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Introduction

This Learner Guide supports the unit of competency CCDRRO2 (Explain the principal

Approved: Version: 0.1/December 2014 Page 3
© VRDTCA Review:



Learner Guide - Certificate I in Climate Change and Disaster Risk Reduction CCDRRO2

features of Vanuatu'’s climate and its short-term and long-term variations), which specifies
knowledge, skills and attitudes associated with learning about the features of Vanuatu’s
climate. The unit is the second in a series of seven units that comprise VRDTCA’s
compulsory training programme on climate change and disaster risk reduction at Certificate
Level 1.

The Learner Guide provides guidance and relevant educational resources that address the
required elements and performance criteria. It is accompanied by a Learner Workbook that
provides learner-centred activities and assessment tools to foster learning of key concepts
and skills. The competencies developed are in line with the key competencies promoted by
VRDTCA to foster greater empowerment and success in the work place. Additionally, a
Facilitator Guide for this unit provides further background knowledge and teaching notes
for facilitators, trainers and teachers.

This second unit, CCDRRO02, defines the standard required to: explain the difference
between weather and climate; differentiate between climate variability and climate change;
describe seasonal changes in Vanuatu’s temperature and rainfall, using climatic graphs;
demonstrate how the water vapour content of the atmosphere rises with temperature, and
outline the processes involved in the water cycle; explain other factors that cause variations
in climate from place to place in Vanuatu; explain how climate variability in the tropical
Pacific is controlled by key climate “drivers”; identify the main features of a tropical cyclone
and its associated weather; and analyse evidence for long-term climatic change in Vanuatu.

The development of all units was guided by consultations with government and non-
government stakeholders in Vanuatu and was based on the SPC’s Community Education
Training Centre draft training unit Community Based Disaster Risk Management and Climate
Change (SPC/GIZ/USP, 2013). The units have been produced with technical and financial
assistance from the SPC/GIZ’s Coping with Climate Change in the Pacific Island Region
(CCCPIR) programme, implemented on behalf of the German Federal Ministry for
Economic Cooperation and Development. The University of the South Pacific’s Pacific
Centre for Environment and Sustainable Development (USP PACE SD) contributed to its
technical review. The curriculum writer is Charles Pierce
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Activity to complete in the workbook

How am I doing?

Definition

Example
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Course Outline

Before we start...

Dear Learner - This Learner Guide contains all the information to acquire all
the knowledge, skills and attitudes leading to the unit standard:

Title: Explain the principal features of Vanuatu’s climate and its short-term
and long-term variations

NTQF Level: 1 Credits: 6

The full unit standard will be handed to you by your Trainer. Please read the
unit standard at your own time. Whilst reading the unit standard, make a note
of your questions and aspects that you do not understand, and discuss it with
your Trainer.

This unit standard is one of the building blocks in your qualification at
Certificate level 1 listed below. Please write in the names of all the units of
competency that you are currently doing:

Title NTQF Level Credits
Certificate I in Climate Change and Disaster Risk Reduction 1 46
Please mark the learning program in Are you enrolled in a: Y | N
which you are enrolled: Learning programme? |

. . Skills programme?
Your Trainer should explain the above Pros

concepts to you. Short course? |

You will also be handed a Learner Workbook. This Learner Workbook should be
used in conjunction with this Learner Guide. The Learner Workbook contains the
activities that you will be expected to do during the course of your study. Please
keep the activities that you have completed as part of your Portfolio of Evidence,
which will be required during your final assessment.

You will be assessed during the course of your study. This is called formative
assessment. You will also be assessed on completion of this unit standard. This
is called summative assessment. Before your assessment, your assessor will
discuss the unit standard with you.

Enjoy this learning experience!
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How to use this guide ...

Throughout this guide, you will come across certain re-occurring “boxes”. These
boxes each represent a certain aspect of the learning process, containing
information that will help you with the identification and understanding of these
aspects. The following is a list of these boxes and what they represent:

- What does it mean? Each learning field is characterized by unique terms and
7 / definitions. It is important to know and use these terms and definitions correctly.
: They are highlighted throughout the guide in this manner.

You will be requested to complete activities, which could be group activities or
individual activities. It is important to complete all the activities as your facilitator
will assess them and they will become part of your portfolio of evidence. Activities,
whether group or individual, will be described in this type of box.

This type of box indicates a summary of
concepts that have been covered, and offers
you an opportunity to ask questions to your
facilitator if you are still feeling unsure of
these concepts.

Examples of certain
concepts or
principles will be
shown in this type of
box. Examples help
you to relate what
you are learning to a
real life situation.

My Notes ...
You can use this box to jot down questions you might have, words that you do not
understand, instructions or explanations given by the facilitator, or any other

remarks that will help you to get a better understanding of what you are learning.
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Key competencies / employability skills to
be acquired during this unit

Key competency Example of application
Collect, organise and Collect, organize and analyse
analyse information information on seasonal climatic

changes in Vanuatu, El Nifio Southern
Oscillation (ENSO), variations in
climate within Vanuatu and
past/future climatic change in

Vanuatu.
Communicate ideas and | Give talks on changes in climate
information during the year in Vanuatu, ENSO,

and personal experiences during an
actual cyclone.

Plan and organize Organise a presentation on El Nifio

activities and La Nifia to a group of people.

Work with others and in | Work in pairs to explain concepts

teams associated with weather and climate to
each other.

Problem-solving Determine areas of Vanuatu that are

more liable to drought and those that
are more liable to flooding (based on
latitude and altitude), and explain
why.

Graphical skills Analyse and construct climatic graphs
and maps. Draw a diagram of the
water cycle.

Technical skills Use the internet (optional) or printed
resources to find out about future
long-term climatic change in Vanuatu.
Show initiative Arrange a meaningful presentation on
ENSO to a group of people in the
locality.
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Prior knowledge and skills required

Knowledge

* Knowledge and experience of the water cycle, seasonal climatic
variations and tropical cyclones.

Skills
* Basic graphicacy skills - graph construction and interpretation,
mapping skills.

Learning outcomes

After you have completed Unit of Competency CCDRRO02 of the Certificate I
in Climate Change and Disaster Risk Reduction, you should be able to:

* explain the difference between weather and climate;

* differentiate between climate variability and climate change;

* describe seasonal changes in Vanuatu’s temperature and rainfall, using
climatic graphs;

* demonstrate how the water vapour content of the atmosphere rises with
temperature, and outline the processes involved in the water cycle;

* explain other factors that cause variations in climate from place to place
in Vanuatu;

* explain how climate variability in the tropical Pacific is controlled by key
climate “drivers”;

* identify the main features of a tropical cyclone and its associated
weather;

* analyse evidence for long-term climatic change in Vanuatu.
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What am I going to learn?

What will I be able to do?

What do I need to know?

Learning outcomes

Introduction

Section 1: Explain the difference between weather and climate

Section 2: Differentiate between climate variability and climate change

Section 3: Describe seasonal changes in Vanuatu’s temperature and
rainfall, using climatic graphs

Section 4: Demonstrate how the water vapour content of the atmosphere
rises with temperature, and outline the processes involved in

the water cycle

Section 5: Explain other factors that cause variations in climate from place
to place in Vanuatu

Section 6: Explain how climate variability in the tropical Pacific is
controlled by key climate “drivers”

Section 7: ldentify the main features of a tropical cyclone and its
associated weather

Section 8: Analyse evidence for long-term climatic change in Vanuatu
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What will I be able to do?

