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SSD211:  PLANET EARTH AND ITS RESOURCES

PART II
ENVIRONMENTAL CHANGE:  NATURAL FACTORS
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· PLATE TECTONICS

· DENUDATION

· OCEANIC PROCESSES

· LONG-TERM CLIMATIC CHANGE

CHANGE DUE TO PLATE TECTONICS

Overview

The earth’s crust is in constant motion, caused by the movements of the crustal plates over semi-molten and molten layers below.  This movement causes a number of changes over time in the distribution and shape of the continents, and in the surface topography of the land and the ocean floors:
1. Continental drift

2. Earthquakes

3. Volcanic activity

4. Fold mountains

5. Oceanic trenches

6. Uplift and subsidence of sections of the crust

The theory of plate tectonics

Plate tectonics is not a fact, but a hypothesis that most scientists now believe to be true.  Evidence for plate tectonics is provided by:

1. The way that several continents “fit” into each other, e.g. Africa and South America

2. Similarities of rock types and fossils between Australia, S. Africa, the Brazilian Plateau and Antarctica, even though these continents are separated by thousands of km of ocean.

3. The existence of deep oceanic trenches just off the east coast of Asia and Australia, and off the west coast of South America

4. The occurrence of coal in Antarctica

5. Certain well-defined zones of earthquakes and volcanic activity, e.g. the Pacific “Ring of Fire”.
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The crust and convection 
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The basic idea of plate tectonics is that the earth’s outer rigid crust is divided into a number of sections, or plates, and each plate moves about in relation to the other plates.  
There are 6 large plates and 14  smaller ones (See Fig. 1 and the  Jacaranda Atlas).

Can you mark Vanuatu on Fig. 53?

The plates carry both ocean floors and continents.  Under the continents, two layers can be distinguished  -  an upper, lighter layer (“continental crust” or SIAL) and a thin lower layer of more basic (alkaline) composition (“oceanic crust” or SIMA).  Under the oceans, there is only the oceanic crust (see Fig. 54).
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The plates are floating on the molten rocks below.  Temperatures increase very quickly with depth, and by 50 km down, have already reached 1000 (C  -  too hot for most rocks to exist in a solid state.  Plates move towards each other, away from each other, or alongside each other.  The movements are believed to be due to the operation of underlying convection currents in the mantle (Fig. 55), which are like convection currents in a saucepan of boiling rice.  

Fig. 55:  Convection currents in the mantle


                             Fig. 56:  Sea-floor spreading 
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Constructive (divergent plate boundaries)

When the convection currents move away from each other, the overlying plates will also diverge or separate, allowing molten rock or magma to rise to the surface and form lines of volcanoes known as mid-oceanic ridges.  The solidified magma is added to each plate, and is carried away with it as the plate moves outwards (Fig. 56).  The process is known as sea-floor spreading. 

Destructive (convergent) plate boundaries

When the underlying convection currents converge, the overlying plates meet together at a destructive plate boundary.  If two sections of oceanic plate converge, one will be subducted, leading to the formation of a trench in the ocean floor;  as the plate is subducted into the hot mantle, it melts and the extra magma rises up to produce lines of volcanic island arcs.   When a section of oceanic plate meets a section of continental plate, or when two continental plates meet together, then volcanic activity and fold mountains may occur.  Fold mountains result when two continental plates approach, and squeeze together the sediments that have accumulated in the sea between them.   The Himalayas, Andes and Alps are all examples of fold mountains formed in this way).  Whenever plates converge, they push and grind against each other, producing earthquakes, faults and uplifting of the crust.

Fig. 57 shows a cross section of the earth's surface between New Zealand and Africa.  The features of both converging and diverging plate boundaries are present.  The East Pacific Rise (Ridge) is a clear example of a divergent plate boundary. 

Fig. 57
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Continental drift

About 220 million years ago, plate movements had brought all the earth's landmasses together to form a  giant continent, known as Pangaea.   Continued plate movements then started to break up this continent, firstly into a northern half (Laurasia) and a southern half (Gondwanaland), then into smaller continents (Fig. 58).  The continents of today are still moving.  Africa and South America are moving apart, while Australia and Asia are approaching each other.    

Fig. 58
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Summary of effects of plate tectonics in the Pacific
1. The Pacific "Ring of Fire"  -  a belt of volcanic activity, earthquakes, faulting and folding.

