Handout 10: LESSON 3.1.3.3c: SEA LEVEL CHANGE
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This map shows the oceans and continents 14,000 years ago. How is it different to today?



What do you think has caused this difference?

Part 1: Major Sea Level Change and Development of Landforms
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Annotate the above to include information from the PowerPoint.



NOTE:
Time scale – short, medium or long
Short (hours/days/weeks/years)
Medium (thousands of years)
Long (millions of years)


Tectonic Changes

Past tectonic activity has had a direct impact on some coasts across the world, as well as sea levels. 
Examples: -
· Indonesia - Boxing Day 2004 (Oxford p136)
· Tohuku earthquake (Cambridge p87)
For each of the above briefly explain what happened and the effect that it had on either the coast and/or the ocean capacity. Use the internet.



Eustatic Sea Level Changes

[image: ]Take notes.
Use this information & your notes to write 5 revision questions to summarise eustatic change.




Revision questions on eustatic change

1)

2)

3)

4)

5)





Isostatic Change

[image: http://www.bgs.ac.uk/discoveringGeology/climateChange/general/images/isostaticUplift.jpg]What happens to the earth’s crust when covered by ice?






What happens when the ice melts?



Additional notes:
[image: ][image: ]


Using the maps above describe the extent of the ice sheets over Britain during the last ice age.






Using both maps above, analyse the information on isostatic change across the UK (Remember to use PADL)









Submergent and emergent landforms (see homework task)

A rise in relative sea level floods the coast and creates a submergent coastline.

A fall in relative sea level exposes land previously covered by the sea, creating an emergent coastline.

	Submergent features
	Emergent features

	



	






Task:

1. In pairs, describe and explain the coastal landforms associated with sea-level change:
· Explain how they are formed
· A diagram to show their formation on the whiteboard
· An example from around the world



Part 2 – Nature and impact of recent and predicted climate change on coasts

Impacts of recent and predicted climate change on coasts

[image: ]Sea level has been rising consistently over the last 10,000 years.
There are 2 ways in which the volume of the oceans is increasing:

1)



2)


The unpredictability of sea level change modelling is due to:-

1) Not knowing what CO2 emissions are going to be and how much warming will increase.
2) We do not know how the giant ice sheets will respond.

There is therefore a huge range in predictions. Average predictions vary from 18cm to 59cm between 1990 and 2090.


Sea Level Change:

[image: ]
Source: Climate Change Science
Analyse the graph above showing past and projected sea level change.





Consequences of Global Sea Level Rise

Areas at risk globally

· Using the firetree link - which areas of the world can you identify at most risk of sea level rise by 2100?
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Storm Surges

Increasing storminess will also result from climate change. Increasing sea level and more storms can lead to major storm surges.

Watch the video and note down the primary and secondary impacts on coastlines of storm surges:
[image: stormsurge]
www.youtube.com/watch?v=TDo_AaPuV30




Kiribati case study of sea level rise

Watch the following video and read through the information on p138 Oxford textbook
https://www.youtube.com/watch?v=cIG7vt1ZPKE


· Where is Kiribati?



· Why is it under threat?





· What are the impacts of sea level rise on Kiribati?






· What is the future for the Kiribati population?







UK case study of sea level riseThe effects of rising sea levels – Annotate this map to suggest as many impacts sea level rise will have in the UK. Think about all the different land uses in lowland areas of the UK.


[image: Areas at risk of coastal flooding]

Additional notes: (Hodder textbook, pages 115 to 116 and Geofile 600.pdf for additional notes on impacts on the British coastline). Add to your maps and summarise in the table below.

	Impacts on coastal process and landforms & examples from British coastline
	Impacts on people and the environment (social, economic, environmental, political SEEP) – areas affected?