When you have achieved this unit standard, you will be able to: -

* collect, organize and analyse information on seasonal climatic changes in Vanuatu,
ENSQO, variations in climate within Vanuatu and past/future climatic change in
Vanuatu;

* give talks on changes in climate during the year in Vanuatu, ENSO, and personal
experiences during an actual cyclone;

* organise a presentation on El Nino and La Nina to a group of people;

* work in pairs to explain concepts associated with weather and climate to each
other;

* determine areas of Vanuatu that are more liable to drought and those that are
more liable to flooding (based on latitude and altitude), and explain why;

* analyse and construct climatic graphs and maps, and draw a diagram of the water
cycle;

* use the internet (optional) or printed resources to find out about future long-term
climatic change in Vanuatu;

* arrange a meaningful presentation on ENSO to a group of people in the locality.

What do I need to know?

It is assumed that a learner attempting this unit will have the following competencies:

* Basic functional literacy and numeracy (ability to read, write and handle numbers)

* Knowledge and experience of processes in the water cycle, seasonal climatic
variations and tropical cyclones

* Basic graphicacy skills - graph construction and interpretation, mapping skills

What are my learning outcomes?

When you have achieved this unit standard you will be able to:

¢ state the difference between weather and climate;

* explain the difference between climate variability and climate change;

* describe seasonal changes in Vanuatu’'s temperature and rainfall;

* explain the processes involved in the water cycle;

* identify other factors that cause variations in climate within Vanuatu;

* explain four “drivers” that control the variability of climate in the tropical Pacific;

Approved: Version: 0.1/December 2014 Page 11
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* outline the main features of a tropical cyclone and its associated weather;
* provide evidence for long-term climatic change in Vanuatu.

Introduction to the Unit

You are about to start on the second Unit of the Certificate I course on Climate
Change and Disaster Risk Reduction. In this Unit, you are going to find out more
about the features of Vanuatu’s climate and how it varies from season to season
within a year. You will find out about the water cycle and its influence on climate,
and how climate varies from island to island and within islands. Later, you will
study how variations in our climate from season to season and from year to year
are due to four important “drivers” that operate in the tropical Pacific - the Trade
winds, the Inter-Tropical Convergence Zone, the South Pacific Convergence zone
and the El Nino Southern Oscillation, or ENSO. These drivers help to explain
why Vanuatu suffers from two important climatic hazards - long periods of
heavy rain, with cyclones, and long periods of drought. You will find out more
about the weather associated with tropical cyclones. And finally, you will learn
how to analyse evidence that is pointing to long-term climatic change in Vanuatu,

with warmer temperatures and a greater frequency of extreme climatic events.

Fig. 1

When we talk about weather
and climate, we refer to
conditions in the lower part of

earth’s atmosphere -

temperature, humidity, .
precipitation (rainfall), winds, 4 ‘
atmospheric pressure, and so
on (Fig. 1). These conditions

are changing all the time.

’l(lassroom Printables, 2014

e —
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There is an important difference between weather and climate. Weather refers to
the state of the atmosphere at a given moment in time, and it changes from minute
to minute, hour to hour and day to day. Climate, on the other hand, refers to
weather conditions over a longer period such as one month or one year. Key
indicators of climate are average monthly figures of temperature and rainfall.
What is important is that when scientists look at these monthly figures over many
years, they can analyse long-term changes that are taking place. This is referred to

as “climate change”. It is not the same as climate variability.

The word “variation” means the way in which something changes from time to
time or from place to place. Here is a diagram that will help you to understand

how information about variations in weather and climate has been organized in

this Unit:
Variations in atmospheric
conditions
|
Short- term Long-term
Changes in weather Monthly changes  Climate variability Climate change
in climate

Every minute Every month Variations from year to year Changes over decades
Every hour Every season Changes over centuries
Every day Changes over millennia

When you have completed this Unit, you will understand much more about the main
features of Vanuatu’s climate and its short-term and long-term variations. You will

also be better able to talk to other people about the meaning of “climate change”.
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Explain the difference
between weather and climate

Section

After completing this section, you should be able to:
1.1 state the main elements of weather and climate;

1.2 describe the weather at a place at a particular moment, and compare
this with the climate of that place;

1.3 describe and locate the earth’s principal climatic zones;
1.4 give a concise explanation of the difference between weather and climate.

1.1 The main elements of weather and climate

Which elements are shown by these cartoons (Fig. 2)?

Fig. 2

Pierce, C,, 2014
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Which other elements of weather and climate can you think of?

CCDRRO2

Now please
complete
Activity 1.1 in
your Learner
Workbook

Concept

I understand
this concept

Questions that I
would still like to ask

1.1 Elements of weather and climate

1.2 Describing the weather and the climate of a place

Go outside your classroom and look at the weather. How would you describe
it? Is it raining? Is it hot? Do you feel sticky? How much of the sky is covered
in cloud? Which way are the winds blowing? Is the weather different now to

what it was first thing in the morning? Is it different to the weather yesterday?

Yes, the weather changes all the time - every minute, every hour, every day.

Let us look a little bit more at one of the most important elements of weather -
the temperature. We measure temperature on the Celsius or Centigrade scale,
using a thermometer. At 0°, water will freeze into ice, and at 100°C water will
boil and become steam. The blood in your body normally has a temperature of

37°C.
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In Vanuatu, the air around us has a day-time temperature that varies between

about 32°C and 20°C, depending on where we live and the season. In comparison

with other places in the world, this is hot.
The other very important element of weather is the precipitation. This refers to the
water that comes out of the clouds through the process of condensation. The water is
normally in the form of liquid droplets, which we call rain. But when the temperature
of the atmosphere is below 0°C, the water droplets freeze and come down as flakes of
snow or little balls of ice called hail. We never get snow in Vanuatu, but there have
been occasional reports of hailstorms in southern islands such as Tanna.

We measure rainfall in a rain gauge, which is simply an open container that collects the
water falling down from the sky. Every 24 hours, we measure how much rain is held in
the container, and this measurement is given in millimetres. On average, Port Vila
receives a total precipitation of about 2000 mm in one year. Vanuatu is one of the wettest
places in the world.

Fig. 4: Rain collected in a rain gauge

e —— | .
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Overflow N
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L
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To get figures of climate for a place, we
normally just look at temperature and
rainfall. For temperature, we first find out the maximum and the minimum
temperatures each day, then take an average to get the mean daily temperature. To
calculate the mean monthly temperature, we add up all the mean daily temperatures
for the month and divide by the number of days in the month. To get figures of
monthly rainfall, we simply add up the total rainfall for each day in that month. Then
the monthly figures for both temperature and rainfall are averaged out over a period of
at least 30 years.

Fig. 3: Diagram of a rain gauge

/ / Here are the average monthly figures of temperature and rainfall for Port

M Vila for the last 60 years (Fig. 5).