2. Creation of four main types of island in the Pacific Ocean:  
· Low atolls (reefs of CaCO3)
· Raised reefs
· Volcanic islands

· Islands of ancient "continental" rocks

The atolls and raised reefs are thought to have formed on top of volcanic mountains that have gradually subsided.into the ocean, with the reef continuing to grow upwards as the volcano subsided.  

3. Many of the volcanic islands have raised reefs around them, caused by tectonic uplift.

4. The andesite line, with islands to its west containing ancient folded sedimentary and igneous rocks (e.g. New Caledonia, PNG, Japan), and islands to its east consisting only of basalt.  Islands west of the andesite line are richer in natural resources than those to its east. 


ACTIVITIES

1. Use this diagram (Fig. 59) to explain why we have volcanoes and frequent earthquakes in Vanuatu
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2. Draw a large cross-section through a composite (strato) volcano, and label its principal features. 
3. On the map of Vanuatu provided, name the active volcanoes marked by ▲ 

4. Yasur (Tanna) and Mt Garat (Gaua) are examples of “cinder cones”.  Find out what a cinder cone is made of and how it is formed.  Try to construct a diagram to assist your explanation.  See Strahler and Strahler p. 459. 

5. List some of the landforms or events that we have in Vanuatu that indicate that plate tectonics is taking place, and give an actual example of each. 

6. Draw a diagram to show the tectonic process of sea-floor spreading.  Indicate the relative ages of rocks in the oceanic crust with "O" for older and "Y" for younger.

7.  True or False?

a) Viti Levu is a continental island lying west of the andesite line.
b) The Philippines plate is moving in an easterly direction.
c) Between New Caledonia and Vanuatu, the Pacific Plate is being subducted under the Indo-Australian Plate.

d) The Himalayas are found along a divergent plate boundary.
e) Indonesia and PNG have serious earthquake problems associated with plate convergence.
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OTHER NATURAL CHANGES
ACTIVITY
Form groups of 3 persons.  Each group should carry out these tasks:

1. Choose one of the following topics and answer the relevant questions

A. THE ROCK CYCLE (also known as THE GEOLOGICAL CYCLE)

· What are the three types of rock?

· Which of these three types was the first to form, and how?

· How are sedimentary rocks formed?

· How are metamorphic rocks formed?

· Why can we say that there is a cycle of rock formation?

B. HOW RIVERS CHANGE THE LANDSCAPE (the CYCLE OF EROSION)
· What is meant by “weathering”, “mass wasting”, “erosion”, “denudation”?

· What are some of the ways in which rocks are broken down by weathering?

· What are the three activities carried out by streams and rivers?

· What happens to the land as rivers do their work?

· Why can we say that there is a cycle of erosion?

C. CHANGES IN SEA LEVEL

· What causes waves to vary in height and direction?

· What are tides and how are they caused?

· What has caused world sea levels to rise and fall during geological history?

· Why did the sea level fall during the final period of the recent Ice Age?

· How does tectonic activity affect sea levels?

D. EL NINO AND LA NINA

· In normal years, where is the warmest part of the tropical Pacific?

· During an El Nino year, where is the warmest part of the tropical Pacific?

· What changes occur in an El Nino year?

· What happens in a La Nina year?

· Does El Nino affect other parts of the earth?

E. CHANGES IN  CLIMATE DURING GEOLOGICAL TIME

· Name some geological periods when the climate was much warmer / colder than now.

· What are some of the reasons for variations in the earth’s climate in the past?

· When was the last Ice Age?

· What are glacial and interglacial periods?

· What has happened to climates in the Pacific during the last 1000 years?

2. Use the information sheets, your text book and your own knowledge to answer the questions.
3. Now prepare a large wall chart that summarizes your findings in the form of one or more diagrams.
4. One member of each group will present the group’s findings to members of other groups, using the “carousel” method.  Each member of the group must be familiar with the group’s topic. 
INFORMATION SHEET:  THE ROCK CYCLE

In the "rock cycle", sediment deposited in the sea is later uplifted to form mountains, and the process begins all over again.   







INFORMATION SHEET:  HOW RIVERS CHANGE THE LANDSCAPE
All land surfaces are gradually being lowered by the processes of weathering and erosion. Rivers carry millions of tonnes of sediment down to the sea.   The load of a river comprises the bed load, the suspended load, and the dissolved load.   According to Walling (Muddy Waters Move Mountains, 1984), the earth's surface is currently being lowered at an average rate of 65 mm every 1000 years. The highest rates of suspended sediment transport are taking place in the large islands of the western Pacific, e.g. Japan, PNG, New Zealand -  the result of  tectonic activity, steep slopes, high rainfall and clearance of the land by humans.  In the geological past, it is likely that rates of sediment transport to the oceans may have been much higher, especially in the millions of years before the earth was vegetated.






