue to rise. More people, who are more affluent, have more property to lose. This is increasingly true in emerging countries as well as developed ones.


Volcanic disasters are much less frequent than earthquake ones and deaths from eruptions are now rare. The last time an eruption killed more than 1000 people was in Cameroon in 1986 (Lake Nyos) and only eight eruptions since 1980 have killed more than 100 people. However, numbers affected can still be very large because of the mass evacuation of people around an erupting volcano, e.g. 130,000 affected by the eruption of Mt Merapi in Indonesia in 2010 but only 300 deaths.
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Knowledge check 11


Worldwide, which disaster impact has a rising trend: deaths, number of reported disasters or numbers affected?
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Mega-disasters and multiple hazard zones


Very large tectonic disasters account for most deaths. There were about 300 deadly earthquakes between 2005 and 2019. Of the 440,000 people killed, 418,000 were killed by just five disasters. Three of these — Kashmir 2005, Sichuan 2008 and Nepal 2015 — are in the same tectonic location, i.e. the Himalaya collision zone. These three disasters accounted for 38% of all earthquake deaths between 2005 and 2019, and the 2010 Haiti earthquake accounted for about another 50%.


In recent years three examples of what might be called ‘mega-disasters’ have occurred (Table 12). Although rare, these are characterised by impacts extending beyond the country immediately affected. The 2011 tsunami in Japan showed how the globalised, inter-dependent world economy could be affected by the economic and human impacts of disasters. In addition, the accompanying nuclear meltdown disaster at Fukushima was a catalyst in Germany abandoning its nuclear electricity programme.


Table 12 Mega-disaster impacts






	 

	Number of countries affected

	Impacts






	2004 Asian tsunami

	14 countries surrounding the Indian Ocean

	Economic losses and deaths in Indonesia, Thailand, Sri Lanka and Somalia among others made this disaster one of the largest ever in terms of areal extent






	2011 Japanese tsunami

	Only Japan directly, but the economic impacts had global consequences

	Disruption to ports, factories and power supplies had impacts for the global car-production supply chain and those of Boeing jets and semiconductors used in modern electronics






	2010 Eyjafjallajökull eruption

	Over 20 European countries were affected by total or partial closure of their airspace

	The ash cloud from the Eyjafjallajökull eruption had a disruptive effect on air travel because of the dangers of jet engines ingesting ash: over 100,000 cancelled flights costing over £1 billion in losses
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Exam tip


Learn some key facts and figures about named disaster events — they will make your answers more convincing.
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Knowledge check 12


State two characteristics of a mega-disaster.
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A number of locations are multiple hazard zones (Figure 9). These include California, the Philippines, Indonesia and Japan. These locations:




	
•  are tectonically active and so earthquakes (and often eruptions) are common


	
•  are geologically young with unstable mountain zones prone to landslides


	
•  are often on major storm tracks either in the mid-latitudes or on tropical cyclone tracks


	
•  may suffer from global climate perturbations such as El Niño/La Niña.
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Multiple hazard zones are places where two or more natural hazards occur, and in some cases can interact to produce complex disasters.


[image: ]








Famously, during the 1991 eruption of Mount Pinatubo in the Philippines the area was struck by Typhoon Yunga. Heavy rainfall from the typhoon mobilised volcanic ash into destructive lahars. This shows how linked hydrometeorological hazards can contribute to tectonic disasters. This eruption could have been significantly worse in terms of impact but it was successfully predicted and evacuation limited the death toll to about 850. In many earthquake-prone areas, landslides can be triggered by heavy rain on slopes previously weakened by earthquake tremors.
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Figure 9 Multiple hazard zones













Prediction and forecasting


Prediction is the holy grail of hazard management but it is not always possible, as outlined in Table 13. Despite decades of scientific research earthquakes cannot be predicted. However, the minimal death toll from volcanic eruptions (despite 60–80 eruptions worldwide per year) can be mainly attributed to vastly improved prediction of these events.
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Prediction means knowing when, and where, a natural hazard will strike on a spatial and temporal scale that can be acted on meaningfully in terms of evacuation.
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Table 13 Predicting tectonic hazards






	Hazard type

	Prediction?

	Further details






	Earthquakes

	No

	



	
•  Only areas at high risk can be identified (risk forecasting), plus areas that are likely to suffer severe ground shaking and liquefaction; this can be used for land-use zoning purposes


	
•  ‘Seismic gaps’, i.e. areas that have not experienced an earthquake for some time and are ‘overdue’, can point to areas of especially high risk











	Volcanic eruptions

	Yes

	



	
•  Sophisticated monitoring equipment on volcanoes can measure changes as magma chambers fill and eruption nears


	
•  Tiltmeters and strain meters record volcanoes ‘bulging’ as magma rises and seismometers record minor earthquakes indicating magma movement


	
•  Gas spectrometers analyse gas emissions which can point to increased eruption likelihood











	Tsunami

	Partly

	



	
•  An earthquake-induced tsunami cannot be predicted


	
•  However, seismometers can tell an earthquake has occurred and locate it, then ocean monitoring equipment can detect tsunami in the open sea


	
•  This information can be relayed to coastal areas, which can be evacuated
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Forecasting is much less precise than prediction. It provides a ‘percentage chance’ of a hazard occurring, e.g. a 25% chance of a magnitude 7.0 earthquake in the next 20 years.


