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Clima.te Change and Sea Level

ln order to produce these Curriculum Modules for the Pacific Schools on the issues of Climate Change and

Sea Level, as a frst stage, a four-day long meeting was held during 3-6 October, 1995 at the National Tidal

Faciliry [NTF] and the necessary guidelines were laid down by the personnel from the NTF, the South

Pacrfic Regional Environmmt Prograrnme [SPREP] and the Atmospheric Radiation Measuremenl [ARMI
programme of USA.

As a second stage, a two-week long Curriculum Development Workshop was successfully held during 4-14

June 1996 at Apia, Samoa. Fourteen participants from I I Pacific Island Countries IPICs] took part in the

workshop along with the six-member resource team from NTF, SPREP, Samoa Teachers' College and

Schools of the Pacific Rainfall Climate Experiment ISPaRCE]. As a substantial outcome of the workshop, a

rough draft of eight curriculum modules on Climate Change and Sea Level were produced during two

weeks. This educational material is mainly targeted to the upper primary and lower secondary level of the

schools in the PICs. The main participants of the above workshop are shown and listed here-

(ix)





List of Participants

No Name Country No Name Corurtry

Mr H Segal FSM T2 Mr F Malele Samoa

z Mr A Sela Fiji l3 Mrs T Afamasaga Samoa Teachers' College

J Mr T Tebakabo Kiribati l4 Mr P Varshese Samoa Teachers' College

Mr K Kusto Marshall Islands I5 Mr K Kolose Samoa Teachers' College

5 Mr L Siakimotu Niue l6 Dr M Morrissey SPaRCE. USA

6 Ms E Veneo PNG l1 Dr S Postawko SPaRCE, USA

7 Mr C Pierce Vanuatu l8 Dr T Aung NTF. Australia

8 Mr S Panda Solomon lslands r9 Dr C Kaluwin SPREP. Samoa

I Ms S Tapueluelu Tonga 20 Ms G Caufa-Uesele SPREP. Samoa

l0 Ms T lelemia Tuvalu 2l Ms K Wyan Oregon Uni, USA

ll Mr T Suaesi Samoa Participants from Cook Islands and Nauru were absent.

Subsequent compiling, reformatting, rewriting and editing of the above eight modules were carried out step

by step by the Training Coordinator of NTF and Climare Change Officer of SPREP simultaneously in

Adelaide and Apia; their work was overseen closely by Emeritus Professor G W lrnnon, AO-For the final

publicarion, further discussion among NTF, SPREP, ARM and SPaRCE took place in Noumea, New

Caledonia during the Third SPHEP Meeting on Clinnte Change and Sea Level Rise in the Pacific between

18-22 August lggT based upon the edited version and the topics covered. It was decided to produce two

parts such as, Part One: Physical Science and Part Two: Sacicl Science in a text form lbr both teachers and

students.

Part One: Physical Science was successfully published in February 1998. Due to their strong background in

physical science, the editors found the task rather daunting in relation to the production of Part Two: Social

Science. Although the editors are well aware of the main tbcus of this social science part, from time to

time, the theme of the text leaned on physical science. However, the third editor rewrote most parts of these

modules in very simplistic way. We do hope that our present work may be regarded as a step fonpard tbr

the Pacific needs of educational materials on Climate Change and Sea Level issues, if not a long march!! It

may be appropriate to quote the following extracts tiom the Encryclical Pacem in Teris by Pope John

xxln u88l-19631.

llevertheless, in order to intbue civilisation with soand principles and enliven it with the spirit of the gospel, it

is not enough to he illunined with the Stlt o! faith and enkindled with the desire ol for*arding a good cause'

For this end it it necestary lo take an active part in the various organisations and influence them Jrom within'

And since our present age is one of outslanding scientiftc antl tethnical progress and excellence, one will not

he ahle to enter these organftations and work effectivety from within unless he/she is scientilically com7etent,

technitally capable and skilled in the practice o! hh/her own prolession...... [Official tronslation of Varican

Press Officel

We are indebted ro Ms L fu'apai and Ms S Patelesio of SPREP lbr their clerical assistance during the

curriculum producing workshop in Apia. At a later stage, we thank Mr G Musiela, Ms H Westrup and Mr

D Strauss of NTF for their assistance in proof reading and many other computer related aids. We gratefully

acknowledge rhe financial support provided to produce this publication by the Australian Agency for

International DevelopmentlAusAlDl and the other sponsors, NTF, SPREP, ARM and SPaRCE'

T.H.A.

June 1998

Adelaide, South Austalia

C.K.

(xi)
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Evfltileurce ,of

Overview

The passage and change of the seasons provides a rhythm to our lives. In certain areas where we

live, we are able to notice and understand the changes which affect our lives, however, we have a

long way yet to travel before we have a full understanding of all of the factors that contribute to

climate change. We have gathered evidence which suggests that long-term trends in climate as the

years progress, are occurring and that they are occurring at a significant rate. In the shorter time

scale, although we expect cyclones at certain times of the year and we are accustomed to seasonal

cycles of rain and months of drier weather, nevertheless we are aware of the fact that such

patterns can change dramatically, as can the intensity of their impact. Such is the evidence which

leads us to accept the probability of regional and global climate change.

However, it is to be noted that the global temperature, as indeed other indicators of climate, is
rather like the level of unemployment. It is hard to define or measure, and easy to misunderstand.

Whenever the northern hemisphere has an unusual hot summer, newspapers attribute it to the

greenhouse effect. Whenever it has a particularly cold spell in winter, the same papers ask "what

happeneil to global warming?" Both comments are misleading.

We need to search for an established long-term background trend in climatic data which by their

very nature, as a result of complex interaction of atmosphere, ocean, and land mass with the

incoming solar radiation, can demonstrate great variability in all coneeivable time scales and with
large shorter term departures from the average condition.

Aims of the Module

(1) To provide examples and evidence of climate changes in the Pacific region and world-
wide.

(2) To look at the El Niflo phenomenon, Greenhouse Effect, global warming and sea level

changes in general.

Objectives

Knowledge and U nderstanding :

At the end of this module the students should be able to:

CHmntaue



Module One Evidence of Climate Change

- list the factors that influence climate

- list the major greenhouse gases

- compare and contrast the concepts of natural greenhouse effects and the enhanced
greenhouse effect

- demonstrate an understanding of global warming

- explain the distinction between weather and climate

- understand the El Niio phenomenon

Knowledge Base

Climate Change Through History

Scientists know that there have been many climatic changes throughout the Earth's history. For
example, the overall temperature across the globe is at least 5.5 'C (10 'F) higher than that of 75
million years ago. Yet, the Earth has also experienced periods of significant cooling, as was the
case 20,000 years ago. At that time, temperatures dropped and heavy snow and ice covered large
areas of the planet. An illustration of some of the more recent shifts in temperature is shown in
Fig. l.l (a) and (b).
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Module One Evidence of Climate Change

While these changes in overall global ternperature, particularly those shown in Fig. 1.1 (b), have

been very dramatic, it is clear that climatic variability cannot be explaind solely as the result of
human activity. It is also clear that such shifts must form part of the Earth's natural pro€sses.

Figure. 1.1 (b) illustrates long term temperature variations, while Figure. 1.1 (a) shows the

comparatively minor changes that have occurred during the last one hundred and thirty years.

While the changes shown in Fig. 1.1 (a) appear to be small, it is important to remember that even

minor fluctuations can have a significant effect on the environment.

However, certain human activities that have taken place during the last cennrry have also

contributed to climate change. This is particularly true in the case of the Enhanced Greenhouse

Effect, which is caused by an excess of greenhouse gases generated by the use of some certain

products such as aerosol sprays, refrigerators, fire extinguishers, air conditioners, cars, fertilisers,
etc.

The use of certain products, which have become particularly popular during the last several

decades, has led to an increase in greenhouse gas emission. For example, excess

ChloroFluoroCarbons (CFCs) are emitted by refrigerators and certain types of air conditioning

units. The use of aerosol products in the cornmon spray cans also increases levels of CFCs.

Certain types of fertilisers add additional nitrous oxide, while burning of fossil fuels (oil, gas,

coal) increase levels of carbon dioxide (COJ.

However, these are only a few example of factors leading to changes in the climate. While

scientists have been able to determine some of the causes of climate change, many are still only
partially understood. Some are still a mystery. A schematic view of the components of the global

climate system, their processes and interactions and some aspects that may change are illustrated

in Fig. 1.2.

In understanding more about climate variability, then climate change and its consequences, let us

look at some specific examples and events such as, the El Nifro phenomenon, the Greenhouse

Effect, global warming and sea level changes.

PrsjpilalDtr-
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Fig. 1.2: A schematic diagram of the global climate system.



Module One Evidence of Climate Change

EI Nifro Phenomenon

After the annual seasonal cycles of weather conditions which contribute to the climate of a

location, the most notable aspect of climate variability is that which distinguishes one year from

its neighbours. World-wide, but particularly in the Pacific region, conditions seem to oscillate

between two states, one being notably much drier than the other. The name El Niflo refers to such

state and takes its nlune, which refers to the Christ CYtild, from an oceanic fearure which may

occur, perhaps on average about twice in each ten year period with an onset near to the Christmas

season.

In a normal yeat a strong ocean current, the Peru or Humboldt current, flows northwards towards

the equator along the western coast of South America. Due to the rotation of the Earth on its axis,

such a sinration is associated with surface water being deflected away from the continent to be

replaced by cold nutrient-rich waters drawn upwards from the depths. This mechanism has the

name, upwelting. The nutrients ensure a good harvest for the fisheries. From the point of view of
climate, the presence of cold surface water communicates with the atmosphere, so affecting

climate.

In an El Niflo year the ocean circulation is affected, weakening the coastal current in the eastern

Pacific. The surface waters are warrner than normal, again affecting climate but the lack of
nutrients creates a serious situation for the fisheries. During El Nifro the easterly surface winds

weaken and retreat to the eastern Pacific, allowing the central Pacific to warm, and the rain area

to migrate eastward.

However, the El Niflo phenomenon is not restricted to the eastern south Pacific. What is more

important world-wide and for the general Pacific region in particular takes place in the equatorial

Pacific and takes the form of complex interactions of ocean and atmosphere. In an El Nifro year

the warm surface water, normally resident in the western equatorial Pacifrc can be found instead

in the central and eastern Pacific. With sea surface temperaures 3 to 4 "C higher than normal,

convection, clouds and rain are produced in and from the overlying atmosphere at the expense of
the western equatorial Pacific. This shift serves also to block the above-mentioned upwelling

feature along the South American Pacific coast.
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Fig. 1.3: A schematic diagram of a normal year in the Pacific region.
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HIGH AIR PRESSURE LOW AIR PBESSURE
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6 000

Fig. 1.4: A schemarlc diagram of a typicat El Niflo year in the Pacific region.

El Nifio leads to decreases in the normally prevailing east-to-west trade winds, thus weakening the

upwelling process. This leads to dramatiC changes in the climate. During a normal year, the

surface waters of the central and eastern Pacific stay cool and rain is concentrated near the

warmer waters off the coast of Papua New Guinea in the western Paciftc. During an El Nif,o

year, decreases in the easterly winds lead to a warming of the central and eastern Pacific. This

t"uses the rain area to move eastward, which leads to heavily increased rainfall in some areas'

During an El Nifro, the western Pacific typically gets much less rainfall than normal. The changes

in wind direction and speed may also cause heavy storms and cyclones in areas that usually

experience mild weather.

The atmospheric effect of the El Niflo phenomenon can be monitored by the Southern Oscillation

Index [SO[, which simply indicates the atmospheric pressure gradient between Tahiti and Darwin.

In an El Niflo year, the gradient reverses to give pressures at Darwin considerably higher than

those observed at Tahiti.

The El Nifro generally means drought in Australia, Indonesia, the Philippines and PNG with

tropical storms in the ascendancy in Tahiti an Polynesia in general.

Global warming is thought to increase the occurrence of El Niflo events.

Greenhouse Effect and Global Warming

The Greenhouse Effect refers to a naturally occurring phenomenon that is responsible for

maintaining a temperature that supports life on earth. However, this is often confused with the

Enhanced Greenhouse Effect 
^ni- 

Global Wanning. The following section will provide an

explanation of these terms.

cool dry

sinking air-lr--
*+

ll
<___J \_____-

E

Eg)
o

warm patch of ocean

Pacific Ocean



l"
t'

Module One Evidence of Climate Change

Greenhouse Effect

The Greenhouse Effect occurs because of the trapping of heat reflected from the Earth's surface

by certain gases in the atmosphere. Without the Greenhouse Effect, life on Earth as we know it
would be impossible. The greenhouse effect in itself is not intrinsically bad. In fact, it is a feature

necessary to support life.

Using the following Fig. 1.5 and accompanying information we can see the Earth's radiation and

energy balance and how the Greenhouse Effect operates:

Fig. 1.5: Simplified illustration of Earth's energy balance and how the Greenhouse Effect

operates. The numerical units in the figure, W m? is energy in Watts received by each

square metre of area.

Imagine that 100 units of solar energy are being beamed from the Sun to the Earth.

Because of its nature this is termed short wave radiation so that it has the ability to
penetrate the atmosphere although 42Vo is either absorbed en route by ozone, water vapour

and dust. or reflected from clouds etc. A further 9Vo is reflected from the Earth's surface'

Nevertheless 49Vo of the energy is estimated to be absorbed by the Earth's surface.

However the Earth's surface re-radiates energy outwards through the atmosphere, but it
does so in much longer infra-red wavelengths which have much greater difficulty to

penetrate the atmosphere on the refurn journey. Much of this re-radiated energy is

subjected to back-radiation from the greenhouse gases which trap the outgoing heat and re-

transmit this back to the Earth's surface. The total balance is further complicated by the

effects of evapo-transpiration from the Earth's forests and flora, making up a delicate and

complicated balance.

(a)

(b)



(d)
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(c) In this sense the greenhouse gases play an important and positive role in ensuring that

temperatures on Earth sustain life, as we know it, otherwise the Earth would be a cold and

miserable place. What is the subject of concern is that this positive role may now be

affected by human practices and practices through the years, which just might be

throwing this delicate mechanism off balance by causing more back-radiation from the

atmosphere. The end result would be warmer global surface temperatures.

Figure L5 goes further than to deal with percentages as above and attempts to quantiff

energy in its several components. The unit used is W m-2, or Watts per square metre in an

areal sense.

Enhanced Greenhouse Effect and Global Warming

The Enhanced Greenhouse Effect is a different matter altogether and occurs when excessive

amounts of Greenhouse Gases [carbon dioxide, methane, nitrous oxides, chlorofluorocarbons] are

placed in the atmosphere often through human activities, such as the burning of fossil fuels and

pastoral activities. The following Table 1.1 provides a description of the activities which cause

these excessive emissions, and the significance of their contribution to the Enhanced Greenhouse

Effect.

The above table does not claim to be a complete list of the greenhouse gases, indeed others are

still being identified. Among the most complicated, perhaps is Ozone, about which a few words

are justiired here. Ozone is toxic at the Earth's surface yet can be environmental beneficial in that

its presence in the stratosphere plays a major role in limiting the harmful ultraviolet radiation

,r"ihing the Earth's surfaci, and yet even this benefit has to be balanced by the fact that also in

the stratosphere it acts like other greenhouse gases promoting global warming. Then it has to be

realised that Ozone does not welcome the presence of many of the other greenhouse gases, even to

the exrent that its concentration in the upplr atmosphere, and especially in high latinrdes is at risk

from attack and depletion by other gase.. In fact in consequence, there is more concern over the

depletion of Ozbne by its interaction with other greenhouse gases, notably the

ChloroFlouroCarbons, than in its role as an agent fcrr climate change. Ozone depletion threatens

humanity through the incidence of skin cancer and genetic damage. It also threatens natural

mechanisms which currently automatically remove other gas hazards from the environment, such

Table 1.1: Sources of Greenhouse Gases and relative Enhanced Effect

Gas Source of Increased Emissions Relative Contributions
to Enhanced

Greenhouse Effect

Carbon Dioxide Combustion of fossil fuels: coal, oil and gas. Deforestation

involving burning and decreasing vegetation.
-55 %

Methane Agricultural activities: releases from farm animals, humans and

rotting vegetation in rice pacldies. Rubbish tips, landfills and

wood buming. Releases from coal mines and natural gas leaks'

- ts%

Chlorofluorocarbons
and Halons

CFCs used in refrigeration and air conditioning, as propellants

in aerosol spray cans, and in foam products for packaging and

insulation. Halons used in fire extinguishers. These are also the

gases which deplete the ozone layer.

-24%

Nitrous Oxide Fertiliser use. Combustion of fossil fuels, Motor vehicle

emissions.

-6Vo
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at the take-up of carbon dioxide by the oceans. The story of Ozone represents a prime example of
the many difficulties which surround corrective policies in the matter of climate change, not to
mention the tendency for attention to one problem serving to increase the danger from another.

Generally the release of the greenhouse gases has a strong effect on the delicate balance of the

atmosphere, and when there are greater levels of these gases in the atmosphere, they will trap

more heat in the lower atmosphere. There is evidence which shows a 30Vo increase in the levels

of atmospheric carbon dioxide (COr) over the past 200 years. If the world community fails to act

on this problem, scientists calculate that the continuing increase of greenhouse gases could lead to

an overall temperarure increase of -2'C world-wide over the next 100 years, perhaps more.

How much Global Warming is currently occurring?

Climatologists have observed a slight but fairly steady rise in temperatures since the 1880s, when

reliable temperature records became available worldwide'

What does this Slight Rise teII us?

It is still too early to be certain that this indicates a long term trend which will continue or

whether this is a part of a natural cycle which will eventually reverse. Nevertheless, we cannot

afford to ignore the rise.

It is important to establish if increasing temperarures signal Global climate change. To do this,

one must be sure that ttre temperature measurements represent the entire planet and that they offer

a global perspective.

How is this done?

Meteorologists try to make measurements which cover the entire globe by dividing the planet into

an enormous imaginary grid. They then attempt to ensure that each element in the grid is serviced

by a weather station

In addition to weather stations on the ground, scientists take measurements at sea and also take

measurements remotely from satellites fitted with delicate sensors.

Averaging all the measurements produced by these stations yields a global average temperature.

Plotting these averages on a graph enables meteorologists to observe trends in rising or falling

temperatures, but long records over many years are essential if the trend is to be identified against

a background of noisy natural phenomena.

Can the Future be Forecastfrom Past Evidence?

The identification of climate trends is no easy matter. The Earth's system contains complicated

interactions of atmosphere, ocean and land-based processes. Both atmosphere and particularly the

ocean have the capacity to store heat and to transport it over great distances. It is now believed

that processes occurring in one location [such as the cooling of the ocean surface in the high

latinrdes of the North Atlanticl may well be controlling the transport of heat and ocean circulation

as far as the antipodes [such as in the above case the trans-equatorial flow from the Pacific Ocean

to the Indian Oceanl. In these circumstances the risk of deception by investigating too regionalised
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an area or too short a record are obvious, and even a world-wide comprehensive data bank of
good quality observation over a period of 50 to 100 years may still deceive the world's best

scientists.

It is also necessary to bear in mind that over the Earth's long history there is evidence that climate

as oscillated over a great range, sometimes warmer, sometimes cooler. The evidence is that the

Earth does have the capacity to correct and reverse these wild swings without the influence of
human activity. Even if we are to identify a long term trend in climate with surety, it will still be

necessary to ascertain whether this is part of the natural sequence of the Earth's fluctuating

climate or whether this really is a response to human influence.

Nevertheless the risks are too great to ignore if there is the slightest chance that human activities

do carry blame. Indeed the argument is persuasive in view of the serious possible consequences,

that corrective action should be taken, just in case, before we are really sure of the processes.

Some Aimatic Factors

First of all we must be sure that we are correctly measuring climatic parameters, and consequently

we should understand the major distinction between climate and weather.

Weather:

Climate:

refers to atmospheric conditions on a short time scale such as days

or weeks. If it is sunny and hot today, and rainy and cooler

tomorrow, there has been a change in the weather-

refers to conditions over a longer time scale where the

disturbances of weather are averaged into an accepted seasonal

pattern over the year and where there is some expectancy that such

an annual pattern will persist over several years.

Gtobal Climate Chonge: refers to a worldwide shift or trend in atmospheric conditions

extending over years, decades, centuries or millennia. The

expected climatic condition is modified, usually marginally, as the

years progress.

By this definition, we have over the last hundred years experienced slight global warming' So,

what can we say about this global warming?

Remember that, three hot summers do not mean global warming, nor do three cold winters mean

a new ice age. The most that statistics can tell us at present is that there does appear to be a

genuine warming trend. Whether this trend is the effect of greenhouse gas emissions or of a

natural fluctuation due to some as-yet-undiscovered mechanism cannot be determined from an

analysis of the global mean temperature alone. Such natural, century-time-scale fluctuations appeiu

to have occurred in the past [although none in the last 9000 years was as large as the change

forecast to occur over the coming centuryl. Unambiguous detection of climate change is likely to
be a painfully slow process, involving much more detailed comparison of climate model results

observations.

Climate responds to so many factors that it is diffrcult to be sure that the proposed climate models

used by scientists today are appropriate and complete.
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Factors that influence Climate

(a) Astronomicallnfluences:

- Changes in Earth's orbit around the Sun or changes in the distribution of solar energy

sweeping Earth's surface.

- Changes in ovalness of the Earth's orbit [period of 100 000 years].

- Changes in tilt of the Earth's axis [period of 41 000 years].

- Closeness of Earth to Sun [period of 22 000 years].

- Inclination of plane of Earth's orbit to the average plane of the Solar System

lthe 100 000 year cycle involving cycles of atmospheric dust].

(b) Geological Forces:

- Plate tectonics carry land masses to warmer or cooler latitudes. Volcanic activity carries

large quantities of dust to the upper atmosphere and reduce incoming solar radiation.

(c) Meteorological Influences:

- Cloud cover and winds contribute to climate.

(d) Physical Processes:

- In the oceans and atmosphere interact to cause climate changes.

(e) Life Clcles:

- Of plants and animals affect the balance of climate.

[t all adds up:

All these contributions to global climate are natural. In other words, changes mn take

place irrespective of the presence of human beings on Earth. Astronomical, geological and

meteorological processes of the past had nothing to do with humans.

But:

Human beings would be unwise to ignore the effects of their activities on climate.

wtry?

There is increasing evidence that our activities can alter global climate as indicated earlier.

In summary, we are also adding gases to the atmosphere which appear to have warmed the planet

over the last hundred years. These gases are the so names 'greenhouse'gases.

10
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Sea Level and Climate Change

Atmospheric and oceanic processes have a powerful effect on changes in sea level. These changes

are associated with variations in space and time of temperature, salinity, ocean currents and the

combined results of the atmosphere and the ocean interaction which causes irregular patterns, such

as the El Nifro effect.

Changes of sea level occur in a wide range of time scale:

Wind Waves

Tides

Stonn Surges

Seas onal O s ci llat i otts

Longer Period Clmnges

of Mean Sea Level

periods of a few seconds

regular periodic cycles with periods of a few hours to

many years

sometimes locally named as King Tides are temporary

disturbances due to the effects of atmospheric pressure and

to wind stress setting water in motion

in response to seasonal cycles of atmospheric conditions

reaching prominence in the case of monsoon conditions

in response to climate change through thermal expansion

of the upper layers of the ocean and/or the addition of
mass to the oceans by changes in precipitation [or
evaporationl and/or melting of land ice

Although the fears of global warming tend to focus upon the latter long term changes of mean sea

level, all the above are relevant to some degree. For example:

The incidence of storm wave conditions could change to create more serious problems of coastal

erosion or perhaps, as some scientists suggest, climate change might well cause zones of exposure

to tropical cyclones to shift in latitude oi increase in frequency along with storm surges as the

cfrange tends to increase atmospheric pressure gradients. Similarly monsoonal and less dramatic

seasonal patterns could well be affected in ways which could see more or less frequent incursions

of the ocean onto land or exposure of the beaches.

The volume of water in the oceans may increase and sea levels may rise if there is an increase in

global temperature. This volume increase would be due to two factors. Firstly, if the atmosphere

warms, the ocean will also be warmed slowly, and water expands as it warms' Secondly, some of

rhe warer now locked into land-based ice wilt melt and change into'a liquid form [water]. If this

ocsurs, some scientist predicts that ocean levels may well rise through several centimetres by the

middle of the next century.

The fear is that rising sea levels may flood low-lying atolls like Kiribati, Tuvalu and the Marshall

Islands. Urban centris of high Pacific countries may suffer damage from high water levels or

storm surges.

If warming oceans also intensiff rainstorms by speeding evaporation and condensation in the

overlying atmosphere, water leveis will rise even further. This is particularly true if severe storms

such as hurricanes and typhoons become more frequent.

1l
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Statistics on Sea Level Rise

According to many studies, the global mean sea level may have risen by one or two centimetres

since 1990 at the rate of one to two millimetres per year. Climate change [global warming] is

expected to cause a further sea level rise as the years progress.

There remains much uncertainty as to the size of the sea level response despite the attention of
world experts. For example, the Intergovernmental Panel on Climate Change IIPCCI met in Rome

in December 1995 to prepare the Second Assessment Report which was reviewed by 2000

scientists from 130 countries over a ZVz year period. The complete assessment contained 1500

pages and l0 000 references. Based upon a 'best estimate' of the elements of climate change the

report suggests that sea level may rise by 50 cm from the present to the year 2100. The

uncertainty is such however that the report acknowledges that this estimate lies within a range of
probabitities from a low sensitlviry estimate of 15 cm to a high sensitivi4r estimate of 95 cm.