	
	



Case study: Canvey Island 
Canvey island, a low-lying area on the north side of the Thames Estuary was particularly badly affected by a devastating storm surge in 1953. At just 1 m. above average sea level, when spring tides occur it can be as much as 2 m. below high tide level, relying on the protection of 6 m. high sea walls. The eastern part of the island is densely populated and includes the town of Canvey, to the south there is a large oil storage facility and much of the western half of the island is marshland. 
The risk: while existing coastal defences are considered to be effective for current tidal and storm conditions, the forecast changes in relative sea level require additional measures to be considered. The isostatic rebound of the British Isles is unevenly experienced with the north west of Scotland (the region most ‘depressed’ by the greatest weight of ice in the last glacial advance) rising faster at a consistent rate of 1 mm. per year. However, in response to a geological axis the south east of England is tilting down which, in the Thames Estuary, is at a rate of 1.5 mm per year. Up to 2100 that is likely to mean an isostatic submergence of 12 cm. In addition, eustatic changes to sea level as a result of thermal expansion and glacial/ice-sheet melt is believed to be causing sea level to rise at a rate of 3 mm per year. While it is difficult to forecast future rates, the combination of these factors means that by 2100, the sea level in the Thames Estuary is likely to be considerably higher compared to 1990 levels by between 53.1 cm. (high forecast) and 37.3 cm. (low forecast), in contrast with Edinburgh which may anticipate a sea level rise of 39.2 cm. (high forecast) and 23.4 cm. (low forecast). 
The response: The Thames Estuary 2100 (TE2100) plan identifies that the 40,000 population is vulnerable to the overtopping of current defences by higher-than-present storm surges and proposes adaptation strategies. These include maintaining and improving the current defences and introducing community strategies such as safe havens on the highest land. Vulnerable low-storey developments such as mobile homes, single-storey buildings and camp sites should have escape or community refuge plans. If this is not possible they should be replaced with multi-storey buildings. The western marshlands may need to be remodelled for managed retreat if climate change mitigation strategies have not been successful in arresting sea level rise by 2050. With only two access roads off the island (making population evacuation difficult in the event of higher tidal surges) the main strategy is to prepare safe havens, high level building access and shelters. 
· Using the Canvey Island Case Study, explain why Canvey Island is deemed an area at high risk from sea level rise?





















Additional reading and research

See Godalming Online for additional Geofiles
Cambridge textbook p88-91 for further information on rates of change for coastal landforms and sea level rise
https://www.ted.com/talks/vicki_arroyo_let_s_prepare_for_our_new_climate
Kiritibi: https://www.ted.com/talks/anote_tong_my_country_will_be_underwater_soon_unless_we_work_together  
https://www.nationalgeographic.com/environment/global-warming/sea-level-rise/

Sources of info (videos and useful links – see Godalming Online):
Summary of causes of sea level change: good images to explain change and sea levels through recent geological time
Video animation of sea level change around the British Isles in the last 12,000 years – plays in QuickTime
Summary of coastline features with good diagrams and images– including emergent and submergent features 
Short video about fjords
National Geographic encyclopedia entry on fjords
Open University video on forming fjords
Information on raised beaches/marine terraces.
WizScience video on marine terraces
The Geological Society information on the raised beach at Loch Tarbert 
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Eustatic changes

Past eustatic changes -
During the last ice age the UK
was joined to the rest of
Europe. Sea levels have risen
by 120m since the end of the
Iast ice age 10,000 years ago.

Future eustatic changes -
The Antarctic ice shelf is 4km
thick in places. If it melts then
global sea levels will ise by
approximately 50m.

The warming of oceans leads
to thermal expansion — the
same given mass of ocean
occupies a greater volume
the higher the temperature.
The impact of this ranges
from a couple of centimetres
to several metres.
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Global Warming

Carbon dioxide & other gases in the atmosphere stop some of the radiation
from the Earth's surface escaping into space. They absorb & emit energy
back towards the surface; this is termed the greenhouse gas effect.
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Global Warming

Carbon dioxide & other gases in the atmosphere stop some of the radiation 

from the Earth’s surface escaping into space.  They absorb & emit energy 

back towards the surface; this is termed the greenhouse gas effect.
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Probable scenario: A 2-metre rise in sea levels
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Extreme scenario:
Sealevels rise 84-metres.

Ifall the giant ice sheets
melted - Greenland, West
Antarcticand the giant East
Antarctic ice sheet - it could
resultin a cataclysmic rise
of 84m. This s extremely
unlikely - and probably only
possible many thousands of
years into the future
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Coastal systems: changes in sea level & associated features 3.1.3.3

True or False?

