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SSD211:  PLANET EARTH AND ITS RESOURCES
PLANET EARTH IN THE UNIVERSE

Origin of the universe

Most modern astronomers believe that the universe began about 15 billion years ago when a very dense mass of material exploded in the so-called BIG BANG.  This explosion sent all the materials of the universe outward in all directions, so that our universe is still expanding.  All the galaxies, stars, planets, asteroids and other bodies in the universe were formed or are forming from the gas and dust of this enormous explosion.    New stars continue to be formed, while others die or disappear into “black holes”.

       



(National Geographic, October 1999)
	Years ago
	Event

	15,000,000,000
	Big Bang.  In the explosion, energy and matter were the same.   

	14,999,700,000
	After 300,000 years, the expanding fireball had cooled and thinned out enough to become transparent to light.  Suddenly, electromagnetic energy was set free from matter.  

	14,000,000,000
	As the universe continued to cool down, the first galaxies formed  from clouds of gas and dust

	10,000,000,000
	Because of gravity, sheets or filaments of galaxies became separated by huge bubbles of empty space (called “voids”)

	5,000,000,000
	Our sun and planets came into existence

	4,600,000,000
	The earth was formed

	2,500,000,000
	First signs of life on earth – blue-green algae

	600,000,000
	First creatures on earth with skeletons (marine invertebrates) 

	400,000,000
	First trees on earth

	2,000,000
	First humans on earth


Size of the universe
The universe is composed of at least 100 billion galaxies.  Each galaxy contains billions of stars like our Sun.  Galaxies are grouped into “clusters” of galaxies, and clusters of galaxies are grouped into “superclusters”.
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Our solar system



Our galaxy
Our solar system belongs to the “Milky Way” galaxy, which has a spiral shape.  We are situated in the Orion arm of the Milky Way, which is about 25,000 light-years from the galaxy’s centre.  The whole galaxy is rotating around the central hub, and it takes our solar system about  225 million years to make one complete revolution.  

A light-year is the distance that a ray of light would travel in one year, or roughly 9.5 trillion kilometres (9,500,000,000,000 km or 9.5 x 1012).  The sun’s light takes about 8 minutes to reach us here on earth, travelling over a distance of 150 million km (150,000,000 km).  The Milky Way is about 100,000 light-years across, and it is one of the smaller galaxies in the universe!

The next solar system to us is called the Alpha Centauri triple system, which is 4.3 light-years away.  The nearest galaxy to our own is called Andromeda, which is 2.5 million light-years away.




  

 




  

(National Geographic, October 1999)
Some facts about our solar system  (from Wikipedia)
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· The Solar System consists of the Sun and those celestial objects bound to it by gravity, all of which were formed from the collapse of a giant molecular cloud about 4.6 billion years ago.

· The Sun’s energy is produced through a nuclear reaction that changes 700 million tonnes of hydrogen per second into helium.  The temperature at the Sun’s centre is 15 million (C.  If a pinhead was as hot as this, it would set light and destroy everything for 100 km around it!  Eventually, the Sun will use up all its hydrogen and die.

· The four smaller inner planets, Mercury, Venus, Earth and Mars, also called the terrestrial planets, are primarily composed of rock and metal. The four outer planets, the gas giants, are substantially more massive than the terrestrials. The two largest, Jupiter and Saturn, are composed mainly of hydrogen and helium; the two outermost planets, Uranus and Neptune, are composed largely of ices, such as water, ammonia and methane, and are often referred to separately as "ice giants".
· The distance from Earth to the Sun is known as 1 Astronomic Unit (1 AU).  Pluto is at a distance of 39.5 AU from the Sun.  “On a diagram of the solar system to scale, with earth reduced to about the diameter of a pea, Jupiter would be over 300 metres away and Pluto would be about 2½ km distant (and about the size of a bacterium, so you wouldn’t be able to see it anyway).” (Bryson, B., A Short History of Nearly Everything, p. 45) 

· The Solar System is also home to two regions populated by smaller objects. The asteroid belt, which lies between Mars and Jupiter, is similar to the terrestrial planets as it is composed mainly of rock and metal. Beyond Neptune's orbit lie trans-Neptunian objects composed mostly of ices such as water, ammonia and methane. Within these two regions, five individual objects, Ceres, Pluto, Haumea, Makemake and Eris, are recognized to be large enough to have been rounded by their own gravity, and are thus termed dwarf planets. In addition to thousands of small bodies in those two regions, various other small body populations, such as comets, centaurs and interplanetary dust, freely travel between regions.
· As of July 2009[update], 336 bodies are formally classified as natural satellites, or moons. They include 168 orbiting six of the eight planets, 6 orbiting three of the five dwarf planets, 104 asteroid moons, and 58 satellites of Trans-Neptunian objects. 

· The two Voyager spacecraft, launched in 1977 and moving at a speed of 56,000 km per hour, took 12 years to travel from Earth to Pluto.   If we could travel at the speed of light (300,000 km per second), it would take us seven hours to reach Pluto.  (Bryson, B., A Short History of Nearly Everything, p. 44) 
· Average temperatures on the surface of Mercury are 350(C; those on Pluto are - 230(C.
· In 2007, many astronomers agreed that following new evidence, Pluto should no longer be considered as a proper planet but as a “dwarf planet”.  Thus our Solar System now officially comprises just 8 planets.
The earth

Earth (1 AU from the Sun) is the largest and densest of the inner planets, the only one known to have current geological activity, and is the only place in the universe where life is known to exist. Its liquid hydrosphere is unique among the terrestrial planets, and it is also the only planet where plate tectonics has been observed. Earth's atmosphere is radically different from those of the other planets, having been altered by the presence of life to contain 21% free oxygen.  It has one natural satellite, the Moon, the only large satellite of a terrestrial planet in the Solar System.
(Wikipedia) 
The earth’s moon

· The Moon’s small mass and lack of gravity means that all gases have escaped outwards into space, and there is no atmosphere.  Neither can there be any liquids on its surface.

· Because water or ice have never been present, no erosion has taken place from the moon’s surface.  The features we see would have been formed in the distant past, and the Moon’s face preserves a record of events that occurred long before the Earth’s continents were formed. The Moon is the most important “fossil” in the solar system. 

· The Moon is the same age as the Earth (4,600 million years old).  Its surface is covered by craters produced by meteorites over the last 4.6 billion years.   Moon rocks brought back to Earth by the Apollo expeditions have proved by radio-carbon dating to be between 3 and 4.6 billion years old. 

· The moon’s surface comprises two types of area:  the large, smooth dark areas are called “maria”, and are composed of basalt; the whiter, brighter areas are the highlands, and are covered in craters.  Nearly all the surface features were made by the impact of rock fragments and meteorites.                    

        (from Plummer, C. et al, 2005, Physical Geology, McGraw Hill)  


ACTIVITIES 
1. Why is the universe expanding outwards in all directions?

2. How do you feel when you read this comment?

“…Our planet is an insignificant speck circling an ordinary star, far out on a spiral arm of the Milky Way galaxy, which is an ordinary congress of a few hundred billion stars among at least a hundred billion galaxies”

(National Geographic magazine, October 1999)

3. Draw a time-line to show the history of our planet, on a scale of 1cm to 1 billion yrs.
4. Why do you think that the first planet that humans are planning to visit will be Mars rather than any other planet?

5. Read pages 1-3 of your hand-out, then answer the following questions:

a) Name the nearest solar system to our own.  How far away is this in km?
b) What chemical reaction produces solar energy?

c) State two differences between the terrestrial planets and the gas giants

d) Why is it difficult to produce a diagram of the solar system that is drawn to scale?

e) Why do you think that Pluto has been downgraded to a “dwarf” planet?
f) State four ways in which Earth is different to the other planets of our solar system.

g) Why does the moon shine?
h) What is the difference between the dark and the light areas on the moon?

6. The Moon:  True or False?

a) The Moon is much older than the Earth 

b) The Moon orbits once around the earth every 27.3 days

c) The Earth’s oceans have tides because of the Moon’s gravitational pull

d) From the earth, we always see the same side of the moon;  the other side is hidden

e) The Moon’s surface is covered with craters because of erosion in the past

f) Both the Moon and Mercury have extremely large daily temperature ranges

7. Draw a diagram to show how the movements of the earth and the moon can cause a lunar eclipse (i.e. an eclipse of the moon).  Think of how the earth can come in between the sun and the moon! 
8. Make two generalizations about the information in the following table: 

	Planet
	Rotational period around own axis
	Orbital period around the Sun

	Mercury
	58.7 days
	88 days

	Venus
	243 days
	224.7 days

	Earth 
	23.93 hours
	365.3=25 days

	Mars
	24.62 hours
	687 days

	Jupiter
	9.92 hours
	11.9 years

	Saturn
	10.23 hours
	29.5 years

	Uranus
	17 hours
	84 years

	Neptune
	18 hours
	165 years


THE EARTH AS A ROTATING PLANET
Rotation
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ACTIVITIES
1.
The class will divide into five small groups.  Each group will select one of the following questions, and prepare a large wall chart or wall charts to explain it.  Use “Introducing Physical Geography” (Strahler and Strahler) and your own knowledge to prepare your chart(s).  You can also make use of a globe.  Then each group will present its findings to the other groups. 
A. How does the rotation of the earth around its axis cause day and night? 
B. How and why does time change with longitude?

C. What is the International Date Line, and why is it necessary?

D. How does the revolution of the earth cause the seasons?

E. How and why does the length of day and night change during the year in Vanuatu?

2. Find a map of time zones in your atlas or look at Strahler and Strahler p. 37.  When it is 12 noon on Friday along the Prime Meridian, what is the time and day in:
a) Vanuatu

b) Japan

c) South Africa
3. The diagram below refers to the position of the earth on 21st March.  On the diagram, show the following:   

a) The half of the earth experiencing night
b) The direction of the earth’s rotation

c) The line of longitude experiencing midday 

d) The date and time in Guyana (G), Manila (M) and Anchorage (A)
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4. Complete Fig. 6 to show how the sun is directly overhead at the Tropic of Cancer at midday on 21st June.
LATITUDE AND LONGITUDE

Latitude

Lines or parallels of latitude (Fig. 7) are measured in degrees north or south of the Equator, 0° latitude. Imagine that the earth has been sliced in half.  The line connecting the North and South Poles is the Earth's axis of rotation. This is perpendicular, or at 90°, to the Equator. At the surface of the Earth, at a given latitude, draw a line from that location to the center of the Earth (Fig. 8).  The angle between this line and the Equator is the latitude measurement. Latitude measurements can only go from 0° to 90°. 