Fig. 5

JITEIM|[A[M[J]J]A]S[]O]N]D /| Total

Temp | 268|270 267|257 245|236 227 (227|234 242253261
(°©)

Rainfall | 279 | 290 | 321 | 221 | 164 | 155 | 100 | 93 | 93 | 106 | 144 | 184 | 2,147
(mm)

When describing the average figures of temperature and rainfall of a
place, in other words the climate of that place, we can refer to the
following table (Fig. 6), which is based on several sources (e.g. Think Metric, 2005;

VMGD. 2014

Fig. 6 Temperature | Description of average Total annual Description of
in degrees C monthly temperature | rainfall in mm annual rainfall

Grosz 30 and over Very hot Over 2000 Humid / very heavy

R [ 20-29 Hot 1500-1999 Sub-humid / heavy

Ngaté 7019 Warm or mild 1000-1499 Sub-humid /moderate

etal, [0 Cool 500-999 Semi-arid / light

2014). [-10t0-1 Cold 250-499 Semi-arid /very light

Below -10 Very cold Below 250 Arid / desert

Pierce, C., 2014

For rainfall, we must also look at its seasonal distribution. Some places have rainfall in

all months of the year. Some have most rainfall in the months when the temperature is

the hottest. Some have most rainfall in the months when the temperature is the coolest.

Some have hardly any rainfall at all and have a desert climate.

So how would you describe the climate of Port Vila? What words would you use for

its temperature in the hottest month and in the coldest month? How would you

describe Port Vila’s total rainfall in one year? In which 5 months does Port Vila have

the most rain? Is this the hotter season or the cooler season?

1.3 World climatic zones
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Fig. 7 shows how the world can be divided up into major climatic zones, based on average
temperatures. As you go further away from the equator, the temperatures decrease.

Fig. 7

North Pole (latitude 90°N) |

Arctic Circle (latitude 66%°N)

TEMPERATE ZONE

Tropic of Cancer (latitude 23%°N)

SUB-TROPICAL ZONE

Equator (latitude 0°)

Tropic of Capricorn (latitude 23%°S)

Antarctic Circle (latitude 66%°S) SUB-TROPICAL ZON

South Pole (latitude 90°S)

<
TEMPERATE ZONE S
J
POLAR (COLD) ZONE
>|
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Here is a more detailed diagram of the climatic zones (Fig. 8). You can see how the
temperatures in each zone affect people’s lives, as well as the natural vegetation and
animal life. Which is the hottest zone? In which zone is Vanuatu? What about
Australia?

Fig. 8

Global climate - Le climat mondial

SUB-TROPICAL
200E sm»%w?j

%

TROPICAL ZONE,
ZONETROPKALE  + ,

SPC & Glz, 2014

Activities 1.2a,
1.2b and 1.3
in your Learner
Workbook

Now please
complete

Concept I understand Questions that I
P this concept would still like to ask
1.2 Describing weather and climate
1.3 The earth’s principal climatic zones
Approved: Version: 0.1/December 2014 Page 20
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1.4 Difference between weather and climate

Now let’s summarize the difference between weather and climate. When we talk
about weather, we are looking at the current atmospheric conditions at a place -
temperature, rainfall, wind and humidity. If you stand outside, you can feel how
hot it is, and you can tell whether it is raining, windy, sunny or cloudy. Weather is
what is happening right now, or likely to happen tomorrow or in the next few days.

Climate, on the other hand, refers to the general weather conditions. It looks at
average figures of temperature and rainfall over a month, a year, or over many
years.

Some meteorologists say that “climate is what you expect, and weather is what you
get!”

For example, you might live on the west side of Tanna and find that
according to figures of climate, August is a month when there are
clear sunny days with very little rainfall. But you could go out one
day in August and experience cloudy skies, strong winds and a
heavy rainstorm that brings much more rainfall than the average. So
your weather is different to your climate!

Now please My Notes:
complete

Activity T your | | ooosrressmrssnm i
Learner
Workbook

/
0 00
- o
s N S Concept I understand Questions that I would
AR P this concept still like to ask
? 1.4 Difference between weather and
climate
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Differentiate between climate

Section variability and climate change

After completing this section, you should be able to:
2.1 define “climate variability” and “climate change”;
2.2 demonstrate how climate variability and climate change can be shown
on graphs.

2.1 Definitions

Climate variability means the way that climate fluctuates each year
above or below a long-term average value. Warm and cold, wet and
dry seasons are not the same from one year to the next.

Climate change refers to a long-term continuous change (increase or
decrease) in the climate, or average weather conditions. It can also refer
to a long-term change in the range of weather (for example, more
frequent and severe cyclones). Climate change happens very slowly.

2.2 Further explanations, with statistics and graphs
Climate variability

Just as weather varies from hour to hour and day to day, so does the average
weather or climate. The average monthly temperature and monthly rainfall
change during the year, and this is quite normal. Also, the figures for each month
will be different to those of the same month in the following year. For example,
look at these figures for Bauerfield, Efate, for the month of December in three
consecutive years (Fig. 9):

Fig. 9
Month Average monthly Total monthly rainfall
temperature (approximate)
December 2010 25.4°C 200 mm
December 2011 26.8°C 20 mm
December 2012 26.6°C 190 mm

In the same way, average annual temperatures and annual total rainfall for a place
will vary from year to year. Look at this example of the variability of rainfall from
year to year at Pekoa airfield, Santo, between 1960 and 2010 (Fig. 10). Note that
the horizontal black line refers to the average total rainfall, which is 2600 mm.
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Fig. 10 Annual Rainfall - Pekoa Airport (Santo)

Pacific-Australia Climate Change Science and Adaptation Planning Program
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Climate variability in the South Pacific takes place because of the way in which the
waters of the Pacific ocean and the lower atmosphere affect each other. These
interactions between ocean and atmosphere are controlled by four important factors,
or “climate drivers” - the Trade winds, the El Nifio Southern Oscillation (ENSO), the
South Pacific Convergence Zone (SPCZ) and the Inter-Tropical Convergence Zone
(ITCZ). We shall learn more about these four drivers in Section 6 of this unit.

Climate change

This refers to any change in climate over a long period of time, demonstrated by
statistical evidence. According to the Intergovernmental Panel on Climate Change
(IPCC), a body set up by the United Nations, climate change is a “change in the state
of the climate that can be identified (e.g. using statistical tests) by changes in the
mean and/or the variability of its properties, and that persists for an extended
period, typically decades or longer. It refers to any change in climate over time,
whether due to natural variability or as a result of human activity.” (IPCC, 4th
Assessment Report, 2007)

In simple language, climate change is a change in average temperatures or total
rainfall that takes place over tens, hundreds, thousands or millions of years. It also
refers to changes in the number of extreme weather events, for example, very high
temperatures, droughts, severe storms. Climate change is caused by both natural and
human factors.

At present, statistical evidence is showing that all over the world, temperatures in the
lower atmosphere have been slowly rising during the last 200 years. The following
graph (Fig. 11) shows how the earth’s average temperature has increased since 1860:
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Fig. 11 Global Average Temperature
Dc OF
14 .4+ -97.92
1431 -57.74
14 24 -07.56
14.1- -97.38
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13.9- -57.02
13.8- - 06.64
13.7 1 - 56.66
13.61 5 -56.48
year average
1 3.5 1 I 1 1 1 1 %.30 g
1860 1880 1900 1520 1540 1960 1880 2000 o
<
NOAAUCAR |>
Now please
complete
Activities 2.1
and 2.2 in your
Learner
Workbook
Concept I understand Questions that I would
P this concept still like to ask
2.1 Difference between climate
variability and climate change
2.2 Climate variability and climate
change as shown on graphs
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Section

CCDRRO2

Describe seasonal changes in

Vanuatu's temperature and

rainfall, using climate eraphs

After completing this section, you should be able to:
3.1 explain to a friend how Vanuatu’s temperature and rainfall change
during the year, with the aid of a climograph;
3.2 construct a climatic graph for one of the meteo stations in Vanuatu.