     





INFORMATION SHEET:  CHANGES IN SEA LEVEL
Short-term changes
Waves result from winds blowing over the ocean surface.  Wind energy is transferred to the ocean surface through friction.  Waves change in wavelength and frequency from hour to hour, depending on the wind speed and direction.  Particles in a wave move around in a circular motion, but when the wave energy reaches shallow water, interference from the sea bed causes the wave to break.  The stronger the wave, the more material it can carry, and the more erosion it can do.  In tropical cyclones, violent waves can produce enormous erosion of the coast.

Tides are caused by the gravitational attraction of the moon and the sun on the earth..  The moon pulls the waters towards it, causing a bulge on the side facing the moon and the side exactly opposite.  Places on earth rotate through two bulges in 24 hours, causing two high times and two low tides per day.    Total time for a complete cycle of lunar tides (2 high and 2 low) is 24 hours and 50 minutes

Long-term changes

Long term changes in sea level can result from many factors:
Climatic change:  When temperatures get warmer, the surface water expands and rises up, and ice in the Greenland and Antarctic ice sheets starts to melt.  When they get colder, more and more rain falls as snow in high latitudes, and rivers no longer bring so much liquid water back to the sea.  Continued evaporation from the sea causes the sea level to fall.  During the final period of the Ice Age, sea levels in the Western Pacific were about 130 metres below the present height (Nunn, P. 1997, Human and Non-Human Impacts on Pacific Island Environments, USP, Suva.)









Tectonic activity can cause parts of the ocean floor to drop, meaning that sea level too will drop slightly

Tectonic activity can cause large blocks of land to rise up in some places, meaning that the sea level has appeared to go down.  Also, tectonic activity can cause large blocks of land to sink, meaning that the sea level appears to rise. 
Isostatic change:  The plates are floating on the molten magma below.  If a plate is pushed down, say by the great weight of ice during the Ice Age, then when the ice melts and the weight lessens, the plate will gradually spring back to its former level, so causing the sea level to apparently drop.  

INFORMATION SHEET:  EL NINO AND LA NINA

El Nino:  Every few years, there is a change in the circulation of air and ocean waters in the tropical Pacific.  Normally, trade winds blow warm surface water westwards towards Australia.  In an "El Nino" year, the South East Trades are very weak, or even change direction so that they blow from the south west.  Therefore the warm water moves eastwards, piling up off the west coast of Peru .  The current of warm water affecting Peru appears around Christmas time, so is called "El Nino", or "the Christ Child".  The storms, hurricanes and floods that normally affect the western Pacific at this time are now experienced in the eastern Pacific, and drought occurs in Australia and the western Pacific.  The weather conditions on either side of the Pacific are reversed.  This swing of warm water from west to east and back to west is known as the El Nino Southern Oscillation (ENSO).    

La Nina:  This is the opposite of El Nino.  It is simply an intensification of the normal situation, with hot, wet conditions in the western tropical Pacific, and a greater number of cyclones.


INFORMATION SHEET:  LONG-TERM CLIMATIC CHANGES

When life began on earth (over 3 billion years ago), average world temperatures must have been between the limits tolerable to living things (5(C to 35(C). By 200 million years ago, the continents had all come together to form Pangaea, and much of the interior of this super-continent must have experienced desert conditions, since it was out of reach of rain-bearing winds.   50 million years ago, tropical rain forests covered much of the earth's land surface.

During the last 3 million years, in the Pleistocene period, immense ice sheets built up in the northern hemisphere, only to melt again as changes occurred in the direction and tilt of the earth's axis.  There were probably about 20 such "glacial" periods, with warmer "interglacial" periods in between.  The last glacial period finished about 18,000 years ago, and since then the ice has melted rapidly.  Eight thousand ago, the world was warmer than it is today, and then cooled down again.  Fluctuations in temperature have continued, with a particularly cold time ("the Little Ice Age") being experienced in Europe during the late 17th century and in the South Pacific during the 14th century (Nunn, 1997).  

In the early 20th century, temperatures were warmer than at any time before.  A general cooling took place after 1940, but in the last two decades of the 20th century and the first decade of the 21st century, temperatures again rose, this time to record levels.  
Causes of long-term climatic change

1. Continents moving into different climatic zones.  For example, 225 million years ago, when North America formed part of Pangaea and was much closer to the Equator, it was much warmer than today.  Fossils such as the dinosaur Tyrannosaurus rex, which could only live in warm climates, are found in both North America and Asia. 
 