Longitude
Lines of longitude are also referred to as Meridians and Great Circles. Great Circles are defined as "any circle on the surface of a sphere, especially when the sphere represents the Earth, formed by the intersection of the surface with a plane passing through the center of the sphere." See Fig. 9.  Any path with follows a great circle on the surface of the Earth will be the shortest possible distance between two points. All lines of longitude are great circles, as well as the Equator, which is a line of latitude. 


Meridians of longitude run north-south on the globe (Fig. 10). These lines all converge at the North and South Poles. Because of this convergence the distance from one line of longitude to the next is not constant. As one moves towards the poles from the equator the east-west distance between lines decreases. 

Lines of longitude are measured in degrees east or west of the Prime Meridian. This is easiest to understand when looking down on the Earth at the North Pole (Fig. 11). From this perspective it is easy to see the angle that is formed between the Prime Meridian and the line of longitude. Because lines of longitude are measured east or west of the Prime Meridian it is important to place an "E" or "W" after the degrees. Half way around the globe from the Prime Meridian is 180°.  Longitude measurements can only go from 0° to 180°.   As with latitude, one degree of longitude is subdivided into 60 minutes (´) and each minute into 60 seconds (´´).
Converting degrees of latitude and longitude to actual distances

Each degree of latitude is approximately equal to 111km.  To find the distance between any two points that are directly north and south from each other, simply find out the number of degrees of latitude between them and multiply by 111.

Each degree of longitude varies in its actual distance, depending on your latitude.  If you are at the Equator, one degree of longitude is equal to 40,000 km (the earth’s circumference) divided by 360(, or approximately 111 km.  If you are at the North Pole, one degree of longitude is equal to 0km.  Values for other latitudes are shown below

To calculate the longitudinal distance between two points, first find the latitude.  Then refer to the table below to determine the length of one degree of longitude in km, and multiply your longitudinal distance by this number.  

	Latitude in degrees north or south of the Equator
	Length of one degree (1() of longitude in kilometres

	0
	111.32

	15
	107.55

	30
	96.49

	45
	78.85

	60
	55.80

	75
	28.90

	90
	00.00


Moving from one point to another, using latitude and longitude


Example 1







You are at latitude 10oS, longitude 0o.   Now move 15 degrees northwards and 30 degrees eastwards.  What is your new latitude and longitude?
Example 2
You are in Tokyo (36oN, 140oE).   Move 71 degrees towards the south and 9 degrees towards the east. (Draw a diagram to show this).  What is your new latitude and longitude, and which city are you visiting?
Example 3
You visit the Pope in Rome (42oN, 12½oE).   Move 3 degrees southwards and 89½ degrees westwards.  What is your new latitude and longitude, which city are you in, and who are you visiting? 
ACTIVITIES
1. Sketch a diagram to show that the longitude of Sydney is 151( E (Use S & S p. 29 to help you)

2. On Fig. 13, show the following:

a) Equator

b) The part of the earth that is in the northern hemisphere

c) The South Pole

d) The Antarctic Circle

e) One line that is part of a great circle

f) Vanuatu

g) The direction of the earth’s rotation

3. On the map below (Fig. 14):
a) Give the latitude and longitude of points A,B,C,D,E and F

b) Mark on the following lines:  EQUATOR, TROPIC OF CANCER, TROPIC OF CAPRICORN, ARCTIC CIRCLE, ANTARCTIC CIRCLE, PRIME MERIDIAN, INTERNATIONAL DATE LINE
[image: image3.png]9ol180 150 120 9 60 30 0 30 60 90 120 150 1804,

60 o . 60
30 < 30
o—:: o
30 G 30
60 < 60

9180 150 120 9 60 30 0 30 60 9 120 150 180%°




4. Name the cities that you would find at these coordinates:

a)
31o 57´S, 115o 51´E

b)      22o 53´S, 43o 17´W
      c)    21o 19´N, 157o 50´W
5. You go to visit Nelson Mandela’s former prison at Cape Town. (34(S, 18½(E).  Then you move 40½( northwards and 15(  westwards.  What is your new latitude and longitude, and which city have you reached?

6. The cities of Cairo and Ya'an are both situated along latitude 30(N.  Find out:

a) The longitude of each city, to the nearest whole degree (using the atlas index)

b) The distance between them in kilometres

USING THE JACARANDA ATLAS

ACTIVITIES

1. What is a map?  Do activities 1,3,4 and 5 on page 3 of the Jacaranda Atlas (6th edition)

2. Locating places:  Do the activities on page 4 of the Jacaranda Atlas (6th edition)

3. Using direction:  Do the activities on page 6 of the Jacaranda Atlas (6th edition)

4. Scale and distance:  Do activities 1 and 5 on page 9 of the Jacaranda Atlas (6th edition)

5. Spatial association:  Do the activities on page 22 of the Jacaranda Atlas (6th edition)

THEMATIC AND TOPOGRAPHIC MAPS

	Term
	Definition
	Actual example from the Jacaranda Atlas

	TOPOGRAPHIC MAP
	
	

	
	Map showing one kind of feature only, e.g. vegetation, density of population, temperature, countries
	

	LARGE-SCALE MAP
	Map showing a small area of land in great detail.  Its representative fraction will have a small denominator, e.g. 1: 10,000 (1cm represents 100 metres), or 1: 25,000 (1 cm represents … m
	

	SMALL-SCALE MAP


	
	


Mapping conventions
B

O
L

T

S

S

N

A

Map projections

ACTIVITIES
1. What is meant by a map “projection”?

2. Compare the Mercator and the Goode projections by giving the advantages and disadvantages of each.  (See S & S, chapter 1). 
3. In pairs, take a globe and find the shortest route between Tokyo and London by stretching a piece of string between the two cities.  Find 3 principal geographic features (cities, islands, lakes, etc.) lying close to, or on, your route.  Now find the same features on a map of the world on the inside cover of your atlas.   Find the shortest route between them.  Why are the routes not the same? (Hint:  Think of map projections!)
SCALE

Definition

Scale is a method of comparing distance on the ground to distance on the map.

OR:  Scale is a way of reducing actual distance on the ground so that it can fit on to a piece of paper.

Methods of showing scale

1.    Statement


2.     Linear  


3.      Representative Fraction

Converting a statement into RF and linear scale

Example:        1cm represents 1 km

means 1cm represents 1,000 metres

means 1cm represents 1,000 x 100 cm  =  100,000 cm

means 1:100,000    (You can only use the : sign when both numbers are in the same unit).

Now draw a line and mark off the cm.  Number each one according to the km it represents.  Write km at the end.  You now have a linear scale.  Try checking this on maps in the Jacaranda Atlas

Measuring distance on the map using its scale

1. In a straight line (using a straight edge of paper)                2.    Along a curving road

GRID REFERENCES

Grid squares:  Always give the numbers or letters at the top or bottom of the page first.  They are called EASTINGS


Four- and six-figure grid references:




       21          22            23

     Fig. 16
                                90
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     (
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*

                                88             @

ACTIVITY
Name the features at the following grid references on maps in the Jacaranda Atlas (6th edition)

CONTOUR PATTERNS AND CROSS-SECTIONS

Definitions

A CONTOUR LINE:

A SPOT HEIGHT:

Drawing contour lines











Drawing a cross-section or profile
1. Take a piece of paper with a straight edge and place it on the map between the two points forming the ends of your profile.

2. Mark the two end points.  Hold the paper still, and mark the points at which each contour meets the straight edge of paper.  Label the contour value on paper.

3. Take a piece of graph paper.  Use your straight edge to transfer the two end points to an appropriate place on the graph paper.  The horizontal scale will now be the same as the map scale.  Indicate the horizontal scale on your graph paper.

4. Now construct the vertical axis of your cross-section.  Choose an appropriate scale for this axis, e.g. 1cm to 1000 m.  If you wish, you can make the vertical scale the same as the horizontal scale, and this will mean that there is no vertical exaggeration.  If you want a vertical exaggeration of 2, then you simply double the length of the vertical scale as compared to the horizontal.    (e.g. if the horizontal scale is 1cm to 500 m, then the vertical scale is 2cm to 500m, or 1cm to 250 m).  Label the increments along the vertical scale (0, 100m, 200m, etc)


           250                                                                                                       
          

   

               0

5. Place your straight edge of paper along the horizontal axis, starting at the left.  At each contour mark on the paper, run your pencil up to the appropriate elevation and make a small dot mark on the graph paper.  When finished, you will have a series of small dots across the graph paper at various elevations.  Then connect the dots with a solid line.  Your profile is complete.

6. If you have two adjacent points at exactly the same height, use your common sense to decide whether the land between them goes up (hill) or goes down (valley).  

Valleys and spurs

Rivers have valleys.  When a contour crosses a river, the “V” of the contour is where it crosses the river.  The “V” points up-hill, or to the next highest contour line.


In a spur, the “V” points downhill, or to the next lowest contour line.

Types of slope











	Type
	Cross section
	Map

	Uniform

	
	

	Concave

	

	

	Convex


	

	


ACTIVITIES

1.
Using Fig. 21:

a)
What is the vertical interval (in metres) used on this map?

b)
What is the height of each of points A, D and G?

c)
The lines AB, CD, EF show uniform, concave and convex slopes.  Which is which?

d)
Write the words SPUR and VALLEY in one appropriate place on the map.

e)
Construct a labelled cross-section between points A and G on the map. 