It is theorised that this rate even based upon past events and practices would continue beyond the

year 2100 even if concentrations of greenhouse gases were to be stabilised in the interval.

The IPCC points out that regional sea level changes may differ from global mean values owing to
land movement and changes in ocean currents. Also it is well to note that changes in the mass of
the ocean would cause some warping of the Earth's crust due to the geographic shape of the ocean

basins. Sea level rise is unlikely to be the same everywhere'

The following interesting findings have been extracted from published works:

O The tropical Pacific experienced temporary sea level anomalies of the order -30 to +30
cm during the EI Nifio South Oscillation (ENSO) period according to a study by French

scientists undertaken between 1979-1990.

O Tide gauge measurements at Pago Pago in American Samoa and at Honolulu in
Hawaii, showed a steady sea level rise of around 1.5 mm per year in the last 100 years.

I The combination of ocean expansion with a reduction in sea ice, possibly some melting

of ice shelves and a small positive mass balance of the Antarctica ice sheet, could cause a

rise in sea level of up to 40 cm by 2030.

I Though it is true that a rise in temperature would lead to melting, there is evidence that

ice from Antarctica would not melt to cause a catastrophic sea level rise! lnstead, what is

more likely to happen is that melted ice would renlrn as precipitate ice. The interior of
Antarctica is a desert where very little snow falls because the air is too cold to hold much

water vapour. An increase in air temperature would enable more water vapour to be

carried inland and to fall as snow, thus lncreasingthe ice in Antarctica.

Monitoring Sea Levels

Forecasting sea level rise is still an extremely inexact science. In the Pacific region, sea level

monitoring stations have been installed throughout the islands under the progralnme of the South

Pacffic Sea Level and Climate Monitoring Project to measure relative sea level changes due

mainly to climate change. In view of the uncertainties of the climate change models this is
regarded as the most responsible approach at this time.

T2
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Fig. 1.6: Map showing monttoring station in the Pacific countnes tbr measuring sea level changes.

For further information on the Proiect the contact addresses are as follows:

.\

ITTiIII.IIN
Etrlf,flEt\i

q . lrrrdEfF
EEE@.'

Australian Agency for International
Development [AusAID]

Administration
Pacific Multicountry Programme

Manager

AuMID, GPO Box 887, Canberra,

ACT 2601, Ausralia
Tel: [61 61 206 4906

Fax: [6] 6] 206 4880

National Tidal Facility INIFI

Ope ratio nal, Te chnical and Training
InJormation
The Director
NTF, The Flinders UniversitY of
South Australia. GPO Box 2100,

Adelaide SA 5001, Australia

Tel: [6] 8182017532
Fax: [6] 81 8201 7523

Email: ntf@fl inders.edu.au

South Pacific Regiond
Environment Programrne

lsPREPl

Informatian, Training and
Pacific Contact
Climate Change Officer
SPREP. PO Box 240, APia'

SAMOA
Tel: [685] 21 929

Fax: [685] 20 231

Email: sprep@samoa.net
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Relative sea level trends (in mm per year) at individual stations from their starting date to the

present are presented in Table 1.2. The values are calculated based upon statistical methods at

individual stations and details are available from NTF. An important point to note here is that

when the sea level records become longer, the trend will be more stable and reliable. It is also to

be noted that the observed trends in sea level include natural variability, events such as El Niflo

and effects due to several other atmospheric, oceanographic and geological processes. For these

reasons, the length of the sea level data set is not yet long enough to calculate meaningful trends.

Longer term data sets for all stations are necessary to identify the effects of different signals.

However, a growing number of people in the Pacific region are concerned about the climate

change and sea level rise. Consequently, they are interested to see the present relative sea level

trends of the Pacific region in general and the trends of their own islands in particular, regardless

of the length of sea level data. It is useful to note the impact on their lives caused by the frequent

occurrence of short term events. From this experience the impact of long tern rise can be

appreciated. In order to fulfil this burning desire and to feel the trends, the most recent calculated

sea level trends at 11 SEAFRAME stations are given in the following Table 1.2.

Table 1.2: Recent Sea Level Trends in the Project Area
Based upon SEAFRAME Data [Until January 1998]

No Location Length of Data [in months] Trend lmm y-rl

I Cook Islands 59 +8.8

1 Samoa 59 + 15.4

J Tonga 60 +27.7

4 Tuvalu 57 -3.6

5 FUi & +17.7

6 Kiribati 57 -6.1

Marshall 53 -19.0

8 Vanuatu 50 + 17.9

9 Nauru 54 -7.2

l0 Solomon 40 [with gaps] -16.6

n PNG 27 [with gaps] -3 1.9

Sea level drops as water ls
locled Into lce. When the
lce melts Into llquld water,
sea level rlses.

L4
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Demonstrations and Exercises

Activity 1: Reason for the Seasons

Objectives

In order to understand the reasons for the seasons and to study the motion of the Earth.

Materials

* two different sized balls [e.g. ping pong and soccer ball or beach ball]
* small pointed bamboo stick
* marker
* light source [optional]

Important Points to Understand

Most of us are aware that Earth rotates around the Sun. The motion of Earth relative to the Sun is

more complex than that of a smaller sphere simply circling around a larger one, however. [n fact,

several characteristics of the Earth's movement in space are important determinants of life.

Firstly, the path, or orbit, which the Earth follows as it moves around the Sun is not a simple

circle. Instead, it is an ellipse, or a slightly squashed circle. Secondly, in addition to orbiting

around the Sun, the Earth also spins (rotates) on its own axis, making one complete rotation in a

24-hour period. Think of this axis as an imaginary line through Earth from the North Pole to the

South Pole. Thirdly, the Earth's axis is tilted with respect to the plane in which it orbits' These

three observations explain why we experience night and day; why the relative lengths of day and

night vary from plaie to place and from time to time; and why we have seasons on Earth'

Because t|ese simple planetary processes control the daily and seasonal variation in the reception

of solar energy at all locations on the Earth's surface, they have a major effect on all manner of

life on Earth.

As the Earth makes its yearly elliptical orbit around the Sun, it travels close to the Sun on two

occasions: in spring and fall. These two seasons, in late March and late September, are marked by

equinoxes. A1equinox, by definition, occurs when day and night are equal lengths: 12 hours

each. At the equinox, despite the inclination of the Earth's axis, the Sun appears directly over the

equator so thai solar radiation is equally balanced between the two hemispheres. This does not

mean that the Sun will be directly overhead at mid-day, unless one stands at the equator itself' but

ar least this implies that there is an equal amount of daylight hours everywhere on the Earth at this

time. As the northern mid-summer [-June 21st] approaches, the inclination of the axis ensures

that the northern hemisphere is tilted increasingly toward the Sun. The Sun's rays strike the

southern hemisphere more obliquely and therefore less effectively, explaining that winter then

occurs in the southern hemispheie while the northern hemisphere enjoys summer conditions' The

reverse is the case at the time of the northern mid-winter. The tilt of the Earth's axis to the plane

of its orbit around the Sun is about 23t/z degrees. This means that at the equator the Sun at mid-

day is never more than23t/z degrees from being directly overhead. Consequently there are little or

no seasonal variations in the climate in locations near to the equator. Seasonal variation increases

with latitude, and this is consistent with the fact that the poles experience six months daylight and

six months darkness, although there is a lot of twilight to give partial compensation. Of course

nothing in the physicat univeise is quite so simple, so that it should not be a surprise to learn that

the inclination of the Earth's axis is not perfeitly stable in time; in fact like a spinning top, the

l5
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Earth tends to wobble in its spin, but that is perhaps too complex in principle and small in effect

to warrant further discussion in the present context.

Procedure

(1) Use paired small and large balls (eg, a ping-pong and beach ball, a grape and grapefruit)

to .eptes"nt Earth and the Sun [of course the Sun being represented by the bigger ball]. If
possible, mark the equator on the small ball, and label the Northern and Southern

Hemispheres. Slide a bamboo barbecue skewer through the small ball to represent the

Earth's axis. Move the small ball to simulate Earth's motion. Distinguish between rotation

and orbit. Be sure that Earth's axis is tilted, and that Earth rotates around it axis rapidly

relative to its elliptical orbit around the Sun. Refer to the illustration below. Notice the

position of the Earth relative to the Sun for each season.

lorl

ln a darkened room, have a single light source to represent the Sun and move the Earth

ball to represent the Earth's orbit. It may be better with rough outline of continents

marked on the ball.

Summer

Schematic diagram to explain the seasons. This is not drawn to scale, in fact the diameter of the Sun is 109 times larger

than the diameter of the Earth. The Earth has a near-circular orbit around the Sun with the Sun a little off-centre in the

direction ofthe northern winter case [x: the Sun is directly overhead]'

(2\ On the board or on graph paper, draw a time-line representing one year on Earth. For the

Northern Hemisphere, mark the onset of the four seasons, the solstices, and the

equinoxes. Mark off the length of time it takes Earth to rotate once around its own axis

and to travel once around the Sun.
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Activity 2: Micro-Climate

Objective

To identify, measure, and average microclimatic temperatures in a particular region.

Materials

* large white piece of paper or chalkboard
* pencils and erasers, or chalk
* I thermometer per student or per group

Important Points to Understand

Have you ever noticed how much cooler it is in the shade than in direct sunlight? Of course! Or

how much hotter it feels to stand on pavement as opposed to a grassy patch of land? Temperarure

differences within a small area are indications of microclinuiles: very small-scale climate

conditions. The following are a few examples of microclimatic variation:

0 dense, cold air sinking into the bottom of a valley can make the valley floor 20"C colder

than a slope only 100 metres higher

I winter sunshine can heat the south facing side of a tree (and the habitable cracks and

crevices within it) to as high as 30 'C, while the temperature only a few centimetres away

from the tree is below freezing [in a high latitude case, i.e. not in the Pacific].

O the air temperature in a corn or wheat field can vary by l0 'C from the soil to the top of
the canopy

Frogs, beetles, and other small animals experience temperature changes on even small scales (eg,

pockets of coolness formed by crevices in tree bark, the shade of a leaf, or moist soil beneath a

iock). Such small-scale temperature variations might seem unimportant, but they help set the

distribution and abundance.

Air temperature varies from one location to another (spatially) and from one time to another

(temporally). For example, there are large variations in temperarure with latitude (it is warmer at

the iquator and cooler at the poles) and over the seasons (it is warmer in summer and cooler in

wintei). Given these variations, how do meteorologists know what the planet's temperature is?

Average global temperature can be determined by dividing the globe into a grid and averaging

6.peirtur"s collectid from weather stations in each cell of the grid. Local temperatures reported

on the evening news and in daily newspapers are determined much the same way, but on a

regional scale. The same principle of averaging temperatures to calculate a single temperature for

an area can be applied to the classroom and the school yard.

Preparation

Discuss the difference between the following pairs of terms: climate versus microclimate; spatiat

versus temporal variation; climate versus weather. Give examples of each.

Temperature is a good example of an important environmental condition that might vary on a

microclimatic scale. List other environmental factors which might vary on a relatively small, or

t7
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(l)

(2)

microclimatic, scale.

Procedure

Exercises

Working individually or in small groups, identiff and draw a small-scale map of an area
to be sampled (eg., the classroom, playground, park, backyard).

Divide the map into a grid and identi$ potential locations for microclimatic differences
[e.g.: under shaded rocks, on the sunny side of a building, on blacktop versus a grass

fieldl.

Take thermometers to different locations identified on the map. Record the air temperature
in these locations, making sure enough time is allowed for thermometers to acclimatise to
their surroundings [approximately 5-10 minutes].

Record the data on the appropriate grid of your map, and calculate an average of all that
vou have collected.

Compare the different temperatures on the map. Were temperatures relatively similar at all
locations, or were there large variations? Is the average temperature closer to the
maximum or minimum temperature recorded?

Repeat the experiment on a day when the weather is quite different [perhaps due to cloud
conditions], and compare the results.

Can you identiff some locations which are characterised by warmer or cooler
temperatures than others?

(3)

(4)

(l)

(2)

(3)
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Activity 3: Current Weather

Objective

To understand the difference between weather and

environment.

Materials

* loeal weather information from newspapers
* printed charts for the temperatures
* colour pencils

Important Points to Understand

Weather:

Climate:

climate and changes that take

Current atmospheric conditions including temperature, rainfall, wind, and

humidity [e.g. what's going on outside now, what's likely to happen tomorrow].

General weather conditions expected in a given area, usually based on the 3O-year

average weather. May also be applied mole generally to large-scale weather

patterns in time or space [e.g. an Ice Age climate, or a tropical climate].

a glven

Preparation

you will need to locate daily weather data from several local newspapers and record your findings

in graph form. Daily weather data often include high and low temperatures, record high and low

temleiatures, and normal high and low temperatures. Using weather data collected from the local

n.*rpup.tr, graph data and compare daily weather information with longer term climate, trends'

To separate daily weather from climate the National Weather Service uses values from the past

thirty years to compile average weather. In the study of Global Climate Change, scientists use

.urn tong"r time peiiods, prefirring to go back as far as the historical record will go, as long as it

is thought to be accurate.
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Module One Evidence of Climate Change

(l)

(2)

(3)

(4)

Procedure

Prepare graphs to record data (the detail of the graph will depend on the duration of your

weather data collection and which data you choose to include).

Collect data [do not forget weekends] by clipping weather data from the newspapers.

Record this information in a notebook.

Either daily or weekly, record each day's weather data on the graph'

Using your graphs, compare daily weather with normal or average condition. Then answer

the following questions in your notebook and prepare to discuss the answers in class with

the values you have recorded.

(a) Among the various items which you have plotted, which shows the most variability,
the daily values or average values? Why?

(b) If you were asked to predict the weather for tornorrow from the data shown on the

graph, what data would you find the most useful, the daily or average values?

(c) Would the answer change if you were asked to predict the weather one month ahead?

Try to access an annual temperature records for a high latitude ciry like, New York,
perhaps from the local Pacific Island Meteorological Office and compare the temperature

range with that of your own country.

Activity 4: Your Own Greenhouse

Objective

The objective
temperature.

Materials

is to make your own small greenhouse and in a simple way to test

t a plastic bottle
* nail
* 2 thermometers

Important Points to Understand

In cooler climates greenhouses are used to control the environment of plants so that they can grow

in a season or in an area where they would not normally grow. When you have a chance to visit
some cold countries like New Zealand and some parts of Australia, try to visit a greenhouse and

see how its environment is different to that outside.

(s)

its effect on
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(1)

(2)

(3)

Procedure

Questions

(l)

(2\

(3)

(4)

Make a hole near the top of the plastic bottle with the nail and insert one thermometer.

Place the second thermometer next to the bottle.

Make sure that the same amount of sunlight reaches both the thermometers as shown in

the figure.

Record the temperature values from both thermometers after l0 minutes or so.

Take the temperature records again after another l0 minutes. You may repeat that

Procedure a few times.

(4)

(s)

Do both thermometers record the same temperarure?

If the answer is No for the previous question, which one is higher?

Can you explain why these two temperafure records not the same?

Can you give a similar example to demonstrate the greenhouse effect in our daily life?
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Activity 5: Global Warming

Objective

In order to understand the Enhanced Greenhouse Effect and the effects of Global Warming.

Important Points to Understand

If the emission of Greenhouse gases continues at the present rate, it could have a serious impact

for our weather, and for life on Earth.

The Earth's temperature over the last 100 years has increased by about 0.5 "C and if we continue

to produce greenhouse gases at the present rate, global temperature could rise by about 2 'C by

rhe year 2100.

In general, the Greenhouse Effect keeps the Earth comfortably warm by trapping heat in the

atmosphere. The natural greenhouse gases act like a big blanket around the Earth. Extra

greenhouse gases mean that more heat gets trapped. This causes the temperature on Earth to rise

and it could seriously affect the Earth's weather in a number of ways, such as:

Temperatures:- could rise as more heat is trapped by the greenhouse gases.

Weather pattents:- around the world could change and become more erratic.

Sea levels:-

Ice and snow:-

Flooding-

Oclones:-

Brtsltfre:-

Animals and plants:-

Food production:-

as water is heated, it expands and so sea level rises in response to
global warming.

higher temperatures melt ice and snow which could make the sea

level rise even more, if ice on land is melted.

sufirmer rainfall might increase because of temperanrre rises, and

coastal areas could flood because of sea level rises.

as temperatures increase in the tropics, stronger cyclones could

possibly occur.

higher temperatures could lead to an increase in the number and

severity of bushfires.

could be affected as the weather changes, and their habitats

change.

could be affected as the pattern of rainfall and temperatures

chanse.

Procedure

Write an essay (about 2 pages) on "Living in a Greenhouse Future" to show how life will be

different if the Enhanced Greenhouse Effect continues'
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Overview

Climate differs according to location. It differs according to latitude, a distinction which is linked

to the strength of the incoming radiation from the Sun. It differs according to regional siting'

whether oceanic or continental for example, but also with reference to its exposure to atmospheric

and oceanic circulation processes. Sitings on west, central, or east of land masses show

remarkable climate differences. Oceanic islands constitute a special and generally more favoured

case which tends to show less extreme variations in climatic conditions.

More particularly, in the context of this study, climate can change over time, and such changes

can bi quite local or regional in some cases, while in others they can be of world-wide

significance. Again although the main thrust of these notes concentrates on the response to human

aciivity, and especially over the most recent period of historical time, it is necessary to view such

responses against a background of evidence which demonstrates that the variability of climate has

been great throughout the history of the Earth. The geological record shows that the Earth has

experGnced many ice ages as well as intermediate periods of warmth, oscillating from one

condition to the other, over the past four billion years.

Some of the major such natural climate-modifying factors can be listed as follows:-

r Volcanic eruptions - the release of gases and the injection of obscuring dust into the

atmosphere

r Fluctuations in solar radiation and its reflection from a changing Earth surface exposed to

continental drift and other tectonics

. Astronomical cycles of long period such as changes in the Earth's orbit around the Sun

which can take the Earth through more or less dusty regions of space

r Changes in the tilt of the Earth's axis affecting geographical latitude

. El Nifro and other responses to atmospheric and oceanic circulation patterns which are

themselves unstable and are prone to a switching of climatic conditions.

In recent years, scientists have become concerned that human activities may change the global

climate significantly. They are also concerned that these human-induced changes tend to occur

faster than most natural climate changes [maybe within 50 to 100 years] although we are

beginning to learn that certain natural changes too fit these short time scales. A matter of anxiety

inlne human variety, however, is that it threatens to be irreversible, and if allowed to proceed

unchecked, poses a major hazard to our way of life. It is particularly worrying that we may still
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Module Two Causes of Climate Change

be unaware of all the agents for climate change arising from human activity, or the ability of the

Earth to withstand the implied threat. As time proceeds we are learning of more threats while

scientific research strives to understand the physics which control the very complex interacting

Earth/atmosphere/ocean mechanism.

Some of the human activities which may contribute to climate change can be listed as follows:-

. Fossil fuel use, releasing gases, mainly carbon dioxide, along with dust particles into the

atmosphere

r Increase in agriculture, notably rice cultivation, farming cattle, landfill, and even dams for
water supply, irrigation and hydro-electric power, which release increasing methane into

the atmosPhere

o Adding aerosols through processes which contribute directly to the dusrload of the

atmosphere and/or indirectly promote chemical reactions in the atmosphere

. Release of refrigerant gases

r Urbanisation and industrial development which, in addition to its contribution to the above

aspects, changes the reflective and storage capacity of the regional surface of the Earth

modiffing natural interactive processes with the atmosphere

r Deforestation makes a major contribution to the above agents of climate change but also

reduces the corrective capacity of nature to absorb greenhouse gases, notably carbon

dioxide

In this module we will explore, in more detail, some of the natural factors and human activities

which may cause a change in climate.

Aims of the Module

(1) To provide the teachers and students with a basic understanding of the general causes of
climate change.

(2) To enable students to identify natural causes of climate and human-related causes and their

interactions.

(3) To provide a reference to interacting sources when the impacts of climate change are

subsequently snjldied in Module 3.

Objectives

Knowledge and Understanding :

At the end of this module students will be able to:

- list the natural processes that may lead to climate change'
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- list human actions that may lead to climate change.

- develop an understanding of how these changes rnay affect regional and global climate.

- realise how most general consequences of climate change may arise in their daily life.

Knowledge Base

Natural Causes

Both natural processes and human activities may lead to climate change which impact on the

economic and environmental sectors of all countries including the Pacific islands. Some of the

natural climate variability and associated causes to climate change will be discussed here and

include: volcanic eruptions, motion of the Earth's orbit and tilt, variable land mass and solar

radiation and recurrent cycles in the interaction of Earth, atmosphere and ocean such as the El

Nifro phenomenon.

Volcanic Eruptions

Volcanic eruptions may be responsible for some climate change, depending on their force [i.e,

how explosivi ttre volcano isl. In addition to the force of the eruption, the location [latitude and

longitudel of the volcano may also be important, and may influence whether an eruption has a

priirarily local effect or if it impacts climate of the entire planet. The location with respect to the

major zonal wind belt is clearly of importance.

Most scientists believe that explosive volcanoes have a cooling effect on global climate. The Fig.

2.1 below helps to explain why this is.

(2) The ash typically falls out of the

atmosphere within several days.

(3) SO2 + HrO -' HSO'
Sulphur dioxide can interact with water vapour to form small
sulphuric acid drops. These drops, which can remain in the
stratosphere for a year or more, reflect away solar energy
trying to reach Earth's surface.

ash

t
1

magma

(l) Explosive volcanoes can thrusr large
quanriries of ash and gases high into the
atmosphere.

Fig. 2.1: Schematic illustration of volcanic eruption'
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For exarnple, Mt. Pinatubo in the Philippines explosively erupted in June of 1991, ejecting about

20 million tonnes of sulphur dioxide into the stratosphere. This sulphur dioxide was converted into

sulphuric acid drops as it spread around the globe during the following months. The reflection of
sunlight by these drops made 1992 the coolest year (globally) since 1986. Scientists estimate that

global temperature decreased by about 0.5'C before the sulphuric acid drops were finally

removed from the atmosPhere.

Some volcanoes are not energetic enough to push gases into the stratosphere, but these less

explosive eruptions may stitl have significant effects on local climate [especially if the eruption

continues for a long timel as shown rnF|g.2'2.

(2) Gases trapped in rhe magma are

released as the lava flows and cools,

Gases released to Atmosphere
(mostly sulphur dioxide)

(3) SO2 + H2O -, H2SO4
The gases may undergo chemical reactions
to form weakly acidic mists. Constant
exposure to these mists may have an effect
on the local environment. These acids
normally are washed out and removed from
atmosphere by rainfall within a few days.

lava flow lava flow
magma

(l) tn less explosive volcanoes, eruptions

typically involve lava flow from the volcano

across the land (and sometimes into the

sea).

Fig.2.2: Schematic illustration of the function of less explosive volcanoes.

For example, on the Big Island of Hawaii, the Kilauea Volcano has been erupting almost

continuously since 1984. Workers in Volcano National Park have noticed that their uniforms are

falling apart faster these days. Because the acid mist weakens the threads of their clothing. There

is also some evidence that vegetation may be changing due to exposure to these acid mists.

Earth's Orbit and Tilt

Some climate change is probably due to changes in the shape of Earth's orbit around the Sun, and

the direction and degree of tilt of Earth's rotation axis. These changes occur over very long

periods of time (usually tens of thousands of years), and so are not very important over the

litbtime of a human. However, knowing that these changes occur can help us understand some of
tbe past climate variations. Understanding these changes rnay also be important in helping us to

interpret any furure climate change which should be seen to be superimposed upon a slowly

varying background of this tyPe.

Earth is presently tilted on its rotational axis at an angle of about 23.5' [remember that it is the

tilt of Earth on its axis that is responsible for variations in seasonsl. This angle varies between

about22" and24.5' over a 41,000 year period. Then superimposed on this 41,000 year cycle of
axis tilt, there are other changes of which perhaps the most well-known is the Chandler Wobble of
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the axis as the Earth behaves rather like a child's spinning top. The Chandler Wobble has a period
of approximately 436 days causing a further long term seasonal effect as it progresses in and out
of phase with the annual cycle.

The implication is that many aspects of climate, and especially seasonal phenomena, are likely to
be affected as a rezult. Increased tilt will have the effect of a greater apparent motion of the Sun
across the sky during the year. While a greater area of the Earth's surface will experience the
sunless months of winter near one pole, encouraging the growth of the ice caps, the reverse will
be true of conditions at the other pole. One can only speculate on the longer term consequences.

Meanwhile on a shorter time scale, zonal features are likely to respond, and it may be expected

that the incidence of tropical cyclones, rainfall patterns, and the like will be affected depending on
location and latitude.

If your students have not consideretl thc origin of the seasons and the
position of the Sun in the slq tfuottgltout the vear, a simple experiment
may be suggested. The objective is to observe the angular ahitude of the
Sun at its highest position in the s,tl' ar ntd-day (preferably the tnre local
mid-da-v of the longitude of the position irrespective of the fficial tinte
zone ofthe State).

It is important to note that there is considerable
danger to one's eyesight in viewing the Sun directly,
even with sunglasses, so that students should be
cautioned and the aim would be to observe the shadow
of a tall object in vacant groundn such as a flagpole,
or perhaps a particular football post.

