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Edexcel A2 Geography 

8 Tectonic activity and hazards

Exam practice sample answer

Plan
· Discuss = look at 2 sides: yes — no increase

· Defs — UNISDR

· Nature of tectonic hazards — Basic causes of hazards and different events — e.g.s of earthquakes, volcanoes and tsunamis. General characteristics

· Models — Degg

· E.g.s

· EQ = Sichuan+ Chile/Haiti, Big One California

· Tsunamis = Indian Ocean + Chile

· Volcs = Columbia, Vesuvius, Iceland

Introduction
1.1 What is the nature of a tectonic hazard and of a disaster?
A tectonic hazard is, according to the UNISDR website, a ‘potentially damaging geophysical event … that may cause the loss of life or injury, property damage, social and economic disruption or environmental degradation.’ Tectonic hazards, in the form of volcanoes, earthquakes and secondary events called tsunami, are caused by physical processes associated with the asthenosphere.

A disaster is a function of the risk process. It results from the combination of hazards, conditions of vulnerability and insufficient capacity or measures to reduce the potential negative consequences of risk. Based on mathematical calculations, risk is the product of hazard and vulnerability. Figure 1 shows how Degg represented this as a Venn diagram model.

Figure 1: Degg model showing relationship between event, hazard and disaster

1.2 What are the overall trends in tectonic hazard and disaster risks?
This report will use statistical evidence at a global and also a more local scale to investigate whether the actual incidence of tectonic events has increased, or whether other factors — such as population numbers and vulnerability, plus the monitoring and reporting of hazards — are in fact more to blame for frequency and magnitude. Hence hazards may not be rising, but disasters may be.

Specific case studies will include: 

· earthquake-prone, highly techno-centric and prepared California, still waiting for the Big One, will be contrasted with the unexpected, devastating 2010 quake in the LDC of Haiti

· the iconic Sumatran tsunami of 2004 will be contrasted with those commonly affecting Japan

· the volcanic eruption history of Merapi, Iceland and Yellowstone are included, since they demonstrate different types of eruption past, present and future and different local vulnerabilities

Research was carried out into timescale variations and how these are linked to plate movements and convection current hotspots, and this will be related to the above examples. A consideration of a recent theory relating ice melting to increased volcanic activity in Iceland will also be included.

Research and methodology
Most textbooks, articles and websites dealing with the causes and basic characteristics of tectonic events, from the BBC news service to the USGS, Oxfam and the DEC. Textbooks like the Philip Allan A2 guide by Dunn et al. and Natural Hazards and Disasters by Holmes and Warn had relatively unbiased, scientifically accurate (if less topical) facts. A key resource was the scientific database provided by NOAA and EMDAT, as well as the very useful website of Informaworld, which had topical, processed NOAA data. However, care was taken in research to identify potential bias in reports on responses: for example, it is likely that some government sources may manipulate media and even scientific coverage, such as the suppression of information in China. Particular care was taken when using Wikipedia to assess the sources of information, although it was a good starting point for topical hazards which had not yet been written up in peer reviewed sources such as the New Scientist. Similarly, social networking sites used by Californian residents to keep abreast of impending earthquakes may be anecdotal rather than factually accurate.

Overall patterns
The majority of earthquakes and volcanic eruptions occur along plate boundaries, such as the boundary between the Pacific Plate and the North American plate. One of the most active plate boundaries where earthquakes and eruptions are frequent, for example, is around the massive Pacific Plate commonly referred to as the Pacific Ring of Fire. Historical data collected by the NOAA shows that four of the top ten most deadly earthquakes and tsunamis since 1701 occurred in the last decade, including the 2004 Indian Ocean (Sumatra) tsunami and the 2010 Haiti and Chile earthquakes.

Data sources and types 
The 2004 Indian Ocean earthquake and tsunami, which killed 228,000 across 14 countries, resulted in heightened awareness of the effects of geologic hazards; it was followed by recent disasters in Pakistan (2005 — 86,000 deaths) and China (2008 — 87,000 deaths). Then in January 2010, the Haiti earthquake caused 230,000 deaths; it was followed by the magnitude 8.8 Chile earthquake in February 2010, which was the fifth largest earthquake ever recorded. These two earthquakes generated tsunamis which travelled over 100 kilometres: after Haiti, the tsunami resulted in 3m-high waves and 10 deaths, whilst after Chile the tsunami caused 500 fatalities, though relatively close to the epicentre. These events have made people, whether scientists, governments, emergency managers, media players or individuals, question the frequency of earthquakes and tsunamis and the whole nature of disasters.