2.   Using Fig. 22:

a)
Shade in the drainage basin of the main river.
b)
Write the letter L at the lowest point of the drainage basin

c)
Define “DRAINAGE BASIN”

d)
Define “WATERSHED”

e)
State how you could recognize the watershed from a contour map

3.
On the 1: 50,000 map extract of Futuna provided (Fig. 23):

a) Complete the key

b) Show the scale of the map in 3 ways
c) Give the latitude and longitude of Futuna, to the nearest whole degree.
d) State the features at the following grid references:   176401              200421                163404                

	KEY

	Footpath
	

	Village
	

	Individual houses
	

	Coconut plantations
	

	Anchorage
	

	Sand
	

	Reef
	

	Stream
	

	Spot height
	

	Contour lines
	

	Trig. point
	

	Cliff
	


4.
Work in small groups of 2-3 persons.  Using topographic maps of Vanuatu at a scale of 1: 50,000, compare any two of the following areas in terms of a) land-use, and b) settlement patterns: 
a)   Whitesands area of Tanna (area between Mt Loanialu and Sulphur Bay)

b)   Nguna, North Efate               c)   North Tanna (area north of Fetukai school)                d)    Aneityum
e)   Teouma area, South Efate between Teouma and Rentapau Rivers)       f)  North Pentecost (north of Loltong)       
OVERVIEW OF NATURAL PROCESSES AND THEIR INTERACTIONS

Natural processes are actions or events that have natural causes, resulting in observable natural events which cause changes in the natural environment.  One action leads to another, in a sequence.  


(Hensman, J.  et al. 1992, Natural Processes, New House, Auckland)


Some examples:




	NAME OF PROCESS
	 CAUSE
	OBSERVABLE EVENT
	EFFECT(S)  ON NATURAL ENVIRONMENT

	
	Intense heating of the ocean, leading to the development of low pressure
	Air is sucked in to the low pressure area and spirals round in a clockwise direction (in the southern hemisphere)
	Torrential rain causes landslides and flooding of river valleys

Violent winds cause coastal erosion

	
	Magma rises up from the mantle
	
	Lava flows cover the landscape

	
	
	Rocks expand by day and cool down at night
	Rocks at the surface break up into small pieces (exfoliation) 


Natural processes interact with each other.  This can happen in three ways:


1. One process causes another one to take place. 

   A                                  B

2. One process causes a change in the other one,          

perhaps altering its speed or direction.


3. Two processes work together to produce a 

A  


   B

natural feature or landform











  Landform

Examples of interactions between natural processes

1.
When a cyclone crosses a mountainous island, heavy rain falls down on the land.  This causes rivers to flood and have a greater  volume, so they can pick up and carry more sediment.  Erosion, transport and deposition increase.

2.
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………


3.


Internal and external processes affecting landforms



ACTIVITIES
1. Watch the power-point presentation on natural processes.

2. Study Fig. 24, then complete the table below to show the most important natural processes operating above, on or under the earth’s surface:

	Origin
	Code letter 
	Name of process(es)
	Sub-processes
	Resulting features or landforms

	Above the earth
	A
	
	Cyclonic

……………....

Evaporation

……………....
	Storm surge

Clouds

Salt lake

Rain, lakes, rivers

	On the earth
	B
	
	Mechanical

………………
	Scree

Cave in limestone

	
	C
	FLUVIAL
	Erosion

………………

Deposition
	Waterfall

Muddy river

Flood plain

	
	D
	MARINE

(COASTAL)
	Erosion

Transportation
Deposition
	Stack 
Long-shore drift

Sand spit

	
	E
	GLACIAL
	………………

Transportation

Deposition
	U-shaped valley

Crevasse

Terminal moraine

	
	F
	
	………………

Transportation
……………….
	Rock pedestal

Sandstorm

Sand dune

	
	G
	MASS MOVEMENT
	Rapid (landslides / avalanches)

Slow (………………..)
	Scree/ rock fall

Terracettes

	Under the earth
	H
	
	Folding

………………..

………………..

Subduction

Earthquakes 
	Fold mountains

Fault scarp

Raised reef

Trench

Tsunami

	
	I
	
	Extrusive

Intrusive
	Lava flow

Bathylith


3. Natural processes vary in frequency and in magnitude.  What does this mean?  Give an example of each of the following:

a) a natural process that has a high frequency in Vanuatu:  …………………………..

b) a natural process that occurs very infrequently in the Sahara Desert: ……………

c) a natural process that affects a very large area: …………………………………….

d) a natural process that resulted in the deaths of many thousands of  people:

Type of process:……………………………    Location: ……………..………………  Year: ……………

4. All natural processes on earth can be traced back to two basic causes.  What do you think they are?
WEATHER AND ITS MEASUREMENT
Definitions

WEATHER:
CLIMATE:
WEATHER ELEMENTS:

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


ATMOSPHERE:

WATER VAPOUR:

PRECIPITATION:

HUMIDITY:


Measuring precipitation

At VITE, precipitation is measured using a rain gauge of the “standard direct reading” type, which has four parts  -  the collector, the measuring tube, the overflow tube, and a mounting bracket.  The whole rain gauge is fastened to a mounting post, the top of which has a sloping surface (Fig. 25).

A rain gauge should be sited in an open, flat grassy space, well away from trees and buildings that might reduce the amount of rain reaching the surface of the gauge.  It should not be set up on a hard surface, so as to avoid errors created by “splash-in”.   Where possible, the gauge should be set up in such a way that it is at a distance from the nearest buildings or trees that is at least 4 times the height of these buildings / trees.

Readings are taken every 24 hours, at the same time each day.  Simply read the value on the measuring tube that corresponds with the water level. The markings on the tube are in millimetres, but this is an expanded scale.  The collection area of the gauge funnel is 10 times larger than that of the measuring tube.   So if 1mm of rain falls on the funnel, it falls into the tube and fills up a space that has a height of 10mm.  The principal markings on the tube are thus 1cm apart, but represent just 1mm of rainfall.  Each cm on the measuring tube is divided into 5 spaces, so that each of the minor graduation markings represents 0.2 mm

After each measurement, the rain in the measuring tube should be emptied.  During periods of very heavy rainfall, the rain will fill up the tube and overflow into the outer container.  On such occasions, you will first measure the rainfall in the inner tube, note down the reading, then pour it away; next, you will pour water from the overflow container into the measuring tube until you fill it up again, and note down the figure.  You keep repeating this process until all the rainfall has been measured, and then total up all your figures.  Note that if the inner tube is completely full, you will have 25.4 mm of rain.

If there is no rainfall, simply record a figure of “0”.  If you forget to take the rainfall one day, then you simply write “A” (meaning “accumulation”) for that day, and take the measurement the next day.  If the amount of rainfall is so small that it falls below the lowest mark on the measuring tube, then you should write “Tr” (for “trace”). 

All rainfall totals during one month can be added up, to give the total monthly rainfall for the station for that year.  The total monthly rainfall for October 2010 at VITE was ….. mm;  in January 2011, it was ……….. mm.  

If you want to get the mean monthly rainfall for that month , e.g. January, you obtain  all the monthly figures (for January) for the last 40 years and find their average.  The Vanuatu Meteo Department can give you an average for however many years that you want, e.g. 30, 40, 45, 50.  For example, Port Vila’s mean monthly rainfall for January  over the last …… years is ……… mm.
Measuring humidity

You will use a sling psychrometer (or whirling hygrometer) to take measurements of humidity, and as a by-product, you can obtain the current air temperature.

The sling psychrometer has two thermometers side by side, both containing mercury.  One is the dry-bulb thermometer, which is simply an ordinary thermometer that measures air temperature.  In the second, known as the wet-bulb thermometer, the bulb is covered by a cotton wick, which must be dipped in water before a reading is taken.   The water evaporates, so lowering the temperature of the wet bulb.






The amount of water vapour that the air can hold depends on its temperature.  Warm air can hold more water vapour than cold air can.  Fig. 26 shows the maximum amount of water vapour that can be held at any given temperature.



Water vapour gets into the air through the process of …………………..   But usually, the air is not holding all the water vapour it could do.   For example, let us say that the temperature of the air is 32(C.  It could hold …. gm of water vapour for every m3.  But it is actually holding only 20 gm.  Its relative humidity  (RH) is a measure of how much water vapour is actually in the air as compared with how much water vapour could be held at that temperature.  In this particular case, RH will be calculated as follows:

RH  =      amount of w.vap. that the air is actually holding     x    100      =    ____   x  100     =   ………%

   amount of w.vap. that could be held at that temp.               1                             1

If the air is actually holding all that it could hold, it is said to be saturated, with RH …..%

If there is not much water vapour in the air, as compared with the amount that could be held, then the relative humidity is said to be …..    In the sling psychrometer, the water in the wick around the wet bulb can evaporate easily, and the temperature of the wet bulb will fall by several degrees.  

If the relative humidity is high, then not a lot of water can evaporate from the wet bulb, so very little cooling of the bulb can take place, and the temperature of the bulb will be only slightly less than that of the dry bulb.  

What will you notice about the wet and dry bulb temperatures if the air is saturated?

To read the sling psychrometer, follow these steps:

1. Slide the arm with the thermometers out of the case very carefully.

2. Bend the thermometer mount about the holding case to make a right angle.

3. Wet the wick of the wet-bulb thermometer.

4. Stand under a tree close to the rain gauge, so that you’re shaded from the sun’s rays.  Hold the case firmly, then swing the thermometer round and round for 2 minutes.  This speeds up evaporation.

5. Take the dry and wet bulb readings in  oC.  You need to obtain the lowest figure to which the wet bulb goes down. 

6. Slide the thermometer mount back into the holding case.  There is only one way in which it fits!



Once you have obtained the wet and dry bulb temperatures, you should subtract the wet bulb temperature from the dry bulb temperature to get the wet bulb depression.  Then you can calculate the two commonly used measures of humidity  -  relative humidity and dew point temperature.   Simply find the values for dry bulb temperature and wet bulb depression in the special tables provided.  
Measuring atmospheric temperature 

You can take the actual air temperature at any time of day or night using the dry bulb of the sling psychrometer.  However, you should always take the temperature outside, and in the shade.  Why?

Most meteorological stations record the maximum and the minimum air temperatures once every 24 hours at a height of approximately 1.5 metres above ground level.  This is so that the thermometers will not be affected by the ground surface, which is generally hotter by day and colder by night than the air above it.  

