
Climate Change

Preliminary Results of the South Pacific Sea Level
and Climate Monitoring Project and Its Capacity
Building Program
Than Aung and Awnesh Singh*
Physics Division, Faculty of Science and Technology, University of
the South Pacific, Fiji

INTRODUCTION

Many of the legends of the great deluge that have come down from the past
are based on the occurrence of a great flood that swept the land. The
Greeks explained this great flood as the work of Zeus, chief of the Olympian
gods. According to Hindus, great havoc was wrought by a deluge that
inundated the coasts and carried thousands to their deaths. A similar record
is found in the Book of Genesis and the story of Noah and the Ark is one of
the best known stories in the Bible. It is to be noted that other ancient
civilizations, e.g., the Sumerians and Babylonians, had similar stories. Many
others are known from divergent sources. Most of these accounts are
identical in many respects, although they are told by people of varying
cultures, from different parts of the world.1 Many, especially in the Pacific
region see it as corroboration that indeed all people on Earth were
descendants of Noah and his sons. For example, excavations at Ur in Iraq
show that the Flood recorded in The Bible may have been a flood that
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and fully funding the South Pacific Sea Level and Climate Monitoring Project as an
Australian contribution to the Pacific region on the climate change and sea level
issue. Many thanks are due to Mr. Steve Turner of the Lands and Survey Department
in Adelaide for his surveying data and land movement values. Information from the
Monthly Data Reports and Quarterly Newsletters of the South Pacific Sea Level and
Climate Monitoring Project is also used in this article.
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occurred along the Tigris and Euphrates Rivers in an area about 400 miles
long and 100 miles wide. The water rose high enough to submerge whole
cities and deposit a layer of clay eight-feet deep. To the survivors, it must
have seemed that the entire world had been inundated.2

It is very likely that if the glaciers of the world and the ice sheets of
Antarctica and Greenland should melt due to global warming, the level of
the sea would be raised. It is important to note when the floating ice melts,
it condenses into water in precisely the same proportion as it projected from
the sea.3 Only land ice, when it melts and runs into the ocean, adds to sea
level. Even in this respect, the rebound effect of the land where the ice was
situated should be taken into account. In the past the sea level was as much
as 150 m lower than it is today, as revealed by submerged forests in the sea.4
The sea rose rapidly until around 8,000 years ago, when it reached its
present level and conditions stabilized.5 According to the Intergovernmen-
tal Panel on Climate Change (IPCC) report, sea level may rise by a
minimum of 23 cm and maximum of 96 cm with a median of 55 cm by
2100.6

A noteworthy point here is that sea level is determined by a
complicated combination of factors such as daily tides, meteorological
effects (atmospheric pressure and winds), thermal effects (global warming),
seismic activity (underwater earthquakes, tsunamis), oceanographic effects
(El Niño, Rossby waves, Kelvin waves, density changes, etc.) and vertical land
movement.7

It is necessary to provide the fundamental knowledge of these issues
through awareness raising, training and capacity-building programs, starting
at the school level. The conclusions of this article are purely based upon the
experiences gained from the information and training program of the
Australian Agency for International Development (AusAID)-funded South
Pacific Sea Level and Climate Monitoring Project over the last fourteen

2. H.V. Thurman, Introductory Oceanography (Columbus, Ohio: Merrill Publish-
ing Company, A Bell & Howell Information Company, 5th ed. 1988): Chapter 9.

3. T. Flannery, The Weather Makers: The History and Future Impact of Climate
Change (Melbourne: The Text Publishing Company, 2005): Chapter 15.

4. J.G. Weihaupt, Exploration of the Oceans: An Introduction to Oceanography (New
York: Macmillan Publishing Co. Inc., 1979), Chapter 5.

5. See Flannery, n. 3 above.
6. L. Bijlsma, ‘‘Coastal Zones and Small Islands,’’ in Climate Change 1995—

Impacts, Adaptations and Mitigation of Climate Change: Scientific-Technical Analyses,
Contribution of Working Group II to the Second Assessment Report of the Intergovernmental
Panel on Climate Change, R.T. Watson, M.C. Zinyowera and R.H. Moss, eds.
(Cambridge University Press, 1995): pp. 289–324.

7. T.H. Aung, C. Kaluwin and G.W. Lennon, ‘‘Climate Change and Sea Level,
Part One: Physical Science,’’ in Curriculum Modules for the Pacific Schools (The Flinders
University of South Australia: National Tidal Facility, 1998).
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years. During that period, we have tried to identify appropriate, sustainable
and cost-effective capacity-building strategies at regional and national levels,
including the development of linkages and partnerships with other
programs, networks and activities.

It is to be noted that the Pacific community generally likes and
appreciates science; they just do not necessarily understand it. A large
proportion of the community fails in formal education, especially in science,
because the gap between the expectations of their education and those of
their home cultures are too wide and difficult to bridge. The basis of this
support for education is faith, not knowledge; this is our daunting task in
the future and we have to overcome the problem with appropriate
strategies.