The NGDC is one of three national data centres run by the NOAA. It gathers long-term scientific data (from 4,350 BC) and hosts a World Data Centre. Written eye witness accounts have been increasingly replaced by instrumental records, and record data on all earthquakes and volcanic eruptions that either caused fatalities or moderate damage, or generated a tsunami. Earthquakes with a magnitude of Richter scale 7.5 and above or a Modified Mercalli Intensity of X and above are also included. Data is stored on the actual event, i.e. the magnitude and/or the intensity, the date, time, volcano height and type, as well as socio-economic data, such as the total number of fatalities, injuries, houses damaged or destroyed, and economic damage. By 2010 there were over 2,000 tsunami source events, 13,000 tsunami ‘run-up’ locations, 5,500 earthquakes and 500 volcanic eruptions stored. Personal videos and social networking sites are now also monitored.

Analysis of the total number of deaths from earthquakes and tsunamis per decade shows that major events throughout history show no particular trend, but there are a few extreme events. From 1701 to 2000 there were 10 extremely deadly earthquakes resulting in 77,000–230,000 deaths and 7 deadly tsunamis (each with 13,000–60,000 fatalities). However, between 2000 and 2010 some of the most devastating geologic events in history have occurred, including the 2004 Indian Ocean tsunami and the Haiti earthquake, and 4 of the top 10 most deadly earthquakes since 1701 occurred in the last decade. Since the number of magnitude ≥7.5 earthquakes has not increased, this is most likely due to increased population along with poorly constructed buildings and poor regulation, which will be investigated in the following case studies.

Figure 2 shows the overall trends.

Figure 2: Trends in the 3 main tectonic hazards, using numbers reported on preventionweb.net
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Global patterns in earthquakes
Effective registration of distant earthquakes began on 17 April 1889, when an instrument at Potsdam recorded an earthquake in Japan. It is estimated that there are 500,000 detectable earthquakes in the world each year. 100,000 of those can be felt, and 100 of them cause damage. The NGDC/WDC earthquake database of all earthquakes of magnitude 7.5 or greater shows the number has remained consistent, with an average of 57 every decade. There were more earthquakes than expected in the early part of the twentieth century, probably due to the primitive technology of seismographs then. The number of earthquakes from then until today does not show a significant increase or decrease.

So, the question is, are the numbers of deaths resulting from earthquakes increasing? There is no particular trend from data starting from 1701, but there are periodic, maxima peaks and a definite increase from 2001 to 2010. These were the times of the deadliest earthquakes recorded, such as the 1727 Iran earthquake which killed 77,000 and the 1976 China earthquake, which killed 242,000. These were major earthquakes that also occurred near large population centres. Four of the top ten most fatal earthquakes since 1701 occurred in the last decade, including Haiti. The key factor is in the statement by engineers: ‘earthquakes don't kill people, buildings do’. The existence and enforcement of building codes also affect the probability of death and destruction. 

Case study: the Caribbean
Although the total number of magnitude 7.5 earthquakes per decade since 1901 has remained consistent, the last decade has experienced some of the most devastating geologic events in history. Until 2010, the most deadly event in the Caribbean was the 1902 eruption of Pelée that caused 28,000 deaths. However, this event was exceeded by the 230,000 deaths and 3 million displaced people that resulted from the Haiti earthquake. According to the National Geographic magazine, Haitian earthquakes are not uncommon, but its intensity did surprise experts such as the USGS, since it was the seventh most fatal earthquake in history. The country was last struck in 1860, not long in geological time but out of the experience of the locals which made them more vulnerable.

Since earthquakes are not common in Haiti, one could say that yes, there is an upwards trend, but really Haiti has to be seen in a wider geographical location of the Caribbean. The historical database shows 118 significant earthquakes, 13 significant volcanic eruptions, and 90 tsunami events in this region. Before the Haiti disaster, the most devastating event was the 1902 eruption of Pelée that killed 28,000 people. An earthquake off the northern coast in 1842 killed 5,000 and generated a tsunami killing 500. Earthquakes in 1751 and 1770 affected Port-au-Prince, with about 5,200 deaths from all earthquakes in Haiti prior to the 2010 event. However, the 2010 earthquake is definitely the most devastating geologic event that has occurred in historic time in Haiti or the Caribbean: a combination of a shallow focus quake (only 13 km deep, just 16 km SW of the capital Port-au-Prince, on an existing fault linked to the Caribbean transform fault moving about 20 mm/yr) and impoverished, densely packed population.