A simple maximum and minimum thermometer consists of a U-shaped tube containing two liquids – mercury and alcohol.  As the temperature increases during the day, the mercury rises up on the “maximum” side, pushing up the index.  This index remains in place even after the mercury begins to fall again.   As the temperature falls, the index on the “minimum” side will rise, and is left behind at the lowest temperature during the 24-hour period.  You simply read the bottom of both indices.  Note that the scale on the minimum side is reversed.  

To get the mean daily temperature, simply add up the maximum and minimum temperature and divide by two.  The diurnal temperature range is obtained by subtracting the daily minimum temperature from the daily maximum temperature.  In Port Vila, the diurnal temperature range is usually about 5(C, although during the cool season (July – September), it can be as much as 10(C. 

The mean monthly temperature is calculated in two stages:

1. Add up all mean daily temperatures for the month (e.g. March 2011) and divide by the number of days in that month.  This will give the mean monthly temperature for March 2011.

2. To get the mean monthly temperature for March, you need to obtain the mean monthly temperatures for March 2011, March 2010, March 2009, March 2008, March 2007, March 2006, and so on, back for a period of at least 40 years, and then find the average.  

Mean monthly temperatures and monthly rainfall totals for Port Vila are given in the following table.  They represent average monthly temperature figures taken over the last 62 years and average monthly rainfall totals taken over the last 57 years.



Port Vila:    altitude 20 m

	Mean monthly figures 
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	Total
	Annual Range

	Temp. ((C) *
	26.8
	27.0
	26.7
	25.7
	24.5
	23.6
	22.7
	22.7
	23.3
	24.2
	25.3
	26.1
	
	

	Temperature

(oC, rounded)
	27
	27
	27
	26
	24
	24
	23
	23
	23
	24
	25
	26
	
	

	Pptn. (mm) **
	279
	290
	321
	221
	164
	155
	100
	93
	93
	106
	144
	181
	2,147
	


*    average, 1948 to 2010                                              **  57-year average, 1953 to 2010
STUDY QUESTIONS ON WEATHER

1. Complete the following table:

	Date
	Max. temp. (C
	Min. temp. (C
	Mean daily temp.(C
	Diurnal range (C

	29/3/07
	36
	29
	
	

	30/3/07
	31
	25
	
	

	31/3/07
	30
	24
	
	

	01/4/07
	32
	27
	
	


2. What was the monthly rainfall at VITE during December 2010, and what percentage was this above or below the mean monthly rainfall for December in Port Vila?  

3. Why do you think that the ground is hotter by day and colder by night than the air above it?  Sketch a diagram to support your answer.    

4. Refer to the temperature and rainfall data for Port Vila given at the top of this page.   Is this weather data or climatic data?  Why do you say this? 

BASIC CLIMATIC PROCESSES:   ATMOSPHERIC HEATING

Development of the earth’s atmosphere

The earth’s atmosphere was created from within the earth.  As the planet cooled, dissolved gases escaped from the earth’s interior and were trapped by the planet’s gravitational pull.  Over geological time, the development of vegetation has caused the build-up of oxygen.  Volcanic emissions continue to put gases such as H20, S02, N2 and C02 into our atmosphere.


Composition and structure of the atmosphere

The table on the right (Fig. 28) shows the gases present in the atmosphere.
The atmosphere also holds great quantities of particles in  suspension – dust, pollen, smoke, salt spray, etc.

The atmosphere has no definite upper limits, but is thought to extend to approximately 1000 km above sea level.  However, only about 1% of the total mass of the atmosphere is above an altitude of 30 km above sea level.  Its main divisions are shown in Fig. 29.


The global energy budget
Nearly all atmospheric heat energy comes from the sun as electromagnetic radiation that covers a very wide spectrum of electromagnetic waves (See Strahler and Strahler p 53).  As this solar radiation reaches the atmosphere, approximately 70% is then absorbed by the atmosphere and the ground, and 30% is  either reflected or scattered..  The 70% that is absorbed is later radiated back into space.  The exact balance between incoming and outgoing radiation is called the earth’s energy budget (Fig. 30).  This balance means that the average temperature at the earth’s surface has remained constant at about approximately 15(C during the last century.



The “greenhouse effect”


A greenhouse is a building, usually made of clear glass or plastic, that lets in short-wave solar radiation but prevents some of the long-wave radiation from the ground from escaping.  It is used in mid-latitude areas to create an artificially warm environment at a time of the year when outside temperatures are too low for plant growth.  Crops can therefore grow and maintain all-year round greenery (Fig. 31).

In the same manner, certain gases in the earth’s atmosphere allow incoming short-wave radiation to pass through them, but absorb some of the outgoing long-wave radiation (Fig.. 32).  These greenhouse gases are Carbon Dioxide (C02), Methane (CH4), Nitrous Oxide (N20), Water Vapour (H20) and Chloro-Fluoro-Carbons (CFCs).  The atmosphere is therefore like a natural greenhouse that since very early on in the history of the earth has been trapping heat like a blanket.  If this “greenhouse effect” was not present, average surface temperatures on earth would be about - 18( C, and life on earth would be impossible.

Variations in temperature over time 

Most places on earth experience changes in temperature over time, both daily and seasonally, due to the effects of the earth’s rotation and revolution on the amount of incoming solar radiation received.  


Diurnal temperature changes result from the earth’s rotation.  During the day (Fig. 33), incoming solar radiation warms up the ground and then the air above it, with maximum temperatures usually experienced just after the sun is at its zenith at midday and solar radiation has reached its peak.  As the sun’s angle declines during the afternoon, temperatures begin to decrease.  As soon as the sun sets, the ground starts to lose heat through outgoing long-wave radiation, and this process continues throughout the night.  Minimum temperatures are usually experienced just before dawn.    

Seasonal temperature changes at a place are caused by the earth’s revolution around the sun.  The season when temperatures are highest is known as summer.  For places in the southern hemisphere, summer is experienced in December-January, while winter is experienced during June-July.  For places in the northern hemisphere, summer is experienced in June-July, while winter is experienced in December-January.  Fig. 34 shows why Vanuatu is warmer in December than in June.   


From Fig. 34:
· Why is it hotter in Vanuatu in December than it is in June?

· Where are the hottest parts of the world in June?        In December?        In March and September?

Variations in temperature over space

At any one moment in time, there are also widespread spatial variations in temperature over the earth due to factors such as latitude, altitude, distance from the sea, ocean currents and cloudiness.  Can you summarize the effects of each?
	LATITUDE


	

	ALTITUDE


	As altitude increases, the temperature …………………………………


	DISTANCE FROM THE SEA


	The further inland you go, the greater the ……………………………..

………………………………………………………………………….

	OCEAN CURRENTS


	

	CLOUDINESS

	


BASIC CLIMATIC PROCESSES:   ATMOSPHERIC MOISTURE AND PRECIPITATION 


The water cycle

Water exists everywhere on earth as invisible water vapour, visible water droplets (clouds, rain, fog), liquid water (rivers, fresh-water lakes) and as snow and ice.  Earth is the only known planet where water exists in all three states.  The amount of water vapour in the atmosphere varies greatly from place to place and time to time.  All water is continually moving along a series of pathways known as the water cycle, passing through the processes of evaporation, condensation and precipitation (Fig. 35).    It is important to realize that the earth's fresh water resources are finite, being estimated at 8.5 million km3.  The earth has more or less the same amount of water now as it had when the earth was created.   
We can also say that the water resources at any one place are renewable, since water is continually being recycled through the processes involved in the water cycle.   

Evaporation and condensation

Atmospheric moisture comes from three sources:  

· bodies of water on the earth’s surface (oceans, seas, rivers, lakes)

· vegetation (through the process of transpiration)

· volcanic eruptions

Evaporation, whereby water changes from the liquid to the gaseous state, is triggered by solar radiation.    In order to change into vapour, liquid water must take up heat energy from an adjacent surface.  This heat energy, known as the latent heat of vaporization, is present inside the water vapour that is produced.  
At any one place, the rate of evaporation depends upon the temperature and relative humidity of the air.    Warm air holds more water vapour than cold air (See Fig. 26, p. 19).  So when the air is hot and dry, it can absorb much more water vapour from the ground surface than can cold, saturated air, and the rate of evaporation will be much more rapid.  Windy conditions also speeds up the rate of evaporation.

Condensation occurs when water vapour changes back from a gaseous to a liquid or solid state.  When warm, unsaturated air is cooled, it will reach a point during cooling when the amount of water vapour it is holding is equal to the maximum amount of water vapour that it could hold at that temperature.  In Fig. 36, the air at A contains 12gm /m3 of water vapour, and is not saturated.  If this air is cooled until its temperature is …………  at B, it is reaches the point where it becomes saturated.  Further cooling means that all the water vapour shown as           will condense into tiny droplets of water and form clouds.  




This point is called the dew point. Condensation can only occur if small particles of dust, etc. are present in the air to act as condensation nuclei.  The water droplets in clouds are only about 0.01 mm in diameter.  When tiny drops of water join together, they become too heavy to remain in the air, so fall as precipitation.  A typical raindrop is 2 mm in diameter.  
Moisture condenses in several different forms  -  clouds, rain, snow, dew, frost, fog and mist. 
The normal environmental lapse rate, or rate of change of temperature with height, is 6.5(C for every 1000 metres.    However, parcels of air may also rise and sink as independent units, and this is called adiabatic movement.  If the parcel of air is dry, it will cool at the dry adiabatic lapse rate (DALR), which is at approximately 10(C for every 1000 metres, i.e. faster than the environmental lapse rate.   But if the parcel of rising air is saturated and condensation is occurring, it will cool at the wet adiabatic lapse rate (WALR), which is less than the dry one since latent heat is also being added to the atmosphere.

Precipitation

Precipitation refers to all visible forms of water that fall from the atmosphere to the ground.  Precipitation may occur when air rises up and is cooled, but not all situations of rising air will result in precipitation.  

Air masses rise up adiabatically because of three factors, giving rise to three types of precipitation:  convectional, orographic and cyclonic.  All three types are found in Vanuatu.