PROJECT BACKGROUND

In April 1989, the Prime Minister of Australia made an undertaking to the
Forum Island Countries of the South Pacific to monitor greenhouse-related
rising sea levels on their behalf. As a result of this commitment, an array of
eleven monitoring stations was planned to provide wide coverage across the
Pacific Basin from the Cocos Islands in the Indian Ocean to the Cook
Islands in the central Pacific. The stations were capable of observing sea
level every six minutes with an accuracy of one millimeter and telemetering
that data along with meteorological observations daily to the National Tidal
Facility (NTF) at the Flinders University of South Australia.8 More recently,
the name of the NTF has been changed to the National Tidal Centre (NTC)
under the Bureau of Meteorology. All stations were operational by October
1994. The locality of the stations is illustrated in Figure 1. The countries
participating are: the Cook Islands, Fiji, Kiribati, the Marshall Islands,
Nauru, Papua New Guinea, Samoa, the Solomon Islands, Tonga, Tuvalu and
Vanuatu. The Federated States of Micronesia (FSM) is a late addition to the
project. Although Niue is also a member country of the project, a SEAlevel
Fine Resolution Acoustic Measuring Equipment (SEAFRAME) station has
not yet been established there as part of the Project.

The average length of data sets gathered under the Project at the
present time is approximately thirteen years. SEAFRAME stations in the
Pacific region are continuously monitoring sea level, wind speed and
direction, wind gust, air and water temperatures and atmospheric pressure.

8. T.H. Aung, ‘‘The National Tidal Facility: Project Highlights,’’ in PACON
International (University of Hawaii at Manoa, Honolulu: The Pacific Congress on
Marine Science and Technology, 1995), vol. 10, no. 2.
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Fig. 1.—Locality of Sea Level Monitoring Sites in the Pacific Region

Source: National Tidal Centre, South Pacific Sea Level and Climate Monitoring Project:
Monthly Data Report, Australian Government: Bureau of Meteorology, No. 127, January
2006, available online: <http://www.bom.gov.au/fwo/IDO60101/IDO60101.200601.pdf>.

The parallel responsibility of presenting the most accurate scientific
forecast of the risks of global warming to the Pacific Islands has led to a
series of training courses for capacity building in the region. The training
sessions were held at the NTC and at Pacific locations in the early 1990s. In
the late 1990s, a curriculum for the Pacific Schools covering both the
physical sciences and the social impacts of climate change and sea level rise
was developed.9

The South Pacific Sea Level and Climate Monitoring Project is the
major task force among several other projects studying climate change in
the Pacific region. The Project developed as an Australian response to

9. T.H. Aung, ‘‘Activities of the South Pacific Sea Level and Climate Monitor-
ing Project,’’ in Climate Change Newsletter 8, no. 4 (Kingston: Bureau of Resource
Sciences, 1996): 4–5.
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concerns raised by members of South Pacific Forum countries over the
potential impacts of the greenhouse effect on climate and sea levels in the
region. The project was planned to receive twenty years’ funding by AusAID;
it is now in the last five years of Phase IV, the final phase of the project. At
the end of Phase IV, it is intended to hand over the project to the
stakeholders of the Pacific Island nations to continue monitoring sea level.
Data from the project are available online to the scientific community.10

REGIONAL AIR TEMPERATURE ANOMALIES

Although the major focus of the Project is to analyze sea level changes in the
Pacific region, it may be worthwhile to look at the air temperature
anomalies briefly as an aspect of climate change. Anomalies are defined as
the difference between present values and the long-term average (i.e.,
present value minus long-term average.) Figure 2 shows the air temperature
anomalies of the Pacific region for approximately the last thirteen years,
based on the length of Project data.

If we look at the air temperature during the period 1998–1999, the
stations in the Northern Hemisphere, the Marshall Islands and the stations
near the equator and within the Inter-Tropical Convergence Zone (ITCZ)—
the Solomon Islands, Kiribati, Nauru, Tuvalu and up to Samoa—all have
negative temperature anomalies (i.e., slightly colder than the long-term
average temperature). In fact, the air temperature anomalies at Kiribati and
Nauru are approximately −1 °C. Other stations near the South Pacific
Convergence Zone (SPCZ)—Vanuatu, Fiji, Tonga and the Cook Islands—
have positive temperature anomalies of approximately +1 °C. For the whole
region, it is difficult to draw a clear-cut conclusion. A similar pattern
(opposite anomalies values near the ITCZ and the SPCZ) was found during
the period 1993–1994. However, it is difficult to infer that the temperature
is gradually increasing as many people in the region believe it is.

REGIONAL SEA LEVEL ANOMALIES

A plot of sea level anomalies from the Project data in Figure 3 shows the
anomalies from the mean sea level between October 1992 (for some stations
deployed early) and February 2006. Long-term means of the seasonal tides
(Sa (annual) and Ssa (semi-annual)) and a linear trend have been removed

10. See <http://www.bom.gov.au/oceanography/projects/spslcmp/spslcmp_
reports.shtml>.
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Fig. 2.—Air Temperature Anomalies through January 2006 (in °C)

Source: National Tidal Centre, South Pacific Sea Level and Climate Monitoring Project:
Monthly Data Report, Australian Government: Bureau of Meteorology, No. 127, January
2006, available online: <http://www.bom.gov.au/fwo/IDO60101/IDO60101.200601.pdf>.
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from the data. This plot displays the spatial and temporal coherence of the
SEAFRAME network in the Pacific region.