2. Changes in the amount of solar radiation received at different places, due to changes in the earth's axial tilt, or changes in the earth's orbit.   Goudie 
 argues that the earth's elliptical orbit sometimes "stretches" and sometimes becomes almost spherical, and that the earth's axis "wobbles" and "rolls".    These fluctuations cause variations in temperature, and according to Milankovitch (1920s) were the basic cause of the periods of glacial advance and retreat during the Ice Age.   

3. Changes in the amount of solar radiation emitted by the sun.  The Little Ice Age in the Pacific, for example, may have been caused by a fall in the sun's output of radiation. 
4. Changes in atmospheric composition due to volcanic activity.  Major volcanic eruptions put thousands of tonnes of gases and dust particles high into the upper atmosphere, where they remain as sulphate aerosols (suspended droplets of sulphuric acid) that reflect incoming sunlight and reduce the amount reaching the earth.   Examples:  Kuwai, Vanuatu, c. 1640;  Tambora, Indonesia, erupted in 1815, and the winter of 1816 was the coldest on record in Europe and N. America;  Krakatoa, 1879;  Mt. St. Helens, 1980;   Pinatubo, 1991;   Mayon, Philippines, 2000. 
5. Changes in atmospheric composition due to human activity:  the amount of atmospheric C02 has increased markedly in the last 150 years due to the burning of fossil fuels and rapid deforestation.  Amounts of methane from ricefields and cattle ranches have also increased rapidly. Both gases will increase global warming.  

6. Changes in albedo:  Volcanic dust deposited on an ice-cap would decrease the albedo and lead to the melting of that ice cap.  Increased snow-fall in high latitudes would increase the albedo and lead to further cooling of the land.




ENVIRONMENTAL CHANGE  -  HUMAN INFLUENCES


· IMPACT ON FLORA AND FAUNA

· IMPACT ON SOILS AND LANDFORMS
· IMPACT ON CLIMATE AND THE ATMOSPHERE
HUMAN IMPACT ON FLORA, FAUNA, SOILS AND LANDFORMS
ACTIVITIES

1. Go and stand near the mango tree next to the old VITE Library.  Look at the view of Port Vila and its harbour.  On the landscape sketch provided (Fig. 68) label clearly some of the ways in which people have modified flora, fauna, soils and landforms.

2.  Watch the power-point presentation on human impact on flora, fauna, soils and landforms.
3. Visit the photos A to Z that are pinned around the classroom.  Identify the photograph that  corresponds to each type of human modification, and complete the table on page 59:



	Type of human modification
	Code 
	Description (nature)
	Reason for modification
	Actual named example

	FLORA AND FAUNA
	Use of fire
	
	
	
	

	
	Deforestation

	
	
	
	

	
	Increase of secondary forests
	
	
	
	

	
	Desertification

	
	
	
	

	
	Introduction of exotic species

	
	
	
	

	
	Destruction of organisms by pollution
	
	
	
	

	
	Genetic modification of species

	
	
	
	

	
	Domestication of animals
	
	
	
	

	
	Reduction in numbers of animal species
	
	
	
	

	
	Animal extinctions
	
	
	
	

	
	Expansion and dispersal of animal species
	
	
	
	

	SOILS AND LAND-FORMS
	Increasing salinity


	
	
	
	

	
	Irrigation
	
	
	
	

	
	Use of pesticides
	
	
	
	

	
	Pollution of soils


	
	
	
	

	
	Soil erosion


	
	
	
	

	
	Construction of terraces
	
	
	
	

	
	Dam construction


	
	
	
	

	
	Increased run-off in urban areas


	
	
	
	

	
	Eutrophication


	
	
	
	

	
	Removal of soil and rock by mining
	
	
	
	

	
	Land reclamation


	
	
	
	

	
	Accelerated mass movements


	
	
	
	

	
	Stabilisation of sand-dunes
	
	
	
	

	
	Removal of mangroves


	
	
	
	

	
	Removal of beach sand and coral
	
	
	
	


HUMAN IMPACT ON CLIMATE AND THE ATMOSPHERE

Air pollution and acid rain

Power stations and factories emit mixtures of particles and chemical compounds such as the oxides of sulphur and nitrogen.  The fumes may rise high in the troposphere and be carried for hundreds of km by wind.  As they drift, they are changed by sunlight into acidic aerosols (sulphates and nitrates), which later coalesce and fall down in the form of nitric and sulphuric acids as wet deposition, acid deposition or acid rain (see Jacaranda Atlas 6th ed., p. 230;  Strahler and Strahler, pp. 147-149).  Acid rain increases acidity in lakes and streams, kills fish and trees, and puts harmful amounts of aluminium into the soil.  