Perhaps, on a weekly or sinilar basis, the length of the shadow at mid-
drry could be nteasured. If berer precision is desired, then the
measuretnent might be taken even- 15 minutes for an hour or so before
and after mid-tloy, and its direction (tt its minirrumt length would be
interesting to note if it could al.so be recorded, Renternber that the Sun

reaches its highest point for the day when ilte shadow is at its minimunt
Iength. AIso from mid-June ro ntid-Decenilser the length of the shadow at
its minimum shonld clnnge, and for any location in low latitudes

[beween the Tropics] shottld gradualh reverse its direction in this
period.

Many questions could be raised by the results of this experiment which

fonns a gentle introductiorx to astronom_,-. Erplanations u,ould be aided
by a sintple child's world globe ntounted traditionally on its inclined uis
with a strong lamp in a shaded room sinuilating the Sun. In the absmce
of a world globe, it is possible to inryrovise with o balloon.

In addition to changes in the degree of tilt of Earth's rotational axis, the direction of this tilt in
space changes over many thousands of years. This is due to the gravitational effects of the Sun

and Moon on the Earth.

Currently, Earth is closest to the Sun in January, when the Northern Hemisphere [NH] is tilted
away from the Sun, (winter), and the Southern Hemisphere [SH] is tilted towards the Sun
(summer). This tends to make the winter milder and the summer cooler in the NH [since surnmer
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occurring in June coincides with time when the Earth is furthest from the Sunl. The reverse is

true of the SH so that here winters will tend to be harsher and summers hotter.

In about 11 000 years, the Earth will be closest to the Sun when the NH is experiencing summer

and the SH is experiencing winter. This will have the effect of making the seasonal changes in the

NH greater than they are today, while decreasing seasonal variations experienced in the SH.

In addition, the shape of Earth's orbit around the Sun varies [Fig. 2.3] from being nearly circular
(at present), to more oval in shape [shown greatly exaggerated]. This change occurs over a period

of nearly 96 000 years, and is due to the gravitational effects of the Sun and the other planets.

Fig. 2.3: schematrc illustration of Eanh's orbtt changes in a period of 100 000 vears whilc rllustrating the

principle the figure exaggerates thc eft.ect.

This period is very close to that at which ice ages seem to have occurred in recent geological

time. Why this period seems to have been so important in matters of climate change is not clear,

although there is a tentative suggestion that the Earth's orbit is also subject to a wobble with
respect to the average plane of the Solar System, and this feature happens to share the same

period of approximately 100,000 years. If this is so then it is possible that the Earth experiences

periodic excursions into more or less dusry regions of the Solar System, so affecting solar

radiation.

It is possible to conclude, from the viewpoint of an astronomer, that a large range of periodic

terms have been identified which could have a bearing upon the amount of incoming solar

radiation and the seasonal patterns of climate. Such periods will fall in and out of phase over time,

and eventually combinations might well explain the climate variation demonstrated in the

geological record. Other long periodic terms in tens, up to one hundred thousand years and

beyond may have a direct influence of suffrcient magnitude to be independently significant in this

context.

Currently the orbit of the Earth is nearly circular. There is only about a 77o diffetence between

the amount of sunlight that Earth receives in January (closest to the Sun) compared with that

received in July (furthest from the Sun).

When Earth's orbit is the most elongated there will be nearly a 30Vo difference between the solar

energy received in January compared with that received in July. This will make seasonal

variations at all latitudes greater than they are today. Also the previous argument concerning
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surface areas affected by winter periods of darkness and sunrmer periods of prolonged solar

radiation applies.

Land Mass and Solar Radiation

Overall, about half of the solar energy received by Earth is absorbed by the surface. The rest of

the radiation is reflected and scattered by clouds and gases in the atmosphere. Some surfaces

absorb more solar radiation than others. Obviously light surfaces, such as snow, reflect more solar

energy than darker surfaces.

Land and water do not absorb energy in the same way. They heat and cool at different rates.

Water takes longer to take in heat than land. This is the reason why it feels so nice to put your

feet in a lake or ocean after walking on a hot sandy beach. Even though the same amount of

sunlight hits both the beach and the watero the beach gets hotter much faster than the water does.

However, water does not cool as fast as land areas. So land that is near to, or surrounded by, a

large body of water will have its temperature moderated during the year' This would be the

sinration in coral atolls of course.

Throughout geological time, there has been volcanic activity. When volcanoes erupt, new land is

often created. Many islands in the Pacific are examples of this. Some of the islands still have

active volcanoes while others stopped erupting long ago. As lava cools and more land is created,

there is an increase of land mass. With more land being struck by the Sun, more heat is conducted

on the Earth.

The heat stays near the surface of the Earth, radiating and heating the air around and above it. As

night comes, ttre tanO cools quickly sending its heat into the atmosphere. When greenhouse gases

trap this heat, we see a rise in the Earth's average temperature.

Effects of the El Nifio

The name, El Niflo, had been widely used recently to describe a short-term variation of climate

which occurs irregularly, but on average about twice in any period of ten years. The origin of the

term is linked with an early awareness of occasional failures of the important fisheries along the

eastern Pacific coastline tnotanty Peru and Ecuadorl associated with a reduction in strength of the

northward flowing ocean current in that region and in a consequent decline in the upwelling of

deep nutrient-rictr, waters. The onset of these conditions usually ocourred about the time of the

Christmas season, hence the name which can be translated as The Boy Child.

More precisely the name presently used by scientists for this feature, ENSO (El Nif,o / Southern

Oscillation), reflects the current understanding that the main elements of the episode take place in

the tropical pacific and beyond. Fundamentally an ENSO event sees a reversal of the more

.or*on relationship between atmospheric pressures over the south eastern Pacific and the Indian

Ocean, and the emphasis now rests more with the 'SO' part of the name' The main indicator of

the Southern oscillation is the gradient of barometric pressure between Tahiti and Darwin (Tahiti

minus Darwin) which r.u..r", in sign at times of ENSO' Note that the'O', for'Oscillation'

indicates that the condition is not permanent, or even long term in a scale of years, but that it

corrects itself, usually after one year and only rarely persists beyond a second year'

An ENSO event is associated with a displacement eastwards of a warm patch of surface waters,

normally to be found in the western equatorial Pacific, to reside temporarily for some months in

the central and eastern Pacific, even extending close to the South American coast. Surface waters

in these parts can rise 2 to 3'C above normal, and even a 5'C rise was noted in an extreme
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ENSO episode in 1982-83. Interaction with the atmosphere naturally follows, significantly
changing the regions of tropical convection. Consequently westerly airflow is increased bringing
milder Pacific air masses over most of the North American continent. Although milder winters are

experienced there during an ENSO event with increased rainfall, the reverse is true elsewhere. In

the Philippines, Borneo, Indonesia, Australia, and even beyond in Africa, ENSO spells drought,

bush and forest fires. Meanwhile over much of Polynesia there tends to be an increase in tropical

storms at such times.

In the last decade much attention has been paid to the ENSO phenomenon, and although we are

now more knowledgeable on the subject of HOW ENSO occurs, the explanation of WHY it occurs

is proving to be more difficult. In spite of much research, there are few who would claim to have

an effective ability to forecast such episodes. Until this situation improves, the ENSO phenomenon

will remain classed as a randomly occurring feature.

ENSO then refers to an episode, or a short term period of climate change which is itself unstable

and is generally corrected after one or perhaps rarely two years. As such then it is not a direct

contributor to the longer period trends of climate, but it is perhaps a product or indicator of
climate change since it is suspected that the frequency of occurrence of ENSO events is increased

as a result of global warming.

Other Ocean-Atmosphere Interactions

Since the new phase of interest in climate change gathered momentum in the mid to late eighties,

the search has proceeded seeking to link the many processes which influence climate with the

evidence of the geological record. The latter demonstrates that huge swings of climate have

occurred in the past, presumably in the absence of human activity. Less than 20 000 years ago,

the world was in the grip of a major cold phase when, for example, in the fringe of the north

Atlantic, the polar ice sheet had travelled southwards to engulf enormous areas of the land, in fact

reaching as far south as the present locations of London and New York. And yet the Earth's

natural mechanisms were adequate enough to recover from this condition, and to ensure our
present less hazardous earthly environment. Can the Earth also recover from a phase of global

warming?

It is true that scientists have discovered mechanisms which can operate over long time scales such

as we have seen above in the astronomical context, but questions remain. In the almost closed

environment which is the Earth, where is the vast 'air-conditioner' which can operate on such a

scale? Where on Earth is there a heat store and transfer system which can cope with such

temperature swings and operate the necessary distribution of natural properties. In fact, as the

only contender for such a role, we need to look closely at the World Ocean. Note that, when

averaged from ocean to ocean and from the surface to the depths, the average temperature of the

World Ocean is only 3.5 'C, and it is only in the surface waters of the mid to low-latitudes that

temperate and warm conditions occur. The Ocean has an enormous capacity to store and to re-

distribute heat in its circulatory system. Below the surface, currents are very slow. Deep

circulation is essentially driven by surface cooling in high latitudes causing sinking in response to

its increasing density due to the cooling. The residence time of the deep ocean waters, that is the

length of time between its formation at the surface, its sinking and its return to the surface once

again for a repeat of the cycle, is of the order of I 000 years. In this time scale it may traverse a

hemisphere.

Recent work has proposed radical hypothetical models or theories of tele-connections, suggesting

for example that mechanisms occurring in the northern latitudes of the Atlantic may well drive an

enormous conveyor belt transferring heat across and through the entire World Ocean as

diagrammatically.
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Moreover it has been suggested that such a process promotes fwo radically different conditions

which are themselves inherently unstable and have the capacity to switch from one condition to

the other, altering regional climate in the process. The suggested time scale of the cycle is claimed

to be measured in tirousands of years, typically l0 000 years. A typical on/off mechanism of

world ocean conveyor belt is also shown in Fig. 2.4. What is also interesting is that it is suggested

that the switch can occur rapidly, say in a time scale of 50 to 100 years.

COLD \

4? 1? 11 10

THOUSANDS OF YEARS BEFORE PRESENT

Fig.2.4:on-offMechanismofWorldoceanConveyorBelt.

Taking just one particular example of such a process, we may consider the North Atlantic where

*. .rn-i**"diaiely see anomalies in the present climate. The region seems to be anomalously

warm compared to similar latitudes elsewhere. London, for example, is sited on the same latitude

as the tip bf the Kamcharka Peninsular in the Northern Pacific - vastly different climates! New

york has the same latitude as the border between North and South Korea - New Yorkers would

hate to have to withstand the winters of Korea. The conveyor belt theory suggests that uniquely in

the North Atlantic, north of 45 " latitude, moderately saline waters are rapidly cooled to become

sufficiently dense to require them to sink to the ocean depths. Great volumes of ocean water are

involved, estimated to be equivalent to the total volume of flow of the total rivers of the world'

This volume of waters dispatched downwards, has to be replaced, and for this purpose, warrner

low latitude waters are drawn northwards from the equatorial Atlantic, thereby raising atmospheric

temperatures by as much as 5 'C. One might ask what happens to the waters which left the

,orfuo in this process. Well, being of high density they would initially sink down to the ocean

bed, and pushed along by more and more descending water they would begin a long journey

southwards. As mixing *ith *ut"r of other origins takes place they would lose some of their

anomalously high deniity and seek a higher level of buoyancy in the ocean, and this would

continue with time. Seveial hundred yearJ after the waters left the surface in the North Atlantic,

they would again reach the surface, perhaps in the Southern Ocean, or the Indian Ocean, or

p"rirup* .n.n in the Pacific Ocean, where they would join the surface flow through the Indonesian

Islands into the Indian Ocean so playing yet another role in the transfer of heat in the World

Ocean System as shown in Fig. 2.5.
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Modale Two Causes of Climate Change

Fig. 2.5: Mechanism of the World Ocean Conveyor Belt.
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Very briefly, the theory suggests that the condition driving the circulation in the North Atlantic,

over time, has the capacity to ensure its own demise. The warmer climate it produces in those

regions enjoys enhanCed rainfall, but this in turn reduces the salinity of the northern Atlantic'

reducing the vigour of the downwards convection of surface waters. It is then suggested that

climate change becomes so anomalous that the Greenland Ice Sheet becomes unstable with a

danger of caiastrophic but partial collapse, to release a sudden major volume of fresh, virtually

non-saline, and therefore low density water to the ocean surface. One way or another, at this stage

the conveyor belt is shut down due to the consequent decay of the convection process. Other

consequences follow. The warmer southerly waters cease to flow northwards since they are no

longeirequired to replace convected water, and the region loses its 5'C temperature advantage so

relalsing into u cold phase. Once again this phase too contains the seeds of its own destruction.

Wittr ttre disappearance of the mild climate, precipitation and land-water run-off become more

sparse, so thai-over time the ocean begins to return to its former more saline condition- It is

eitimated that only I to 2 grams per litre of salt are required to switch on the downward

convection once again. The cycle then repeats.

It is important to note that the resident time of each of the two states is thought to have a duration

measured in thousands of years, while the system is apparently able to switch from one state to

the other in a short period of 50 to 100 years. Supplementary work on the analysis of ice cores,

pollen analysis, and ihe analysis of fossils seem to be compatible with the theory, and the theory

lains strength from the tact that it seems to fit the more recent climate swings of geological time

as in Fig. 2.4.

Of course the above notes provide only a simplified and generalised sketch of the main features of

just one theoretical model of complex tele-connections involving ocean and atmosphere

interactions. There are many modifications to be made to the general theme and much detail to be

absorbed before such a simple set of developing scenarios can be accepted. However, the

argument is persuasive and it does fit the time scales and much of the available evidence which we

have of the characteristics of ancient climate shifts in the geological record'

conclusions Relevant to Natural contributions to c-limate Change

Although not exhaustive, the above notes demonstrate that without human interference, the world

ctimate-is susceptible to large scale variation through a wide range of time scales. The important

question is:- Were do we stand at the present date within these natural rhythms over which we

have so little control?

. When our scientists model the influence of the growing concentration of greenhouse gases'

are they being deceived by the data being gathered which, just possibly, may be

influenced in itrole or in pait by natural causls other than the greenhouse mechanisms. It

is important to know because the natural component may well be of the type which

automatically reverses in a corrective mode as has been seen above.

. When they work hard to establish precise data bases of atmospheric or oceanic proPerties

so as to determine sensitive driftJ in relevant parameters, are they really recording the

long term trend in a sensitive property which is responding to the influence of agricultural

processes or the selfish use of fossil fuels or the like. It is possible that they may be

monitoring a small section of a long period natural oscillation which in the short time

scale of the measurements is indistinguishable from a trend.

o They and we need to know where we now stand in, say, the great ocean conveyor belt

mechanism or other long period natural oscillations, if we are to have an even chance of

tailoring processes to the kernel of the problem, yet this information is available only in
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the case of truly periodic contributors such as those of astronomy. For other oscillatory
features, such as the conveyor belt, we can only surmise.

How can scientists purify their data bases so as to isolate the specific response to

individual contributions? The testing of climate models would seem to require this.

. How long must their observed records be maintained if the necessary separation of natural

and human processes is to be achieved?

There is no easy solution and it is clear that much work still needs to be done.

Human Causes

Some of the human activities which can cause climate variability and other associated causes to

climate change will be discussed here and these include: increased emission of greenhouse gases,

development for human settlements and deforestation.

Perhaps at this stage it is appropriate to introduce one or two introductory remarks about

greenhouse gases. It should be noted that greenhouse gases are not completely bad. The major

constituents of the atmosphere, oxygen and nitrogen do not act in the same way as the greenhouse

package of carbon dioxide, methane, water vapour, nitrous oxide etc. In fact if it were not for the

quite small existing concentrations of the greenhouse gases in the atmosphere, life on Earth would
be very harsh indeed. Indeed it is estimated that without the greenhouse gases in the atmosphere,

the average global temperature would be about 34 "C lower than it is. Much of the Earth's
surface would be ice covered and the Pacific Islands would not exist. The fact that certain gases in

the atrnosphere are now the object of concern lies in the fact that small concentrations are so very
effective in raising surface temperarures on the Earth, that perhaps even a modest increase in their
concentration would have dangerous consequences. The Intergovernmental Panel on Climate
Change (IPCC) has recently published estimates of the estimated increase in concentration of the

major greenhouse gases since pre-industrial times, say from the middle of the eighteenth century
to the mid-nineteen nineties, and the figures given are:-

For carbon dioxide plus 30%
For methane plus l45Vo

For nitrous oxide plus l5Vo

This is the basis of concern about Global Warming.

Fossil Fuel Use: Carbon Dioxide ICOJ

We burn coal, oil, and natural gas to heat our homes, run our cars, light out streets, and power

our factories. These fuels are called fossil fuels because they are the remains of plants that lived,
died, and decayed millions of years ago once used they will not be replaced. Living, plants

depend on carbon dioxide in the air around them. In fact, they use energy from sunlight to

transform the gas into carbohydrates (their food) and oxygen (a by-product). Scientists use an

equation to tell this story:

COz+2H2O - CHrOz*Oz

This means CO, (carbon dioxide) and HrO (water) are changed by the Sun's energy to a
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carbohydrate building block and O, (oxygen). Plants consume the carbohydrates, using them to

make new tissue. Animals, including human beings, consume the oxygen; we breathe it. Burning

both living and dead plants releases their carbon. Depending on the temperature of the heat

source, thi carbon is given off either in the form of particles or as a gas. When given off as a

gas, the carbon combines with atmospheric oxygen to form COt'

Burning one kilogram of coal generates the electricity to light a

100-watt bulb for approximately 24 hours. For every kilograrn of
coal, nearty three kilograms of CO, go into the atmosphere. Can

you calculate how much CO, is generated in lighting your home

or classroom in a day? A rnonth? A Year?

Consider another fossil fuel, gasoline/petrol, which is made from oil and we are using it

everyday. Burning one gallon of gasoline [petrol] generates approximately 9 kg of COr' There are

500 miliion (5 i 108) gasoline-consuming motor vehicles in the world today. If present trends

continue, the number of cars on Earth will double in the next thirty years to one billion (1 x l0e).

This means the potential for increasing CO, concentrations in the atmosphere is very high'

To unclerstand a single family's contribution to this increase, you

can calculate how much CO2 is added to the atmosphere by

operating your family car over one year. For example, if your

family uses l0 gallons of gasoline each week (or 520 gallons

each year), approximately 5000 kg of COr are produced in one

year from the operation of your car alone. To determine the total

amount of CO, generated by automobiles worldwide, multiply
this number bv 5 x 108.

We burn fossil fuels (coal, oil, and natural gas) to heat our homes, run our cars, light our streets,

and power our factories. When fossil fuels are burnecl, the carbon in them combines with oxygen

and forms carbon dioxide. The carbon dioxide is then released into the air. As mentioned earlier,

for each kilogram of coal burned nearly 3 kg of CO, is released into the atmosphere and for each

gallon of gasoline burned approximately 9 kg of CO, is released. There are 500 million gasoline

fpetrol] consuming vehicles in the world today. Fossil fuels power most of the world's factories.

These vehicles and factories release enormous quantities of carbon dioxide into the atmosphere.

Burning fossil fuels contributes too much CO, to the atmosphere. Between the years 1870 and

1996 the average concentration of atmospheric carbon dioxide increased from 290 ppm [parts per

millionl to 395 ppm. Carbon dioxide efficiently absorbs and re-emits energy radiated from the

atmosphere and il,irth's surface. This can lead to a global warming of the atmosphere- The global

average temperarure has already warmed 0.5'C in the last century. And will continue to increase

between 1.5 and 4.5"C in the next. If we continue to increase CO, emissions, these numbers

could increase even more quickly.

Methane ICHJ

Methane in the atmosphere traps heat truenty times

means that each molecule of methane traps as much
more effectively than carbon dioxide. This

heat as twenty molecules of CO2' Although
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currently causing less warming than CO?, the rate of increase of methane is greater than the

increase of carbon dioxide. So not only is methane better at trapping heat, but humans add it to
the atmosphere much faster than we add CO2.

Where does this gas come from? Methane is made by bacteria that thrive in wet oil, so it is

released from garbage landfills and open dumps. It also leaks out of the ground as coal, oil, and

natural gas are mined [Instead of allowing it to escape, we could collect methane and use it as

fuel. Methane power plants do exist, one is located near a landfill site in Corvallis, Oregon, USA.

Pilots plants are in use elsewhere e.g. in Australia]. And then, there's rice. Rice, the world's most

important grain crop, feeds one-third of its people. Over the last 45 years, farmland used for rice

has doubled, and most rice grows in flooded fields. It is from this waterlogged soil that much

methane is released.

There are some surprises. It often happens, when dealing with natural systems, that we find them

to be far more complex and clever than we had expected. The natural world is indeed a wonderful

system. Consequently when we humans interfere, and attempt to 'improve' matters, our actions

prove to be less efficient than expected. We seem simply to shift problems to another area, rather

than solve them. For example in the fossil fuel debate, there has been much lobbying for 'cleaner'

power generation and much promotion has been made of the 'clean' power of hydro-electricity.

More recently it has been discovered that in the first thirty or so years of the life of an average

hydro-electric installation, the release of methane from the vegetation drowned in the dam/

reservoir is possibly as 'dirty' as the equivalent use of fossil fuel (to produce the same power

output).

Livestock are another source of methane, Every time cattle, sheep, and goats burp, methane is

released. Bacteria in these animals' intestines break down the food they eat, converting some of it
to methane gas. This is also true of cud-chewing animals such as camels, buffalo, and deer. A

cow, for instance, can belch or otherwise release methane from its stomach or bowels amounting

to one tenth of a kilogram each day, and that represents a lot of gas. Multiply this figure by 1.3

billion since there are so many cattle now in existence, each burping several times per minute

[believe it or not], and you will have some idea of the scale of the problem.

What is not comrnonly referenced in this same context is that,

although human beings have a different diet and a more

sophisticated digestive system, they are not free from a similar

charge, namely the release of gases into the atmosphere.

Consider now the population growth which has occurred since the mid-eighteen hundreds.

Presently, in the late nineties, the world's population of about six billion (where one billion is

defined as t0 o, i.e. one thousand million, 1 000 000 000, as used in the USA and not the 10 12

commonly used previously elsewhere), is growing at a rate of more than 3.1 per cent each year,

faster than it has ever done, although predictions see a plateau level being achieved by the year

2200 as shown in Fig. 2.6. Statistical forecasts show that the expected level of this plateau will be

at I I billion, so that the present population of the world is expected to almost double in this time

scale.

Even the increased demand for meat and dairy products to feed the world's rapidly growing

population has led to a doubling of the number of cattle in the last ten years. Similar increases

wiil doubtless have been experienced in other domesticated animals. Although advances have been

made through the years in the efficiency of agriculture and other means of providing food for the

world's poputation, reference to the enormous rate of its growth must mean serious damage to the

environment is occurring in one way or another. Some damage rnay be permanent while other
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cases may recover after a long period. For example, methane is reputed to have a residence time

of ten years, which means that it stays suspended in the atmosphere for such a period before it

changes form.
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Fig. 2.6: Past, present and future World's population.

Aerosols

In addition to gases, there are many particles in the atmosphere. These particles are called

aerosols, and they can be solid or liquid. There are many sources of atmospheric aerosols. Wind

picks up dust from the surface and carries it into the atmosphere. Small saltwater drops thrown

into the air from ocean waves eventually evaporate and leave behind microscopic salt particles

suspended in the air. Smoke from fires is a common source of atmospheric aerosol. Volcanoes

*uy r*pt tons of fine ash particles into the atmosphere. Gases such as sulphur dioxide may

combine with water in the atmosphere to form tiny droplets of sulphuric acid' It is good that there

are some aerosols in the atmosphere because they can act as surfaces on which water vapour

condenses to form clouds and eventually produce rain. However, many aerosols, particularly most

human-made ones, are pollutanfs. That is, they are a hazard to life forms.

Anthropogenic aerosols tend to produce negative radiative forcing.

Significant progress has been made in recent years regarding the climatic impact of the

tropospheric- aerosols [such as microscopic airborne sulphate particles] resulting from the

combustion of fossil fueis, biomass burning and other sources. Anthropogenic aerosols have led to

a negative direct forcing of about 0.5 W mt, JW m-l [Watts per square metre]: a unit for amount

of radiation received by-a unit area of surfacel as a global average, and possibly also to a negative

indirect forcing of a similar magnitude.

We may consider that locally, the aerosol forcing can be large enough to more than offset the

positive forcing due to greenhouse gases though anthropogenic aerosols are very short-lived in the

atmosphere, hince theii radiative forcing adjusts rapidly to increases or decreases in emissions'
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They do, however, represent one of the few agents which serve to counteract the effect of
greenhouse gases.

Aerosols [small particles] in the atmosphere can also affect climate because they can reflect and

absorb radiation. The most important natural perturbations result from explosive volcanic

eruptions which affect concentrations in the lower stratosphere.

Ozone

The ozone story is a little more complicated than that of most of the other greenhouse gases since

it plays a multiple role depending upon its location in the atmospheric system, and in its

distribution in latitude.