If the sea is reaching higher along a coast it s eustatic change

Isostatic change can mean some areas of coast are rising while others are falling

If there is a raised beach global sea level must have fallen

Tectonic factors alter the relative sea level at very short & very long timescales

m[o[o[=[>[e!

I eustatic rise matches isostatic rise, the relative sea level remains the same

Match the correct term to the correct landscape description

>R

“Awide flat area of solid rock covered in thin vegetation immediately behind
the shore and about 10 m higher than the beach.

Steep gorge-like walls of rock rising from the sea
channel going infand for some kilometres.

a relatively straight

Long islands just off the coast lying parallel to each other.

Gentle valley sides rising out of a wide estuary that narrows quite quickly and
becomes sinuous as it goes inland.

"Aflat face of rock with caves a little distance inland and standing like a
terrace behind and above a beach.

Select

from: Relict cliff Fjord Ria Dalmation coast Marine platform

‘One sentence is incorrect in each of the explanations below. Identify the wrong one.

>l8

Thermal expansion is one of the main causes of current Eustatic sea level rise. It has taken place
since the end of the last glacial advance. It has speeded up since the start of the Industrial
Revolution. It i set to increase as global temperatures rise. Water expands and occupies a larger
volume. Increased evaporation lfts the sea level higher.

‘A minor cause of current sea level rise is the melting of glacier and land ice. As global temperatures.
rise glaciers and ice sheets melt more rapidly. But as they melt faster there is also increased
snowfall on their surfaces. As water that was locked p as ice enters the oceans it adds to their
mass. A greater mass of sea water causes its level to rise relative to the land. This is a global effect.

Tectonic activity can resultin very rapid movements of land relative to the sea. Seismic events can
cause the land to rise in the form of plift. Land can also fall as a result of downthrust. Both
volcanoes and earthquakes can cause very rapid changes in relative sea level. The change can be
as much as 9 m in a matter of minutes.

Isostatic depression occurs during a glacial advance. The weight of accumulating ice presses the
land down into the mantle. At the end of the glacial phase as the ice melts the crust starts to very
rise back up from the mantle. It is a slow process at first but speeds up thousands of years later as
displaced mantle flows back under the crust. The process is stil going on in much of North America
and northern Europe.

Tectonic activity can cause one of the slowest forms of relative sea level change. Over millions of
years as continental drift takes place ocean basins can get larger. Oceans are spread over a larger
area and the level falls. When continents collide they reduce the ratio of continent to ocean and
contribute to sea level fall. When submarine volcanoes erupt they release vast amounts of water
that fills ocean volumes and causes their levels to rise. At mid-ocean ridges, the upwelling a vast
masses of new crust inputs a large rock mass into oceans causing sea level to rise.





image14.tiff
Coastal systems: changes in sea level & associated features 3.1.3.3

aa

'Decide which heading the various strategies would match with in response to rising
sea levels

Mitigation Strategies ‘Adaptation strategies

Building new sea walls

Encouraging carbon credit trading
Developing Managed Retreat plans

Subsidising a ‘green’ energy policy

Zoning new development away from low-lying coasts.
Discouraging single-storey building in favour of multi

Expanding nuclear power over coal

Draining inundated coastal land
Moving populations onto higher land

Q5| Think about the implication of global sea level rise
A | Whatare some of the negati ions for some area:
B | Whatare some of the positive implications for some areas?
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3.1.3.3c: Sea Level Change

Learning Objectives

*To understand the causes and impacts of sea level change (eustatic,
isostatic and tectonic)

«To identify the major changes in sea level over the last 10,000 years

*To understand the origin and development of landforms of emergence
and submergence

*The understand the nature & impact of recent & predicted climate
change on coasts

Key words: Concept Checker:
Eustatic OThe concept of sea level change in the context of

Isostatic the coast and synoptic links to water and carbon
Tectonic

SR OThe concept of sea level change due to tectonic
Submergence

Rias activity
Fjords
Dalmatian coasts OThe concept of climate change
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