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Why should we be concerned about sinkholes?
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Purpose

This investigation is designed to enable pupils to explore how sinkholes affect human activity and whether or not we should be concerned about them. The enquiry begins by telling the story of a teenager who lives in the UK who had her car swallowed by a sinkhole; the idea being that the pupils can empathise with her situation because it could have been them! This is then contrasted with a dramatic sinkhole which opened up in Guatemala City killing several people, highlighting that this is a phenomenon which can potentially occur all over the world.

Pupils are then given a series of images which they use to work out how sinkholes are formed and this is then explained in the text. The geology map of the UK shows High Wycombe’s geology to be chalk, which possibly explains the formation of the sinkhole in this location. However, underlying bedrock is not always to blame as sinkholes can appear in the landscape as a result of human activity; broken water pipes and disused mines being the main culprits.  

The enquiry then turns towards looking at patterns of geology to determine where sinkholes are most likely to occur. In this section, the USA, and specifically the state of Florida, is the main focus. The combination of Florida’s climate, geology and the way in which its citizens use the land lead to the state being called the ‘sinkhole capital’ of the USA. A resource in the Teacher Book asks pupils to interpret a climate graph for Miami, Florida, and to use this information to work out which month is most likely to coincide with the formation of sinkholes.  

Pupils are then asked to consider the effects of sinkholes, which are predominantly negative and can have wide-reaching consequences. However, the positive aspects of sinkholes are then presented, with sinkholes off the coast of Belize drawing in nearly one million tourists each year, all of whom contribute to the local economy and therefore the development of the country. Next, pupils are led through an assessment in which they create a landscape in a shoe-box. Whilst it is important that pupils are allowed to be creative in this task, the quality of the geography should be paramount, so the shoe-box should include clear annotations which describe and explain the location, formation and effects of the sinkhole.  

It is also important that pupils draw together their information to answer the key enquiry question, ‘Why should we be concerned about sinkholes?’ To that end, a resource in the Teacher Book has examples of annotations which pupils can look at and discuss. The annotations are not meant to be model examples, although some are more precise and detailed than others.  

Finally, the enquiry can be extended by pupils considering whether sinkholes are becoming more common by looking at potential future climate patterns and the likely impact of these.
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Aims

Through this enquiry, pupils will be challenged and supported to:

· Develop contextual knowledge of the location of globally significant places, including their defining physical and human geographical characteristics, and how these provide a geographical context for understanding the actions of geographical processes.
· Understand the processes that give rise to key physical and human features of the world, how these are interdependent and how they bring about spatial variation and change over time.
· Interpret a range of sources of geographical information to reach substantiated conclusions and judgements consistent with the evidence, and communicate these in a variety of ways, including through maps, numerical and quantitative skills and writing at length.
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Links to Key Stage 3 subject content

Pupils should be taught to:

Human and physical geography

Understand, through the use of detailed place-based exemplars at a variety of scales, the key processes in Physical geography relating to: rocks; weathering and soils; weather and climate; and hydrology.

· Understand how human and physical processes interact to influence and change landscapes, environments and the climate, and how human activity relies on the effective functioning of natural systems. 

Geographical skills and fieldwork

· Build on their knowledge of globes, maps and atlases, and apply and develop this knowledge routinely in the classroom.
· Interpret topographical and thematic mapping, and aerial and satellite photographs.
[image: image6.png]


Possible assessable outcomes

· A creative piece where the pupils make a sinkhole landscape in a shoe-box. The shoe-box should be annotated with the location, formation and effects of the sinkhole.
Watch the video at http://www.bbc.co.uk/news/science-environment-25983415 which explains the process of solution and how it has the potential to create sinkholes. Now, draw images or diagrams in the boxes to show how this process works. Explain each image with a caption below each box.
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Use the climate graph for Miami, Florida, on the right 
to complete the following sentences:

· The highest temperature is ____ °C which occurs in 

the month of _______________.

· The lowest temperature is _____ °C which occurs 

in the month of _______________.

· The highest precipitation is _____ mm which occurs 

in the month of _____________.

· The lowest precipitation is ______ mm which occurs 

in the month of _____________.

· The total annual amount of precipitation in 

Miami is _______________ mm.
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If I was going to visit Miami in June, the five things that I would pack in my suitcase would be…

1.

2.

3.

4.

5.
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Try to explain why you have included each item.

· I would expect most sinkholes to appear in Miami during the month of ____________ because…

Belize is a small country with only 300,000 inhabitants, which borders Mexico and Guatemala in the north of Central America. Its strong British colonial heritage makes it culturally very different to the other countries which make up Central America and it is said to have a distinctly ‘Caribbean’ flavour.

Belize is a country of contrasts in terms of development. It has a Human Development Index (HDI) of 0.732 (2013 figures), which is classified as ‘high human development’, and is similar to countries like Ukraine, Peru and Macedonia. However, it is also considered to be one of the ten least developed countries in Latin America, with over a third of the population living below the poverty line on less than US$2 per day. There is also a great income disparity, with the poorest 20% of the population living on only 3% of the wealth.

Belize’s education system is based on the British one, with pupils spending, on average, twelve years in school. The literacy rate is 70%, although there is a great difference between those who live in urban areas and those who live in remote rural areas, who lack access to schooling and usually drop out of formal education by the age of 12.