At the Earth's surface ozone is known to be toxic to living Inatter, including human beings, plants

and in particular forests. In the stratosphere however, it has a double role, operating as a

greenhouse gas, just like carbon dioxide or the ChloroFluoroCarbons (CFCs) on the one hand but

is a filter of ultraviolet radiation on the other. It is perhaps in this latter role that there has been

much focus in recent years. Despite its classification as a greenhouse gas, ozone is not happy in

the company of many of its class mates. In certain regions it has been ascertained that a significant

decrease in ozone has occurred due to the destruction of ozone by CFCs and other gases such as

halons, raising concern that many aspects of life on our planet may begin to suffer from

insufficient filtering of the incoming ultraviolet radiation. This leads to yet another level of

concern since, if this danger materialises, then there is a severe risk to marine life in the upper

layers of the ocean, which in turn, will reduce the capacity of the ocean in its role as a carbon

absorber or sink. We are aware of the hazards of carbon dioxide functioning as a greenhouse gas,

and we do rely upon the ocean to take care of a significant proportion of it by absorption. If
absorption of carbon dioxide by the ocean is to suffer in this way, then the control of carbon

dioxide emissions to the atmosphere by the formal agreement of nations will be so mueh more

difficult and perhaps impossible to achieve. Overall the ozone problem is indeed a complex issue.

If, for example the decrease in ozone poses a serious threat from a consequent increase in

ultraviolet radiation reaching the Earth's surface then we are likely to have to attach much more

importance to fluctuations in solar activity, notably the eleven year sunspot cycle.

Since the late seventies when the ozone hole of the Antarctic was discovered, the ozone saga has

been vigorously pursued although long data series were seriously lacking. The evidence suggested

that in the tropics no significant change was found over time. Midlatinrdes showed a small mean

decrease in ozone concentration of 0.25Vo per year over the total column, but large changes were

found in the troposphere, say the lower ten to fifteen kilometres of the atmosphere. It is thought

that ozone concentrations in the troposphere in the Northern Hemisphere have increased since pre-

industrial times due to human activity and over a twenty year period from the late seventies, in the

mid-latitudes of that hemisphere they seem to have increased by about l0%. However, by the

mid-nineties the message coming from the international scientific community was that this upward

trend now seems to have at least slowed if not disappeared altogether.

The main ozone problem still concentrates on the Polar regions and the Antarctic in particular'

While in the twenty year survey, the northern polar region showed a decrease in ozone of less

than half a percentage point per year, the Antarctic gave a figure of 2 per cent per year.

Evidence suggests that the products of human activity are ultimately responsible for the Antarctic

ozone hole, in that chlorine and bromine compounds from such a source promote chemical

reacrions in the very cold [below minus 80 'C] polar stratospheric clouds of the southern polar

region. It is considered that in the northern polar region, while the interactions also occur, they

occur only infrequently because the extreme cold required for the process is usually lacking. Both

land-based and satellite remote sensing are currently carefully monitoring ozone conditions world
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wide, with a special focus on the Antarctic and the effectiveness of relevant international policy.

The multifaceted nature of the ozone role in the atmosphere makes even the study of just this one

gas a complex saga.

ChloroFluoroCarbons [CFCs]

Unlike some other greenhouse gases [nitrous oxide, methane, and carbon dioxide], CFCs

[chlorofluorocarbons] do not occur in nature. They are humanly-created molecules used in

industry for air conditioning, refrigeration, electronics, packaging, and foams- When these

molecules leak into the air, they are very effective at trapping heat. When they drift up through

the atmosphere, they also destroy molecules in part of the upper atmosphere [the ozone layer]'

Because CFCs are now known to break down the ozone layer, many countries have agreed to

phase out their production. That is the good news. Unfortunately, some of the new substitutes for

bpCs stilt trap heat. Furthermore, they have long lifetimes in the atmosphere' So even though

they do not destroy ozone, they still contribute to global warming. That is the bad news.

Foitunately, environmentally-safe alternatives to CFCs do exist. Although they are not yet used by

many manufacturers, water-and helium-based technologies might some day replace CFCs.

Yet another surprise is in store! Because of the growing concern over the ozone layer and the role

played by CFCi, manufacturers of refrigerators, and air-conditioners, in recent years have been

prrsuaOei to switch to the use of the more ozone-friendly HCFC-22, a hydrofluorocarbon.

ironically, only in the early weeks of 1998, following a re-analysis of the archived air samples

collected at Cape Grim on the north west coast of Tasmania, was it discovered that the

atmosphere probably contains 135 000 tonnes of fluoroform, a previously unnoticed greenhouse

gas with a gtoUrt warming potential some l0 000 times greater than that of carbon dioxide'

;lthough of course it is prisent in much smaller quantities. Nevertheless, scientists in the

Univeisity of East Anglia in the U.K. calculate that the current volume of fluoroform in the

atmosphe;e has a global warming potential of 1.6 billion tonnes of carbon dioxide, or three times

the annual emissions of carbon dioxide in Britain. Fluoroform is said to be increasing at the rate

of 5 per cent each year so that it cannot be ignored. The connection with refrigeration is that

fluoroform, HFC-23, unfortunately is a waste byproduct of the manufacture of HCFC-22. It is

used for a variety of purposes in its own right in industry including the lubrication of computer

disks. Ironically again, the information became available just after the intergovernmental meeting

in late 1997 at Kyoto, Japan, so that the agreement on practices to limit the release of greenhouse

gases reached at that meeting, of necessity completely ignored this newly-discovered danger. This

was Grim news in more ways than one. So we have found yet another example of the difficulties

involved in curing the ills of the environment. Here, as in many other cases we have not cured the

problem of CFCs. We have merely shifted the problem into another area.

Danger of Increased Greenhouse Gases

As far back as Greek and Roman times, people built structures which created an indoor

environment suited to growing plants throughout the year. This enabled the gardener to establish a

measure of control over growing conditions and more particularly extend the growth period into

the colder seasons of the year. ln this manner the gardener was better able to provide fresh fruits

and vegetables when needed. Today these structures are usually made of glass or plastic but still

allow us to maintain year-round greenery and so are called greenhouses as described earlier.

There are similarities to the greenhouse in the manner in which the Earth's atmosphere operates'

How does the atmosphere traps heat?
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Though the atmosphere might appear to be an enormous zone of empty space, molecules of many

gases are moving within it. The air we breathe, for instance, is rich in nitrogen and oxygen

molecules. These molecules allow visible light to pass through. They also allow other invisible

light waves [infra-red light] to pass through.

The atmosphere is very much like warm clothing. A coat or a blanket holds body heat close to

our bodies. Similarly, atmospheric gases made up of tri-atomic or poly-atomic molecules hold the

Earth's heat close to the Earth. The gases that operate in this way are named greenhouse gases. ln
general terms, increased greenhouse gas concentrations result in increased atmospheric

temperatures.

In fact nanrral greenhouse gases are essential to life on Earth. The gases maintain the average

surface temperature of our planet at a comfortable 15.5 'C. If there were no greenhouse gases in

the atmosphere, all of the heat radiated from the Earth's surface would disappear into outer space.

The planet's average temperature would be well below freezing and far too cold for most life
fbrms.

Naturally, the Earth's atmosphere has always contained greenhouse gases. However, increasing

the concentrations of greenhouse gases in the atmosphere may simply increase the Earth's

temperature. Currently, human activity is causing this to happen. The effects of higher average

temperatures on Earth to be experienced by people and their environment could cause devastation

and furthermore, such a climate change promises to be irreversible'

Many gas molecules, especially those made up of at least three atoms e.g. carbon dioxide ICOJ,
merhane [CHo], nitrous oxide [NrO], water vapour [HrOl and ozone [OJ allow most visible light

and some infra-red light to pass through them and to reach the ground. However, almost all

outgoing infra-red waves, re-radiated and rising from the Earth's surface are blocked. As infra-red

energy ascends into the atmosphere, it is absorbed by these same gas molecules and gradually

released into the Earth's atmosphere. This results in heating and increased temperatures leading to

global warming of the atmosphere.

How do greenhouse gases ffict clinwte?

The amount of COr, owing to combustion of fossil fuels [as explained in the previous section]

released an enormous volume of carbon dioxide into the atmosphere. Between the years 1870 and

1980 the average concentration of atmospheric carbon dioxide increased from 290 to 335 ppm and

it is now standing at about 350 ppm [parts per million]. Carbon dioxide efficiently absorbs and re-

emits energy radiated from the atmosphere and Earth's surface. This leads to an increase in

temperature globally and hence known as global warming of the atmosphere.

lt is common to lay the blame for excessive emissions of gases unfriendly to the environment at

the feet of the large industrial nations of the world, say of Europe and North America, but it is
important to keep in mind that we must all maintain vigilance. For example an ASEAN study

recently reported that the amount of carbon dioxide released into the atmosphere from the

Indonesian forest fires during late 1997, and associated with the El Niflo-induced droughts at that

tirne (but also questionable farming practices), was equivalent to the amount generated throughout

the whole of Europe in one year. Ironically forest fires continued into 1998, and in the first two

months alone of 1998 some 13 000 hectares of forest have been razed in East Kalimantan

providing damage to the region's economy estimated to be $1.4 billion.

Deforestation

Like the rest of the world, the Pacific region is experiencing rapid deforestation and its related

42



Module Two Causes of Climate Change

problems. Research has confirmed the global importance of forests and the need to preserve them'

It has been estimated that the original area covered by forests was about 6 billion hectares.

According to a reporr published by the Intergovernmental Panel on Climate Change (IPCC)' the

total area presently covered by forests amounts to some four billion hectares. Half of this is

accounted ior by the tropical forests. One+hird is covered by northern forests and about one sixth

represents temperate forests. The total amount of carbon stored in these forests is equal to that

presently contained in the atmosphere i.e. about 700 billion tonnes.

Clearing and burning of forests can cause irreparable damage to the soil, environment and can

affect the climate. Deforestation increases the atmospheric CO2 by removing the source of CO2

uptake.

Commercial logging, establishment of new agricultural plantations, shifting agriculture, cyclones,

fire, land and road developments, all contribute to defbrestation of Pacific islands. Forests are

important not only for theii role in maintaining biological diversity, but also because of their role

in global climate. The forests absorb carbon dioxide (CO) generated by human activities. The

prr-r"nt massive destruction of tropical forests at a rate of 17 million hectares per year [11'3

miili6n in l9g0l could lead to a griarer build-up of carbon dioxide in the atmosphere. This would

contribute to the global warming effect.

Deforestation also affects the soil and local climate. lt reduces the evaporative cooling that takes

place both from soil and from plant life. This can result in increased soil erosion and run off of

iainfall, flooding and sedimentation of rivers, lagoons and reefs. In fact the total ambient near-

surface humidity is drastically modified. Rainfall is no longer intercepted by the forest foliage to

be recirculated to the 
"trorpi"r", 

but falls immediately to the ground, to be transported, perhaps

directly to the ocean in run-off, or else rapidly made inaccessible in the short term by it being

contributed to the underground water-table. Moreover there are no longer the deep roots of the

former forest trees to ,rtirn it by transpiration to the atmosphere. Again the landscape is changed,

and usually permanently. The albedo, or reflective capacity of the surface is greatly increased with

all that such a change can be inferred for the local climate. Uncontrolled and poorly-managed

clearing of forests .un h"u. devastating effects on the climate, both regionally and globally.

Predictions of Climate Change

There are no accurate predictions of what will happen to Earth's climate with an increase in

greenhouse gases. The climate system is very complex, so that scientists have been using a

combination of mathematical models, the geological record of past climates, meteorological

records and theories on the global atmosphere andiceanic circulation to provide an estimate' The

value of such estimates is thit they can be used to assess which of our activities is most likely to

be affected by changes over the next several decades. This will help us plan sensibly for change'

If our present understanding is correct, the following changes, relative to 1990, may take place by

about 2100.

t Global temperature may increase by approximately 2 'C [inland would feel the

change more than the toast]. This represents the best estinwte value of climate

sensitivity and is based upon computeimodels of climate' This is about I 'C less

than previouslY estimated.

t Winter may be warmer and nights may be warmer'
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The tropical climate belt may extend south in the Pacific bringing more summer

rain.

Cyclones might sometimes move further polewards.

If the air is warmer it will hold more moisture making heavy rain and storms

more likely.

t Frequency of El Niflo may also increase.

While the greenhouse theory does not rely completely on the evidence of changes already taking

place, there are some changes in weather that are consistent with what we would expect.

Even though the global mean temperature varies significantly from year to year and decade to

decade, over the past 125 years, a warming trend is obvious with an overall temperature rise of
about 0.5 "C. For convenience, scientists take as their reference point for predictions the time

when the increases in all the greenhouse gases will have an effect similar to that due to a doubling

ofcarbon dioxide. This is expected by about 2030.

When Qlimate Changes Significantly:

When temperatures drop much below 18 'C we put on warm clothing. When temperatures are too

high, we jump into the ocean or turn on fans and air conditioning. In short, human beings adjust

to the natural range of temperatures that occur from day to night and from season to season. Other

animals make similar adjustments. Furry animals grow thicker coats to keep warm in the winter.

Many animals seek the comparative coolness or warmth of caves, cracks, or crevices. Birds and

fish leave home altogether in search of warmer or cooler zones.

Among many causes, the well known phenomenon, El Niflo is a temporary climate change which

rarely lasts more than two years. Climate change from the greenhouse effect would last much

longer. What will happen to the fish off South America? What will penguins do if climate warms

so much rhat the ice on which they live melts? What might happen to a tropical bird if the

rainforest dips below freezing?

Would these animals be able to tolerate the stress? Would they move away? Would they die?

Such extreme changes are not likely to take place soon. If global greenhouse warming occurs,

however, local communities will almost certainly experience shifts in climate, Changes in
temperarure, humidity, or rainfall might restrict the availability of areas in which a particular

animal can survive. Temperature changes affect most animals indirectly as well. For example, the

abundance of an animal's food source could be altered by temperature changes. Changing

conditions might also favour or hamper predators whose role it is to keep animal populations from
increasing unbounded.

ln response to changes in their environment, some animals will be able to migrate to new areas,

but other animals will be prevented from moving by barriers [examples of barriers include rivers,

oceans, mountain ranges, and various structures such as roads, fences, and housing

developments]. Winds, rain, storms, currents and wave energy will all change as climate is

altered. Where changes occur, they may be gradual, or they may result in abrupt transitions to

new circulation patterns. Some scientists have made the following predictions:

(i) It is predicted that there will be an increase in the intensity of rainfall with
relatively more rain falling in large rainfall events. Changes in rainfall patterns

44

o

o



Module Two Causes of Climate Change

may be either positive or negative, but there is a probability that both droughts

and floods will increase.

(ii) It is predicted that the geographic range of tropical cyclonic storms will expand

polewards, and that their frequency and intensity will also increase.

Areas now in or next to zones of tropical storm activity experience increases in

storm damage, thereby dramatically affecting those people who live close to coral

reefs.

Climate change will alter regional precipitation and evaporation patterns. Climate models indicate

that a doubling of atmospheric concentration of CO, would increase precipitation by about 5 %.

Higher temperature may alter the Earth's water cycle. Higher temperature will also cause the

water to become warner. This will result in an increase in humidity over the oceans causing

tropical cyclones and changing wave patterns. This could produce more swells and tidal waves in

certain regions.

What perhaps is more important at this stage is to consider how rather than why climate change

will occur. It is clear that there will be no violent cataclysm after which all the above dreadful

disasters will be upon us. If significant climate change is to occur, we are assured by the scientists

that it will take place slowly and continuously over a long period of time. A very relevant

question to ask tlien is:- 'How will the natural flora and fauna, then humanity, and even the

geographical environment react? Will there be a steady strain applied to species which will
-ventually 

become so stressed that they will collapse one after another? Alternatively, will there

be a general acclimatisation process, since we are all aware that the human body, for example, has

the cipacity to accommodate, given time, to great changes in climate, so that we have on the one

hand the Eskimos of the high northern latitudes, while on the other we find healthy populations

settled in the continental equatorial zones. A sirnilar acclimatisation ability is known to be inherent

in most life forms, though with rather less tolerance and so over a smaller range of change. Will
the coastal communities, both terrestrial and marine, cope with the rising temperature and the

rising sea levels? Will the live coral fringe currently around the Pacific atolls manage to grow at a

rate to keep pace with rising sea levels? After all is said and done, evidence exists that the total

environment has recovered from large swings of climate in the past. But then these aspects of
climate change will be addressed in a subsequent Module.

It is important therefore, for the people of the South Pacific islands to be sensitive to the changes

in weather patterns. One way of doing this is to become involved in the SPaRCE [Schools of the

Pacific Rainfall Climate Experimentl programme which is already in operation in several countries

in the South Pacific. This programme involves the recording of rainfall and other factors such as

temperature and wind direction. Many students and teachers in various schools h the Pacific are

already involved in this programme. Data collected by srudents and teachers are analysed and

hopefully over a long period of time certain changes in weather pattern can be detected'

Should your school be interested in joining this programme you may contact : Dr Mark Morrissey

or Dr Susan Postawko at the address below:

' SPaRCE Headquarters
Oklahoma Aimate Survq

University of Oklahoma, 100 East Boyd, Suite 1210

Norman, OK 73019, U.S'A'
Tel: [1 4051 3i5 3207 Fax: [1 405] 325 2550 email: sparce@hoth.ou.cdu

45



Modale Tfuo Causes of Climate Change

Demonstrations and Exercises

Activity L: Measuring Quantities of Gases

Objective

The objective is to enable students to become familiar with the measuring units of small amounts

of gas in the atmosphere which may otherwise be confusing.

Materials

* food colouring or ink
* I litre measure
* 4 containers [approximately 2litre capacity]
* teat pipette
* water

Important Points to Understand

Scientists measure amounts of greenhouse gases in very small quantities that are often abbreviated

as ppm [parts per million], ppb [parts per billion] or ppt [parts per trillion]. Sometimes, v, is

added to the end and it means that the amount is measured by volume.

Carbon dioxide is currently about 350 ppm of air in the atmosphere. Similarly, CFC-ll is

currently about 0.2 ppb of air in the atmosphere.

Procedure

(l) Place 10 drops [assuming l0 drops : I ml (millilitre)] of food colouring or ink into one

of the containers.

(2> Add 999 rnl tl rnl less than I litrel of water in that container. This solution is now I part

per thousand of food colouring or ink'

(3) Place I rnl tlO dropsl of the parts per thousand solution in a second container and add 999

ml of water. This solution is now I part per million [i.e. 1 ppm] of food colouring or ink.

(4) Place 1 rnl t10 dropsl of I ppm solution in a third container and add 999 ntl of water.

This solution is now I part per billion [i.e. I ppb] of food colouring or ink'

(5) Place I ml tlO dropsl of I ppb solution in a fourth container and add 999 ml of water.

This solution is now I part per trillion [i.e. I pptJ of food colouring or ink,
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Exercise

(l) Make a solution that is 350 ppm of food colouring or ink by using an appropriate

measuring container.

(2) Make a solution that is 0.2 ppb of food colouring or ink.

(3) Relate this experience to the known pollution of the atmosphere as identified above.

Activity 2: Amount of Greenhouse Gases in the Global Atmosphere

Objective

The objective is to feel the changes of the amounts of Greenhouse gases in the global atmosphere.

Materials

* graph paper
* pencil and pen
* ruler

Important Points to Understand

Scientists have used many different computer models to imply that rising carbon dioxide levels in

the atmosphere lead to temperature increases. The amounts of greenhouse gases in the global

atmosphere are clearly changing.

Some evidences of these changes for carbon dioxide and CFC-ll in recent years are given in the

following table. The values are the mean for June each year at Cape Grim [Tasmania, Australia].

Carbon dioxide is measured in parts per million [ppm] and CFC-II is measured in parts per

trillion [ppt].

Year CO, lin ppm] CFC-rl fin ppt]

1979 3 33.68 154.5

1980 335.55 166.3

198 I 331.14 t14.8

t982 338.38 r82.9

r983 340.25 191. t

1984 341.82 199.9

1985 343. I 8 209.3

1986 344.26 220.6

1987 345.99 230.5

1988 347.96 244.5
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Procedure

(1) Carefully study the data given in the above table to realise the increase of greenhouse

gases in the atmosphere since they are not a dummy data set, they are real data.

(2) Plot the data on graph paper, time on the horizontal axis and gas concentration on the

vertical axis.

(3) You may use two separate graph papers for carbon dioxide and CFC-II or plot both on

one graph with different colours.

CtC'i 1l and 12
| 70h

Methane
| Sa/o

Nitrour oride 7o/o

Questions

(l) Is the rare of increase in carbon dioxide [and CFC-I l] steady or accelerating during that

ten years period?

(2) Estimate from your graph what the values of carbon dioxide [and CFC-II] might be in 10

years time [i.e. now]?

(3) Are your estimates reasonably in agreement with the recent values?

(4) What can you infer from your answer to the previous question?

Activity 3: Simple Light Scattering

Objective

To show the effects of light scattering by particles, similar to the scattering of light by volcanic

aerosols.

Materials

* a large glass filled with water
t whole milk
* flashlight or other bright light beam source
* piece of cardboard with a small hole [a few mm in diameter].
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(1)

(2)

Procedure

Sit a large glass of water for a while to let all the particles in the water settle.

Put the piece of cardboard in front of the flashlight's light beam so that it is touching the

flashlight and a thin beam of light is coming out from the hole.

Then, aim the beam of the flashlight towards the glass so that it is passing through the

water.

If the room is very dark, and the water very clean, you probably will not see much of a
decrease in light emerging on the opposite side of the glass.

Slowly add more milk to the glass of water, taking note of the shape of the beam and the

amount of light making it all the way through the water.

Questions

(1) Does the amount of light reaching the opposite side of the glass change when you add the

milk? How?

(2) As more and more milk is added, the light coming into the glass is scattered in more

directions, thus less of it is able to make it all the way through the glass. Do you agtee?

[This is similar to the presence of sulphuric acid droplets in the stratosphere and their

effect on sunlightl.

Note: This demonstration works best with a small aquarium to hold the water, as the sides of the

aquarium are flat and the flashlight can be placed directly against one side of the

aquarium.

'r,i\)

(3)

(4)

(s)

&I
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Activity 4: Acid Rain

Objective

To help students understand the concept of acid rain and what impact this may have on vegetarion.

Materials

* 2 or 3 small plants of the same tYPe
* vinegar and/or lemon juice (or other citrus juice)
* water

[Note: Vinegar is acetic acid and lemon juice is citric acid and variations on this theme include

using different liquids, or different plants.l

Important Points to Understand

Volcanoes (and factories) can emit gases, like sulphur dioxide (SOJ, which can react chemically

within water vapour in the atmosphere to form weak acids. Even though these acids are typically

too weak to harm humans who may come in direct contact with them (either in the form of acidic

mist or rain), over time these acids can affect clothing, plants, buildings, and other materials.

Acid rain may leach out metals naturally found in the soil, which then flow into lakes and streams

and the ocean. Metals such as mercury, lead, and copper adversely affect water life if they are put

into the water in quantities much greater than would naturally be found. Even those plants which

seem to initially do well in areas of acid rain eventually die due to the destructive eff'ects of the

precipitation. Acid rain depletes soils of nutrients necessary for healthy plant growth, and makes

plants vulnerable to a variety of diseases.

Many substances can be described as being either acidic or basic [alkaline]. Acids and bases

[alkalis] are the opposite of each other. The pH scale tells us how acidic or how basic a substance

is. It tells us the degree of acidity.

Although we will not discuss the details of what pH is in a chemical sense, for those who might

be curious we can note that pH stands fot potential hydrogen.

The pH scale ranges from 0 to 14. A pH of 7 means that a substance is neutral. That is, a

subsrance with a pH of 7 is neither acidic nor basic. A pH lower than 7 means the substance is an

acid. The smaller the pH, the more acidic the substance. A pH greater than 7 means the substance

is a base or alkalis, The larger the pH, the more basic or alkaline the substance.

Unpolluted rain water has a pH of more than 5.5. Any rain that has a pH lower than this is called

acid rain. When the pH of water in lakes and streams drops much below 5 on the pH scale, most

fish species die. Vinegar has a pH between 2.4 and 3.4, while lemon juice has a pH around2-2.

In 1978, rain from a storrn in western Pennsylvania in the United States was measured to have a

pH as low as lemon juice. By spraying the plants with vinegar or lemon juice, you are

iimulating - at a more accelerated rate - what these plants experience in regions where acid rain

falls. Laboratory experiments have shown that while most plants are seriously harmed by acid

rain. there are also some trees which seem to do well (at least for a short time) in rain water that

is more acidic. Experiments may be conducted on local wild plants or weeds in cultivated areas.
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Procedure

(l) Place two or three plants, preferably in separate pots, in an environment where they will
thrive [that is, sunlight if they like Sun, or shade if they like shade and carefully watered

as appropriatel.

(2) Designate one of the plants to be sprinkled only with water and one to be sprinkled only

with vinegar or lemon juice [or, if you have 3 plants, you could sprinkle one with water,

one with vinegar, and one with lemon juicel.

(3) Sprinkle each plant with its designated liquid several times each day, making sure that the

leaves of the plant are damp. In addition, when the soil dries, each plant should be

watered only with its designated liquid.

(4) After several days, note the condition of each of the plants. What, if anything, is different

about the plants subjected to the acid precipitation? What can you conclude based on this

experiment?

(5) The experiment may be repeated with different concentration of the acids.
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Activity 5: The Pacific and El lt{ifro

Objective

To illustrate and reinforce information with regard to changes in wind patterns during El Nifio

years by comparison with normal years and the role that plays in generating climate change.

Materials

* two maps of the Pacific region
* markers and pens
* paper
* scissors
* resource material on wind direction/information from the Meteorological Service

Important Points to Understand

One of the distinguishing factors of El Nifio is the dramatic change and shift in wind patterns

[please refer to the text on the El Niflo section in this module]. For example, during El Nif,o, the

i.rtr.ty winds significantly weakens and in consequence, changes occur in sea surface temperature

and rainfall for large area of the Pacific region'

Procedure

(1)

(z)

place the two large world maps on the wall, side by side and within easy reach of the

students.