3.1 Monthly changes in temperature and rainfall during the year

Fig. 12: Climograph for Port Vila

Let us see how temperature and rainfall change during the year, using
a climograph. A climograph (also known as a climatic graph) is a
graph that shows both temperature and rainfall together. Usually,
temperature is shown by a line, and rainfall by bars. Here is a
climograph for Port Vila (Fig. 12), based on data in the table below:

° =
o C |
o e ey o
2 S0 ~300-5
c s T ! R e ~ == = SRR jaineme= —_ o c
2 desgird e e e :
E% 204 ~200 5
£ £
S4D e an A 10018
§ 0-4= - ' == 10 18 |3
T EIMIAIMIT T IALS LAy IN LI h
J T F M| A ][ M] ] J A S| O[N]| D [Total]| |2
Temp (°C) | 27 | 27 |27 [ 26 [ 25 | 24 [ 23 [ 23 | 23 | 24 | 25 | 26 3
Rainfall mm) | 279 | 290 | 321 | 221 | 164 | 155 | 100 | 93 93 | 106 | 144 | 184 | 2,147 E
Look at the graph. Which are the hottest and the coldest months? What is the
range of temperature (the difference in °C between the hottest and the coolest
months?) Do you think that the average monthly temperature changes very much
during the year? Which are the wettest months? Which are the driest? Can we say
that Vanuatu has a hot, wet season and a cooler, drier season? Which are the
months in each season?
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3.2 Constructing a climograph

Now you are going to construct a climograph of your own.

Choose one of these meteorological stations, depending on where you live - Sola,
Pekoa, Lamap, Bauerfield, Whitegrass, Anelgowhat - and refer to the statistics in your
Learner Workbook. Use a vertical scale of 1 cm to 10°C for temperature and 1cm to 100

mm for rainfall.

Plot the dot for monthly temperature in the middle of the space allocated for each
month. Make sure the temperature line is at the same level when it enters and leaves the
graph. Use the whole of each monthly space for the bar of rainfall, and shade all bars in
the same colour.  (See the example above.)

Please complete My Notes
Activities 3.1
and 3.2 111 your ......................................................
e |
Workbook
I understand Questions that I would
Concept

this concept still like to ask

3.1 Monthly changes in
temperature and rainfall
during the year in Vanuatu

3.2 Construction of a climograph
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Demonstrate how the water

vapour content of the atmosphere
Section rises with temperature, and

outline the processes involved in

the water cvele

After completing this section, you should be able to:
4.1 define humidity and explain how heating can convert liquid water
into water vapour through the process of evaporation;
4.2 demonstrate, using a diagram, that warm air can hold more water
vapour than cold air;
4.3 draw a diagram to explain the water cycle and the processes of evapo-
transpiration, condensation, precipitation, run-off and underground flow.

4.1 Water vapour, humidity and evaporation

Water vapour is water in its gaseous state. It is an invisible gas that is
all around us.

Humidity refers to the amount of water vapour that is in the air. If we
say that the air is humid, we mean that it is containing a lot of water
vapour. If itis dry, it is not holding much water vapour. The amount
of water vapour that the air can hold depends upon its temperature.
The warmer the air, the more water vapour it can contain.

Evaporation is the change of water from a liquid state to a gaseous state. When the
sun shines on liquid water, the water is heated: some of the molecules change into gas
and enter the atmosphere. If the air is dry, then it has room for a lot of water vapour,
and evaporation can take place. If the air is already humid, then not much evaporation
will occur.

Fig. 13

Fig. 13 shows how heating converts Evaporation ~ @ @
@)

liquid water into water vapour through \ f o \ T/O
)

(@)

the process of evaporation. The little
blue circles represent molecules of H2O

¢
1

(water). When the liquid water is Q0 =
heated, some of the molecules escape ® ~
into the atmosphere as water vapour. Water is being heated e
/ ZS L b Jf
(=
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Warm air can hold more water vapour than cold air

The atmosphere can only hold a certain amount of water vapour. How much it can hold
depends upon the temperature. In the diagram below (Fig. 14), the black line shows the
maximum amount of water vapour that can be held at different temperatures.

Fig. 14
At a temperature of S p
0° (freezing point), a /‘
the air can hold 4 N

2E
3
3L
grams of water ga R ) Y ¢
vapour per cubic g Eo ] ~
© -
metre. How much 35 4 /
can it hold at 15°C? 22 o F—TF—4= = “
']
At 30°C? E s, #/ =
<3 U
0 [~ 1N 12 mn o2~ 30 35 8-
Temperature in °C s
2

Fig. 14 shows that the warmer the air, the more water vapour it can hold.

If warm air moves to a place where it is cooler, for example when it rises up a mountain,
the cooler air cannot hold so much water vapour, and some of the gas molecules change
back into little drops of water again. This process is called condensation. The little
droplets of water are very light and stay up in the atmosphere to form clouds, but as more
and more condensation takes place, the droplets in the clouds join together and eventually
form bigger, heavier drops that fall down to the ground or the sea as precipitation.

Fig. 15 shows a high island in the South Pacific where the south-east Trade winds are
moving across the island from south-east to north-west. As the air flows over the mountain,
condensation and precipitation occur on the south east side of the island. But when the air
moves down the other side of the mountain, there is not much rain, and a “rain shadow”
occurs. This type of rainfall is called orographic rainfall.

Fig. 15: Orographic rainfall
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and gets
warmer. No
condensation

Condensation and
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CCDRRO2

Fig. 16:

Rainfall on
high
islands in
Vanuatu

Orographic rainfall is very common in Vanuatu. Fig. 16 shows what happens
when the air in the south-east Trade Winds rises over high islands such as
Tanna, Erromango, Efate, Malakula and Santo. The south east side of the
island facing the onshore wind receives more rainfall, and its natural
vegetation is forest. But the north west side of the island is in the rain shadow
and is much drier; the natural vegetation is often grassland and low bush.

Rain
shadow

—_,

Orographic
rain

\
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Please complete
Activities 4.1
and 4.2 in your
Learner
Workbook

Concept

I understand
this concept

Questions that I would
still like to ask

4.1 Water vapour, humidity
and evaporation

4.2 Warm air can hold more
water vapour than cold air;
condensation; orographic
rainfall
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4.3 The water cycle

Earth is the only planet in the our solar system where water exists in all three states -
solid, liquid and gas. This water is continually changing between the three states, as well
as moving between ocean, atmosphere and land in a series of pathways. This continuous
movement of water on, above and below the surface of the Earth is called the water cycle,
or the hydrologic cycle.

It is interesting to note that it is the same water that is going round and round in a cycle,
as shown in Fig. 17:

* The movement is triggered by heat received from the Sun.

¢ This heat warms liquid water in the oceans and on land and causes some of it to
evaporate into the atmosphere.

* Plants also give off water into the atmosphere, and this is called transpiration.

* Atmospheric water condenses over land and sea and leads to precipitation.