 




BASIC CLIMATIC PROCESSES:  ATMOSPHERIC PRESSURE AND WINDS
Pressure and winds



The weight of the gases in our atmosphere exerts a force on the earth’s surface known as atmospheric pressure.  It is measured  in hectopascals, or millibars.  Normal atmospheric pressure at sea level is 
1013.25 hPa.  It decreases rapidly with altitude, so that at a height of 10 km, it is only 265 hPa, and at 50 km up it is just 0.798 hPa. 


At the earth’s surface, the atmospheric pressure varies from place to place due to the influence of two factors  -  temperature and the earth’s rotation.  Where the surface 
is hot, air usually (but not always) rises and moves outwards, creating an area of low pressure.  Where the surface is cold, air subsides and produces an area of high pressure.  A simple example is given in Fig. 38, which shows land and sea breezes.  

Centres of low and high pressure are known as cells.  The difference in pressure between any two places is known as the pressure gradient.  Pressure variations shown by drawing isobars.    Winds are simply the horizontal movement of air caused by a pressure gradient.  Air always moves from an area of higher pressure towards an area of lower pressure, its speed being determined by the pressure gradient between them.   Low pressure cells (i.e. less than 1000 hPa) are known as cyclones, while high pressure cells (over 1018 hPa ) are called anticyclones.








Because of the earth’s rotation from west to east, wind direction is influenced by the Coriolis effect.  In the northern hemisphere, winds are deflected to the right, while in the southern hemisphere they are deflected to the left.  

The planetary wind circulation

Fig. 40 shows the general air circulation (within the troposphere) at the Equinoxes on a planet composed entirely of water.  Air rises at the Equator, which is the zone of maximum heating. The zone of warm, moist rising air is known as the Inter-Tropical Convergence Zone (ITCZ).  Air from the ITCZ moves outwards and sinks down at approximately 30( north and south of the Equator, producing high pressure zones known as the Horse Latitudes or sub-tropical highs.  When this subsiding air reaches the surface, some moves back towards the Equator as the surface Trade Winds.  The rest moves away from the Equator as the Westerlies.  Meanwhile, the cold air at the Poles sinks downwards and outwards as the Polar winds, which meet the Westerlies along the Polar Front.   
In fact, this ideal pattern is altered by two factors:

1. The earth’s revolution around the sun, which causes the zone of greatest heating to migrate north and south.  In June and July, the ITCZ has moved north of the Equator, while in December and January, it lies south of the Equator (Fig. 41).  As the ITCZ migrates northwards and southwards, all the other wind belts follow.   

2. The distribution of land and sea.  Large land masses heat up in summer and draw in air from the surrounding oceans as onshore monsoons.  The effect is reversed in winter.     In the vast expanse of the South Pacific ocean, a smaller convergence zone, the South Pacific Convergence Zone, develops south of the main ITCZ (Fig. 42)



ACTIVITIES
(based upon pages 22 to 28,  and Strahler and Strahler ch. 2,3,4 and 5)
1. Draw a sketch map of an anticyclone in the southern hemisphere, showing numbered isobars.  Draw arrows to show how the winds would move a) if the earth stopped rotating  and b) under normal rotational conditions.

2. Where are the three major rain belts of the earth, and why?  Locate them on a sketch diagram.

3. Carousel activity:  Each group of 4 students will choose two of the following topics.  You will then prepare wall charts to explain these two topics.  Then present your findings to the other students.  
a) How and why does latitude affect temperature?

b) How and why does altitude affect temperature?

c) How and why does distance from the sea affect temperature?

d) How and why do ocean currents and cloudiness affect temperature?

e) What is the greenhouse effect and why does it occur?

f) Why does it rain?

g) What are the three types of rainfall and how does each occur?

h) What is the planetary wind circulation and why does it take place?

i) What happens in the Pacific during an El Nino period?

CLIMOGRAPHS

Climatic regions and climographs
The earth’s surface can be divided up into various climatic regions, depending upon the principal long-term features of temperature and precipitation.  Many classifications of climates have been devised.  The system devised by Vladimir Koppen is based on precise statistics and relates closely to patterns of natural vegetation (See Strahler and Strahler pp 222-225).  Remember that the boundaries between climatic regions are seldom precise  -  one type of climate merges gradually into the adjacent one, and boundaries may shift over time.  The main characteristics of a climatic type can be summarized through a climograph, or climatic graph. 

Constructing a climograph

· Always plot temperature as a linear graph, and precipitation as a series of bar charts.

· Each month on the horizontal scale should be represented by an appropriate distance on the graph, e.g. 4 mm, or 5 mm, or 10mm.

· Indicate temperature on the left-hand vertical axis using a suitable scale, e.g. 1 cm to 10(C.  Indicate precipitation on the right-hand vertical axis using a suitable scale, e.g. 1cm to 100mm of rainfall. 
· Once you have decided on your scales, keep them the same for all climatic graphs that you draw, so that you can make effective comparisons.  
· Be sure to mark the graduation points clearly on the vertical scales.
· Remember that for some places, the temperature may fall below 0(C for a part of the year, and allow for this when constructing your temperature scale.
· Plot temperatures in the middle of the space allotted to each month.   Join up the dots in a smooth curve.  The temperature line enters and leaves the graph at the same height.
· Always label your graph neatly, and follow the conventions of BALTSSNA (Border, Axis, Legend, Title, Scale, Source, Neatness and Accuracy).

Interpreting climatic graphs and statistics

· Remember that you are dealing with long-term averages.  The actual figures in any particular year may vary considerably from the means.  

· When analysing temperatures, first try to decide whether your place is in the northern or southern hemisphere.  If it is north of the Equator, then the highest temperatures (i.e. summer) will normally be during June – August, and the lowest (winter) in December – February.  If the place is south of the Equator, then highest temperatures (summer) will be in December – February, and the lowest (winter) in June – August.  Watch out for the influence of altitude on temperature.  If the place is in the tropics, but at a high elevation, then temperatures will be much lower than they should be for the latitude.  

· Describe the temperature figures according to an internationally-recognized scale (Fig. 43).  Describe the highest mean monthly temperature during the year (e.g. “very hot”, “mild”, etc. ), the lowest mean monthly temperature in the year, and the annual range of temperature (“very large”, “small”, etc.)

	Temperature in degrees C
	Description
	Range of temp. in degrees C
	Description
	Total rainfall in mm
	Description

	30 and over
	Very hot
	0-3
	Very small
	Over 2000
	Very heavy

	20-29
	Hot
	4-9
	Low
	1500-1999
	Heavy

	10-19
	Warm or mild
	10-19
	Medium
	1000-1499
	Moderate

	0-9
	Cool
	20-30
	Large
	500-999
	Light

	-10 to -1
	Cold
	Over 30
	Very large
	250-499
	Very light

	Below -10
	Very cold
	
	
	Below 250
	Desert


· When describing precipitation, it is important to comment on two features  -  the annual total, and the seasonal distribution.  For annual total, use the words above.  For seasonal distribution, try to work out whether the rain is experienced at all seasons, mainly during the hot (summer) season, mainly during the cool (winter) season, or hardly any rain at all (desert)
STUDY QUESTIONS ON CLIMATIC REGIONS AND CLIMOGRAPHS

1. Draw a climatic graph for Port Vila, using the statistics on page 21.
2. Refer to a map of the Koppen classification of climate and  state whether each of the following statements are TRUE or FALSE.

a) According to Koppen’s classification, Vanuatu experiences an Aw climate.

b) In Koppen’s system, BWh refers to a Hot Desert type of climate.

c) New Caledonia has at least one month during the year with a rainfall of less than 60mm

d) Bombay experiences most of its rainfall during winter

e) Singapore has a rainfall total that can be described as “heavy”

f) Cabo Raper (Chile) has very heavy rainfall that is experienced at all seasons.

g) Verkhoyansk has a higher annual range of temperature than Regina. 

h) Perth experiences most of its rainfall in summer

i) Darwin has a summer maximum of rainfall

3. Draw a climatic graph for Place X (altitude 2,301 metres).  Suggest a possible location for this place.

	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	Total
	Range

	Temp. ((C)
	13
	12
	12
	12
	12
	11
	11
	11
	12
	12
	12
	13
	
	

	Pptn. (mm)
	122
	124
	116
	89
	80
	68
	50
	56
	77
	84
	99
	106
	
	


CLIMATE AND VEGETATION

Natural vegetation:

This refers to the plant community that grows in an area without interference from humans.   Examples  -  tropical rain forest, ………………………………………………………………………………………….

Plant functions





1. Plant roots hold the plant in the soil, and absorb water containing soluble nutrients (i.e. plant foods).

2. Plant leaves absorb CO2 and H2O from the atmosphere, and convert them into carbohydrates in the presence of sunlight through the process of photosynthesis.

3. The leaves also take in O2 from the atmosphere for plant respiration, which releases energy for plant processes such as growth and flowering.    

4. During respiration, the leaves emit most of the moisture that the plants absorbed through their roots, through the process of transpiration.  

Plant evolution and adaptation to different environments

During millions of years of evolution, each species of plant has developed features which enable it to survive in a particular environment.  A species can only thrive when it grows in certain physical conditions and when there is no competition from other species.  The main physical conditions that determine the types and characteristics of plants that can survive are:

1. Availability and intensity of light energy:  Singapore (1(N) has more intense and constant solar energy than does Sydney (33(S)

2. Temperatures.  Plants are unable to grow when  average daily temperatures fall below 6(C.  If temperatures are over 6(C throughout the year, and there is adequate rainfall each month, then trees with large leaves (“broad-leaved evergreen trees”) can grow. 

3. Precipitation.   In arid environments, plants will develop organs that are efficient in obtaining, storing or preventing the loss of water, e.g. long tap roots, thin spiky leaves.  In areas that have a wet and a dry season, plants must be adapted to store water during the dry season or to have rapid growth during the wet season.   For example, deciduous trees in savannah areas lose their leaves during the dry season so as to reduce transpiration.  Deciduous trees are also found in humid temperate regions, where winter temperatures fall below 6(C and trees are unable to draw water from the soil;  by losing their leaves, transpiration is reduced and the trees are protected from severe water loss. 