Lead students in brief discussion of wind direction, what part it plays in climate regulation

and change, and how it differs during a normal year versus an El Niflo year. The local

Meteorological Service might help.

Divide students into work groups to map out the wind patterns during normal and El Niflo

years on small Pacific maps and discuss how it would look on the map.

Once srudents have completed rough drafts of wind maps, ask them to describe in writing

the consequences of the wind patterns in so far as climate is concerned at the bottom of
their individual maps.

Follow-up with a brief discussion reinforcing these information, or ask groups to provide

a brief oral description of what is shown on the map of the El Niflo event and what an El

Nifro means for the Pacific region.

(3)

(4)

(5)

)

,/r'\
,"4BnYY
South America

90'E

The zonal atmospheric circulalon belween the
Indonesian Low and the South Facific Hioh.
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XVIap of the Pacific Region
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Overview

There is little doubt that global and environmental changes including climate change will impact

on the socio+conomic, cultural and environmental sectors at global, regional and national levels.

The sectors impacted will include people, houses, living styles, agriculture, water, oeeans, corals,

fisheries, marine resources, health, energy, social cultural and traditions. However, in this module

the sectors that will be discussed focus on the physical environment including: sea level rise,

cyclone frequency, water resources, changing pattern in climate, coastal processes, ecosystems

and biodiversity.

It is relevant to note that from the mid to late eighties, when the current phase of concern over

climate change gathered momentum, that the atoll nations were seen to be especially prone to

suffer from the envisaged impacts. Much credit for the alerting of the world leaders to the hazards

of global warming must be seen to be due to the actions of one such national leader, President

Maumoon Abdul Gayoom of the Maldives in the Indian Ocean. In 1987 he addressed a General

Assembly of the United Nations in the following terms:-

According to studies compiled by the United States Environment Protection

Agency, a sea level rise of a few metres would, in the United States, inundate

nnjor portions of l-ouisiana and Florida ..As for my country, The Maldives,

a mean sea level rise of 2 metres would suffice to vinually submerge the entire

country of 1,190 small islands....."

Something similar could be said about several other atoll nations including those of the Pacific'

President Gayoom went on to lobby the world leaders for action to be taken, and in 1989 he

hosted an international conference of 'Small States' which produced an early protocol for limiting

the impact of climate change which has the name, The Mal6 Declaration. Nevertheless, although

important, it is not sufficient simply to alert the major nations to the fact that something must be

done. An international plan for action is required'

To minimise the impact of climate change on the ecosystem, our people too must respond in a

cooperative manner to preserve our natu;al environment. Logging activities in the larger islands

should be controlled so as to minimise any damage to the terrestrial or marine ecosystems'

Clearing of forests can also have an impact on river ecosystems. The latter can be protected by

declaring certain off-shore reefs, national heritage or protected areas. Our governments should

develop strategies to manage the use of coral reefi to limit sand mining for building purposes and

ensure that the ecosysre*s are able to cope with alterations in the environment through climate

change.
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(l)

(2)

Aims of the Module

To help the students become aware of the effects or implications of climate change on our

physical environment.

To help our students become more sensitive to the need to minimise the effects or impacts

of climate change by proper planning, wise use of natural resources and supporting

necessary management polices at both national and international levels.

Objectives

ktowledge and Understanding

At the end of this module the students should be able to:

- communicate a basic knowledge of what will happen to our physical environment as a

result of global warming.

- understand the impact of global warming on sea level.

- comprehend that climate change will affect our weather patterns.

- be aware of the possible effects of sea-level rise and strong cyclones on the coastal

processes.

- see the problems that we will face with our water resources as a result of climate

changes.

- help other students understand the impact of climate changes on our ecosystems.

- provide information on how to respond to some of these impacts.

Knowledge Base

Introduction

Under the enhanced greenhouse scenario, the climate will need to respond to the extra heat

trapped by man-made greenhouse gases. One of the most probable adjustments would be a
warming of the surface of the Earth and the lower atmosphere. But it is very important to realise

that a warmer climate is not the only likely change and indeed may not be the most important one.

The reason for this argument is that heat radiation is not the only energy transport mechanism

within the lower atmosphere, although it does play a vital and controlling role. lnstead, the

surface energy balance is maintained, and surface temperatures are controlled, by a complex web

of interacting processes which transport energy up through the atmosphere. Contrary to the case

of heat radiation, it is difficult to predict how processes like cloud formation will respond to
greenhouse gas emissions.
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In fact, global warming is a symptom of climate change, but it is not the problem itself. It may be

the most significant symptom we have to look for, but it is important not to confuse the symptom

with the disease. The fundamental problem is that human activity is altering the manner in which

the atmosphere absorbs and emits energy. Some of the potential consequences of this change, such

as sea levll rise, will depend directly on how the surface temperature responds. But many of the

most important effects such as changes in rainfall and soil moisture, may take place well before

there is any detectable warming.

During the last decade, a large body of relevant research has been conducted and complex

computer models have been constructed which aim to forecast the likely response of atmosphere,

ocean and land surface to the enhancement of greenhouse gases which undeniably have taken place

due to human activities. The models have targeted future dates e.g. 2030 or 2100, when

associated work has suggested that the additional concentration of gases will reach some

significant value. It is also the case that in recent time there has been a tendency to downgrade

"ailier 
forecasts. When scientists revise their forecasts in this way, this does not mean that we

may all relax. Earlier modules have indicated just how difficult it is to set up such calculations, to

ensure that the models include all the relevant terms, and then equally difficult to take account of

the fact that background narural oscillations of gas emissions and temperature variations also exist.

The general consensus suggests that it is more than likely that some measure of global warming is

taking place and that what is questionable is the rate of change and also whether this rate may

accelerate or even decelerate, given responsible, or perhaps irresponsible, action by the nations of

the world. The consensus also suggests that whatever now happens, even if there is international

agreemenr ro ensure that no further enhancement of the hazards will take place, that whatever

.Jrponp of the Earth has been set in train, will continue beyond the above target dates. It is

ugrinrt this background that a resolve has arisen to establish at the present time high resolution

observing programmes of the significant variables involved, so that the output of the models may

be verified with greater precision and also so that the models may benefit from more accurate

input data. An example of such initiatives is the South Pacific Sea Level and Climate Monitoring

Project sponsored by the Government of Australia.

Meanwhile, a simplistic view of climate change together with a general but more realistic version

are illustrated in Fig. 3.1, Global climate change will have some serious impacts on our physical

environment such ur r"u level rise, cyclone frequency. water resources, changing patterns in day-

to-day weather, coastal processes and ecosystems. Then we must not forget the threat to

biodiversity.

A slmpllslic vlew of
climate change

A more realistic view

Fig. 3.1: A simphstic and a more realisttc vtews of climate change
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The Environmental Impacts of Agents for Change

What has been happening over the past century?

Here we can refer to the Second Assessment Report of the lntergovernmental Panel on Climate

Change approved after detailed scrutiny at its Rome Meeting in December 1995 and published a

few months later by the Cambridge University Press in the United Kingdom.

Despite significant variations from year to year:-

. Global mean surface temperaure has increased through 0.3 to 0.6 'C

. Recent years comprise the warmest spells since 1860 and this is so despite the fact that the

period includes the 1991 Mount Pinatubo volcanic event which caused a short period

cooling effect

. Night-time temperatures over land have tended to increase more than day-time

temperaures

. The recent warming has been greatest over the mid-latitude continents particularly in
winter and spring. The North Atlantic has shown a tendency to escape the general trend

and has experienced some cooling, and precipitation has increased over land in the high

latitudes of the northern hemisphere during winter

. Global sea level has risen between 10 and 25 centimetres in the past century and the rise

can be related to the increase in mean temperature world wide.

. The last decade has shown more persistent and unusual warm phases of the El Niflo /
Southern Oscillation IENSO] associated with droughts and also floods.

. The general consensus suggests that, on balance, there is a discernible influence on

climate arising from human activity.

. Climate is expected to continue to change through ensuing years'

What is expected to happen in the near future?

. The best estimate of global warming is that relative to 1990 conditions, global mean

surface temperatures are likely to increase by approximately 2'C by the year 2100,

slightly down on earlier estimates. Uncertainty of climate sensitivity, however, sees this

figure as a best estimate. A low value of climate sensitivity gives a projected increase of
I 'C by 2100 while for the highest scenario suggested by the IPCC, the projection gives a

warming of 3.5 'C. These values may seem to be quite small but nevertheless they

indicate a rate of warming probably greater than any seen in the last l0 000 years.

. The climate models expect sea level to rise by approximately 50 centimetres from the

present to 2100, again25% lower than earlier 'best estimales', but this figure lies between

15 centimetres for estimates based upon low sensitivities, to 95 centimetres for high

sensitivities.

o Warmer temperatures are expected to lead to more vigorous atmospheric conditions'
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There is likely to be an increase in extremely hot days and a decrease in exceptionally

cold days, while the prospects for exreme conditions of flood and drought may be

grearer.

The explanation of the range of estimates from low to high sensitivity, of course, can be

found fundamentally in the difficulty of establishing climate models which can with

certainty reproduce the complex interactions of the atmosphere/ocean and the land masses.

However a very important factor is the role of aerosols introduced into the atmosphere by

human activity. The role of the aerosols is especially diffrcult to model and their

contribution to the climate can be remarkably different regionally, even different in sign-

The ocean is slow to take up or release heat and so lags behind the changes in the

atmosphere, a property which is given the name 'inertia'. In consequence, due mainly to

this inertia of the ocean, the global response to the accumulation of greenhouse gases

between the present day and 2100 may be only 50 to 90% of the change which has

already been triggered. Even if concentrations of the gases were to be stabilised by that

date, 2100, temperature, and sea level will continue to rise.

Sea Level Rise

Of all the impacts of global warming, it is the threat of sea level rise which has focused the

attention of thl Pacific Island communities. As President Gayoom pointed out, if the land surface

of an entire country has a maximum elevation of only two metres above the level of the ocean, at

a time when the scientists are suggesting that the ocean is likely to rise through 50 centimetres and

then continue to rise in the long term future, then this is a matter of great anxiety- ln the context

of this module, there is ample justification of a detailed look at the problem of sea level rise.

The concept is certainly not new. It has been known for half a century or more that this can and

generally, is taking place. On a global basis it has been estimated that sea level may have already

iisen byabout 15 Lm during thelast century, but not uniformly over the entire globe, so that I to
2 millimetres per year represents an average value. Then there is the complication that the land

surface may be moving ulro m the crustal plates of the Earth's slide against each other and as

crustal ,.gionr which iuffered badly in the last ice age, some 20 000 years ago, continue to

recover from the release of the ice load so long afterwards. The classic case is to be found in

northern Europe where at the head of the Baltic Sea in the Gulf of Bothnia, the land is rising so

noticeably dus to this relaxation of load that sea level is seen to be falling with respect to the land

by as much as one centimetre per year. Northern canada represents another such case'

Fbrhrnately in the case of the Pacific Islands, recovery from an ice load is not a problem to tax

the mind, but we do need to note that many of the island chains owe their very existence to

volcanic activity or the interaction of crustal plates. Consider for example the cases of New

Caledonia, Vanuatu, the Solomons and Papua New Guinea, which in fact trace out the boundary

between the Pacific and the Australasian trustal plates, and are renowned for their background

earthquake and volcanic activity. It is not then a simple matter of attempting to measure a slow

drift in sea level of the order of 1 millimetre per year, against a background of much higher

frequency surface features, of wind waves, of tidis and storm surges, all of which can be several

meties in magninrde. These disturbances alone present major difficulties for the accurate

measurement of sea level trends, but the task is doubly difficult when the very surface of the

Earth on which we might mount our measuring instruments may be moving horizontally and

vertically with respect to other locations a few kilometres, or even a few metres distant' The task

to extract from such measurements that part of the recorded signal which can be said to be the

response to global warming is extremely difficult and explains the degree of uncertainty which is

present in the climate forecasts. There is more to come!
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The surface of the ocean, even in the absence of waves and tides, is not level. In the treatment of
the El Niflo phenomenon for example, we have considered the presence of warm and cold patches

of water which tend to move from one side of the Pacific to the other. Such a warm patch,

extending down perhaps through the surface 300 metres or so, due to its temperarure anomaly

contains lower density water whereas its surroundings will have cooler higher density water. In

such circumstances, ignoring salinity differences, the warm patch will stand high, and typically up

to half a metre high. As we struggle to measure the long term and gradual change of the ocean

level due to climate change, we then have to cope with changes of level through several

centimetres on a time scale of months as such patches move in ocean space. Then again, we are

all aware of the great ocean currents which may vary in their strength but persist in the same

direction over the long term. Another feature arises in this context. Due to the rotation of the

Earth on its axis, all moving bodies are deflected to the right in the northern hemisphere and to

the left in the southern. [n consequence wherever there is a current, there is a gradient in the

ocean surface at right angles to the flow. [Also the opposite applies. Wherever there is a gradient,

there is a current, so that the warm patches of water tend to have a current encircling them,

clockwise in the Northern hemisphere and anti-clockwise in the southernl. As the great ocean

currents flow along the coastlines of the islands and continents, their variability from month to

month and from year to year, brings changes of coastal levels, since the associated gradients are

proportional to the strength of their flow.

The above indicates the problems of measurement, but now returning to the main theme of direct

impacts of climate change, we may pose the question: How does global warming affect a change

in sea level? The answer to the question is suggested in the above notes.

r Warming of the Earth's surface will include the warming of the upper layers of the ocean.

Warming causes expansion and the ocean will begin to stand higher than previously. The

thermal expansion of the ocean is thought to explain abottt 52Vo, more than half, of the

forecast sea level rise.

The ocean surface will rise if a greater volume of water is input from the land and

atmosphere. Generally it can be said that warming tends to be associated with increased

precipitation, but the main process is thought to be the melting of land-based ice, in the

high mountains and the high latirudes. lt is well known that the alpine glaciers have been

receding in the past century for example and are now likely to continue to do so. The

melting of land-based ice is considered to explain about 49Vo of the forecast sea level rise.

[Sea-based ice in the form of floating icebergs cannot contribute to sea level rise since

they float because they are less dense than free water, and they stand up above the surface

because of the density anomaly. Melting simply removes the anomaly.l

Until relatively recently it was thought that the main threat in the sea level trend would be

due to the possible melting of the polar ice caps where great volumes of water in the form
of ice are stored. More mature consideration now suggests that while the northern

[Greenland] ice cap may well release water to the ocean amounting to lTVo of the forecast

sea level rise, the same is not true of the Antarctic ice cap. Here it is thought that global

warming will have the effect of increasing precipitation here which will be in the form of
snow, so increasing snow accumulation and adding to the store of the ice cap rather than

the reverse. This feature is thought to amount to minus L3Vo of the forecast sea level rise.

In this rtunner the polar ice caps are thought to be of minor influence on sea level - one

virtually compensating for the other.

It should be kept in mind that we have already indicated that there are large time lags in
the system. For example it has been indicated that in the Gulf of Bothnia sea level
continues to fall with respect to the land due to the removal of the ice load through
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melting, even after 20,000 years. This process is likely to occur perhaps in other locations

in response to any future land ice melt. The contrary will be true, crustal depression,

wherever snow and ice accumulates, and similar long time scales will apply.

There is another feature of sea level trends which is worthy of note. When the scientists

refer to a 5end, say, of 2 millimetres per year, it is natural to consider this to be a

uniform world wide effect. This may not be true. Already attention has been drawn to the

effect of crustal plate movements and earthquake events which may produce regional and

local anomalies by moving the land with respect to the ocean level, however there is

another important process to consider. If sea level rise takes place solely due to the

warming 
"nd 

consequent expansion of the upper layers of the ocean, then, since there has

been no change to the distribution of load on the ocean bed, there has been no warping as

a result, and it would be expected that sea level trends will not significantly differ in a
geographical sense. If sea level were to rise in response to the addition of mass by adding

meli water and precipitation directly to the ocean, then, since the oceans are arranged

randomly about the 6arth and of vastly different sizes and shapes, then the ocean beds

would rispond to a re-distribution of the load, and the crustal warps produced would lead

to much regional variation in the trends. The likelihoocl is that there will be some regional

variation since the forecast suggests that both thermal expansion of the upper layers will

take place and also that the addition of mass from land melt water will have an almost

equal effect in raising sea levels.

t;,'

Fig3.2: If sea level rises, atoll such as this could disappear'

While the current climate models are suggesting that in the next century or so sea level is likely to

rise by about 50 centimerres we have to bear in mind that the world has already adjusted during

the lait cen$ry to half this amount, and this has taken place without causing major concern, The

question no* is' how will society and the environment manage to adjust to twice this rate of rise?'

Also relevant is the question: what have we set in train which will continue for centuries to
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come?. There will be no sudden catastrophe. Both humans and the natural environment may have
time to adjust to new conditions, although the general advice given is that the rate of change may
be on the threshold of capability of both to adjust. Insofar as sea level is concerned in general
terms we should realise that the major ports of the world, and consequently a large proportion of
the major cities, together with great concentrations of population on economically productive land,
tend to be located on the coastal plains and so possibly may be at high risk. The costs of
protecting such land from the advancing sea and coastal erosion would be enormous. Rising seas
would threaten the viability of fresh water aquifers and ground water generally. Coastal farming
would be more exposed to inundation and salt damage. For the atoll nations of the world there is
greater exposure since even a small sea level rise would be that much more signihcant, and in
many cases there is no possibility of retreat to higher ground. Here too there is more threat to
fresh ground water, and although de-salination installations may offer an alternative but expensive
source of supply for the population, there is no such practical alternative for the environment.

While our people in the South Pacific Islands may not have much say or influence over the
amount of greenhouse gases being emitted into the atmosphere we can at least encourage our
governments to express our concern at regional and international conferences. Nevertheless it is
not possible to lay all the blame and responsibility for action on the major developed countries. It
must be seen that all humanity must act responsibly and do what they can to share the load. The
small nations too must take heed of the international guidelines to limit emissions and other
dangerous practices. We can also support legislation in our own countries which are aimed at
limiting the amount of greenhouse gases being emitted into the atrnosphere.

Our governments are concerned about the effects
of global warming and the consequent rise of sea

level. This is shown in the establishment of the
South Pacific Sea Level and Aimate Monitoring
Project with the help of the government of
Australia. The project aims to help Pacific Island
countries and their governments understand the
scale and implications of changing sea levels and
climate. To activate this eleven sea level
monitoring stations have been established
throughout the South Pacific region. These stations
use the SEAFRAME [SEAlevel Fine Resolution
Acoustic Measuring Equipmentl system [Fig. 3.3]
which has also been installed around Australia.
The Rarotonga [Cook Islandsl SEAFRAME station
is also shown on the front cover of this Curriculunt
Modules. The equipment has the capaciry to
measure sea level with one millimetre accuracy,
every six minutes, and to communicate the
information automatically to a Project Data-base at

the National Tidal Facility in Adelaide, Australia.

Fig. 3.3: The SEAFRAME Monitoring Station at Apia
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Effects on Coastal Process

Tides, wind waves, and ocean currents cause ocean water to be continuously in motion. Waves

tend to wear away coastal materials. Boulders are broken off from rocky shores by the force of

water dashed against the coast. During storms, waves pound the shore zone with tremendous

force. Water may enter cracks and crevices and enlarge the openings into caves. Waves have

abrasive or cutting action as they roll rock fragments back and forth across the shore zone.

Abrasion causes most coastal destruction. Also when tides and stormy waves move in the same

direction, surges of water pile up on shore and do great damage. These processes are happening

everyday on our coasts and shorelines. Although they are regarded as a natural phenomena, they

have already caused damage to some areas.

As climate changes take place it is likely that stronger and more frequent tropical cyclones which

may be experienied will produce stronger and bigger waves. This will result in more damage and

coastal erosion tFig. 3.a1. In consequence, this poses a big threat to our low lying islands in the

South Pacific, which have linle natural protection.

.r *-

Fig 3.4: Photograph of a beach or coast that is facing such threats.

As the sea level rises, more of our coastal areas development will be exposed to these natural

forces. Rising sea level will also increase the mean depth of water and so the speed of waves and

the energy they transmit across the reef and against the shore. This will cause changes in coastal

sediment, erosion and deposition. In general, wave action and sea level rise lead to the destruction

of our beautiful tourist biaches, cultuial and historical sites and other areas of special value on the

coasts or beaches.

Total protection of our shorelines may be unrealistic. However, we can do something to minimise

any damage that might be caused by the natural forces of wind and oceans or sea level rise' Sea

walls can be built aiong the shoreline to prevent erosion and other damage due to wave action'

we must also limit any activities that might encourage erosion on our sea front such as sand
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mining. A sample photograph of sea wall under threat in a Pacific island is given in Fig. 3.5.
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Fig. 3.5: Photograph of Apia Sea Wall.

Cyclone Frequency

The damage caused by floods, storms, and tropical cyclones might become worse. Coastal areas
could experience more frequent flooding during extreme high tides and in particular during storm
surges.

Many South Pacific countries have experienced very strong cyclones which destroyed houses,
vegetation and other structures. Among many some examples of such destructive cyclones are
Cyclone Namu which affected the Solomon Islands in 1986, Cyclone Uma which hit Vanuatu in
1987 and Cyclone Ofa which caused much destruction in Samoa and Niue in 1990. A memento of
Tropical Cjclone Ofa maintained at Niue Hotel in Niue is shown in Fig. 3.6. (a). As one can
imagine from the photograph, the big boulder [-2 m x -2 m x -1.5 m] is more than 100
metres away from the water front. Again the edge of the land is at least 3-4 metres above the sea
level as shown in Fig. 3.6. (b). Believe it or not, it is true that the mighty narural force of
Tropical Cjclone Ofa carried that big boulder from the sea to the ground where it is sitting now.
According to the Hotel Manager, an even bigger boulder was rhrown into the swimming pool [can
be seen in Fig. 3.6. (a)], but of course that had to be removed and could not be keep as a
souvenir.

Among many other cyclones in recent years, a very severe Tropical Qclone Martin hit the Cook
Islands in November 1997. It was one of the most severe cyclones experienced in the region in
recent time. Pukapuka in the northern Cook Islands was the first victim. On Manihiki atoll alone,
20 people were left dead. In order to salute the surviving people of Manihiki, an aerial view of
Manihiki atoll is illustrated on the front cover of this booklet. In general most of the tropical
islands in the Pacific face the possibility of being hit by a cyclone on an annual basis. The cyclone
season extends from lst November to 30th April. It is possible that in association with climate
change the cyclone zones may move in latitude. The cyclone hazard may in future reach locations
previously inexperienced. Just possibly the reverse might happen elsewhere where the incidence of
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damaging cyclones rnay be reduced.

Fig. 3.6. (a): Photograph of a large boulder near the lounge room of Niue Hotel, Niue

lMemento of Tropical Clclone Ofai.

Fig. 3.6. (b) Height of cliff from the sea level near Niue Hotel.
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It is suggested that as our Earth becomes hotter, warm water and a resulting increase in humidity
over the oceans will encourage a greater frequency of tropical cyclones.

It has also been predicted that the geographic range of tropical cyclonic storms will expand
polewards, and that their frequency and intensity will also increase. This will mean that our
islands may experience more cyclones with the ability to cause greater destruction.

To help us prepare for such events, the weather stations in the Pacific islands are co-operating in
an effort to monitor cyclone movements. This is being coordinated by the Cyclone Monitoring
Centre in Fiji.

We can also minimise destruction to homes or houses by ensuring that houses are built according
to specifications which will make them more resistant to cyclone attack.

Sea walls should be built around towns or villages that are located near the coast. We should also
minimise activities that will result in sea shore erosion and destruction of mangrove areas.
Mangroves can serve as a barrier to high seas during a cyclone.

Effects on Water Resources

Even without climate change, humanity faces increasingly serious problems with water supply. In
our islands some areas already have limited water resources. This being so any threat of climatic
change could well be a sensitive issue. It is very likely that such climate change might alter
regional precipitation and evaporation patterns. Precipitation would increase in some areas and
decline in others. This will mean that where there is higher rainfall there could be a danger of
flooding and where there is lower rainfall ground water reserves will be reduced.

The scenarios for the consequences to groundwater of climatic change are numerous, both because
of local variations in island groundwater resources and because of uncertainties in the exact
patterns and magnitudes of climate change. However, basic hydrologic principles in combination
with our general knowledge of the directions of climate change permit us to sketch the major
issues that need attention.

Small islands, and particularly atolls, provide a special case of exposure to degradation of fresh
water sources. Take the typical atoll composed of coral sands which are permeable. In this way,
the saline ocean water continues at depth through the island. Rainfall captured by the island
percolates through the surface layers, and because it is relatively fresh and so of lower density it
tends to float above the saline ocean water in what is referred to as the fresh water lens. As the
name suggests, the fresh water pocket is very thin at the coastline and can be found at sea level,
Ieaking out to the ocean through precipitate 'beach rock'. lnland, given homogeneous conditions,
the pocket becomes deeper and shows a vertical profile consistent with the topography of the
island, thinning again as it approaches the opposing coast. The water body then fits the descriptive
name, lens.