Vehicles emit huge volumes of hydro-carbons, nitrogen oxides and carbon monoxide, which under conditions of stable air can be converted by ultra-violet energy into the photochemical smog that often covers large cities such as Los Angeles and Mexico City.   High-altitude aircraft emit "vapour trails" that can greatly increase cloudiness along major air routes. 

The ozone problem

Another type of air pollution is the destruction of the ozone layer in the lower stratosphere.  The destruction is being caused by CFCs (chloro-fluoro-carbons) released from spray cans and refrigerators.  

Between 12 and 80 km above the earth's surface, incoming UV energy encounters sufficient scattered O2 molecules to create ozone (O3) (Fig. 69).  As ozone is created, heat energy is given off, so warming the stratosphere.  UV rays can also destroy ozone molecules, and there is a natural balance between the creation and destruction of atmospheric ozone.  However, when CFCs and chloromethane are released into the lower atmosphere, they gradually rise up into the ozone layer, where the chlorine destroys the ozone.  This allows more UV energy to reach the ground and affect living tissues.  Destruction of the ozone layer is greatest in Antarctica. 


Using the diagram above, answer these questions in pairs:  

1. What is the chemical formula for ozone?

2. How is ozone in the stratosphere created?

3. When a chlorine molecule (Cl) meets an ozone molecule, what happens?

4. Name two sources of chlorine.

5. What other chemical compound can destroy ozone?

6. How will incoming UV energy be affected if ozone molecules in the stratosphere are destroyed?

Global warming, or the "enhanced greenhouse effect"

The natural "greenhouse effect" keeps the earth warm, like a blanket.  "Greenhouse" gases such as H20 and CO2 trap the outgoing infra-red radiation and release the heat very slowly back into space.  Without the natural greenhouse effect, the earth's average temperatures would be 33(C lower than they are now.  (Remember that the earth's lowest average temperatures during the Ice Age were only 4(C lower than at present!).  

However, in the last 200 years, human activities have led to significant increases in the amounts of greenhouse gases in the atmosphere:

· Since the start of the Industrial Revolution, the combustion of fossil fuels has added large quantities of carbon dioxide to the atmosphere, some of which is absorbed by vegetation and ocean water.   The combustion occurs in industries, power stations and vehicles.
· The clearance of vast areas of forest, which previously maintained a balance of gases in the atmosphere, has added to the build-up of carbon dioxide.  Less biomass is available to absorb atmospheric CO2 through photosynthesis.   Also, the burning of vegetation releases additional carbon to the atmosphere.   Combustion of fossil fuels adds an estimated 5 x 1015 grams of carbon to the atmosphere each year, while an additional 0.5-4.7 x  1015  grams of carbon are added through deforestation
.

· Increasing amounts of methane are entering the atmosphere from decaying organic matter in rising numbers of waste tips, rice fields and cattle ranches. 

· Nitrous oxide is entering the atmosphere through vehicle exhausts, power stations and use of agricultural fertilisers.

· CFCs enter the atmosphere through aerosol sprays, refrigerators and the burning of plastic.

Evidence of the build-up of CO2 comes from recordings taken from the observatory at the top of Mauna Loa in Hawaii (Fig. 70).


A rise in global temperature appears to be closely linked to the rise in atmospheric CO2.   Fig. 71 shows three scenarios for the likely rise in temperatures during the 21st and 22nd centuries.  Scientists believe that an increase of more than 2oC from the current world average will bring “unimaginable devastating consequences” to the world. 
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Summary of the possible effects of global warming in the next 100 years

· A rise in sea temperatures, leading to thermal expansion and a probable increase in the frequency and intensity of tropical cyclones.
· Melting of polar ice caps.
· Changes in the world distribution of precipitation.  For example it is likely that North America and Siberia would become drier, while Australia could be wetter.
· Changes in the circulation of ocean currents, e.g. if the Gulf Stream disappear, Europe will become much colder.
· Disappearance of coastal lowlands and atolls, e.g. Tuvalu, parts of Bangladesh.
· Flooding in great cities such as London, New York, Tokyo, Calcutta, Shanghai
· Greater salinity in coastal areas and loss of agricultural land.
· Increased coastal erosion and physical damage to coastlines.
· Loss of wildlife habitats and extinction of some species.
· Tropical diseases spreading to temperate areas (e.g. malaria in USA and Europe).
ACTIVITIES
1. What are "greenhouse gases", and how are they related to global warming?