In contrast Chile’s quake in 2010 had a deeper focus (34 km) and was further from people concentrations (115 km from the nearest big city, Concepcion). The country is better prepared for earthquakes too and although it was the second highest magnitude ever recorded in Chile, it only produced 565 fatalities.

The case of MEDC USA: California and the Big One
Southern California has about 10,000 earthquakes annually, most of them so small they are not felt. Only several hundred are greater than magnitude 3.0 on the Richter scale, and only about 20 are greater than magnitude 4.0. If there is a large earthquake, however, the aftershock sequence tends to create many more earthquakes of all magnitudes for many months. The San Andreas Fault is not a single, continuous fault, but a fault zone made up of many segments more than 1,300 km (800 miles) long and in some spots as much as 16 km (10 miles) deep. Movement may occur along any of the many fault segments along the zone at any time, with the southern section of the San Andreas Fault judged to be the most likely to crack. The average rate of motion during the past 3 million years is 56 mm/yr but it does not happen constantly: rather it happens in ‘spasm’ like jolts. USGS data suggests that it is 99.7% likely the state will suffer a major earthquake some time in the next 30 years, with a 46% likelihood of it being the Big One. Disaster vulnerability is reduced by zoning, aseismic buildings, earthquake drills and high rates of insurance cover. In May 2010 a false rumour escalated on Facebook that the Big One was imminent! The 1906 and 1994 earthquakes in San Francisco and Northridge respectively are famous for their impacts. The latter, despite earthquake salience and technology built into much building design, still killed 72 people, injured 9,000 and caused $25 bn (£12.5 bn) damage. However, earthquakes of magnitude 7.0 or greater have remained fairly constant throughout the last 100 years and have actually seemed to decrease recently.

Global patterns in tsunami
The NGDC/WDC tsunami database includes all tsunami events from 1701 and it shows an increase from 10–20 tsunamis every 10 years in the 1700s, to 20–30 tsunamis every 10 years in the 1800s, to 30–40 events in the 1900s. However, this is probably due to the increase in observations and awareness of tsunamis, especially by the DART system, together with the higher concentrations of population and economic activity at coastlines. Significant earthquakes, i.e. over a magnitude of 7.5, have stayed constant.

The case of the Pacific Ocean: Japan and the 2004 tsunami
Japan, according to the Sunday Times (March 2010), has the most expensive and elaborate tsunami defenses in the world. Set up in 1952, they continuously monitor seismic activity using 300 sensors across Japan's islands, including around 80 water-borne sensors linked to automatic floodgates, warnings and broadcasts. The technological fix is supported by strict building laws, civilian practices and good disaster planning, partly as a response to the lessons of the Great Hanshin Kobe earthquake in 1985. The Discovery channel states that sediment analysis shows frequent major tsunamis, with at least 9 major events before people even lived on the islands, technically speaking not even hazards, related to the slow subduction of the Pacific plate below the Eurasian plate creating frequent earthquakes over 8.0. So, geological events may have stayed the same but disaster risk has reduced.
However, the 2004 Indian Ocean tsunami was the result of the biggest earthquake in the South China sea since the fifteenth century. Radiocarbon dating of deposits shows several previous major tsunamis on the west coast of Thailand and off Aceh in the preceding 2,800 years. Before this disaster, the deadliest recorded in the Pacific was in 1782 which killed 40,000; the tsunami created by the 1883 eruption of Krakatoa was next in scale — 36,000 people died.

Volcanic hazards
One in 10 people in the world now live within the 'danger range' of an active volcano (BBC website). About 1,510 volcanoes have erupted in the last 10,000 years, with about 50 erupting annually. The very nature of changing convection hotspots and subduction and constructive plate boundaries mean some volcanoes will become quieter and some will be created or become more active. However, as far as trends are concerned, it is probably wider reporting and interest than real increases seen in volcanism, since the two world wars show a distinct lack of eruptions recorded. The 1902 disasters at Mont Pelée, St. Vincent and Santa Maria were highly newsworthy events and undoubtedly a genuine ‘pulse’ in Caribbean volcanism, but the higher numbers reported subsequently — especially following Krakatau in 1883 — probably result from increased human interest in volcanism and hence publishing of even small events. (Smithsonian Global Volcanism Program).