* As the precipitation falls down on land, some of it enters the ground through
infiltration, and gradually returns to the oceans as underground flow.

* Some water runs over the ground surface as run-off and enters rivers and lakes.

Most of Earth’s water is held in four major reservoirs - ice, fresh water, saline (ocean)
water and atmospheric water.

Fig. 17: The water cycle

(‘\,;_j Transport of water vapour
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In the Pacific islands, all processes in the water cycle take place. However,
precipitation falls as rain, not as snow, and on smaller islands, there are few or no
rivers. Fig. 18 is a diagram of the water cycle on a typical Pacific island:

Fig. 18: The water cycle on a Pacific island

" The Wafer Cycle / Le cycle hydrologigue

Please complete My Notes:
. Activity 4.3 in
yourLearner D A R R R R T R N N R I R A A A A A A}
Workbook
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Concept I understand Questions that I would still
P this concept like to ask
4.3 The water cycle and
processes of evapo-
transpiration, condensation,
precipitation, run-off and
underground flow
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Explain other factors
Section that cause variations in
climate from place to

nlace in Vannahi

After completing this section, you should be able to:
5.1 describe how and why latitude and altitude cause differences in
climate from island to island and within islands;
5.2 determine those areas and seasons in Vanuatu that are more liable to
experience drought, and those that may have problems of flooding.

5.1 How latitude and altitude affect climate

As the sun’s rays reach the earth, the zone of greatest heating is near the Equator. This
is where the sun’s rays are most concentrated. Please look at this diagram (Fig. 19).

Fig. 19 North Pole
Low angle of 60°N
incoming sunlight
X 30°N
y ---sw?-Tropicot
Cancer
Sunlight directly
overhead k 0° (equator)
Tropic of
——————————— Capricorn S
30°S ]
[J]
Low angle of %
incoming sunlight
' e 60°S %
Atmosphere — South Pole K

For places near the Equator, the sun’s energy is concentrated into a small area, whereas
at higher latitudes, the energy is spread over a much wider area, so is weaker. So the
closer you are to the Equator, the hotter it gets. This is how latitude affects temperature.

Because the earth orbits around the sun during the year, this zone of greatest heating moves
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to the north and south, but always includes places near the Equator (Fig. 20).

Fig. 20
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Vanuatu is in the Southern Hemisphere. So the islands in the north of Vanuatu are
always closer to the zone of greatest heating and are warmer than those further south.
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Fig. 21:

Average
monthly
temperatures
at sea level in
December
(hot season)
and June
(cool season)

What is the temperature in the Banks islands in December and in June? What about
Aneityum?

Just as temperatures decrease from north to south in Vanuatu, so does
rainfall. This is because the further south you go, the further you move away
from the zones of rising air and heavy rainfall known as the Inter-Tropical
Convergence Zone (ITCZ) and the South Pacific Convergence Zone (SPCZ).
Study this map of Vanuatu (Fig. 22):
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Look at the height of the bars of rainfall, noting that the scale is not the same on all the

graphs. What do you notice about the monthly rainfall totals in Sola as compared with

those in Aneityum? Which place has only about 50mm of rainfall in each of the months of

July, August, September and October? Which are the four wettest months in all places?
You have seen that latitude affects both temperature and rainfall. As you move further
south in Vanuatu and the latitude increases, so temperatures become lower and rainfall
decreases. Another factor causing differences in climate from island to island, and
especially within islands, is altitude.

The altitude of a place means its height above sea level. As you go higher, so you get
further away from the ground, and the temperature decreases. Remember that the sun’s
rays are first received by the ground, and it is the ground that heats the air above it. So
the air is warmest close to the ground, and quickly gets cooler as you go up (Fig. 23).

Fig. 23

EFFECT OF ALTITUDE ON TEMPERATURE

THEREFORE, THE FURTHER
YOU GO AWAY FROM GROUND
LEVEL, THE FURTHER YOU GO

FROM THE SOURCE OF

HEATING. SO THE AIR GETS

COOLER.

SOL ERGY

GROUND HEATS THE AIR ABOVE
IT BY CONDUCTION,
CONVECTION AND RADIATION

GROUND IS HEATED BY
SOLAR RADIATION

Pierce, C,, 2014

The rate

at which temperature decreases with height is about 1°C for every 100 metres, although
it is less than this if the air is very humid.

Fig. 24 EFFECT OF ALTITUDE ON TEMPERATURE
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The effect of altitude is noticeable on all high islands in Vanuatu. For example,
Lamnatu in Middle Bush, Tanna, is at a height of about 400 metres. So how much
lower will its temperature be than the temperature at Lenakel? On Santo, Mt
Tabwemasana reaches a height of almost 1900 metres; if you stood on the top when
the temperature at Luganville was 30°C, what temperature would you record?

Altitude also affects rainfall. In section 4, you found out that when winds move from
the ocean and rise up over high ground, the rising air is cooled, condensation occurs
and precipitation falls. The side of the mountain facing the wind is called the
windward slope, and receives rain. The other side of the mountain, called the leeward
side, does not receive much rain, and is in the rain shadow (Fig. 25). In Vanuatu, this
can be seen on larger islands such as Santo, Malakula, Efate, Erromango and Tanna,
where the prevailing winds come from the south-east: thus the south-east and central
parts of these islands have much more rain, while the north-western parts are in the
rain shadow, have much less rainfall and may suffer from drought. See Fig. 26.

Fig. 26 Annual «
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Another factor that affects temperature and humidity is the distance of a place from the
ocean. When land and sea are heated by the sun, the sea is slow to warm up and slow to
lose its heat. So places that are close to the sea have a smaller range of temperature. By day
they do not get so hot, and by night they do not get so cold (Fig. 27).

Fig. 27
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In the hot season, coastal areas are not as hot as places inland, and in the cool season

they are not so cold. This is shown in Fig. 28.

CCDRRO2

Fig. 28
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Please complete
Activities 5.1a
and 5.1b in your
Learner
Workbook

Concept

I understand
this concept

Questions that I would
still like to ask

differences in climate

5.1 How latitude, altitude and
distance from the sea cause

island to island in Vanuatu.

from

5.2 Areas and seasons in Vanuatu liable to experience drought and flooding
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In 5.1, you discovered that in general, rainfall decreases as you move southwards
in Vanuatu, and that rain shadow areas on the larger islands have the least
rainfall. You found that rainfall increases as you go northwards, and that it is
heaviest on the windward sides of high islands.

So which areas are liable to drought, and during which months of the year?
Discuss this with your tutor.

And which areas are most liable to flooding, and during which months of the
year? Remember that cyclones bring large quantities of rainfall, and that the run-
off from this torrential rainfall will cause rivers to swell, increase in volume and
flood over on to any flat land on their sides.

After this discussion, you will be ready to complete the activities in your Learner
Workbook.

Please complete My Notes:
Activities 5.2a
and 5.2b in your ------------------------------------------------------
Learner | | Loiiiiiiiiii i i e
Workbook
Concept I understand Questions that I would
P this concept still like to ask
5.2 Areas in Vanuatu that are
liable to drought and areas
facing problems of flooding.
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Explain how climate

Section variability in the tropical
Pacific is controlled by

kev climate “driverd”

After completing this section, you should be able to:

6.1 explain the meaning of a convergence zone and “climate drivers”;

6.2 identify the Trade winds, the Inter-Tropical Convergence Zone and the
South Pacific Convergence Zone on a large map of the Pacific;

6.3 give simple definitions of an “El Nifio” season and a “La Nifia” season;

6.4 work in pairs, with the help of diagrams, to organize a presentation on
“ENSO” to a group of people, demonstrating how the movement of the
“warm pool” affects rainfall patterns in Vanuatu and the Pacific.