2. Refer to the Jacaranda Atlas 6th ed. p. 227, and answer these questions:

a) Name 9 countries where CO2 emissions were more than 10 tonnes per person per year in 2002.

b) What impact is global warming having in the Himalayas and other high mountain areas?

c) What do you think the expression “temperature anomaly” means?

d) Make a generalization about global temperature anomalies before and after 1935.

3. Study Fig. 70, then answer these questions:

a) What was the average concentration of atmospheric CO2 at Mauna Loa in 1960 and in 2000?

b) What trend is shown by Fig. 70?

c) Why do you think there is a regular fluctuation in atmospheric concentrations of CO2 each year?  (Think of seasonal changes in vegetation!)

d) Suggest the value of atmospheric CO2  concentration in the year 2010.  

4. Study Fig. 71 (three scenarios for future temperature change) and answer these questions:

a) On all three graphs, colour the CO2 emissions line in red and the temperature line in blue

b) What is meant by the “danger zone”?  Shade it on all three graphs.

c) When will we reach the danger zone in Scenario 1?  Scenario 2?  Scenario 3?

d) When you look at Fig. 71, how do you feel?  What has to be done?

5. In small groups, discuss some of the measures to slow down global warming that could be taken by: 

a)     Governments

b)     Village communities in Vanuatu

c)     You as an individual

6. Play the "Pacific Greenhouse Game"  (This is an activity for Year 10 students in the book “Our Changing Society”.).

7. Study the diagrams below (Fig. 72) and describe how a rise of a few metres in sea levels could affect islands and coasts in the South Pacific.

Fig. 72:  Possible threats to Pacific islands through climate change and sea-level rise


8. State whether each of the following statements is:  A PROVEN FACT (PF), AN INCORRECT FACT (IF), or AN OPINION (O):

a) The greatest reduction of the ozone layer occurs over Antarctica.

b) Because of the ozone hole, greater amounts of solar radiation reach the earth, so causing global warming.

c) Human activities since the Industrial Revolution are responsible for the current world-wide increase in temperatures.

d) Because of global warming, North America is going to become hotter and drier.

e) Average global temperatures will rise by 4(C  during the next century

f) There was an increase in the concentration of atmospheric CO2 during the 20th century.

9. For discussion:  “Climate change is natural, not human-made”.















































































































































































































































































Fig. 71





Temperature increase  peaks at 2oC in 2150.  It is just possible to stay out of the danger zone.





SCENARIO 3:


 


PREDICTED TEMPERATURE INCREASE IF WORLD-WIDE CO2 EMISSIONS START DECREASING NOW AT A RATE OF 1.9% PER YEAR.





Temperature increase:  The danger zone of above 2oC is reached in approximately 2060





SCENARIO 2:





PREDICTED TEMPERATURE INCREASE IF WORLD-WIDE CO2 EMISSIONS ARE HELD AT CURRENT LEVELS (30 BILLION TONNES OF CO2 PER YEAR).





SCENARIO 1:





PREDICTED TEMPERATURE INCREASE IF NO MEASURES ARE TAKEN TO REDUCE CO2 EMISSIONS.





Temperature increase:  The danger zone of above 2oC is reached in approximately 2075
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Fig. 70:  Mean monthly concentrations of atmospheric C02 





Fig. 69:  Creation and destruction of ozone in the stratosphere
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Fig. 68:  Landscape sketch of Port Vila harbour





Fig. 67





Fig. 66





Fig. 65
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Fig. 64:  Water cycle


 during glacial periods of the Ice Age





Sea level during Ice Age
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Sea level before Ice Age





Fig. 63:  The cycle of erosion 








Fig. 62 
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Igneous and sedimentary rocks are altered into metamorphic rock





Plates approach and sediment is folded and uplifted





Sediment accumulated on the sea bed





Rivers carry rock fragments down to the sea





Sedimentary rocks form high mountains and are weathered and eroded





Igneous rocks are weathered and eroded





Igneous rocks cool down on land or ocean floors





Fig. 61 








Fig. 60 








Fig. 59 
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Fig. 54:  Cross-section through the earth’s crust 








Fig. 53 
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