Case studies: Iceland and Merapi
Iceland is geologically young, located on both the Iceland convection hot spot and the Mid-Atlantic Ridge, which runs right through it. Volcanic eruptions are experienced somewhere in Iceland on an average of once every five years with commonly effusive eruptions like on Haimaey which last erupted in 1973, with lava successfully diverted. Explosive eruptions on the Eyjafjallajökull strato-volcano occur roughly every 20–40 years (Sources: the Benfield Institute and the film ‘The volcano that stopped Britain’, Channel 4, April 2010). However, Iceland is very salient of the risks, and has sophisticated strategies ranging from monitoring and warning systems to evacuation, which reduces the risk of a disaster.

Similarly, Mount Merapi in Java has erupted frequently: 68 times since the sixteenth century, and is the most active in its region, 129 active volcanoes in Indonesia making up part of the Pacific Ring of Fire. However, its location on the subduction zone of the Indo-Australian and Eurasian plates means that with time its effusive nature will change to more explosive as the magma produced changes over a long time period from less dangerous basaltic to more dangerous andesitic types. Geologists studying its stratification suggest effusive basaltic eruptions began about 400,000 years ago. However, about 10,000 years ago more explosive gaseous eruptions began with dangerous pyroclastic flows, typical of subduction zones. Small eruptions are typical every two to three years, and larger ones every 10–15 years, with major ones resulting in many deaths in the eleventh, eighteenth and nineteenth centuries. Because of the hazards that Merapi poses to locally populated areas, with an average GNI of only $2,010 pc per annum (UNICEF), it has been designated by the UN as one of the Decade Volcanoes. In 2006 an eruption was successfully predicted and 17,000 people were evacuated, but 5,000 fatalities resulted from a later 5.6 magnitude earthquake affecting nearby Yogyakarta. The increased disaster risk results from the combination of the altering of the nature of eruptions and a booming low income population taking advantage of the rich soils the volcano has created.

Lastly, super volcanoes like Yellowstone are very different in almost every way from present volcanoes and luckily none have happened in living memory. They have more viscous magma, and cataclysmic explosions, with a following depression called a caldera. NASA imagery reveals that Yellowstone has a caldera 70 kilometres across, 30 kilometres wide, one of the largest known anywhere on earth, with a repeat cycle of 2 m, 1.2 m years and 600,000 yrs ago. According to experts like Professor Bill McGuire (Benfield Greig Centre, UCL) it’s really not a question of if it will go off, it's a question of when, and given the rise in population density around it obviously presents a disaster threat.

The nature of the volcanic eruption is a key factor in numbers affected: people may weigh up the pros and cons of living in hazardous zones and there is obviously less risk living near effusive volcanoes like Haimaey, with lava that may be channelled, than explosive ones like Merapi.

Conclusion
Dunbar et al., quoted on informaworld.com in June 2010, said that the tragic, deadly earthquakes and tsunamis of 2004 and 2010 changed the way much of the world thinks about geologic hazards. These events also generated questions about the frequency and severity of these hazards. Is ‘my region’ experiencing more or worse events than in the past? Are major events occurring more frequently worldwide now than in the past? Are the impacts of these events more deadly now than in the past? Information on how recent events rank regionally is easily obtained from the NGDC/WDC global historical hazard databases. The perception of frequency is different from reality, it seems. Contributing factors may be categorised as follows.
Firstly, increased monitoring and global communications. In 1931, there were about 350 seismograph stations globally. Now there are over 4,000 stations and the data comes in rapidly from these stations by telex, computer and satellite. In addition, fast real-time reporting and internet blogs mean more reporting, more public awareness and reaction, as demonstrated recently in Chile and Haiti.

Secondly, as the global population continues to increase, more people are at risk. Population density in earthquake-prone areas is constantly increasing and, despite technology and zoning, there are increasing casualties and damage results resulting from earthquakes of the same size. Mount Merapi and California are witness to this. While about 20% of the world population lives in or near earthquake zones, more than 70% of them, i.e. one billion, are in low-income or poverty level socio-economic classes (Brighthub engineering website). Responses from such wealthy nations as Japan are centred on investing huge amounts of capital into technocentric and attitudinal fixes. Simple low-tech responses can also save lives and property, from radios to simple cross-bracing in low cost housing, as in Chilean housing and hopefully in the future reconstruction of Port-au-Prince. International aid and data sharing, as in the PTWS, is increasing, facilitated by the internet. These measures may reduce a disaster to just an event.

Lastly, swarms of small events, especially in geothermal areas, are common, and moderate to large magnitude earthquakes will typically have an aftershock sequence that follows, as shown in Haiti. Faults and volcanoes may get locked/blocked respectively and then ‘blow’, creating major events as in Merapi and the impending ‘Big One’ of California. 
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