6.1 Convergence zones and climate drivers
Can you remember the definition of “climate variability” from Section 2 ?

Yes, it means the way that climate fluctuates each year above or below a long-term

average value. Warm and cold, wet and dry seasons are not the same from one year to
the next. In the tropical Pacific, there are natural variations from year to year in our hot,
wet season and cooler, drier season. Sometimes, the hot, wet season comes later than it

did the previous year, and sometimes it comes earlier. Sometimes, we experience long
periods of drought, while at others, the wet season is wetter than expected.

These annual variations are due to Fig. 29: Climate drivers
the way in which the atmosphere  —
interacts with the ocean. In ﬁ“
particular, we can talk about four ===~ Py, CLIMATE
main “drivers” of this variability. By @ (1) @
“driver”, we mean something that
causes, shapes or has a strong
influence over the climate (Fig. 29).
A climate driver can also
be referred to as a climate “forcing” or “forcing mechanism”.
In the Pacific islands, meteorologists say that there are four main drivers of climate
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variability: the Trade winds, the Inter-Tropical Convergence Zone (ITCZ), the South Pacific
Convergence Zone (SPCZ), and the El Nifio-Southern Oscillation (ENSO).

The Trade winds: These are winds that  Fig. 30: The Trade winds and the ITCZ
blow towards the Equator from
latitudes of approximately 30°N and
30°S. In the southern hemisphere, the
Trade winds come from the south-east.
This diagram shows how the Trade
winds are part of the Hadley cell L \
circulation in the planetary wind system. | | north-East [ & Kehon \
| Trade Winds “ . A \

The Inter-Tropical Convergence Zone
(ITCZ) is a zone close to the Equator
where warm, moist air is rising up, with
heavy rainfall. As the air rises up, the
North-East and South-East Trade Winds
move in to take its place. This meeting
together of two air masses is called a
convergence zone. The ITCZ moves This diagram shows a map of the Earth (in green) and a
north and south during the year, cross-section through the atmosphere (in purple). Find
following shifts in the zone of greatest the ITCZ and the Trade winds on the map and the cross-
heating (as shown on page 31). section.

Rising air

. |
NG
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The South Pacific Convergence Zone (SPCZ) is a branch of the ITCZ in the South Pacific,
extending roughly south-eastwards from Papua New Guinea. See Fig. 31.

Fig. 31: Map of the western Pacific during November - April
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Identifying the ITCZ and the SPCZ on a map of the South Pacific
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Look back again at the map of the South Pacific on page 38 (Fig. 31). Find the Inter-
Tropical Convergence Zone. Remember that it shifts northwards and southwards
during the year. Now find the South Pacific Convergence Zone. Remember that a
convergence zone is a line or area where two air masses, or winds from different
directions, are meeting together. In this case it is the Trade winds.

Please complete My Notes:
Activities 6.1
and 6.2 11‘1 your ......................................................
Learner | | it
Workbook
I understand Questions that I would
Concept

this concept still like to ask

6.1 Convergence zone and
“climate drivers”

6.2 Identification of Trade winds,
the ITCZ and SPCZ on a map
of the Pacific

6.3 El Nino, La Nifia and the El Nifno-Southern Oscillation

Normally, there is a zone of very warm water that occurs near the Equator in the
western Pacific, known as the “warm pool”. It occurs because the Trade winds
blow from east to west and push the warm water westwards (Fig. 32)

Fig. 32
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of the Pacific. While the warm pool piles up in the western Pacific, cooler water is drawn
up from the ocean depths in the eastern Pacific. This deep cool water is rich in nutrients
and feeds an important fishing industry along the coasts of Peru and Ecuador.

Fig. 33
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contains an enormous amount of heat energy and also puts a lot of warm moist air into
the atmosphere, which can lead to the development of cyclones in the western Pacific.
It also means that islands in the western Pacific receive a lot of rain, while the coast of
Peru in the eastern Pacific is dry (Fig. 33).

But from time to time, the Trade winds weaken, and the warm pool of water moves back
eastwards across the Pacific, sometimes reaching Peru (Fig. 34). This causes the South
Pacific Convergence Zone to shift to the north and east. This is called an “El Nifio” period.

Fig. 34 e e
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this way, the western Pacific becomes much drier and may suffer from drought, while
the eastern Pacific becomes wetter. Because the rains often came at Christmas time,
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Peruvian fishermen called this period “El Nifio”, meaning the Christ-child.

At the end of an El Nifio period, the Trade winds become stronger again and push the
warm pool back to the west. But often they become even stronger than usual, pushing
more and more warm water westwards. This makes the SPCZ move back to the south
and west, bringing wetter conditions to the western Pacific islands and tropical
Australia, with more cyclones and flooding. This is called a “La Nifia” period (Fig. 35).

Fig. 35
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The word “oscillation” means a movement from side to side that repeats itself. So
the movement of the warm pool and rainy zone eastwards and westwards across
the Pacific is an oscillation.

Meteorologists tell us that the El Nifio Southern Oscillation (ENSO) has always
been a feature of climate in the Pacific and usually has a three to seven year cycle.
It is a very important driver of climate in Vanuatu. In an El Nifio period, our
islands may suffer from drought. In a La Nifia period, our islands suffer from
more cyclones and flooding (ABM- CSIRO 2011 and SPREP 2012).

6.4 Talk on the effects of the El Nifio-Southern Oscillation

Read through the information on El Nifio and La Nifia again. Reflect on how the
movement of the “warm pool” affects the variability of rainfall in Vanuatu and the
South Pacific. Also, watch the cartoon film “Klaod Nasara”. Then prepare to give a
talk on ENSO to a group of people.
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El Nifio and La Nifa periods,
movements of the “warm
pool”, and the El Nifio
Southern Oscillation

CCDRRO2
Please complete My Notes
Activities 6.3a,
6.3band 6.4 1in | | cecciiiiiiii i i i i ittt i it et it e e
your Learner || e
Workbook
Concent I understand Questions that I would
P this concept still like to ask
6.3 and 6.4

[dentify the main features

Section

of a tropical cyclone and

its associated weather

After completing this section, you should be able to:

7.1 draw a diagram to show the structure of a tropical cyclone in the
southern hemisphere;

7.2 describe features of the weather associated with a tropical cyclone,
including variations in winds;

7.3 tell stories of personal experiences during a tropical cyclone.
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7.1 Structure of a tropical cyclone in the southern hemisphere

Tropical cyclones are an important feature of Vanuatu's weather and climate. On average,
Vanuatu experiences 3 cyclones per year, although they do not always pass close to all
islands. There is great variability in the number and intensity of cyclones from year to year,
and this variability is related to movements of the South Pacific Convergence Zone, where
most cyclones originate, and to the El Nifio Southern Oscillation.

Because tropical cyclones are such an important feature of Vanuatu'’s climate, and are such
a hazard risk, it is important that you understand the weather patterns associated with
them, and the damage that they can do to life, property and the environment.