Belize’s life expectancy is 77 although the population is fairly youthful; only 4% of the population are over 65 whilst 35% are under 14. Belize is also a very happy place to live. According to the ‘Happy Planet Index’ which combines three indicators – life expectancy, well-being and ecological footprint – Belize is the fourth happiest country in the world, behind Costa Rica, Vietnam and Columbia.

Belize’s economy is based upon agriculture, tourism and services, although the recent discovery of crude oil near the town of Spanish Lookout has potential for exploitation. It is challenging for Belize to achieve economic stability due to their reliance upon the export of primary products, particularly citrus, sugar and bananas, which have seen low prices in recent years. There is limited domestic (home) industry due to the small population and the fact that labour costs are relatively high. The tourism industry therefore attracts the most foreign investment, with nearly one million visitors per year. In 2007, the tourist industry was responsible for 25% of jobs in Belize and contributed 18% to GDP, an estimated US$295 million.

Prior to independence (which Belize achieved in 1981), the country was not really suitable for large-scale tourism due to the lack of infrastructure. However, during the last decade there has been massive investment in tourism, which has resulted in positive effects for other industries, including agriculture, commerce, finance and construction. Belize now offers a diverse range of adventure and eco-tourism attractions including the Belize Barrier Reef, offshore islands, caves and Mayan ruins.

· Look at the information in the text and create an infographic which shows Belize’s level of development.

· What might be the advantages and disadvantages of Belize developing its tourist industry? Complete the table on the next page – try to think of at least five different things to put into each column.

	Advantages of Belize developing its tourism industry
	Disadvantages of Belize developing its tourism industry

	· Creates jobs (25% of the total for the country) which are more stable than those in agriculture.


· 
	· Money generated from tourism may not be reinvested in Belize but may end up abroad in more developed countries.

·  


· On balance, do you think that the tourism industry is a positive thing for Belize or not?

· Imagine that you are planning a holiday to Belize. Which sites would you want to visit? Annotate the blank map below to show your route, what you will visit and why you want to visit each place. 


Have a look at the following effects of sinkholes. There are six shown here but you can add your own on the next page. As geographers, we can classify effects into different categories:

· Positive / Negative

· Short-term / Long-term

· Global / National / Local

· Social / Political / Environmental / Economic

Choose one of the ways of classifying effects listed above and colour code the effects below to show the different categories. You may like to choose a second way of classifying if you have the time. How can you use these classifications to make your writing more effective and geographical?



Sinkhole in a shoe-box annotations

Below are some annotations which have been used to describe and explain location and formation of the sinkhole in a shoe-box. Read the annotations. What good features do they have? Are there aspects that could be improved? Of the two, which do you think is the best?

2014 saw an increased number of sinkholes affecting the UK compared to previous years. The Met Office claimed that this was likely to be due to the most extreme and intense winter rainfall that England and Wales had seen for nearly 250 years.

· On the map below, and using the website http://www.bgs.ac.uk/research/engineeringGeology/shallowGeohazardsAndRisks/sinkholes/Feb2014.html 
mark and label the locations of the sinkholes found in 2014 in the UK. Purple icons are sinkholes which are naturally occurring whilst green icons are those caused by human activity.

· Describe the distribution of sinkhole activity.

· Can you explain this distribution? Use the map showing the geology of Great Britain on page 25 of the Student Book to help you.
Do you think that the UK should be prepared for more sinkholes to occur in the future? Why do you think this? How might people living in sinkhole-prone areas in the UK be better prepared?

It has been suggested that sinkholes in Rippon could have inspired Lewis Carroll’s Alice in Wonderland. Read the story at: http://www.bgs.ac.uk/research/engineeringGeology/shallowGeohazardsAndRisks/Alice_in_wonderland.html
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If the land in Florida is not irrigated then crops, such as oranges and strawberries, will not have such high yields. The price of such goods is likely to rise.





People living in areas which are susceptible to sinkhole formation can suffer stress and anxiety, even if a sinkhole does not form.





Sinkholes can cause injury and even death, although this is a fairly rare occurrence.





Sinkholes can change the general topography of the land and divert streams of underground water.





Sinkholes can cause massive damage to property, which has a knock-on effect increasing the price of house insurance.
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Sinkholes can be tourist attractions and can generate vast amounts of money for the economy.
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Pupil A – location 


My sinkhole opened up in Guatemala City in 2010, although this was not the first time a sinkhole had devastated the city. Guatemala City is the capital city of Guatemala which is in Central America. It is next to Mexico, Belize, Honduras and El Salvador. Guatemala also has a coast with the Pacific Ocean.





Pupil A – formation


Sinkholes are usually formed in areas of limestone or chalk. The rock is soluble which means it dissolves when it comes into contact with rainwater. This means that the rock slowly dissolves and leaves large holes underground. Eventually, when the hole is large enough the surface soil cover can collapse taking buildings and people with it!





Pupil B – location


My sinkhole is located in Zone 2 of Guatemala City, the capital city of the Central American country of Guatemala. Guatemala City has a population of over two million and is located in the mountains – it has an altitude of 1500 m. Guatemala itself is a small country bordered by Mexico to the north and west and Belize, Honduras and El Salvador to the east.





Pupil B – formation


Sinkholes can have both physical and human causes. In the case of the sinkhole in Guatemala City, the geology and climate weren’t particularly important. The sinkhole was probably caused by broken water pipes under the city streets which overflowed. The rock underneath Zone 2 is volcanic deposits which probably got washed away leaving the streets above unsupported.
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