[image: ]
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Synoptic link


(P): Scientists are key players in prediction and forecasting, investigating and understanding physical processes, modelling forecasts using supercomputers and developing monitoring technology for volcanic eruptions and tsunami.
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Prediction of tsunami and eruptions depends on technology which has to be in place, operational and linked to warning, dissemination and evacuation systems. Tsunami monitoring equipment was not present in the Indian Ocean in 2004 so there was no way of warning people on distant coasts — despite there being many hours in which to do so.


In many developing countries, volcano monitoring and tsunami warning may not be as good as they could be because of the cost of the technology. Also, it may be more difficult to reach isolated, rural locations with effective warnings.
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Exam tip


Make sure you use the words ‘prediction’ and ‘forecasting’ carefully as they have very different meanings.
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Knowledge check 13


Can earthquakes be predicted?
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Hazard management


Prediction, when possible, is a vital part of attempts to manage the impacts of natural disasters. However, it is not the only approach. The hazard management cycle shown in Figure 10 (sometimes called the disaster management cycle) illustrates the different stages of managing hazards in an attempt to reduce the scale of a disaster. It is important to see this as a cycle, with one disaster event informing preparation for the next.
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Figure 10 The hazard management cycle








The ‘recovery’ stage of the hazard management cycle might be thought of as the ‘returning to normal’ stage. This can happen after a few months but in some cases it takes years. The recovery stage depends on:




	
•  the magnitude of the disaster — bigger means longer


	
•  development level — lower means longer, as poorer people are more severely affected


	
•  governance, because well-governed places will divert resources more effectively to recovery efforts


	
•  external help, i.e. aid and financing to help the recovery effort.





The importance of recovery can be seen on Park’s model: the disaster response curve. This well-known model provides a simple visual illustration of the impact of a disaster. It can be used to compare different hazard events as shown by curves A–C on Figure 11.
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Synoptic link


(P): Emergency planners are key players in disaster management. The quality of these planners and the funding they receive from government are critical in terms of minimising impacts.
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Figure 11 Park’s model


Source: after Park (1991)










	
•  Curve A shows a disaster with a relatively small impact on quality of life and a short response phase. Quality of life begins to improve quickly and returns to normal within a few months.


	
•  Curve B shows quality of life is impacted more than in A and reconstruction takes longer, but mitigation improves quality of life, meaning the community is better prepared for the next hazard.


	
•  Curve C shows a disaster with a major impact on quality of life and a slow reconstruction phase; even years later quality of life has not returned to levels before the disaster.





It could be argued that the 2010 earthquake in Haiti fits profile C because the devastation was still not ‘fixed’ by 2015 and incomes, health, housing and food supply remained worse than pre-disaster. Developed countries are more likely to correspond to profiles A or B, developing ones to C.
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Exam tip


Be prepared to compare and contrast examples in the exam, using concepts such as Park’s model as a framework for your answer.
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Knowledge check 14


Which stage of the hazard management cycle would involve rebuilding schools, hospitals and businesses?
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Disaster modification


Disasters can be managed by modifying impacts. This can be done in three ways (Figure 12): by modifying the event, modifying vulnerability or modifying loss.


Event modification is the most desirable type of management but it is not always possible. Loss modification implies that a disaster has occurred and caused damage to people and property: this is the least desirable form of management.
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Figure 12 Disaster modification








Event modification (Table 14) relies on technology and planning systems and can be high cost. It is less likely to be used in developing and emerging countries, although low-cost examples of hazard resistant design are possible to build.
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Hazard resistant design involves constructing buildings and infrastructure that are strong enough to resist tectonic hazards. In the case of earthquakes these are called aseismic buildings.
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Table 14 Modify the event






	Type of modification and example

	Advantages

	Disadvantages






	Land-use zoning: preventing building on low-lying coasts (tsunami), close to volcanoes and areas of high ground-shaking and liquefaction risk

	



	
•  Low cost


	
•  Removes people from high-risk areas






	



	
•  Prevents economic development on some high-value land, e.g. coastal tourism


	
•  Requires strict, and enforced, planning rules











	Aseismic buildings: cross-bracing, counter-weights and deep foundations prevent earthquake damage

	



	
•  Widely used technology can prevent collapse


	
•  Protects both people and property






	



	
•  High costs for tall/large structures


	
•  Older buildings and low-income homes are rarely protected (Figure 13)











	Tsunami defences: tsunami sea walls and breakwaters prevent waves travelling inland

	



	
•  Dramatically reduce damage


	
•  Provide a sense of security






	