4. Favourable soil conditions.  Most plants need a soil which gradually releases small quantities of phosphorus, potassium, nitrogen and other trace elements.  Most plants prefer a well-drained soil that does not become waterlogged.

5. Strength and direction of winds.  Violent winds uproot trees and are unfavourable to plant development.

6. Topographic gradient or slope.  Where slopes are very steep (over 45(), soils tend to be thin and plant roots cannot find an anchorage.  

Biomes

These are distinct terrestrial biological associations that cover extensive areas, usually with one type of plant being dominant.  They can be considered as ecosystems on a large scale.  There are five major biomes -  forest, savanna, grassland, desert and tundra.  

FOREST

1. Low-latitude rain forest

2. Monsoon forest  (Tropical seasonal forest)

3. Sub-tropical evergreen forest (Temperate rain forest)

4. Deciduous forest

5. Needleleaf forest (Boreal forest or Taiga)

6. Sclerophyll forest and scrub (Chapparal)

SAVANNA

1. Savanna woodland

2. Thorn tree - tall grass savanna

GRASSLAND

1. Tall-grass prairie

2. Short-grass prairie

DESERT

1. Desert and desert shrub

2. Semi-desert

TUNDRA

1. Arctic tundra

2. Alpine tundra

A world map of biomes is sometimes referred to as a map of natural vegetation regions.  Example:


Limitations of world natural vegetation (biome) maps:  
1. Biomes usually merge gradually into each other, rather than suddenly change at a dividing line, as shown on a map.  Thus, savannah merges gradually into desert. 

2. Within each biome, there are many different plant associations that occur in ecological niches which may have quite different environmental conditions to the dominant environment.  For example, a desert region may contain oases where a constant supply of water gives rise to mesic vegetation.  In Vanuatu, dry rain-shadow areas may have savannah or even scrub vegetation (e.g. Whitegrass, N.W. Tanna, and Samoa Point, N.W. Efate.) 

3. No account is usually taken of the human impact on natural vegetation.  In many regions, the natural vegetation has been completely replaced by urban areas or cropland.  In other regions, humans may have caused one major plant group to be replaced by another.  For example, the wide extent of the savannas in Africa are thought to be due to the excessive use of fire by humans.  The grassland areas on the higher parts of Nguna and Pele are similarly produced by regular "burning off".  

ACTIVITIES
1. Watch the power point presentation on world vegetation.
2. Watch the DVDs on different types of natural environment and the flora and fauna found there.
3. Carousel activity:  

a) Form groups of three persons.  

b) Each group should select one of the following biomes:  TROPICAL RAIN FOREST;  TROPICAL SAVANNA;  HOT DESERT;  TAIGA;  TUNDRA.  
c) Each group should visit the work station in the classroom that provides information on its chosen biome.  Using this information, the group should prepare a wall chart that answers the following questions:
· In which parts of the world is the biome found?  (Name them and show on a map)

· What is the natural vegetation like?  (Draw a diagram or diagrams)

· How are the plants adapted to the climate?

· What animal species are found in the biome, and how are they adapted to the environment?

· What are the human impacts on this biome?

d) When the charts are complete, they should be placed next to the appropriate work station.

e) Form new groups, each consisting of one member of the original groups.  There should be 4-5 persons in each new group.  Each group will visit each of the work stations in turn.  At the work station, the person from the group that produced the poster will now present its findings to the other members of the new group.  
4. True or False?

a) Epiphytes are a type of climbing vine.

b) Forests will grow in areas which have adequate moisture and unfrozen soils during the growing season.

c) The soil under tropical rain forests contains little organic matter.

d) Monsoon forests have thicker undergrowth than tropical rain forests because trees must compete for the seasonal moisture and are more closely spaced.

e) Humid subtropical forests contain many coniferous trees.

f) Except for South America, prairie grasslands are found in the interior of the continents.

g) Tundra plants grow very rapidly in the growing season

h) Many xerophytic plants have extensive root systems.

i) The giant Saguero cactus plant is found in all the world's desert areas.

j) Tropical rain forests have a much greater biodiversity than all other biomes

k) The greatest problem that plants and animals face in hot deserts is the shortage of water
5. Using the Jacaranda Atlas, show the distribution of the following biomes on an outline map of the world, and give a name to each of the areas you shade:  TROPICAL RAIN FORESTS, DESERTS, TUNDRA AREAS.
6. In pairs, use your creativity to show the nutrient cycle in Tropical Rain Forests.  You can make use of a mime, a drawing, a model or any other art form.

ENVIRONMENT AND SHELTER

Natural environments have played a significant role in the shape, design and function of traditional human shelters.   Climate and vegetation influence:

1. The materials available for construction – timber, reeds, pandanus leaves, wild cane, limestone, clay (for bricks), etc.

2. The structure and shape of the shelter  -   size, height, number of rooms, number of stories, shape of roof, etc.

3. The traditional type of house decoration that is used in the area – paints derived from local plants or clays, carved timber, etc. 

Note that today, the traditional types of dwelling in many regions have been replaced by modern concrete, glass and steel structures.  Such buildings are an indication of wealth and new technology, rather than the influence of the natural environment.  In urban areas of the developing world, many people live in squatter settlements that are built using any cheap available natural or human-made material;  here, too, the influence of the natural environment is minimal.  

Climate and natural vegetation are only two of the many influences on housing types.  Other factors include:  land gradient, rock type, technical skill, purpose of building, space available, local customs, amount of money available, etc. 

ACTIVITIES

1. For each of the 4 traditional housing types shown in Fig. 47, draw a labelled sketch to show the building materials used and any ways in which the structure of the house reflects features of the local climate and natural environment.

2. What building materials are readily available for people living in tropical rain forest areas? 

3. Class display:  Each student should draw a large diagram (on A3 paper) of a traditional house on his/her island.  Label the principal building features and ways in which the building is adapted to the climate.  Then the class should organize a display of these pictures, with a map of Vanuatu in the middle and the pictures around the sides.  Each picture should be connected by a string to the place where the house is found:









4. How have the buildings at the Vanuatu Institute of Teacher Education been adapted to the climate?  Give 5 examples.

5. State some of the ways in which buildings can be adapted to minimize the effects of cyclones in Vanuatu.  Illustrate your answer with appropriate diagrams and examples.


[image: image4.jpg]Fig. 33

A

In villages of highland Peru
such as this one north of
Cuzco, housing is often
built of adobe brick, stone
or a combination of both,
and has a thatched roof.

B

Older homes in the
Philippines are often built
of wood in a two-story
pattern, with living quarters
on the second floor This
farmhouse has sliding
windows with panes made
of shell. The galvanized
iron roof is guttered to lead
rainwater to a storage
cistern.

8

This Pueblo Indian village
in New Mexico shows
traditional forms of
“apartments”. Buildings
are constructed of plastered
adobe blocks with roof
beam supports.

D

These traditional Malaysian
houses are constructed on a
river bank, using materials
from the rain forest.

(Spencer, J. and Thomas, W., G It
1978, Introducing Cultural "
Geography, John Wiley, New
York, pp 73-76)
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BIODIVERSITY
Biodiversity

“Biodiversity” is the variety of the world’s organisms, including their genetic make-up and the communities they form.    The year 2010 was declared the “International Year of Biodiversity”.  According to the United Nations Environmental Programme (UNEP), there are three kinds of biological diversity
:

ECOLOGICAL DIVERSITY:  

There are spatial variations in the earth’s biomes (major vegetation/climatic regions) over the earth’s surface – e.g. tropical rain forest, tropical savannah, desert.  Within each biome, there are variations in the ecosystems and habitats present.  
ORGANISMAL DIVERSITY:

There are between 13 and 14 million distinct plant and animal species on earth, each different from the other.  (A species represents the most detailed level of classification into which plants and animals can be divided.  Animals of the same species can interbreed, while those of different species cannot.)   The number of species of plants, birds, mammals, fishes, reptiles and amphibians together make up only 3% of all species. The remaining 97% belong to groups such as insects, arachnids, fungi, nematodes and microorganisms.  More than half of all species are found in tropical rain forests.

GENETIC DIVERSITY:

Within each species, individuals differ from each other genetically.    Individuals of almost all species are genetically unique.  This genetic diversity between individuals of the same species is necessary to allow them to adapt to changing environmental conditions, e.g. increased temperatures, decreased salinity.

Threats to biodiversity
1. Loss, fragmentation and degradation of habitats due to commercial exploitation of biological resources,  e.g. destruction of tropical forests in Amazonia, Malaysia and Solomon Islands; destruction of the food-chain by overfishing in the North Atlantic.

2. Pollution or toxification of the soil, water and atmosphere, e.g. use of cyanide to harvest fish in coral reefs of the Caribbean;  the ozone hole in Antarctica results in increased ultra-violet radiation, which is thought to be depleting the vast reserves of krill -  upon which feed most fauna in Antarctica.  

3. Human introduction of non-native species that prove to be invasive, e.g. The US state of Florida spends 11 million dollars each year to control the water hyacinth that chokes its waterways: the plant was introduced there in the 1880s.  About 300 "invasive species" - molluscs, crustaceans and fish - have been introduced to the Mediterranean from the Red Sea since the late 19th century when the Suez Canal opened.   The “walking catfish” is now colonizing China, Thailand and the US after escaping from fish farms and ornamental ponds:  it moves across land at night, reaching other water sources and devouring almost anything that moves.
  Other examples include the introduction of the mongoose in Guam, can toads in Queensland, and “mile-a-minute” in Vanuatu.  
4. Commercial agriculture, based upon monoculture, new technology, high-yield varieties of plant and genetically-modified species.   Example -  the traditional varieties of wheat and rice have largely disappeared in India since the start of the Green Revolution (of the 30,000 native varieties of rice cultivated in India at the beginning of the 19th century, only 50 remain
)

5. Human-induced climatic change (“global warming”):  as land and oceans become warmer, the survival of many species is threatened  -  coral, frogs, alpine plants, etc.  
Extinction of species
Rapid environmental changes typically cause extinctions.   99.9 percent of species that have existed on Earth are now extinct.  Since life began on Earth, five major mass extinctions have led to large and sudden drops in Earthly biodiversity (Fig. 48). The Phanerozoic eon (the last 540 million years) marked a rapid growth in biodiversity in the Cambrian explosion—a period during which nearly every phylum of multicellular organisms first appeared. The next 400 million years were distinguished by periodic, massive biodiversity losses classified as mass extinction events. The most recent, the Cretaceous–Tertiary extinction event, occurred 65 million years ago, and has attracted more attention than all others because it killed the non-avian dinosaurs. 