As you saw in Unit CCDRRO1, Fig. 36: Map of a tropical cyclone in the S. Hemisphere
tropical cyclones are centres of
low atmospheric pressure that may

Direction in which the cyclone
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centre starts to move, generally in a
southerly direction. As long as it
remains over the warm ocean, there is always energy to feed the system.

The amount of water in the system 37
builds up, and wind and rain Eye of the

become stronger. The system ) cyclone.__ - oo
becomes a tropical cyclone. Under
the eye, the level of the sea rises up
to give a “storm surge” (Fig. 37).
The strong winds, heavy rainfall and
storm surge can bring great damage
to islands in the path, or “track” of
the cyclone.

Storm surge

Pierce, C., 2014

Tropical cyclones are divided into
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categories, with category 1 being the least severe and category 5 the most dangerous.
Tropical cyclone Pam, on 12-14t March 2015, was a category 5 cyclone, with sustained
winds of over 240 km per hour and gusts of up to 340 km per hour.

When the tropical cyclone moves over land or cooler water, there is not enough
energy to feed the system and the cyclone dies away.

7.2 Weather associated with a tropical cyclone

Tropical cyclones are a disaster risk because of the destruction done by wind, rain
and the storm surge.

Wind speed will increase as a cyclone approaches, but winds are gusty, in other words
there are short periods of strong winds followed by short periods when winds are less
strong. Winds are most violent in the eye wall, when they can reach as much as 300
km per hour in a category 5 cyclone. If a cyclone passes directly overhead, then an
observer on the ground would notice the winds becoming stronger and stronger until
the eye arrives. Then there will be a short period of calm before the other side of the
eye wall arrives, when the winds will come from the opposite direction and be very
violent. As the cyclone moves away, wind strength will gradually decrease.

Fig. 38:

Damage
done by
strong
winds
during
Cyclone
Uma, 6
February
1987

During
Cyclone Uma, which brought enormous damage to central and southern islands of
Vanuatu, winds reached an estimated speed of 300 km per hour. Fig. 38 shows how
the UNELCO electricity posts in the Nambatri area of Port Vila were bent to the
ground. The photograph was taken the morning after the cyclone had passed.

Wind direction will change during a cyclone. Look back to Fig. 36 on page 43. People
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at point X will first experience winds coming from the north-east. These winds will get
stronger and stronger until the eye arrives. Then after about half an hour of calm, the
winds will be very strong again, but this time coming from the south-west. Gradually,
the winds will become weaker as the cyclone moves away.

Rainfall in a cyclone is torrential, in other words it is extremely heavy. Most rain falls
in the eye wall, but there are rain belts everywhere in the area occupied by the cyclone.
A cyclone can bring hundreds of millimetres of rainfall to a place in just one day. The
heavy rainfall will cause rivers to flood and often produce landslides (Fig. 39). Heavy
rain and strong winds will also damage and destroy food gardens (Fig. 40).

Fig. 39:

Remains of the
village of
Puarante, South
Santo, after
cyclone Lusi
caused river
flooding and
landslides on
10" March 2014

Vanuatu Daily Post, 2014

Fig. 40:

Damaged food
garden on
Tanna after
cyclone Pam.
Photo taken on
17" March
2015.

Isso Nimhei, 2015

The storm surge associated with a cyclone can be very dangerous. In the eye of a
cyclone, where the atmospheric pressure is very low, the sea water actually rises up by
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several metres. So if the eye passes over a village on the coast, the storm surge
underneath it will make the sea flood over the land with high and destructive waves.
It will be worse if the eye arrives at a time when the tide is high!

Fig. 41:

Damage to
the sea front
in Port Vila
caused by
the storm
surge
associated
with Cyclone
Uma, 6"
February
1987

AL
‘,;{!"/
+

7.3 Your experience of a tropical cyclone

Think about your own experience of a tropical cyclone. Were there any warnings?
What did you and your community do to prepare and to protect yourselves? What

were the weather conditions like? What kind of damage was done?

Pierce, C., 1987

Please complete
Activities 7.1,
7.2a,7.2b and

7.3 in your
Learner
Workbook
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I understand Questions that I would

Concept this concept still like to ask

7.1 Structure of a tropical
cyclone in the southern
hemisphere

7.2and 7.3
Weather associated with a
tropical cyclone, including
variations in winds

Analyse evidence for
Section long-term climatic
change in Vanuatu

After completing this section, you should be able to:

8.1 analyse, using data from the Vanuatu Meteorology and Geohazards
Department (VMDG), how Vanuatu’s temperature and rainfall
patterns, sea levels and ocean pH have already changed, and how
they are likely to continue to change during the coming years.

8.1 Long-term changes in weather patterns, sea levels and ocean pH

Now that we have looked at climate variability, it is time to find out more about
climate change. In section 2, we saw that climate change refers to any long-term
continuous change in the climate, or average weather conditions, as well as to a
long-term change in the range of weather. Such long-term changes over decades or
hundreds of years can normally be supported by statistical or other evidence.

The Earth’s climate has shown long-term changes ever since the creation of our
planet. There have been periods when temperatures were much warmer than
today, and periods when they were colder, and large parts of the Earth were
covered in ice. But in the last 200 years, there is clear evidence that the
temperature of the atmosphere and the oceans has been increasing at a faster
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and faster rate, and is expected to continue to increase.
Look at this map (Fig. 42), which shows how surface temperatures on Earth have
changed in the last 110 years. Have most places become warmer or cooler?
Where has the greatest heating occurred?

Fig. 42: Observed change in surface temperature, 1901 - 2012

06 04 02 0 02 04 06 08 10 125 15 175 25
(°C)

IPCC, 2013

Now look at this graph (Fig. 43). The black line shows how average temperatures
(land and sea combined) have increased between 1950 and 2005. The red line
shows how they will continue to rise if humans do not change the quantity of
greenhouse gases they are putting into the atmosphere. The blue line shows what
will happen if we reduce our emissions of greenhouse gases. As you will find out
in the next unit, “greenhouse gases” like carbon dioxide absorb outgoing heat from
the Earth and make the atmosphere warmer.

Fig. 43: Global average surface temperature change
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Now let us look at what is happening in Vanuatu. These two graphs (Figs. 44 and 45)
show temperature and rainfall figures for Port Vila between 1950 and 2009. The black

lines show the trend, in other words, what is happening over a long period. Notice too
that there is an indication of whether it was an El Nifio year (light blue), a La Nifia year
(dark blue) or a normal year (grey).
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So what do you notice about the long term change in temperature in Port Vila over
the last 50 years? What about the long-term change in rainfall?
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And what can you say about temperatures and rainfall in an El Nifio year, and in a La

Nifa year?
One consequence of rising temperatures is that sea levels will also rise. This is because
when you heat something, it expands. Ocean water cannot expand downwards into the
hard sea floor, so when the water gets warmer it will expand upwards, leading to a rise in
sea level. Another reason why sea levels will rise is because warmer temperatures will
cause the melting of ice sheets covering the land masses of Greenland and Antarctica.
This is already happening!

This graph (Fig. 46) shows what has happened to sea levels around Vanuatu since 1950.
The value “0” on the vertical axis shows the sea level in 1990. The orange line is an
estimation of what happened before then. The black line is what has happened since,
based upon satellite observations (blue) and from measurements of tides (red), and what is
likely to happen in future. The top of the green zone shows the highest level that might
occur in the future, while the bottom of the green zone shows the lowest level that might
occur. On average, sea level has risen by 6 mm each year since 1993.