A fundamental feature of the system is that the lens is controlled by the mean level of the ocean.
Whereas sea level rise may cause an horizontal advance of the shoreline thereby reducing the
habitable area of the island to a small degree, so far as the water reservoir is concerned, its base
will also have been raised and this has the effect of a much greater proportional reduction of its
volume. This process presents perhaps the major impact of climate change on the Pacific Islands
in the shorter time scales
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Sea Level Rise and Salt Water Intrusion

Sensitive physical processes control the sustainability of island resources, among which the fresh

water suppty is pertraps the most critical. In many cases the Pacific islands consists of porous

coral sands and the inhabitants rely upon an underground water reservoir fed by rainfall from the

surface, as indicated above.

Due to the work of two scientists, Ghyben and Herzberg, in the late nineteenth cennrry, the

dimensions of such a reservoir have been identifred. Rainfall percolating through the surface

collects underground in a fresh water lens of considerable depth, floating above intruded saline

ocean water which continues through the island structure below the lens. The upper surface of the

lens is to be found near sea level at the coast line, and rising above that level inland in the form

of a subdued copy of the island topography. However, the lower surface of the fresh water lens

dives deep below the island. For the interface between the fresh and saline waters to be

maintained, its gradient must be steep. In fact where the water table rises, say, one metre above

sea level at a pirticular point on land, the bottom of the reservoir will be found some 40 metres

below sea level, and this ratio between elevation of the water table and the reservoir depth

remains constant where a condition of hydrostatic equilibrium is maintained. The reservoir is

therefore much larger than one might expect, and this explains why so many small islands are

nevertheless habitable and support vigorous vegetation'

There is a catch however. The same argument suggests that the picture is very sensitive to small

changes in sea level. Consider an atoll where the habitable land rises just two to three metres

above sea level, and this implies that in a condition of abundant rainfall, the upper surface of the

fresh water reservoir rises somewhat less than that across the island. Now consider the prospects

of sea level rise due to climate change, and also consider that sea level rise may be of the order of

half a metre above present levels. That part of the reservoir above sea level will feel the

restriction of the new significantly lower topography and will no longer rise to the same level

above sea level as befJre. The Ghyben-Herzberg relationship then suggests that for every

centimetre of shortfall in the height of the upper surface of the fresh water lens above the new sea

level, the lower surface will rise by forty centimetres, i.e. the size of the reservoir will be

significantly reduced as a response to small changes in the height of the water table' This problem

*itt U, superimposed upon the more obvious concerns; for example the reduction of the collector

[island] area due to transgression of the ocean.

What is more important is the tendency at this stage for problems to multiply:-

If the reduced fresh water reservoir becomes stressed in usage, then the condition of hydrostatic

equilibrium will be violated so that the Ghyben-Herzberg principles will no ]onger apply probably

causing a further reduction in the volume of the reservoir. Then there is likely to be a growing

concern over water quality superimposed upon the original concern over quantity. If the local

technology is based uion tube wells or boreh-oles, an early sign of trouble will be in the salinity of

the suppiy since the tube base may now be penetrating the lower boundary of the fresh water and

found to be accessing water of ocean origin. The temptation then will be to abandon the deep

wells in favour of shallow wells retained within the fresh water lens. Flow volume may then be an

issue. In fact of course, tube wells are not the informed and technically-preferred system for the

access of good quality water in such an environment. If not already in place there will be an

urgent n..d to invest in slit trenches, taking the form of a horizontal well. This would be a means

of skimming off the surface of the fresh-water reservoir, so avoiding the undesirable brackish

groundwater at a lower level, and providing a more easily-managed and, hopefully sustainable

iupply. Much social and financial pressure may be inferred'

67



M&tIc Tlvec Possible Impacts of Climate Change on the Physical Environmont

Height of Location

Water
Table

0.75 mlr-- ----:h
hesent Sea Level

Sea level Rise - 0.5 m

Water Column

Water Column

After

Before

at6
q.)

&

tU
oo

nt

gH
3>

Fig. .t,7: A Sclernarrc diagranr showing the shrti of fresh water reservoir dcpth due to sea level rise.

Height of Location

Water
Table

TE
c l*g t*I-

q,

z
c)
c)(n
!

{Jo
G}4
tr
iu
b0

F

c)

ooI

o
{J
()
&
(,
cl
B

{)
h

!.1
G'

B
oc
d(a



Modulc Three Possible Impacts of Climate Change on the Physical Envirorment

Putting typical figures into a hypothetical case as shown in Fig. 3.7:-

Take a present situation as follows:

Height of land at a particular location is, say, 2.0 metres above present

sea level.

Height of Water Tabte is, say, /.0 metre above present sea level.

Freshwater is found to a depth of 40.0 metres below current sea level-

Now consider a year, about 2100 when sea level has rlsen through

approximately 0.5 metre.

Height of land is unchanged with respect to old sea level, but sea level

has risen through 0.5 mehe.

If the water table still reaches about half way between sea level and the

land surface, it will now be found 0.75 metre below the sutface or 0'75

metre above the new sea level.

According to Ghyben-Herzberg relationship, fresh water

will now be found only a depth of 30.0 meta below

current sea level, i.e. due to a small change of sea level

of 0.5 metre the total depth of the fresh water reservoir

has changed from 41,0 metres in the present case to

30,75 metes after the rise - a very substantial loss of
reserve water to support sustainable life on the island-

Note: Of course, if the water table were to stay at the sanp

depth below the surface in both cases, as well it might' then the

change in the depth of the reservoir would W 50% rather than

25% shown in Fig. 3.7 [See: Dotted line on Right Water Column

after sea level rise of -0.5 ml.
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Recharge

Changing rainfall and temperature patterns will alter the amount of water available for recharge of
the reserves. Higher temperatures will cause more evaporation, whether rainfall will increase

enough to compensate for this is not currently predictable for specific locations. If recharge or
rainfall decrease, islands that currently have limited potable portions of their underground water

will be particularly susceptible; a decrease in recharge could mean a threat to potable water

available for withdrawal after natural losses. This may cause salt to leach from soil and raise soil

salinity between ground level and the underlying water table. A lowered water table in coastal

areas will draw sea water into areas previously occupied by fresh ground water.

If rainfall patterns were to change so that precipitation, regardless of quantiry, were to fall during

less reliable or shorter rainy seasons, leaving longer periods without rain, then a crisis could occur

as both demand and pumpage increased during the dry season and excessive withdrawals were

made from a depleting lens. Increased seasonal swings in water lens size would be likely to

promote additional mixing of fresh and saline water, thus further limiting and degrading the

resource.

The coastal strip with its traditional vegetation in particular, so essential to the image of the

Pacific islands is most at risk from salinisation as the fresh water lens is threatened.

Island Size

Over longer time scales of decades or more, rising sea level may be expected to erode coastlines

and flood low-lying portions of islands. It is unclear to what extent island accretion will be able to

keep up with sea level increases. Decreased island size will mean less surface area for infiltration

and potentially a smaller volume of aquifer available for the storage of fresh water. If the

population is not reduced in proportion to the changing area, then a greater proportion of the

island might also then be covered with impermeable surfaces.

The rise of sea level due to global warming will definitely threaten the viability of fresh water

aquifers and other sources of fresh ground water. Ground water in low lying atolls will become

more saline. Intrusions of salt water into fresh water sources will make ground water unftt for

household and agriculture use. Vulnerability to climate change will be greatest for islands that are

particularly low in elevation or small in area.

Water Qrality

Decreasing water lens size due to the effects discussed above would tend also to decrease water

quality by making any groundwater development more likely to produce some intrusion of saline

water. In addition, if the climate were to change So that severe storms became more frequent, then

over-topping of the island with salt water by storm surge waves could contaminate the water lens

more often. While in some cases recovery can progress fairly quickly, storm contaminated

groundwater may be unusable for a period of months or longer. Greater population density [from
decreased area as well as from population growthl may intensify the amount of hardship.

Water Management

Improved water management is needed to minimise the impact of climate change. Growing

population and rising living standards are increasing humanity's consumption of water. If climate

Ittange does reduce rainfall and cause sea level to rise there is bound to be real problems with our
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water resources. To respond to this threat, there is a need to upgrade existing infrastructure for

water storage. People will need to be more sensitive to the problems of water wastage and to

introduce policies that would cut waste and constrain demand. Activities such as careless logging

activities will spoit many of our fresh water resources. Such activities should be carefully

monitored to avoid unnecessary pollution of water sources.

SEAWATER

COASTAL EROSION FROM INCREASED PHYSICAL DAMAGE
AND SALINIZATION FROMHIGHER SEA LEVEL, INCREASED

WAVE ENERGY STORM.SURGE
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TIDE

LI
RANGE

IDE

T---L """"-
RANGE

SEA LEVEL
INCREASE

:5 SEAWATER

REDUCTTON OF FRESH-WATER
RESOURCES FROM RISING
ELEVATION OF BRACKISH WATER

LOSS OF AGRICULTURE
FROM SOIL AND GROUNDWATER
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Fig. 3.8: A simple schematic representation of the range of threats to reef islands, coasts, and

fresh water source, showing the current siruation (upper) and the future position with sea level rise

(lower). IFW : Fresh Water]

Impacts on Coastal Area Development

Half of the world's population inhabits coastal regions and the flood prone delta regions of Egypt,

India, Bangladesh and China. Present plans for .oattul development and the design of buildings is

based on the assumption that past climate is a good guidance for furure climate'

For example, to fight against the possible sea level rise, some major works would be necessary to

protect low-lying ireas=and 
"rp"iiuuy 

water-front buildings, marinas, ports and industries sited

near coastline for cooling water or ease of freight handling. An extension of the cyclone belt

would mean more buildings could be at risk from trigtr wind speeds, intense rainfall and coastal

flooding.
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Effects on Farming

With a changing climate, farmers and agricultural scientists cannot look to past records to predict
the frequency of good and bad years or the extremes of rainfall, temperature, frost and so on.

For food plants like cereals, a rise in temperatures would mean that they grow faster, mature
earlier and so have less time available for accumulating food reserves in seeds. lncreasing
temperatures, changes in rainfall, soil loss from rain in some areas and new varieties of plants
could mean major changes in areas where crops are grown. While frost is not a concern of most
of the Pacific islands we should note that some plants would benefit from longer frost-free
growing periods due to higher temperatures but frequent frosts and low temperatures are needed
by other plants in order to stimulate flowering.

An increase in carbon dioxide has been shown to act like a fertiliser on most plants while many
have a reduced need for water in such circumstances. So for wheat, an ability to grow with less
water could allow it to be grown in more arid regions. For forest plantation, any decrease in rain
could reduce productivity.

Changes in preferred breeds of sheep and cattle could be expected. Maybe cattle replace sheep in
areas receiving more rain. The amount of nutrients in plants may alter with changes in their
growing seasons. Heat stress in animals could increase.

Distribution of fish species may change with changes in sea water temperatures and ocean
currents. Mangroves and river estuaries, important spawning grounds for fish, would be affected
by coastal flooding and erosion.

Impacts on General Environment

The speed of climate change is a critical factor in determining whether native animals and plants
adapt and whether their abundance and distribution suffer. The fate of a particular animal or plant
is determined by the combined effect of changes on climate, food, soil, nutrients, predators,
competitors, available habitats, diseases, changes in distribution of other species and so on.

Even species which could relocate so as to keep pace with the climate changes might find that
there are cities, agricultural areas and other developments acting as barriers and in some cases
there may not be another suitable habitat.

In regions of increased rainfall, water birds may be favoured by the more extensive and reliable
wetlands. Where rainfall is reduced, water birds may suffer. Rising sea level and changing
storminess may reduce the tidal flats around islands, affecting wading birds, those that use salt
marshes and trans-equatorial migrants.

Alpine environments could shrink or disappear because of shorter, milder winters. All the alpine
organisms would have a much reduced habitat within which to survive. These habitats would also
be isolated and making species less capable of coping with climate change or competition from
specious colonising the habitat.

Changes in the Boundaries of Vegetation Zones

Projected changes in global temperature in the range 1.5 to 4.5 'C together with changes in
precipitation will result in the movement of the boundaries of vegetation zones, and will impact on
their floristic composition and associated animal species. Boundaries [e.g. boreal-tundra,
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temperate forests, grasslands, etcl are expected to shift perhaps over several hundreds of

kilometres over the next 50 to 100 years. Real rates of the movement of species, however, will be

restricted by limits on their ability to disperse.

Both coniferous and broad-leaved tree species of warm environments will find favourable

environments much further poleward than their current limits. In the northern parts of Asian

Russia, it is forecast that the-boundary of the zone may move northward from 40" to 50' latitude.

The tundra zone is expected to disappear from the north of Eurasia.

Expected changes in precipitation will allow species to extend their boundaries equatorward. As a

result, broad-leaved ipecils range may expand and these ecosystems most likely will be more

maritime in terms of ipecies composition. The forest steppe subzone in the European Russia will

change while in southern portions of western Siberia, it is suggested that the forest steppe

boundary could move uP to 200 km.

In the semi-arid, arid and hyper-arid ecoclimatic zones of the Mediterranean, greenhouse-gas-

induced climate change should reduce plant productivity and result in desertification of the North

African and Near Eaitern steppes owing to increased evapotranspiration. The upper limit of the

deserts would migrate under the influence of climate change and most likely extend into the area

that currently corresponds to the lower limits of the Semi-Arid Zone.

The impact of climate changes on the present tropical and temperate rainforest is uncertain. For

example, almost all of Tasmania [Australia] is expected to become, at best, climatically marginal

in terms of temperate rainforests, largely owing to a rise in winter temperatures suggested by

climate scenarios. This increase in temperanlre is unlikely to have a direct effect on the forest, but

may facilitate the invasion of less frost-tolerant species.

Possible Effects of Rising Sea Level on Reef Landforms

One relevant question in any consideration of the effect of a continually rising sea level is the

effect on coral growth. Coial reef growth is primarily a response to light availability and is

greatest just below the surface watei layers. According to past records, it was noted that coral

growttr kept pace with sea level rise during the most rapid rises in the early Holocene when rates

of accretion were measured at 5-8 mm per year.

There have been a variety of estimates of average and maximum rates of both coral growth and

vertical reef accretion, and the question of maximum rate of accretion is vital to any projection of

coastal process and morphologital changes which occur in response to rising sea levels. Based

upon ."i"rrtific records, on uuJr"ge individual coral colonies grow upw'ards and outwards at about

23 mm per year. Reefs grow more slowly due to the compounded effects of storm damage and

recovery, plus the interaction between the growth of coral, algal mantles and the rate of clastic

sediment pioduction to fill the interstices of the reef platform. Normal rates of reef growth may be

taken as 5-20 mm per year.

It is to be noted that predictions of reef growth rates must take into account the structure of the

reef community, and tttr tit.ty occurrence of local events such as cyclones or predator attacks,

which would temporarily inniLit reef growth. In addition, growth is unlikely to be sustained if
water remperarures r.".h 30 'C which just possibly may occur across much of the tropical Pacific

with globil warming. A major and noteworthy point then is that although rising sea levels

g.n"rrlly favour reef growth, this growth may not keep pace with predicted sea level rises due to

the changed conditions of global warming.

It may be possible that in many situations coral growth will be able to keep pace with even rapidly
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rising sea levels, perhaps with changed reef composition and form, if such rises occur no more

rapidly than 30 mm per year and such rates of rise are not certainly contemplated. However, the

growth rate depends on a number of biological factors. In such a situation the removal of surface

sediments may be followed by the upward growth of coral, and the development of submerged

atoll structures.

Then of course there is the questions: How many of island reefs are healthy enough to respond?

Have we already caused too much damage to the natural environment to limit its potential for
recovery?

Concluding Comment

This text is by no means a comprehensive survey of the impacts of climate change. It has been

produced with a main focus on, and a dedication to, the Pacific Island peoples and has addressed

in particular the main source of their concern, namely the threat of rising sea level. There still

remains the need to attempt to put the many points raised into perspective.

The text has been based upon the work of many reputable scientists who have sfudied difficult

elements, aspects and interactions of the atmosphere/ocean/land surface which make up the total

environmental model. Due note has been taken of the considered view of the international

scientific community in this matter, condensed into a consensus of opinion incorporated into the

Second Assessment Report, Lgg5t6, of the Intergovernmental Panel on Climate Change. The brief

sufvey here attempts to set the Panel's assessments against a background of long period

oscillations in climate which are known to occur naturally, without any intrusion of human

activity. The point has been made that we really cannot be certain as to what the future holds for

us in climate matters. The position is that no-one can be sure that the variation of climate which

has been experienced in recent time is in fact due to the processes which are contained in the

greenhouse models and that they are the result of recent human activity.

The climate models contain many terms and as time proceeds more are discovered and will be

incorporated. Nevertheless we have followed the consensus view that, on balance, the available

evidence does suggest a link with the greenhouse gases and human practices. This step has been

taken since the authors are firrnly of the view that the risks taken, should the model outputs be

ignored untit proved, are far too serious and in this we have in mind that, due to major lags in the

system, any climate variation set in motion now may well set in train impacts which will grow

and continue into the future - even if gas emissions are stabilised from this moment onwards. The

decision has been made that it would be imprudent not to accept the likelihood that global

warming has indeed been initiated.

Meanwhile the authors firrnty believe that the most helpful action which can be taken now is to

establish carefully planned high resolution monitoring prograrnmes which, given time, will

eventually identiff what is actually taking place. Such programmes will help the modellers to

solve the problems of climate variation by providing real input values and also help to provide a

check on intermediate output. At the same time there is welcome assistance to the world

communities at all levels to understand the nature of climate issues, to appreciate the difficulties of

interpretation and to indicate actions which might help to limit environmentally unfriendly

pru.ii.., in the interests of the common future. Again, an example of this policy is the initiative

of the Government of Australia in establishing the South Pacific Sea Level and Climate Monitoring
project, and the lnformation and Training programmes which are incorporated within it.

As the end of this module approaches, we should in passing note that the consensus on climate

change does not represent a unanimous agreement. There are scientists who recommend caution in

accepting the present greenhouse philosophy, and point to the fact that two to three decades ago'
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the main concern of the scientific community was over the 'probability' of global cooling - not

global warming. tn fact a current issue of a reputable scientific journal contains two references to

ihe probabiliry of the Earth entering into a cooling phase within the next 50 years, and the

suggistion is made that we may well need the influence of the greenhouse gases to moderate the

hazards of global cooling which is likely to come.

Demonstrations and Exercises

Activity 1: Rate of Coral Growth

Objective

The objective is to understand the fact that the growth of coral depends on water depth and the

effect of sea level changes on corals.

Materials

* graph paper
* pen
* ruler

Important Points to Understand

If the greenhouse effect occurs, its effects will be global, both on land and in the sea' The

informaltion given in the following table shows the rate of growth [in mm per year] of coral patch

reefs in different depths of watei along the Great Barrier Reef, Australia' As we all are aware

many islands in the Pacific region are coral islands so that any information on coral growth is

important, It is necessary to point out that no concentration has been given to increase water

temperatures in this exercise. Also how much of local coral is still alive and so able to respond to

growth is a matter of conjecture and will vary from place to place.

Procedure

(1) Study the data from the given table'

(7) plot the data on a graph paper, depth on horizontal axis and growth on the vertical axis'

(3) Pick the depths of fastest and slowest growth from the graph'

Depth [m] 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5

Growth [mm y"r] 8.9 r0.3 t6.2 9.2 l2.r 10.6 9.9 7.8

Depth [m] 8.5 9.5 10.5 I1.5 12.5 13.5 14.5 r5.5

Growth [mm y''] f.d 8.4 7.8 8.7 9.3 9.4 9.4 9.3
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Questions

(1) At what depth do these coral grow fastest?

(2) At what depth do these coral grow slowest?

(3) What can you infer from the graph when the water is deeper and deeper?

(4) At what depth will these coral grow fastest if the sea level rises half a metre?

(5) Do you expect that these corals will be affected by sea level changes?.

(6) What other factors might influence coral growth?

Activity 2: Plant Growth and Carbon Dioxide

Objective

The objective is to show how carbon dioxide in the air affects plant growth.

Materials

* graph paper
* pencil and pen
r ruler

lmportant Points to Understand

All animals, including humans, exhale carbon dioxide as waste. But plants use carbon dioxide in
general and they release oxygen which we need. This is the main reason why we need to plant

trees to reduce the level of carbon dioxide from the atmosphere. The following table shows the

leaf area [in cnf] of plant [maize] growth produced over 40 days under normal conditions of 340

parrs per million of carbon dioxide [340 ppm COJ and under conditions where carbon dioxide

levels are double that amount.

Days Leaf Area [cm'?]: llO ppm COt Leaf Area [cm2]: 680 ppm CO,

5 28 28

l0 115 120

l5 JOJ 466

20 700 885

25 598 889

30 492 765

35 388 595

40 281 418
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Procedure

(1)

(2)

(3)

(4)

(s)

Study the data from the given table.

Plot the data on graph paper, days on the horizontal axis and leaf area on vertical axis.

Use different colour for different conditions of leaf area.

Identif that carbon dioxide increases or decreases the rate of growth of maize.

It would be desirable if you can infer the advantage and disadvantage of CO, increase in

the atmosphere on Plant growth.

Note: Again no attention to temperature has been given here.

Activity 3: Rainfall and Water Table

Objective

The objective is to show how an increase of rainfall under climate change can affect the water

table and soil salinity underground.

Materials

* }large flat trays [same size]
* sandy loam
* salt
* water
* nail

Important Points to Understand

Due to climate change processes, it is predicted, that there may be a higher rainfall in some areas

and a lower rainfall in others. It is easier to illustrate the effects of lacking rainfall [recent drought

in the PNG area could be an examplel.

If rainfall increases, water flow in rivers will increase and so too will erosion by those rivers.

Rivers that erode more carry more silt. When the river runs into the nearby sea that silt is
deposited. Among many processes, an increase in rainfall may raise the water table nearer to the

,urfac.. A similir process can occur when deep-rooted trees are removed and the region is

suddenly denied the water take-up and evapotranspiration which the trees provided' Salt may then

come to the surface as the water evaporates.
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Procedure

(l) Punch a few small holes in one of the trays, these will drain away water in a similar way

to tree roots taking up water.

(2) Place a layer of salt evenly over both trays and a thick layer of sandy loam on the salt

[about 5 cm].

(3) Sprinkle the same amount of water evenly over the soil in each tray until it is wet.

(4) Place both trays in the Sun to dry. Once dry, repeat the watering and drying.

Questions

(l) In nature where does the salt come from?

(2\ What happens to the salt in each tray?

(3) What can you infer from what you have seen?

(4) Can you discuss the advantages and disadvantages of the increase of rainfall in general?

(5) Release of salt and silt into coastal ocean will have an effect:- What?

Activity 4: Sunlight and Water Evaporation

Objective

The objective is to demonstrate that the energy from sunlight can evaporate water.

Materials

* a large bowl
* cup
* sheet of plastic
* string
* water
* small stone

Important Points to Understand

Sunlight is made up of a range of wave lengths that the human eyes see as different colours.

Different wave lengths have different amount of energy. The bulk of the Sun's energy received by

our Earth has a band of short wave length and the energy they carry is strong enough to evaporate

water.

Water vapour is the most important greenhouse gas. Like other greenhouse gases, increase of
water vapour in the atmosphere traps more heat and raises the Earth's temperature, then more
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water will evaporate into the atmosphere. The extra water vapour will add to the greenhouse effect

[i.e. more water vapour in the atmosphere can trap more heat and it will make the Earth warmer,

and there will be more water evaporation in consequencel. However, the extra water vapour may

also lead to more cloud and this may have a cooling effect'

Procedure

(l)

(2)

(3)

(4)

(5)

Place the cup in the centre of the bowl.

Put some water in the bowl.

Place the plastic sheet over the bowl and tie along the rim of the bowl.

Put the stone in the centre of the plastic sheet, so that it is above the cup, but not touching

it [as shown in the figure].

Place the whole set up in sunlight and watch for an hour or so.

Questions

(1) What happens?

(2t Can you explain whY?

(3) How could this be useful?

Activity 5: Dissolved Gases in Water

Objective

To prove that ocean water can absorb greenhouse gases and to demonstrate that what appears to

be clear water is actually a complex solution of dissolved gases'

Materials

* unopened bottle of soda or carbonated mineral
* two small glasses of equal size
* tap water
* distilled water
* boiled water (cooled)
* aerated water
* magnifying glass

water (clear, plastic, screw-top bottle)

Important Points to Understand

Oceans take in CO, and other gases to

between gases in the sea and air. How
maintain an equilibrium, or a balance of concentration,

do the oceans absorb COr? Once drawn into water, CO2
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molecules react with already-present carbonate ions to form bicarbonate ions [2HCOr]. This

transformation removes CO2 proper from the water. Furthermore, bicarbonate ions are used by

marine animals and plants in forming the calcium carbonate [CaCOJ with which their shells are

made. When these marine organisms die, their shells settle to the sea floor and are often buried in
sediments there. Some fraction of the calcium carbonate dissolves back into the ocean waters, but

a large portion is trapped as solid sediment, effectively locking away the atmospheric COt used to

make it. Through these processes, the ocean ultimately has a major role in determining the

atmosphere's CO2 content.

At one time, it was thought that the ocean could continue to absorb carbon dioxide indefinitely.

Although the extent to which Earth's oceans can take up greenhouse gases is still not fully known,

some scientists now believe that oceans absorb about half of the CO2 produced by human

activities. This might change if ocean temperaftres rise due to global climate change, however,

because gases in warm water become less soluble. If more readily released into the air, additional

CO, would intensiry an already-problematic greenhouse effect.