	
•  Can be overtopped


	
•  Very high cost


	
•  Ugly and restrict use/development at the coast











	Lava diversion: channels, barriers and water cooling used to divert and/or slow lava

	



	
•  Diverts the lava out of harm’s way


	
•  Relatively low cost






	



	
•  Only works for low VEI basaltic lava


	
•  The majority of ‘killer’ volcanoes are not of this type














[image: ]



Figure 13 Low-cost aseismic buildings for the developing world








Modifying vulnerability (Table 15) means increasing the resilience of a community to increase their capacity to cope. In many cases, prediction, warning and evacuation are used to move people out of harm’s way. Predictions need to be accurate or there is a risk that ‘cry wolf syndrome’ will reduce the effectiveness of warnings.
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Cry wolf syndrome occurs when predictions (and evacuation) prove to be wrong, so that people are less likely to believe the next prediction and warning and therefore fail to evacuate.
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Table 15 Modify the vulnerability






	Type of modification and example

	Advantages

	Disadvantages






	Hi-tech scientific monitoring: used to monitor volcano behaviour and predict eruptions

	



	
•  In most cases, predicting an eruption is possible


	
•  Warnings and evacuation save lives






	



	
•  Costly, so not all developing world volcanoes are monitored


	
•  May suffer from ‘cry wolf syndrome’


	
•  Does not prevent property damage











	Community preparedness and education: earthquake kits and preparation days, education in schools

	



	
•  Low cost; often implemented by NGOs


	
•  Can save lives through small actions






	



	
•  Does not prevent property damage


	
•  Harder to implement in isolated rural areas











	Adaptation: moving out of harm’s way and relocating to a safe area

	



	
•  Would save both lives and property






	



	
•  High population densities prevent it


	
•  Disrupts people’s traditional homes and traditions
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Earthquake kits are boxes of essential household supplies (water, food, battery-powered radio, blankets) kept in a safe place at home to be used in the days following an earthquake.
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Synoptic link


(P): Civil engineers are the players responsible for building tsunami walls and aseismic buildings. Their expertise can directly save lives, although it is governments that generally fund such defences.
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Exam tip


Remember that different types of modification are more applicable to some tectonic hazards than others, and cannot always be used in the developing world because of cost restrictions.
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Knowledge check 15


What type of disaster modification is least likely to save lives?
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Loss modification could be described as ‘picking up the pieces’ after a disaster has occurred (Table 16). If event and vulnerability modification has also been used then the losses should be quite small. However, in the case of developing countries, loss modification is often the main management strategy. This was the case after the 2010 Haiti earthquake and the 2004 Indian Ocean tsunami. In these cases management should be considered as having failed to protect people.


Table 16 Modify the loss






	Type of modification and example

	Advantages

	Disadvantages






	Short-term emergency aid: search and rescue followed by emergency food, water and shelter

	



	
•  Reduces death toll by saving lives and keeping people alive until longer-term help arrives






	



	
•  High costs and technical difficulties in isolated areas


	
•  Emergency services are limited and poorly equipped in developing countries











	Long-term aid: reconstruction plans to rebuild an area and possibly improve resilience

	



	
•  Reconstruction can ‘build in’ resilience through land-use planning and better construction methods






	



	
•  Very high costs


	
•  Needs are quickly forgotten by the media after the initial disaster











	Insurance: compensation given to people to replace their losses

	



	
•  Allows people to recover economically, by paying for reconstruction






	



	
•  Does not save lives


	
•  Few people in the developing world have insurance
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Synoptic link


(P): Major insurance companies are the players that help some people recover by covering their losses; however, in the developing world NGOs often step in to help the uninsured and poorest sections of society. Even in developed countries not everyone is insured against the impacts of disasters.
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Summary




	
•  The distribution of earthquakes, volcanoes and tsunami is related to plate margins (divergent, convergent and conservative) and explained by the theory of plate tectonics.


	
•  Tectonic processes result in a number of hazard types, including crustal fracturing, ground shaking, liquefaction and landslides, as well as a variety of volcanic hazards and tsunami.


	
•  Natural hazards and disasters are not the same: disasters happen when a vulnerable population with low resilience experiences the negative impacts of natural hazards.


	
•  Social, economic and environmental impacts vary by level of development as well as type of hazard process.


	
•  Magnitude, frequency and the hazard profile of events are all important in terms of understanding variation in impacts.


	
•  The urban, economic, demographic, political governance and social context of an area are all important in understanding vulnerability and community resilience.


	
•  Trends show that while deaths and numbers affected by disasters are falling, economic damage is rising.


	
•  Mega-disasters and multiple hazard zones are particularly important in terms of large-scale, sometimes global, impacts.


	
•  There is variation in the extent to which tectonic hazards can be predicted.


	
•  Models such as Park’s model and the hazard management cycle can be useful in terms of understanding short- and long-term impacts, response, recovery and mitigation.


	
•  Tectonic hazards can be managed by modifying the event, vulnerability or loss — each approach has advantages and disadvantages.
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