Fig. 46: Change in sea levels round Vanuatu 1950 - 2012, and likely future change
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One more long-term change that can be observed is an increase in the acidity of the
ocean. The acidity of a liquid is indicated by its pH value. A pH of 7 means that the
liquid is neutral. Any value above this means that the liquid is alkaline. Anything
below 7 means that the liquid is acid. So if the pH is getting less, this means that the
liquid is becoming more and more acid. What seems to be happening around the world
in recent years is that as more and more carbon dioxide accumulates in the atmosphere,
so more of the CO; is absorbed by the oceans, making them more acidic and causing
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their pH to drop.
Fig. 47 is a map that shows how oceanic pH is expected to continue to fall during the rest
of the present century, as more carbon dioxide is absorbed by the oceans.

The map on the left of Fig. 47 shows what might happen if we reduce our emissions of
carbon dioxide into the atmosphere from the present levels. The map on the right shows
what might happen if there is no reduction in emissions of COz from their present level,
and CO; levels continue to increase.

In both cases, oceanic pH will continue to fall, meaning that ocean acidity will increase.
Increased acidity and warmer temperatures are likely to slow down the growth of coral
and other organisms that build their skeletons out of carbonate minerals.

You will learn more in CCDRRO03.

Fig. 47

If CO; emissions are reduced No reduction in CO, emissions

Change in ocean surface pH (1986-2005 to 2081-2100)

[ [ | (pH unit)
-0.6 -055 -0.5 -0.45 -0.4 -0.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05

IPCC, 2013

So what do all these changes mean for Vanuatu?

How will your lives, and those of your children and grandchildren, be affected by the
future changes in air and sea temperature, rainfall, sea levels and ocean acidity?

Discuss these questions with your facilitator. You can also refer to Fig. 48 to help you.
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Altitude

Height of a place above mean sea level.

Celsius (Centigrade)
scale

Scale that measures temperature, with 0c being the
temperature at which water freezes, and 100° the
temperature when it boils.

Climate

General weather conditions over a month, a year or many
years. Sometimes called “average weather”.

Climate change

Long term continuous change in the climate or in the range
of weather (e.g. more extreme events), measured over
several decades, hundreds of years or millennia, and
supported by statistical evidence.

Climate driver or climate
forcing

Something that causes, shapes or has a strong influence
over climate.

Climate variability

How climate fluctuates (goes up and down) each year
above or below a long-term average value. Warm and cold,
wet and dry seasons are not the same from one year to the
next.

Climograph or climatic
graph

Graph that shows monthly values of average temperature
and total rainfall in one year .

Cloud Collection of tiny droplets of water that are too light to fall
down to the ground; clouds also contain water vapour.
Condensation Change of water from its gaseous state into its liquid state,

normally occurring when air is cooled and water vapour
changes back into little drops of water that form clouds.

Convergence zone

Area where two air masses are meeting together; place or
line where winds from different directions are meeting
together.

El Nifio period or season

Time when the Trade winds weaken and the warm pool
moves eastward across the Pacific, making the western
Pacific much drier and liable to drought, and the eastern
Pacific much wetter.

Emission When a gas is put into the atmosphere.
El Nifio Southern Movement of the warm pool and its associated rain belt to
Oscillation (ENSO) east and west across the Pacific. This movement has always
been a feature of Pacific climates, and usually follows a
cycle of between 3-6 years. The two extreme episodes of
this movement are known as El Nifio and La Nifia.
Evaporation Change of water from a liquid state to a gaseous state,
normally caused by heating.
Evapotranspiration All water transferred in gaseous form to the atmosphere,
either by evaporation or through transpiration from plants.
Fluctuate Vary, or move up and down, or rise and fall.
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Greenhouse gases

Gases in our atmosphere that retain outgoing heat from the
Earth, e.g. carbon dioxide (CO), so making the atmosphere
warmer.

Hail Little hard balls of ice that drop from clouds when the
temperature is below 0°C.

Humidity Amount of water vapour that the air is holding.

Infiltration Sinking of water into the ground after it has fallen down as
precipitation .

Interaction Way that one thing affects another thing.

Inter-Tropical
Convergence Zone

Zone close to the Equator where warm, moist air is rising
up, with heavy rainfall; it moves north and south during

La Nifa period Time when the Trade winds are much stronger and push
more and more warm water westwards, making the western
Pacific warmer and wetter than usual, with more cyclones

Latitude Distance of a place north or south of the Equator, measured

in degrees; Port Vila is 18° south of the Equator.

Maximum temperature

Highest temperature recorded during a period of time, e.g.
in one day, one month, one year.

Mean daily temperature

Average of the maximum and minimum temperatures
during one day.

Mean monthly Average of all the mean daily temperatures during one
temperature month.
Meteorologist Scientist who studies the weather and the climate.

Minimum temperature

Lowest temperature recorded during a period of time, e.g.
in one day, one month, one year.

Molecule

Smallest possible particle of a chemical compound that
exists in a free state, consisting of two or more atoms joined
together by chemical bonds.

Orographic rain

Rainfall that comes when moist air is forced to rise up a hill
or mountain and is cooled to the point where condensation
and precipitation occur.

pH Measurement of the acidity or the alkalinity of a liquid,
with a neutral liquid having a value of 7.
Precipitation Visible forms of water that drop from clouds - rain, snow,

hail, sleet, etc.

Range of temperature

Difference in °C between the highest and lowest
temperatures in one day, one month or one year.

Reservoir Place where water is stored.
Run-off When water runs down over the ground surface after
falling down as precipitation, usually finding its way into
rivers, lakes or the oceans.
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Seasonal distribution of
rainfall

When the rainfall comes during one year, e.g. all year
round, or mostly in the hot season, or mostly in the cool
season, or hardly any at all.

Convergence Zone

Snow Soft, light crystals of frozen water that drop from clouds
like feathers when the temperature is below 0°C.
South Pacific Branch of the ITCZ in the South Pacific, where Trade winds

meet together; extends roughly south-eastwards from
PNG.

Storm surge

Zone associated with the eye of a cyclone in which sea
levels are higher.

Torrential rainfall

Very heavy rainfall experienced during cyclones or severe
storms.

Trade winds

Winds that blow towards the Equator from latitudes of
approximately 30°N and 30°S.

Transpiration

Release of water vapour to the atmosphere by plants.

Tropical cyclone

Centre of low atmospheric pressure that develops over
tropical oceans. It is characterized by strong winds,
torrential rainfall and a storm surge.

Underground flow

Water that travels underground back to the oceans.

Warm pool

Zone of very warm water that occurs near the Equator in
the western Pacific, caused when Trade winds push the
waters of the Pacific ocean to the west.

Water cycle or
hydrologic cycle

Continuous movement of water on, above and below the
surface of the Earth along a series of pathways. During the
cycle, water changes between its three states - solid, liquid
and gas.

Water vapour

Water in the form of a gas. It is invisible.

Weather

Current atmospheric conditions at a place - temperature,
rainfall, wind and humidity, etc.

Weather element

Feature of the atmosphere that is a part of the weather, e.g.
temperature, humidity, wind speed, atmospheric pressure.
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