Preparation

Demonstrate that water contains invisible gases. Collect and cover samples of several different

types of warer: tap, boiled, distilled and aerated [shaken vigorously to force up the oxygen level].

Study these by eye and using a hand lens. Are there any visible differences? Divide each sample

into two equally sized small glasses. Cover one, leave the other uncovered, and place both in a

sunny and/or warm spot for 24 hours. Are any differences visible now? What happens when these

various waters are frozen? Which water would you use to create the clearest possible ice cube?

Procedure

(l) Open the bottle [soda or carbonated water] and listen for the characteristic whoosh sound

of gas escaping from the bottle. Also observe bubbles forming in solution and rising
upward.

(2) Re-cap the bottle, then immediately remove the cap for a second time. Was a whoosh

heard this time? Again, re-cap it and set it aside for several hours or until the next day.

(3) Open the bottle and listen for the whoosh. Re-cap and set aside. Repeat this process until
you no longer hear the whoosh upon opening the bottle after a long rest. Count the

number of times you repeat the process.

Questions

(l) What causes the whoosh when the bottle is first opened?

(2) Why does not the bottle whoosh when it is re-capped and then immediately re-opened (in
step (2) above)?

(3) Why does the bottle stop burping after many repetitions?

(4) How does this demonstration involving CO, dissolved in water relate to the real world and

the subject of global climate change?
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Some Hints for the Questions

$ The solution is supersaturated with carbon dioxide. This means that the conditions of room

temperature and pressure, there is more carbon dioxide (CO) dissolved in the solution

than it can accotnmodate, The pressure of CO, inside the bottle is greater than the

pressure of CO, in the air outside the bottle. When the bottle is opened, some of the COt

gas rushes out to equalise the pressure.

g Notice that the bottle is not completely filled with liquid; there is a small pocket of air at

the top. In the unopened bottle, some of the carbon dioxide has escaped from the solution

and entered the air pocket. The pressure of CO, in solution and the pressure of COr in the

air above the solution are equivalent. But this equalisation process is not instantaneous.

When you open the cap and ie-open the bottle rapidly, there is not enough time for the air

pocket in the bottle to re-pressurise with COt

g Each time the bottle is opened and re-capped, a new state of equilibrium is reached. That

is, the pressure of CO, in the liquid and in the air pocket equalise. And each time you

open the bottle, the pressure of CO2 in the air pocket and in the air outside the bottle

equalise. With each repetition, some of the excess CO, in the soda escapes from the

bonle. Eventually, the pressure of CO, in all three zones: liquid, air pocket, air outside

bottle is the same, so there is no imbalance to cause the burp'

g The burning of fossil fuels [coal, oil, gas] is causing levels of COr and other heat-trapping

gases to build up in the atmosphere. This increase might cause global temperatures to rise,

itranging conditions in various areas in ways that might be inconvenient or harmful. Some

of the excess CO, that we are releasing is absorbed by the oceans and continents. So it is
important to understand how much CO, can be held, Just as there was a limit to the

quantity of CO2 dissolved in the soda, there is a limit to the amount of gas that can be

stored in reservoirs through natural process.

We will look al alternativo ways to produce energy.

.-r-f---\
--- \
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Overview

This module examines the possible effects of current climatic change on people's lives. The

gradual increase in temperature in the Tropical Pacifrc region, together with the likelihood of

more rainfall, an increaie in the number of extreme events such as local droughts and tropical

cyclones (hurricanes), together with a slow but perceptible rise in sea level' All of these can have

far-reaching 
"onrequ"nco 

for agriculture, tle distribution of settlement, and migration patterns. In

terms of health, vector-borne diseases such as malaria could spread to new areas. There are also

economic and political implications in the face of global warming, people (governments) will need

to strengthrn ih"ir .ap"uiliti$ at the local institutional level to deal effectively with the new

c5angesf they will also need to focus on ways in which island communities might share their

resources and experiences.

The impact of climate change on all these aspects of human society is considered. Emphasis is

also placed on how people might respond to these changes, and what they might be able to do to

mitigate their effects.

lt must be stressed that there is great uncertainty among scientists and environmental experts as to

exactly what climatic changes ari about to take place in the Pacific, and what impacts are likely to

emerge.

This module will cover certain impact topics which are considered to have priority status and to

be of special interest to the Pacific Island institutions. The following are topics we intend to

address regarding the climate change impacts on: (a) agriculture, (b) health, (c) people,

resettlement and migration, and (d) politicai and economical experiences in the Pacific region'

Teachers and students will find that there more activities under each topic than were contained in

the previous modules because of the importance of social issues to the governments and

instinrtions of this region.

Given this background it is clear that many important issues are at stake. However, it is essential

that a realistic approach to the problem is maintained. The physics of climate change suggest that

global warming ii titrty to o"cu, but that change will take place slowly. There will be no sudden

Iatastrophe. Time wiil 6e available in which to assess and quantify the changes taking place and to

clarify itrategies to accommodate their implications. Part of this accommodation may well occur

nan r.lly without conscious effort. Perhaps there is a measure of agreement that of all human

societiei, those of the atoll nations face rather more risk than most. Nevertheless history has

shown that the human race has demonstrated great powers of adjustment and acclimatisation'

Some analysts of human history would point outlhat we live in a warmer climatic period than the
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average. Such inter-glacial periods have occurred throughout geological time, sandwiched between

much colder episodes which have tended to be much more prolonged. Then within our present

inter-glacial event which has spawned a vast development of humanity, there have been significant

fluctuations of climate, including some warrner phases than the present. In general terms the warm

phases have been seen as times of prosperity and rapid development. One such warm phase,

occurring about the time of the first millennium, saw settlement established far to the north in
Scandinavia and Greenland in particular, while elsewhere enormous population growth was in
progress. Later for almost half a century and extending well into the eighteen hundreds, a cool

phase seems to have occurred to which the name, Little Ice Age, has been given. The evidence is

that the cool phases were associated with stress and withdrawal, wiping out the former higher

latitude extensions, and generally limiting development and productivity. The analysts point out

that the ultimate problem is to identiff just where we now stand with regard to such major

fluctuations of climate, with the evidence suggesting that sooner or later there is likely to be a
switch to much cooler conditions. Global warming, viewed against this background, some would

say, might not be the ogre more commonly suggested today. Moreover, while some hardship has

undoubtedly been experienced as these climate swings have taken place in history, comfort should

be taken in the fact that humanity has not only survived but has emerged with renewed vigour into

the current age of ProsPeritY.

Great uncertainties abound. Meanwhile these notes adopt the principle that present circumstances

demand vigilance. We should keep open minds about the great conundrum of climate change, and

concentrate on attempts to monitor acn-ral change in a large range of parameters which will help to

clarify matters for the next generation. Nevertheless it is at least prudent to listen carefully to the

climate modellers who forecast global warming. To be fore-warned is to be fore-armed.

Aims of the Module

To make students aware of the possible impacts of climatic change on agriculture, health,

settlement, migration, economics and politics in the Pacific islands-

To help sudents to appreciate that there is no definitive pattern yet identified which

explains the future in terms of climatic change and its impacts.

To encourage students to think for themselves about the possible implications of climatic
change.

To enable srudents to think positively about the future, and to identify possible actions

which they themselves, and their local communities, might take.

To involve the sildents in group decision-making and implementation

To persuade students to go out into the community and actually provide services to their

school and district services which are related to difficulties arising from possible climatic
change.

(1)

(2)

(3)

(4)

(s)

(6)
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Objectives

Knowledge and Understanding

After completing this module the students should:

- have a basic knowledge of what is likely to happen to our physical environment as a

result of global warming.

- be aware of the kinds of climatic change that are possible in the Pacific if, say, pre-

industrial levels of carbon dioxide double within the next century.

- understand that an increase in temperatures and carbon dioxide levels in the Pacific are

likely to have consequences that are generally negative from the view point of society,

although in the case of agriculnrre there may also be some positive impacts.

- be aware that predictions about climate change and its effects are only educated guesses'

and that nothing is certain.

- have learned that climate change may increase the spread of vector-borne diseases such

as malaria, particularly in upland regions such as the highlands of Papua New Guinea-

- be familiar with the general political and economic features of the Tropical Pacific area'

be enabled to investigate and evaluate the current political and economic systems in their

own local area.

Knowledge Base

General Changes in Daily Lives

Changes in our daily lives mainly depend on where we live and work. Building styles, working

condiiions, use of warer, energy resources, crops and leisure activities will need to be shaped to

take advantage of the prevailing climate, seasonal changes and the weather.

We may need to be more efficient with the energy we use at home. On the one hand, winters will
be milder and we shall use less energy for heating in some places. On the other, we may need to

use more energy for cooling [air conditioning], but can air conditioning and refrigeration be

achieved in a greenhouse-fiiendly manner? We may also expect to use solar power for

heating/cooling for the home, and for water heating. But if cloudiness increases, using solar

.nrrgy rry not be effective. Car air conditioners will be more desirable with temperature and

humidity increases.

Cars and small trucks may be the biggest transportation oil-users and transportation accounts for

33% of all carbon dioxide emissions. It is expected that there will be changes in the way we travel

and the way goods are transported. There may also be changes in packaging materials as

industries use less plastics and more bio-degradable materials.

Parks, roadways, farms and public areas will be greener as we plant more trees to help

compensate foi carbon dioxide release. We may recycle materials more and do less burning even
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affecting agriculrural practice in some cases. There may be changes in living areas with relocation

of people affected by rising sea level, degradation of fresh water supplies, coastal erosion, some

farming areas becoming uneconomical and other areas experiencing an upsurge in activity. The

cost of disaster relief may place a bigger financial responsibility on all of us.

Changes in temperature and rainfall patterns as well as wind strengths and relative humidity could

influence playing seasons and conditions of sports. Southward penetration of mosquito-borne

diseases and lengthened seasons during which they are a problem could influence when and where

sports are played outdoors. Yet with temperatures rising and the prospect of milder winters, we

may wish to spend more time outdoors.

Growing Public Concerns

The debate over human impacts on the environment, media exposure of the threat to non-

renewable resources and predictions of impending climatic change all contribute to our

understanding about the dangers of a short-term approach to development. We now realise that the

temptation to take short-cuts encourages us to exploit resources and to pollute the air, land and

water, all of which may be convenient at the time but not be worth the long-term damage done to

the quality of our daily lives and our environment.

Increasingly, public concern for the future of our planet will no doubt lead to wiser practice,

favouring ttrose wtro undertake long-term planning in preference to the pursuit short-term gains. A

lack of scientific background is felt by the majority of people attempting to understand the

scientific debate and this applies also specialist scientists. Having been alerted to the problem, the

public now wishes to understand more about the scientific predictions, about the climate changes

dur to the greenhouse effect, and so have the oppornrnity to contribute to future planning and

policy-making.

As a result, rhe general public is looking to the scientific community for balanced, objective

information. Institutes involved in climate change and sea level research are already swamped with

requests to provide easily understood, up to date information. Clearly, this will be an on-going

need for which staff will need to be provided.

The public debate is now moving so fast rhat rbere is a distinct possibility that people will become

frustiated by the apparently slow progress into climate change research' There is likely to be

public demand for ailear solution to the problem as well. Responsibility for tackling the problem

includes finding ways to limit the use of fossil fuels and emissions of greenhouse gases. It is also

necessary to tritp developing countries to find ways of raising their standard of living without

increasing the accumulati,on of greenhouse gases in the atmosphere- Ultimately, the whole world

will have to tackle the population growth issue.

There are no easy solutions. In earlier modules we have seen that attempts to cure an

environmental problem tend simply to shift that problem to another area. The apparent solution

often means that an equally undesirable and new problem has been created elsewhere. Even so,

the lesson to be learned is that measures to mitigate the threat of global warming cannot be

achieved without inconvenience - even pain. The nature of human society is such that to face

unpleasant restrictions is most difficult, and the nature of government is such that to insist that the

general public observe unpopular measures requires brave decisions which threaten to be

politically unfortunate.
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Impact on Agriculture and Farmers

Agriculnrre is the most important means of livelihood for most Pacific islanders. In most island

nations, a large percentage of economically active people are subsistence farmers working on the

land. For example in Papua New Guinea, the Solomon Islands, Vanuatu, Kiribati and Tuvalu,

between 70% and 80% of the working-age population are involved in agriculture. For all these

people, survival depends on their ability to grow their own food-

For nearly all Pacific nations, agriculrural products make up the majority of their exports.

Without these exports, whole economies would suffer. For the Solomon lslands, Vanuatu and

Samoa, the principal revenue earner is copra or coconut oil. Fiji depends upon sugar cane. Tonga

depends upon squash pumpkins and vanilla.

For the above reasons, it is very important to consider how the anticipated climatic changes in the

Pacific threaten to affect agriculture.

Following the present trends, the concentration of carbon dioxide in the atmosphere is expected to

reach double the concentration which existed in the pre-industrial era (i.e. about the year 1750) by

the end of the twenty-first century. The likely effects on climate of this increase, together with

parallel increase of other greenhouse gases etc. are as follows:-

o { 'best estimate' of the increase to be expected in global mean surface temperature is

suggested to be of about 2 'C by the year 2100 and already the seeds are in place for a

continued increase in temperature even if the concentrations of greenhouse gases have

been stabilised by that date. Although this may seem to be a small change of temperature,

given daily oscillations, this increase has been stated in some circles to be comparable

with the greatest change that has been seen in the last l0 000 years.

. The 'best estimate' of sea level rise is stated to be about 50 centimetres from the present

to the year 2100, and again sea level will continue to rise, even given the stabilisation of

greenhouse gas emissions by that date.

Confidence is greater in the implications of climate change in the large scale (hemispheric

to continental scale). Current regional projections carry less weight. It is difficult therefore

to focus upon the Pacific region.

It is anticipated that there will be a greater surface warming of the land than of the ocean

in winter leading to increased winter rains. However in general there is Iess certainty over

projections of change to the hydrological cycle. More recent consideration of the role of

inthropogrnic aerosols has moderated earlier forecasts of increased precipitation and soil

moisture, even suggesting that monsoon precipitation may well decrease' Again the more

simplistic early aisissment which forecast a more vigorous hydrological cycle resulting

from increased temperanrre gradients, and translated this process into a scenario which

might see more severe droughts and floods in some locations with the opposite effect in

othrrr, has given way to a more cautious view. Although several models indicate an

increase in frecipitation intensity and more extreme rainfall events, it is now suggested

that there is insufficient knowledge to support forecasts of greater frequency and

geographical distribution of severe storms.

From the latter observation, what is now implied is that we cannot assume that the Pacific

Islands will suffer from tropical cyclones of gt.at.t strength and frequency as was earlier

suggested, although doubtleis gtobal warming is most likely to see a latirudinal change in

the cvclonic zones.
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t Consequently, as more and more research is conducted into the physics of climate change,

the emerging picture is not significantly clearer than before. Caution is still advised with

the growing recognition that there is still much to be learned-

Although there is a great uncertainty among scientists as to what the future holds, the likely

effects of these climate changes on agriculture can be summarised as follows:

(a) The very gradual rise in temperature could well cause a general increase in crop yields

in Tropical Pacific islands.

(b) However, if there are more catastrophic events (droughts and cyclones) than at

present, the loss of crops that currently occurs every few years in a particular island could

occur more frequently.

(c) The effects of climatic change are likely to be both positive and negative as shown in

Fig. 4.1, and each will have a moderating effect upon the other.
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Pros and Cons

Given the need for caution, it may still be possible to make a few general comments.

$ With more carbon dioxide in the atmosphere, the rate of photosynthesis rn most tropical

plants will increase. Photosynthesis requires carbon dioxide, water and sunlight in order to

iake place. The so+alled C3 plants [all major tropical plants except maize (corn), sugar

cane and pineapplel could increase their production of biomass by up to 3OVo, especially

tubers such as sweet potato, yam, cassava [manioc] and taro [dalo].

However, increased photosynthesis will also increase weed growth, which could limit the

yields of certain edible Plants.

Higher temperatures will lead to a greater rate of evaporation, as the hotter the air, the

mo-re wateivapour it can contain. In some places, especially limestone islands, this could

possibly lead io greater (rccuffence of droughts in low-lying areas, and the soil fertility

could decline.

Higher temperatures and greater evaporation from ocean surfaces may lead to an increase

in Ine air humidify. With greater air humidiry and higher sea temperatures, there could be

a greater frequency of ievere cyclones during the cyclone season' and a possible

lengthening of the cyclone season'

Warm temperatures and higher humidity may well lead generally to an increased cloud

cover and greater rainfall. So, low-lying areas could be subjected to more flooding [by

rain and the seal, soils will suffer greater leaching and loss of fertility, and the hotter,

more humid conditions will favour the incubation of agricultural pests and diseases.

However, greater rainfall will produce more rapid chemical weathering in the sub-soil and

parent material [rocks], so releasing more nutrients into the soil.

Higher temperatures and humidity will undoubtedly lead to greater heat stress for humans.

Ouidoor workers, in particular, will feel the heat more acutely, and probably be less

efficient. Animals, too, will suffer from heat stress, and their reproductive abilities may

decline.

On mountainous islands, increased temperatures should mean that the land can be

cultivated to higher levels than at present. Places that are -300 metres high will
experience similar temperatures to those found today at sea level. In Papua New Guinea,

.oife, will be grown at higher altitudes, on steeper slopes, and overall, the amount of
productive agricultural land could increase by as much as IOVo.

It is possible that warmer temperarures can lead to a shortening of the time needed for

crops to ripen, and this might mean that fruit are smaller, with a lower overall yield.

Sea Level Changes

For all Pacific islanders, but especially for the atoll communities, the major threat of climate

change lies in the prospect of sei level rise. For the rnany inhabitants of the lowJying islands, a

maximum freeboard of t*o or possibly three metres may inspire little confidence in the face of

current sea level projections. The fact that as much as a quarter of their emergent altitude above

the ocean is likely to disappear within the next cenrury and, with a prospect of continuing

inundation beyond that time icale, clearly represents a major threat to the sustainability of long-

term occupation. The social and psychological pressures arising from this threat are difficult to
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over-estimate. Whereas the major volcanic and rock-based islands which boast substantial

topography, always have the escape route towards higher ground, this may not be an option for
many atoll nations. But for these nations along with the others, in the short term at least, faced

with the slowly rising mean sea level through perhaps two or three millimetres per year, there will
be a slow period of adjustment. The coastal strip so greatly prized and productive, will become

gradually narrower, albeit at a rate which will be scarcely noticeable. Gradually, social and legal

provisions permitting, farmers will be persuaded to cultivate the steeper land behind the coast, at

the cost of increased expenditure of energy and possibly in the face of soil erosion. The essential

infrastructure of modern living, the ports, the airstrip, the roads etc will face constant repair and

adjustment in the face of changing conditions and there will be increased competition for available

land between the providers, such as the farmers, and the distributors, such as the service

industries, not to mention the tourism industry on which many such nations rely for foreign

exchange, Superimposed upon this burden of pressure is likely to be the threat to the long term

future. Accommodation to mounting environmental degradation will be a major threat to national

morale as the limitations to long term sustainability are realised.

Although we tend to consider sea level rise simply in terms of the encroaching mean sea level, it
is necessary also to have in rnind that sea level fluctuates in response to a wide spectrum of
frequencies. If those who link global warming with enhanced gradients in temperature and

barometric pressure, prove to be correct so that we may be headed for more stormy times, then

we would expect increased wind wave activity to attack the coastal structures adding to the

hazards of the coastal strip. Stonn surge activity, raising sea level locally over a matter of hours

due to wind transport and the piling-up of water in the shallow coastal zone, will add to the

damage already caused by the slow inundation. The consequent result will most likely be

expressed in terms of salinisation of coastal agricultural land, coastal erosion and physical damage

to the infrastrucrure. [n the light of these prospects, gradual accommodation to the hazards of sea

level rise will be that much more difficult.

Fresh Water Supplies

There is a particular feature of the island environment which makes it possible to sustain life, even

on islands of small surface area. In fact the island acts as a fresh water reservoir, collecting the

rain which falls on its surface and storing that fresh water underground. The concept of an

underground lens of high quality fresh water floating above the intruding sea water at depth was

covered in an earlier module of this series. Here it was explained that due to simple physical

processes it follows that for every metre which the watertable rises above sea level in its transect

icross the island, the boundary between fresh and saline water sinks forty metres below sea level,

given hydrosratic conditions. Consequently below oceanic islands, even in the case of the atoll

fype which have little topography, there exists an enormous reservoir of the fresh water essential

ioi flo.u, fauna and human life. This is a remarkable natural advantage which the island nations

enjoy so that under normal circumstances, there is no great need for stringent regulation of water

urug", especially in the case of the tropical Pacific islands where precipitation is plentiful.

However, there is an associated danger from the same physical processes in the face of rising sea

level. We are informed that sea level is likely to rise by about fifty centimetres in the next

century. The danger then is that if the water table remains at an undisturbed level, the depth of the

vertical thickness of the fresh water reservoir will be reduced by twenty metres. It is likely that

such a change will cause stress, and even if that change can be tolerated by adjustment to user

practice, the question may then afise; "Wiil the same be true of the next twenty centimetre or thitty

centimetre sea level rise?" .

Already there are island communities which have already over-stressed their water resources and

are facing the prospect of radical measures to source drinking water. De-salinisation of sea water

is a possible but expensive possibility, but it is important to remember that the total environment
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has to be considered. Will the coastal coconut palms, so entrenched in the island culture, be at

risk? Will the visible coastal environment which attracts the tourist dollar be sustainable, and most

of all what effects will be seen in the island agriculture? How long will it take before the people

of Kiribati, Tuvalu, the Marshall Islands and the Tuamotus, who grow babai (taro) in deep pits so

as to tap the fresh water lens, begin to notice that their water source is becoming brackish, and

that their babai yields are suffering as a result?

Frequency of TroPical CYclone

lt has been stated that the scientific community remains uncertain as to the effect of global

warming on the hydrological cycle so that forecasts of greatly increased precipitation, but more

particulirly a significant increase in the occurrence of extreme and stormy events are questionable'

The scientists are still grappling with the problems of the aerosols and the role they play in the

complex interactions within the climate model. There are still strong proponents of an inevitable

increase in extreme events. Of all the meteorological phenomena, the Pacific islanders fear most

the tropical cyclone which is diffrcult for the meteorological services to forecast and to track,

althougi in the last decade or so the use of satellite remote sensing has done much to improve the

positio;. However, if the pessimistic view prevails, and extreme events become more readily

iriggered by global *urrrring, then the region may suffer from increased damage to the

"nui.o*rnt 
and the infrastrucnrre of modern society, while both commercial and subsistence

agriculture will be seriously affected. Enhanced salinisation of the coastal zone will occur, trees

like the coconut palm will Le uprooted or otherwise damaged and unable to bear fruit for several

years, meanwhile locally 
".op, 

*ry be flattened, so affecting bananas and other tropical fruit

trees, root crops such as yarns, taro, manioc and sweet potato together with green vegetables'

The fact that ln general terms fiopical cyclones tend to weave a somewhat narrow path of

destruction, their effect would be mitigated by a greater sense of community insurance whereby

inter-island and inter-nation support *ould be forthcoming from neighbouring communities for the

relief of the limited areas so damaged. Fortunately a sound basis for such a cooperative response

already exists in the FORUM structure.

While enhancement of cyclone activity remains simply a possibility at this stage, there seems to be

a stronger case for the prospect of i shift of the cyclone belt into higher latitudes as a natural

conseqrience of global warming. The implication then is that communities previously

inexpeiienced in the ravages of tropical cyclones will have to face this new threat.

Impacts of Climate Change on Health

The challenges to public health presented by climate change clearly demand international, regional

and national attention, as the potential exiits for health effects to spread across the concentrated

populations inhabiting small islands as in the Pacific region.

perhaps climate change presents a relatively new and important public health concern' The

principle threat seems to arise from the two major impacts which have arisen frequently in this

text:-

Temperature elevation together with the assumed, but yet unproven, changes to the

precipitation pattern.

Rising sea level due to the thermal expansion of the surface ocean, creating inroads into

the coastal zone, and further concentrating the population within infection range'
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As the impacts of change begin to materialise, perhaps in terms of increased frequency of heat

waves and air pollution episodes, possibly also a higher incidence of extreme weather and coastal

flooding and perhaps more stagnant water available for breeding insects and the like, then

consequent health effects may emerge. For example:-

o Infectious disease, particularly those classed as'vector borne'. In the medical sense vector

borne refers to diseases such as Malaria transmitted from one organism to another by

insect or other agent.

r Heat-related morbidity and even mortality.

. Given severe conditions possible malnutrition from a threatened food supply.

o Perhaps even infra-structural damage from extreme weather events, threats to a quality

water supply, impacting on public health.

. Following ozone level depletion and the consequent increase in ambient ultraviolet

radiation, there could be direct health impacts in terms of skin cancer, ocular diseases and

crop damage.

In this module a more detailed discussion on Malaria will follow, but first here, as in all aspects

of medicine, it is necessary to keep in mind that there are background factors of considerable

influence inherent in that discipline quite separate from the physical environment of climate

change. For example we are all aware of the rapid advance of medicine in the course of our own

lifetime. Drugs, antibiotics, remarkable surgical procedures have shown remarkable advances, and

will continue to push out the borders of life expectancy. While such progress is most comforting it
is also necessary to acknowledge limiting factors. Already over-use and misuse of antibiotics has

produced a resistance and immunity among the agents of disease in many cases. In certain cases

there have developed new currently untreatable illnesses for similar reasons. Again, given the

extended time scale of climate change, we have no means of assessment of the skills and

efficiency of the present generation of the medical profession to combat these developments.