The period since the emergence of humans has displayed an ongoing reduction in biodiversity. Named the Holocene extinction or the Sixth Extinction, the reduction is caused primarily by human impacts, particularly the destruction of plant and animal habitat. In addition, human practices have caused a loss of genetic diversity.
                                                    (Wikipedia,  5th October 2010) 
Biodiversity “hot-spots”

These are areas of the planet that have a great variety of endemic species, but have lost over 75% of their original plant cover.  The term “hotspot” was first coined in 1988 by Dr Norman Myers, a British ecologist.    Hotspots are identified by two main criteria:  a) plant endemism, or the number of organisms that are native to a certain region, and found nowhere else on earth, and b) degree of threat, or percentage of the original pristine vegetation that has been lost.  

The earth’s 34 biodiversity hotspot regions collectively cover 12% of the planet’s land surface, yet claim more than 50% of all terrestrial endemic plant species.  Each region has more than 0.5% of total plant diversity (i.e. over 1,250 plant species).  It is estimated that 75% of all the endangered animal species on the planet are found in these 34 global hotspots.  The original habitat of these hotspots has been reduced by 88%, meaning that the biodiversity is now contained in just 1.4% of the earth’s land surface.

Four of the hotspots are found in the Pacific region  -  East Melanesia (including Vanuatu), New Caledonia, Polynesia and Micronesia, and New Zealand. 

ACTIVITIES

1. Walk around in the bushland south of VITE for 20 minutes, and carry out these tasks:
a) Identify all the species of flora (plants) and fauna (animals) that you can see, under two headings:  NATIVE (ENDEMIC);   INTRODUCED.  Use sketches, names, samples, etc.

b) State the degree of human disturbance in your bush, e.g. human dominated, partly disturbed, undisturbed.  In what ways has the human disturbance occurred?
c) State some of the uses to which the plants/trees can be put.

2. Make sure you know the meanings of the following words and expressions:

a) the sixth extinction

b) biological hotspots

c) endemism

d) terrestrial ecosystems

e) biodiversity

f) genetic diversity

g) habitat fragmentation

3. Quiz:   True or False?
a) There are more species of beetle than of any other organism on earth

b) Of all the continents in the world, Europe has the greatest percentage of “human-dominated” land

c) Of all life-forms, freshwater fish are the group most under threat of extinction at the present time

d) Ecotourism is an example of the sustainable use of biodiversity

e) The world-wide decline in the number of frogs and other amphibians in the last 10 years is thought to be related to increasing levels of ultra-violet radiation and pesticides

f) 99% of all species that have ever existed on earth have now disappeared

g) The world record for tree diversity  -  456 different species in just one hectare – is found in New Caledonia
h) “Biodiversity hotspots” are areas of the planet that have a great variety of endemic species, but have lost under 25% of their original plant cover.

i) The “sixth extinction” is due to the impact of meteorites on our planet.

j) There is a great variety of ecosystems on Efate.

4. Find out some information about the numbers of plant and animal species in Vanuatu, those under threat of extinction, and the reasons for this threat.  (Hint:  Read Vanuatu’s National Conservation Strategy).

5. Suggest three ways in which biodiversity can be conserved in Vanuatu.
6. In what ways is biodiversity important:    
a)  to parents    
b)  to farmers   
c) for medicine  
d) aesthetically
ECOSYSTEMS
ACTIVITIES

1. In pairs, carry out the activity “Ecosystem Concept Map”, then answer these questions:
a) Define “ecosystem”.
b) In an ecosystem, how does the flow of energy differ from the flow of materials? 

2. In pairs, carry out the activity “Trophic Levels”, then answer these questions:

a) What is meant by “trophic level”?

b) How do primary producers (autotrophs) secure both energy and nutrients for the entire ecosystem?

(Use Fig. 49 to help you)

3. In groups of 3 or 4, carry out the activity “Food Chains and Food Webs”.  For each of the ecosystems A, B and C, arrange the cards by trophic level into a food chain or food web, and draw arrows to show the relationship between the organisms.     Then answer these questions:
a) Suggest a suitable name for each of ecosystems A, B and C.

b) How many trophic levels are there in each ecosystem?

c) Find out the approximate percentage of energy that moves from one trophic level to the next one?  Why do you think the percentages are so small?
d) Share your answers with another group. 
4. In groups of 3, visit a food garden in the VITE campus.  Then draw a simple food diagram to show the trophic levels of this garden and at least one organism at each level.

5. In pairs, study Fig. 50, then answer these questions:
a) Which organisms are the basis of the food chain?

b) What does the top carnivore eat?

c) What does the Weddell Seal eat? 

d) Why is this called a food web?

6. In the same pairs, study Fig. 51 and 52, which refer to a freshwater pond ecosystem in the USA.  Then answer these questions:

a) What are the 3 kinds of producers in this ecosystem?

b) How many kilocalories of incoming solar energy are used by this ecosystem?

c) What % of solar energy is used by this ecosystem?

d) Calculate the % of energy reaching the producers that is transferred to herbivores.

e) Where has all the rest of the energy gone that reached the producers?
f) What % of energy harnessed by the producers is used by the decomposers and detritivores that feed on producers and consumers?

7. What do you think is the difference between an ECOSYSTEM and a HABITAT?
Flows of energy and materials in an ecosystem





The energy flow in an ecosystem originates with solar radiation.  Plants and other photosynthesizers convert sunlight energy to chemical energy, which they use to construct organic  compounds from inorganic raw materials;  they are known as primary producers, or autotrophs (self-feeders) for the entire ecosystem.   

All other organisms in the ecosystem are heterotrophs (not self-feeders).  They extract energy from compounds that primary producers put together.  Consumers feed on the tissues of other organisms.  The consumers called herbivores eat plants, those called carnivores eat animals, omnivores eat both, and parasites extract energy from living hosts that they live in or on.   Decomposers include fungi and bacteria that obtain energy by breaking down the remains or products of organisms.  Detritivores (e.g. crabs and earthworms) obtain nutrients from decomposing particles of organic matter.  

Autotrophs secure both energy and nutrients for the entire system.  During growth, they take up water and C02 from the environment, together with dissolved minerals such as nitrogen and phosphorus.  When decomposers and detritivores degrade organic matter to small inorganic compounds, they release nutrients to the surroundings.  These nutrients are normally re-cycled by the autotrophs.

The organisms of an ecosystem can be grouped according to their trophic level, i.e. their place in a hierarchy of feeding relationships.  To find out the trophic levels of the different organisms, we ask “Who eats whom?”  A straight line sequence of who eats whom in an ecosystem is called a food chain.  Normally, however, the food chains are cross-connecting and it is more correct to refer to food webs.

(Adapted from Starr,C. and Taggart, R. 1998, Biology: The Unity and Diversity of Life, Wadsworth, Belmont, USA,  p. 835)

Primary production and the pathways of energy flow

The rate at which primary producers capture and store a given amount of energy in their tissues during a given time interval is called in the primary productivity of the ecosystem.   Primary productivity is closely linked to temperature, sunlight and rainfall.  The harsher the environment, the less new growth on plants, and the lower the productivity (Fig. 50):

	Environment
	% of world’s surface area
	% of total world annual primary production through photosynthesis

	FOREST
	Tropical rain forest
	  3.9
	30.2

	
	Temperate deciduous forest
	  1.0
	  2.4

	
	Temperate coniferous forest
	  2.9
	12.7

	
	Taiga
	  0.8
	  1.5

	
	Total
	  8.6
	46.8

	GRASSLAND
	Humid grasslands
	  2.9
	11.2

	
	Arid grasslands
	  4.3
	  7.5

	
	Total
	  7.2
	18.7

	CULTIVATED LAND
	Total 
	  2.0
	  7.8

	OTHER LAND
	Wetlands and swamp
	  0.8
	  3.0

	
	Tundra
	  1.8
	  0.9

	
	Hot desert
	  4.3
	  0.6

	
	Cold desert
	  3.5
	-

	
	Total
	10.4
	  4.5

	OCEAN AND LAKES
	Deep sea
	65.5
	19.9

	
	Shelf and lagoon
	  5.1
	  2.7

	
	Fresh water
	  0.8
	  0.3

	
	Total
	71.4
	22.9


      (Data from Ayres, R. 1967, Science Journal 3 no. 10, p. 102)

Energy flows into food webs of ecosystems from an outside source, usually the sun.  Plants fix only a small part of the energy from the sun.  They store half of that in new tissues, but lose the other half as metabolic heat.  Other organisms tap into the energy stored in plant tissues or remains.  They, too, lose heat to the environment.  All of these heat losses represent a one-way flow of energy out of the ecosystem.  


The trophic levels in an ecosystem can be shown by an ecological pyramid.  Such pyramids can be based on the biomass (weight of all the organisms at each level, in grams / m2) (Fig. 51), or on the energy used up by all organisms at each level (in kilocalories / m2 / year) (Fig. 52).
In very simple terms, only about 1% of solar energy is trapped by the primary producers in an ecosystem.  From then on, only about 10% of the energy from one trophic level is passed on to the next trophic level.  