Certainly professional development of medical procedures will continue to take place as climate

change takes hold.

Malaria

The name itself comes from the Italian language and comprises two words lmala meaning bad and

aria meaning airl.It was not until the very last years of the nineteenth century that the link was

made with the mosquito. Initially malaria was thought to result from the gases released from
swamps, which explains the above name and also another once current, namely 'marsh fever'.
But then there also lives in the swamps the Anopheles mosquito among other insects and we now

know that it is this mosquito which can pick up the parasite, Plasmodium, from the blood of an

infected person and transfer that parasite to that of a healthy person. Although now not as

widespread as formerly, due to the limitation of stagnant water residues and chemical sprays

sometimes conducted from aircraft over large areas, malaria is still classed as perhaps the most

prevalent 'vector-borne' disease. Malaria currently has a worldwide mortality about 2 million
people a ye r, and may kill an additional million people annually as temperatures rise and the

microbe-carrying mosquito spreads.

The mosquitos live in almost all tropical and sub-uopical countries where temperatures are warm

and humid. They breed in stagnant or still water such as swamps, lakes, pools, or even coconut

shells, empry tins and discarded tyres, wherever there is water in which to lay their eggs.
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How malaria began initially is difficult to explain but it is now known that it is perpetuated by the

female Anophelis mosquito who feeds off the blood of an infected person, picks up the parasite

and transmiis this later to another, while similarly feeding off that second person's blood-

So much for the basic facts of malaria, but the relevant question now is: How will global warming

affect the continuity of the transmission of malaria?

It is thought that female mosquitos are smaller in warmer temperatures and they need more

nourishment in order to produce eggs. At higher temperatures, the mosquito bites more often, and

the bite is more likely to be infectious as a result. Rises in temperaure and rainfall would also

most likely allow the malaria mosquitoes to survive in areas immediately surrounding their current

distribution limits. In fact, there has already been some evidence to support this. For instance, a

high latitude, malaria-free region (Highlands) in Papua New Guinea has recently experienced a

laige number of malaria raseJfollo*ing a period of record-setting high temperatures and rainfall'

The first point to make is that increased temperature alone is likely to lead to more frequent

infection Oue to the increased activiry of the mosquito. More bites means more risk' Then, as has

been seen in the Papua New Guinea case the infectious organisms will probably survive over

larger geographical areas. Again as rising sea levels impact upon istand communities there is

lik;ly ; be experienced a measure of competition for shrinking living space giving a more

concentrated population in land where more opporfuniry for stagnant water to accumulate as

precipitation increases as is expected by some. The scene seems to favour the mosquito cycle of

bite and transmission.

Direct effects of the anticipated changes in global and regional temperature, precipitation,

humidity and wind patterns iesulting from human induced climate change are the factors which

have an impact on t'h, vector reproduction habits and on their longevity, and are associated with

changes in vector densitY.

Indirect effects of climate change might also alter the distribution of the Anopheles mosquito. For

example, changes in vegetation and agricultural practices which are mainly caused by temperature

changes and trends in rainfall patterns may occur. An irrigated land, such as rice paddies, which

prouid" a suitable breeding giounO for a number of vectors, Inay show shifts in their spatial

putt"*r. Another indirect etfect of climate change is associated with the rise in sea level and the

proliferation of areas of brackish [mixture of salt and pure water] water influences the availability

of habitat and encourages species which prefer brackish water. The migration of certain

mosquitoes to higher latitudes and altitudes can also be expected'

The influence which climate change is likely to exert on human populations may also play an

important role in the dynamics of disease transmission. For example, the large-scale migration of

populations from areas in which vector-borne disease are endemic into receptive areas, a

movement induced by rural impoverishment, and inevitably influenced by the dynamics of climate

change, including the effects of sea level rise on low-lying coastal area, will prove to be

sienificant.

lmpacts on Settlements and Migration

As described earlier, if the emission of greenhouse gases continues at its present rate, it is

expected that the carbon dioxide content of the lower atmosphere will double from the pre-

iniustrial concenrration in rhe interval until the year 2100. In the Tropical Pacific, this is expected

to increase the temperature by 2'C, and to cause a rise in sea levels of -50 cm above present

level. Other possible changes are increases in rainfall, and increased frequency of severe cyclones,
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although there is some caution expressed here.

With the exception of Papua New Guinea, and the large Melanesian islands such as Guadalcanal

and Malaita (Solomon Islands), Santo (Vanuanr) and Viti lrvu (FUi), people on most of the

Pacific islands live very close to the coast. On many of the high volcanic islands, the population is

squeezed into a narrow coastal zone less than I km wide, while the interior of the island is rugged

and uninhabited.

On the coral atolls of Micronesia and Polynesia, people live just a few metres from the sea-shore,

generally on the lagoon or leeward side of the atoll.

All this means that Pacific island populations are some of the most wlnerable in the world to

changes in climatic patterns and a rise in sea level.

There will be more discomfort for people tiving very close to the ocean and the following impacts

on settlement and migration patterns are possible:

Flooding

People living in low-lying coastal areas immediately adjacent to the coast are at greater risk from

flooding due to storm surges, high tides and overflow of rivers. As sea level rises, their

agricultural land is also more likely to be removed by wave erosion, and to suffer from

waterlogging and salinisation. Low coral atolls, where the highest point may only be 5 metres or

less above mean sea level or less, are particularly vulnerable.

Urban Problems

Most towns in the South Pacific are built right on the coast, since they developed as ports and

trading centres. Rises in sea level could interfere with the sewage systems in such towns, making

it harder to dispose of human waste. The higher temperatures and higher humidity could bring

greater discomfort to people working in the town, and many offices and buildings will need air

ionditioning, which is costly. Many towns would lose substantial parts of their urban areas

through flooding, if sea level rises. For example, a rise of 1.5 metres would cause Apia, Samoa,

to loie nearly 50Vo of its land, including its commercial and traditional centre. Fig.4.2 shows a

town centre of Apia and one may simply judge the consequences of sea level rise.

Fig. 4.2: A rise in sea level could cause Apia to lose almost 5OTo of its urban area.
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Increased Droughts

Low-lying and rain-shadow areas could be particularly affected. This could cause water supply

problerns in urban areas such as Lautoka, Port Vila and Port Moresby. Variations in rainfall

patterns could also interfere with hydro-electric projects, such as the Monasavu scheme in Fiji.

On atolls, rising sea levels could cause a decline in the size and quality of the fresh water lens,

making the atoll no longer habitable.

Greater Frequency of Cyclone

If there are more cyclones, coastal populations could suffer more damage to buildings, more

frequent loss of power and water supplies, and contamination of water through flooded septic

tanks and sewage systems. The solution is to construct stronger, specially-designed buildings, but

many village people may not have access to the necessary finance.

Resettlement of Coastal Population in Other Areas

With a slow, steady rise in sea level, most atolls and some of the low-lying coastal areas of the

high islands will become uninhabitable, perhaps not in the immediate future, but after several

hundred years. Their inhabitants will be forced to move away to other places.

In papua New Guinea, people living in the rnangrove forests along the Gulf of Papua could lose

their iimber and sago palm resources, and as they do not have any land rights in inland areas,

their re-settlement could cause problems.

For people living on the atolls of French Polynesia, Kiribati, Tuvalu and Micronesia, migration

may an only solution to be investigated. For example, some families from Tuvalu have already

migrateO to Niue which is an uplifted island in the Pacific with a small population of -2000.

In all cases, re-settlement will isolate people from their traditional lands, denying them their

cultural heritage.

Impacts on Political and Economical Experience of the Pacific Region

political and economical experience, or the sociat and economic development activities, refer to

the individual and collective abilities of our communities to make decisions and implement them'

This decision-making process will provide social and economic benefits and enhance the individual

and collective abilitiei of the community. The effectiveness of the process is measured by how

well it can cope with issues of development at increasing levels of difficulty'

Today the impacts of climate and climate changes are among the most important considerations in

the political and economical experience or the social and economic development activities of the

Pacific region.

These is now little doubt that some impacts have already been triggered or enhanced more by the

consequences of human activities which took place within the last 200 years rather than by the

natural climate cycles in the life of the planet, which normally takes place on a time scale of

hundreds, thousands, or millions of years.
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In terms of formal training, the situation requires students to examine the political and economical

experience of their local community and appreciate appropriate steps that will enhance the

community's ability to deal effectively with the possible impacts of climate change when they do

occur or increase in magnirude.

Since we are preparing these students to play an active role in the community's [local, national,

and internationall political and economic life, this issue also merits the creation of opportunities

whereby students can practice appropriate skills of making and implementing decisions as a group

and playing active roles to effectively assist their community's efforts at resolving the impacts of
climate change.

In the light of the predicted physical impacts of climate change, such as the flooding of low-lying

islands and lowland areas; the possible increase in frequency of strong tropical cyclones; heavy

rainfalls; etc, the following potitical and economical effects may take place in the region:

A significant increase in efforts to strengthen the abilities of local institutions and

communities to deal effectively with climate change impacts together with other

social and economic development issues.

A significant increase in the number of responsibilities and the degree of authority

given to regional and international institutions and key national communities which

are in better positions or are more capable to administer the affairs of island

communities which will be socially and economically deprived by climate change

impacts.

A significant increase of efforts to develop more effective systems of extracting

and sharing resources and experiences within and between island states at all levels

and especially in the provision of basic services for the masses of peoples who

may migrate away from low-lying islands and lowland areas seem to be at higher

risk from the impacts of sea level rise.

Poor Are Most Vulnerable

The predicted impacts of climate change in a worst case scenario could exacerbate hunger and

poverty around the world. There may be a strongly negative impact on economic activity,
particularly in the natural resources sector. People who are highly dependent on farming, fishing,

or forestry might well see their livelihoods degraded by change in rainfall patterns, degraded soils,

and impoverished forests and f,tshing grounds.

The poor would suffer most because they have fewer options for responding to climate change.

For example, they would find it more difficult to change over to new crops and practices, to

pump water or to irrigate, to extend their cultivatable land, or to adopt more intensive fishing

methods. These issues require expensive inputs such as machinery or energy. The urban poor

particularly would be at risk. There could be a risk to tbod supply and trade, but then shelters and

city infrastructure upon which they rely, may prove inadequate in changed and volatile weather

conditions.

The most vulnerable among the poor would be the women and children. Because women tend to

be less geographically and occupationally mobile than men. They would find it harder to escape

from their debilitated farms and forests. Families might be disrupted as able-bodied men moved

away. This possibility has been confirmed by the recent drought of 1997 in PNG where most of

t
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the victims are women and children. Children would also face a high level of risk from disease.

The greater health risks would menace young and malnourished children, the ill, the old, and the

unsheltered.

At the same time, mass migration may increase all over the world. If climate change has severe

impacts, waves of refugees and immigrants would have to move from the most affected regions to

those that are least vulnerable. The most likely movements would be from rural to already

stressed urban areas. Consequently, displaced and impoverished populations would suffer an

erosion of their cultural identity. The victims of climate change may have little choice but to adopt

ecologicalty and socially unsustainable ways of living, especially when migrating to large

metropolitan areas. The resulting disruption to their culture might create social and political

problems.

Perspective

The later sections of this module have painted a bleak picrure of the future which we face. On the

one hand this may be justified by the fact that all, and especially the policy-makers, should be

aware of the *orrt 
"ur, 

.cenario of possibilities if the present inertia to accept the responsibility of

harsh and rigorous remedial procedures is to be overcome. It would not be prudent to adopt the

soft line that we might delay action until we are confident that the greenhouse mechanism is

indeed real and pres"nt. Should this evenfually be the position we would have lost very valuable

time, and the desperate need would then be with us to adopt even harsher measures and we would

have already committed the world to climate change, not to the year 2100 but continuing change

for another century or two. This is a problem which is likely to affect us all, and we all will need

to take a share of the remedial load, however strenuous that may be. The pessimistic picfure will

at least help to have the message accepted.

On the other hand we need ultimately to view climate change in its many ramifications from a

realistic perspective. Pessimism can induce panic and thereby create quite inappropriate behaviour'

If our aim is for realism, it would be appropriate to consider the following points:-

r It is known that in the greenhouse case, we face the very difficult prospect of search for a

small drift in several environmental parameters against much larger slowly fluctuating

features which have been in existence throughout geological time. We may be deceived,

either way, in our estimates of man-made influences. Indeed some scientists stress that the

existence of the greenhouse model still requires proof, although such seems to be an

increasingly minoiity view with the passage of time. Options should be left open while

currently accepting the pessimistic view as a necessary insurance against less likely

possibilities.

o It is known that real drift in the basic environmental variables has indeed been taking

place. The problem is not a new one yet the publicity surrounding the greenhouse issue is

Lertainly new. The evidence is that global mean surface temperature has increased by

between 0.3' and 0.6' C in the last one hundred years. For global sea level the evidence

is that this has risen by between 10 and 25 centimetres in the same interval. While these

changes have been taking place, all but a few environmental scientists have been

co*plet"ly unaware of these changes. Inrleecl the focus of fear during this period, and

even within the scientific communiry, has been quite the opposite of global warming. The

anxiety was directed towards the hazards of a possible cooling of climate. Now the best

estimates of our fate over the next one hundred years is that possibly the gradient of the

warming trend will increase by a factor of about 3. Given that so many of us failed to

notice one third of the threat in recent history, does not the hard line pessimistic view

presented above seem to be a little extreme in itself.l
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There remain many uncertainties. This is not to say that science has failed us. In fact

during the last decade there has been an enormous step in our understanding of the

interaction of Earth, ocean and atmosphere. Perhaps more has been learned in this time

than throughout earlier history. The facts are that the problems which we face in the

mechanisms of greenhouse and global warming are immense and complex and defy ready

solutions. In addition to Earth and atmosphere, quite revolutionary views are emerging

over the role of ocean circulation and its links with climate over long time scales of
hundreds and thousands of years. Astronomical variability too, involving the Earth's axis

and changes in its orbit through the mean plane of the solar system, together with several

other complex motions are seen to be relevant to the climate issue. Then there are the

cyclical changes in the main heat engine of the Sun which control the sun spot cycles and

solar radiation in general and so on. But in spite of all these uncertainties there does exist

evidence which suggests that it is more likely than not that the greenhouse mechanism is

alive and well and we would be advised to take note since to ignore might just be

disastrous.

Meanwhile equally good practice is to attempt to overcome the lack of good quality long

time series of relevant data, so that future climate modellers will be better placed to tune

their computations to the real facts and also so that such material will provide the evidence

of the real trend taking place in the sensitive parameters. In the case of the Pacific Islands,

the main source of concern by far is that threat of rising sea level. The initiative taken by

the South Pacific Sea Level and Climate monitoring Project with the support of the

Government of Australia, is a prime example of a focus upon real issues in a constructive

rnanner.

Conclusions

The composition of the Earth's atmosphere has changed and it is still changing. Most scientists are

convinced that this will result in global warming. At present we do not know with any certainty

what the changes will be on a regional basis or how quickly they will occur. But we can be

assured that change will occur a time scale of years and decades rather than weeks and months.

We may be able to influence the speed of climate change by reducing greenhouse gas emissions.

If we slow down the rate of climate change, we will be in a better position to plan ahead, be

ready and even take advantage of some of the opportunities a changing climate will provide.

International cooperation is essential to develop policies to reduce the production and release of
greenhouse gases. Tough policies may also be required to deal with the effects of climate change.

These should be aimed at minimising the impact of such changes or adapting to the impact of
changes.

More research is needed to better predict what will happen in any particular area and what the

impact of the changes in those areas will be. Climate modelling with complex computer

calculations will help us to discover what type of changes can be expected and so guide

government, industry, farmers and naturalists on the best way to use resources. Some suggestions

mav be summarised as follows:

l To encourage conservation of energy.

To switch from coal to oil to natural gas.

To use different sources of energy such as wind, tidal, solar, biomass

geothermal and where access is available to the deep ocean close offshore
or
to

o
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perhaps use the great temperature and density gradients between deep and surface

waters.

To use lighter cars with more efficient engines.

To make fossil fuels less available to the public'

To plant more trees so as to absorb carbon dioxide, and to combat rising salinity

of surface soils.

To reduce or stop large scale deforestation.

To find, test and plant different strains of crops to match a possibly changing

envlronment.

Failure to plan in advance may involve enormous cost and tragic social disruption. We can all

play a role in measures to combat climate change and the more we do now, the less daunting will

be the task facing the next generation.

Demonstrations and Exercises

Activity L: Environmental Changes

Objective

In order to illustrate the changes in the environment and to study relationships between different

sectors [For e.g. natural changes affecting agriculture].

Materials

* paper and pen
* colour pencils
* tape or glue

Procedure

(l)

(2)

Begin by having students connect several pieces of paper together end to end to make a

long continuous sheet roughly 5 m long.

Have students then draw a time-line on the paper. They should begin the time-line with

the earliest recorded date of island history and end at the present day' It may be most

effective if the students mark the time-line with equal intervals.

Use the following code to mark events on the time-line:

t
0

o

o

I

(3)
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Green Agriculrural Changes

Grey Industrial Development

Violet Economic Benchmarks

Blue Natural Events

Orange Social lnteraction

(4) Mark the dates or approximate times of major and minor events that happened in each of
the categories. These would include things like tropical cyclones, introduction of currency,

etc. Think of as many things as possible and be specific. Consult island records or at least

the elders of the communitY.

Have students review the time-line. Are there times that had a great number of changes?

Are there times that had nearly no change? Are there events that seem to be related to

each other? When have most of the changes occurred? Why is that? How have islands

changed from the beginning of the time-line until the end? Pay particular attention to the

coastlines erosion/deposition/barrages and communications.

Have students think about things that are happening now. How will future students record

these changes? What will they see as a result?

(5)

(6)

Activity 2: Planting Trees

Objective

The objective is to estimate roughly the number of trees to be planted in a year as a carbon sink to

compensate for the usage of a car.

Materials

* paper
* pen
* calculator

lmportant Points to Understand

It may be interesting to calculate the number of trees you would need to plant in order to absorb

the carbon dioxide from a single car over a year.

We need to know the approximate of distance travelled by our car in a year [say 20 000 km]. The

approximate number of litres of fuel consumed in order to travel this distance is also necessary to

know [if you know the rate of fuel consumption of your car, such as 12 km per litre or so, you

may simply convert the distance travelled to litres of fuel usedl.

Each litre of petrol burnt by a car releases about 7.36k9 of carbon dioxide.
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Ir has been esrimated that a hectare of growing trees [000 ffees] takes up about 20 000 kg of

carbon dioxide each Year.

Procedure

(l) Estimate the total distance travelled by your car in a year.

(2) Try to calculate the total litres of fuel consumed by your car in that time'

(3) Calculate the amount of carbon dioxide released by your car in a year.

(4) How many trees do you need to plant in a year to compensate for the release of carbon

dioxide from one car?

(5) How many trees do you have to plant each year to compensate for the number of additional

cars arriving at your istand? [Say 50 more cars are imported every year and 20 ate wreckedll

Activity 3: Sea Water and Agriculture

Objective

The objectives of this activity are to help srudents to understand that even a small rise in sea level

can lead to salinisation of valuable agricultural land and to encourage students to start thinking of

possible solutions to the problem.

Materials

For each group of students:

* 2 pot plants (same tYPe of Plant)
* container of fresh water
t container of sea water

Important Points to Understand

The teacher will explain that the class is about to examine how a rise in sea level can afTect

agriculture. Firstly, a small experiment wilt be conducted in order to discover the effect of salt

*rt., 1r.^ water] on a growing plant. The experiment will be started during the lesson' but its

results cannot be observed for several days.

Procedure

(l) Teacher introduces the lesson, then explains the experiment. Two similar pot plants are to

be placed side by side. One will be witered each diy using fresh water, and the other will

be watered with salt water. As each day passes, the srudents can note differences between

the planrs. They can observe how longltlrt.t before the second plant is killed by the salt

water.
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(2) After leaving this experiment to take its course, the teacher can then discuss sea level rise
in the Pacific, and how agriculture might be affected. Reference can be made to the cross-
section of an atoll, and the way in which sea level rise will cause the water in the bottom
of the taro (babai) pits to become more salty.

The class can be divided up into small groups of 4 or 5, and asked to discuss possible
solutions to the problem of sea level rise, the salinisation of coastal land.

At the end of 20 minutes or so, all groups can come together and report their findings to
the class. The teacher can summarise the ideas on the board. [t is important to be

uncritical and accept all possible answers, ranging from the local to international. If
students are short of ideas, the teacher can feed them some of these suggestions:

Instead of cultivating coastal lowlands, move agricultural activities to the lower
slopes of the higher ground behind the coast (However, there will be a need to be

very careful about soil erosion, and take appropriate measures).

Having better water management for vegetation.

O Re-afforestation of the land immediately adjacent to the beach. This will reduce

erosion by the sea, and reduce evaporation from ground under the trees, helping
to conserve fresh water.

O Building sea walls that will protect against storm surges and at the same time
absorb the energy of the waves. For example, walls built of large stones are much

more effective than solid concrete walls (which tend to reflect the waves and make

them remove even larger quantities of beach material).

o

o

0

o
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Photograph of a sea wall in the Pacific region.

Encouraging the national leaders of your country to press for more international

co-operation in dealing with the basic causes of sea level rise, especially the

reduction of fossil-fuel burning, and deforestation

Encouraging people to work for the basic unity of the human race, for only when
people are truly united can they really work together to stop global environmental

degradation. All the money that is presently being spent on weapons of war can be

-j

i02



Moilule Four Impacts of Climate Change on Human Society

used instead to develop better technology, new sources of energy, new agricultural

techniques, etc.

Follow-up Work

(l) Studenrs can draw a series of 'comic-strip'pictures that will show what might happen to

agriculture in coastal areas if sea level rises by I metre. This can be done individually or

as a group activity.

(Z) Each srudent can be asked to write an essay entitled: " How can '*e Pacific islanders help

to solve the problem of rising sea levels and the dfficulties to our agricultural systems that

msv arise ?"

Activity 4: Estimating Local Sea Level!

Objective

The objective is to train students' skills in observing the local environment based upon the sea

level variations.

Materials

* a note book
* pen
* beach hat

Important Points to Understand

There are many clues which can indicate sea level

listed in the following table.

change . Some simple and visible indicators are

Procedure

r03

I rocky shelf above water

t old shells stuck on rocks above water
t) steep cliff
O deep water

I shallow sloPe to water

O new clumps of vegetation on seaward side of sand
sand cliff with vegetation

hanging over edge

O mangroves not in water at high tide

O mudJ'lats belween ground plants and water at hiSh tide
t dead mangroves ln sea

O drowned ground Plants

I broad beaches between buildings and sea

i river mouth silting uP

O otd harbours now too shallow for ships

O refurbished sea wall
t) truildings undercut

(l) Visit your local beach.
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(2)

(3)

(4)

Look for evidence of any long-term change in sea level using some ideas given above.

Write down your view and reasons first and then compare with others'.

If possible, identiff other factors found during your visit.

Discussion

The intention of discussion is to put the prospects of sea level trend in a phase of global warming,
into a true perspective. Based upon the fact that sea level has probably risen by about 25

centimetres in the last 100 years. This is about one third of the rise which we expect in the next

100 years:

How has this been noticed by the local community?

Students might talk about this to their parents. What changes have taken place at the coast

in their life+ime?

Are there grandparents or elders who might be asked the same questions? Could they

when young swim out to a particular dry rock? Where did they tie up their boats?

Given this reaction, how do the individual students iniagine that they will react in their
own life time to something like three times the change which has taken place in their
parents' (or grandparents') lifetime?

Activity 5: Expansion of Population and Environment!

Objective

The objective is to highlight the future population of the world in order to estimate its effect on

the environment and on climate change.

Materials

* a graph paper
* pen
* ruler

Important Points to Understand

When emission of greenhouse gases was discussed, methane was regarded as a major greenhouse

gas which could trap more heat than carbon dioxide. Subsequently, livestock was also considered

as a source of methane. If we carefully consider the expansion of the world's population, since

this is quite dramatic, people may not be free from a charge similar to livestock for the release of
gases into the atmosphere.

In addition, it is reasonable to believe that the growth of population will require extra land to be

cleared for agriculture and the provision of food, husbandry of cattle, poultry, pigs etc, land for

(a)

(b)

(c)

(d)
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the provision of houses, and clearance for infrastrucrure. Past, present and future populations of

the world are given in the following table to have a feel on this issue.

Year Data Status World Population [in millions]

1650 Estimated 550

1750 725

1850 Probable 1, 175

t900 1.600

1950 2.564

1970 Approximate 3.700

1980 Near Actual 4.478

r990 5.300

1992 5,500

1993 5,576

t994 5,642

2000 Forerast 6,2W

2025 8,500

2100 10.400

2200 I1,000

Procedure

(1) Carefully srudy the population data given in the table to realise the increase of global

population. pyou migtli have a seco;d thought for your future family plan or marriage

planl!1.

(Z) plot the data on graph paper, time on the horizontal axis and population on the vertical

axis.

(3) Write down your view and reasons first on this population issue based upon the graph and

compare with others'.

Questions

(1) What has happened in the local country in the life of the parents of the students in the last

5-10 years due to PoPulation?

(2) How much land has been cleared near your area?

(3) What changes have taken place which might involve some of the hazards described in the

module [for e.g. usage of car or other type of energy]?

(4) Write an essay [about 2 pages] on Impacts of Human Population on Climate Change'
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