At any one trophic level, the organism uses up 90% of the energy just in living:

· loss through respiration, movement and the production of metabolic heat

· loss through the creation and repair of body tissue

· loss through waste products that cannot be consumed by the next trophic level  
           Fig. 52:   Energy flow through Silver Springs
                
Flow of nutrients in an ecosystem

The productivity of an ecosystem not only depends upon the amount of solar energy available.  It is also affected by the quantity and nature of the nutrients (minerals) available in the environment.   The way that nutrients move into and out of an ecosystem is known as the biogeochemical cycle. (See Strahler and Strahler pp 288-293 .  There are three types of biogeochemical cycle: 
1. The hydrological cycle, in which oxygen and hydrogen move around in the form of water molecules

2. Atmospheric cycles, in which most of the nutrient is in the form of a gas.  One example is the nitrogen cycle.  Another is the carbon cycle, in which carbon moves around in molecules of carbon dioxide.

3. Sedimentary cycles, in which the nutrient is solid, e.g. the phosphorus cycle.  These cycles may take millions of years to complete.

Common types of  ecosystem in the South Pacific

	Biome
	Type
	Ecosystem
	Description

	Forests
	Tropical rain forests
	Lowland rain forest
	Numerous species of fast-growing trees, many over 40 m tall.  Canopy, with emergent trees.  Sparse undergrowth.

	
	
	Montane forest
	Emergents absent.  Epiphytes and lianas abundant.  Abundant undergrowth

	
	
	Bamboo forest
	Dominated by bamboo

	
	
	Cloud forest
	Trees usually less than 20 m tall, and burdened with epiphytes.  Ground covered with mosses and ferns

	
	
	Riverine forest
	Similar to montane forest, but richer in palms and undergrowth.  Plank-buttresses are frequent.

	
	
	Swamp forest
	Found on wet soils.  Similar to riverine forest, but poor in tree species.  Many trees have buttresses or stilt roots

	
	Tropical seasonal forest
	Tropical seasonal forest
	Evergreen trees.  Foliage may be partially shed during the dry season

	
	Mangrove forest
	Mangrove forest
	Broad-leaved trees and shrubs with either stilt roots or pneumatophores
.  Found in inter-tidal zones along shores and estuaries.  Epiphytes are rare.  

	

	Woodland
	Woodland
	Woodland
	Trees at least 5 m high, with most crowns not touching each other.  Trees cover at least 30% of the ground surface

	

	Herbaceous
	Savanna
	Savanna grassland 
	Grass with few or no woody plants

	
	
	Tree savanna
	Grass cover with isolated trees dispersed regularly over the area

	
	
	Shrub savanna
	Thickets or shrublands in an area dominated by grass

	
	
	
	

	
	Wetlands 
	Fresh water marsh
	Herbaceous formations on periodically or constantly flooded and waterlogged ground

	
	
	Salt marsh
	

	

	Shallow 

coastal env.
	Coral reef
	Atoll
	

	
	
	Fringing
	

	
	
	Barrier
	

	
	Beach
	Beach
	Shorelines with unstable sand or rubble deposits

	

	Human-made

(altered or 

created by

humans
	Secondary forest
	

	
	Forest plantations
	

	
	Urban ecosystems
	

	
	Agricultural (e.g. food garden)
	

	
	Parks and sports fields
	


(Based on Dahl, A. 1980, Regional Ecosystems Survey of the South Pacific Area, SPC, Nouméa)
ACTIVITIES
1. True or false?

a) Primary producers are autotrophs

b) Consumers feed on partly decomposed matter

c) Most of the world’s supply of carbon is found in the atmosphere, as C02
d) Islands in the eastern part of the South Pacific have a greater diversity of species and ecosystems than those in the western part

e) The Big Bay Conservation Area has been established to protect a unique area of cloud forest

f) Species that are endemic to Vanuatu include Kauri, the Tanna fruit dove, and nailgrass.

g) In a marine ecosystem, the primary producers are phytoplankton such as green algae and diatoms

h) The coconut crab is a detritivore

i) Casuarina is a common species in primary lowland rain forests in Vanuatu.
2.
Watch the power point presentation on ecosystems.

3.
Explain the carbon cycle to a friend, using Fig. 8.10 in Strahler and Strahler (p. 289).

4.
Carry out Assessment 3 (Field Investigation of an Ecosystem).  For your chosen ecosystem, make use of the relevant resource sheet(s) of organisms.
Fig. 43





Cox, C and Moore, P, 1993, Biogeogreaphy,, Blackwell, London





(Sewell, D.  1991, Natural Landscapes, Action Publications, Christchurch, p. 6
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A CYCLONE IN THE SOUTHERN HEMISPHERE
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An example of orographic rain and rain shadow	


Suppose that the wind blowing over  Suva had a temperature of 25(C, and the dew point temperature was 21(C.  The moisture-laden wind would be forced up the windward side of the island and begin to cool at the DALR (1(C every 100 m).  It would reach the dew point after rising 400 metres above sea level.  Condensation would begin and clouds would form.  Because of the generation of latent heat, the rising air would cool at the WALR (0.6(C for every 100 m.)  


By the time that the rising air has reached 500 m above sea level, it has cooled just 0.6(C from its dew point temp. of 21(C, which it reached at 400m.  So at 500 m, the temp. will be 20.4(C.  Therefore, at the highest point on the island (900m), its temperature will be 18(C (21( minus {5 x 0.6(C}).  Once the air begins to descend from the highest point, it will start to warm up, and condensation will stop.  The air will increase in temperature at the DALR.  By the time it reaches Lautoka, it has increased in temperature by 9(C and is now 27(C (18(C + {9 x 1(C])


(USP 2010, Course books for GE101, USP, Suva)
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Amount of water vapour that can be held, in gm per cu. m.





(WRI 1986, World Resources 1986, WRI, New York)
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Fig. 35:  Global circulation of water, in thousands of km3  





Fig. 33





Fig. 46
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Fig. 45





Fig. 44





Fig. 34





Ground radiation 





Solar radiation





Diurnal temperature change





Fig. 32





Fig. 31





Ground surface





OUTGOING RADIATION FROM THE EARTH (LONG WAVE) IS TRAPPED BY GREENHOUSE GASES IN THE ATMOSPHERE, SO MAKING THE ATMOSPHERE WARMER





� INCLUDEPICTURE "http://www.astrosurf.com/luxorion/Physique/temperature-variation-diurne.gif" \* MERGEFORMATINET ���





INCOMING SOLAR RADIATION 


(SHORT WAVE AND LONG WAVE)
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Fig. 30
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Fig. 29





Fig. 28











Fig. 27





Gas�
% by volume�
�
Nitrogen�
78.084�
�
Oxygen�
20.946�
�
Argon �
  0.934�
�
Carbon Dioxide�
  0.033�
�
Neon�
  0.00182�
�
Helium�
  0.00052�
�
Other trace elements – Krypton, Hydrogen, Ozone, Radon, etc. �
  


  0.00066�
�
Water Vapour�
 Varies from 0.0 to 5.0�
�






� INCLUDEPICTURE "http://confusedbytheworld.com/wp-content/uploads/2009/02/atmosphere1.jpg" \* MERGEFORMATINET ���











Measuring tube





Fig. 26
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Fig. 25
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Fig. 24





RAISED REEF


(landform)

















PLATE TECTONICS





VULCANICITY





FLUVIAL PROCESSES





CYCLONIC PROCESS





Fig. 23





Fig. 22





Fig. 21
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On Fig. 19:





Show the direction of flow of the river that is already marked


Mark on two more rivers.  Show their direction of flow.


Label four spurs.


Number the contours at a VI of 50 metres.  











Fig. 20





500





Fig. 19





metres





200 m 





1:  100,000 represents 1km





B





On Fig. 17:





Number all the contour lines


State the vertical interval


State the height of the land at point C …………… and point D ………………..


Show the scale of the map in two other ways


Draw a cross-section from point A to point B


Shade land over  400m. high


Write the word “COL” in the appropriate place
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  Fig. 17





                                                                                        





  Fig. 18
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Fig. 15
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Fig. 14





You are here





30o eastwards





15o northwards





Fig. 13
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Fig. 12





Fig. 11





Fig. 8:  Cross-section through the earth





� INCLUDEPICTURE "http://facweb.bhc.edu/academics/science/harwoodr/geog101/study/images/Lat.gif" \* MERGEFORMATINET ���





� INCLUDEPICTURE "http://facweb.bhc.edu/academics/science/harwoodr/geog101/study/images/Longitude.gif" \* MERGEFORMATINET ���





Fig. 10:  Meridians of longitude





Fig. 9:  


A great circle





� INCLUDEPICTURE "http://facweb.bhc.edu/academics/science/harwoodr/geog101/study/images/Long.gif" \* MERGEFORMATINET ���





� INCLUDEPICTURE "http://facweb.bhc.edu/academics/science/harwoodr/geog101/study/images/GreatCircle.gif" \* MERGEFORMATINET ���





Fig. 7:  Parallels of latitude





� INCLUDEPICTURE "http://facweb.bhc.edu/academics/science/harwoodr/geog101/study/images/Latitude.gif" \* MERGEFORMATINET ���





Fig. 6





On Fig. 3, show the following:  


 EQUATOR		AXIS		NORTH AND SOUTH POLES	DIRECTION OF ROTATION		HALF OF THE EARTH IN DAYLIGHT





For each of the earth’s positions shown on Fig. 4, indicate the following:


DIRECTION OF ROTATION	          DAY & NIGHT           DATE AND MONTH           SOLSTICE OR EQUINOX





Fig. 3





� HYPERLINK "http://en.wikipedia.org/wiki/Planet" \o "Planet" �Planets� and � HYPERLINK "http://en.wikipedia.org/wiki/Dwarf_planet" \o "Dwarf planet" �dwarf planets� of the Solar System. Sizes are to scale, but relative distances from the Sun are not.
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Fig. 2





Fig. 1

















Fig. 47





EXAMPLES OF TRADITIONAL HOUSING IN DIFFERENT PARTS OF THE WORLD
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PRESENT DAY





Fig. 48














The Unity and Diversity of Life, p. 839





Pyramid of energy flow through Silver Springs, Florida, as measured in kilcalories per m2 per year.











Fig. 49:  A natural terrestrial ecosystem
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Fig. 50: 


Food web in the waters 


of the Antarctic Ocean
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Fig. 50 
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Fig. 51:  Biomass pyramid for Silver Springs, Florida 
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� “breathing roots”  that stick out above the mud
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