During the period 1992–1996, sea level anomalies in almost all stations
were positive (i.e., present sea level was higher than the long-term average).
However, if we look at the period from mid-1997 and to the end of 1998,
most of the stations experienced significant negative sea level anomalies. It
can be explained that the period coincided with the last very severe El Niño
in 1997 and the delayed effect of the El Niño was responsible. When we
looked at the long-term conventional tidal gauge records (not plotted here)
from the Pacific region for comparative purposes, they show some
coherency due to large-scale oceanographic features such as El Niño. In
particular, the records for Honiara, Funafuti, Nauru and Christmas-B
(Christmas Island) show the influences of the El Niños in 1982–83 and
1987–88, with large negative mean sea levels.11 It is also to be expected that
the stations close to the equatorial wave guides may undergo significant sea
level fluctuations during the El Niño period. Maximum sea level changes of
30 to 40 cm for several months are not unusual under similar circum-
stances.12

APPARENT EFFECT OF ATMOSPHERIC PRESSURE ON SEA LEVEL

Generally, occasional wavy sea levels at some areas are mostly attributable to
atmospheric pressure. It is to be noted that an increase of barometric
pressure by 1 hPa (hecto Pascal) may cause ∼1 cm drop in sea level, while a
decrease of barometric pressure raises the sea level. This is called the
inverted barometer effect.13 The water level does not adjust itself immediate-
ly to a change of pressure and it responds to the average change in pressure
over a considerable area.

When we analyze the plot of atmospheric pressure anomalies shown in
Figure 4, it is quite noticeable that the barometric pressure anomalies over
the Pacific are positive during late 1997 and 1998 i.e., atmospheric pressure
is higher than the long-term average. Although the cause of high

11. W. Mitchell, J. Chittleborough, B. Ronai and G.W. Lennon, ‘‘Sea Level Rise
in Australia and the Pacific,’’ in The South Pacific Sea Level and Climate Change
Newsletter, Quarterly Newsletter vol. 5, no. 1 (National Tidal Facility and South
Pacific Regional Environment Programme, 2000): p. 10–19.

12. D.T. Pugh, Tides, Surges and Mean Sea-Level (Chichester, U.K.: John Wiley &
Sons Ltd., 1987): pp. 198–199.

13. A. Singh and T. Aung, ‘‘Effect of Barometric Pressure on Sea Level
Variations in the Pacific Region,’’ The South Pacific Journal of Natural Sciences 23
(2005): 9–15.
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Fig. 3.—Sea Level Anomalies through January 2006 (in mm)

Source: National Tidal Centre, South Pacific Sea Level and Climate Monitoring Project:
Monthly Data Report, Australian Government: Bureau of Meteorology, No. 127, January
2006, available online: <http://www.bom.gov.au/fwo/IDO60101/IDO60101.200601.pdf>.
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Fig. 4.—Barometric Pressure Anomalies through January 2006 (in hecto Pascals)

Source: National Tidal Centre, South Pacific Sea Level and Climate Monitoring Project:
Monthly Data Report, Australian Government: Bureau of Meteorology, No. 127, January
2006, available online: <http://www.bom.gov.au/fwo/IDO60101/IDO60101.200601.pdf>.
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barometric pressure was not obvious, the effect of atmospheric pressure on
sea level was clearly evident.

If we compare the negative sea level anomalies in some stations (Figure
3) and the barometric pressure anomalies plot (Figure 4), it is quite
interesting to see that the timing and most of the negative sea level
anomalies are coincident with the positive atmospheric pressure anomalies
during the period 1997–98. In fact, almost all over the Pacific region,
barometric pressure was much higher than the long-term average value
during 1998, which could change the sea level.

RECENT RELATIVE SEA LEVEL TRENDS IN THE PACIFIC
REGION

The sea level and climate change problems are complex and no one expects
that significant information about the response of sea levels to global
warming will be forthcoming in the short term. The monitoring program
clearly must ignore the longer-term phenomena but target all features that
fall within decadal time scales. Given that El Niño events occur apparently
randomly, but typically once or twice in any decade, these events fall within
the purview of the Project. This being so, the program aims to be able to
make informed statements on sea level change in the Pacific in a time scale
of 20 years plus, thereby placing a premium on a secure archiving facility.
Any estimate on a shorter time scale would clearly be at risk of major
distortion from El Niño events. In order to present a general pattern of sea
level trends in the Pacific, the calculations were made for eleven SEAF-
RAME stations. The most recent relative sea level trends (in mm per year) at
individual stations from their starting date to the present are presented in
Table 1. The values are calculated based upon statistical methods at
individual stations and details are available from the NTC.

The continuous sea level trends over the last twelve-year period are also
produced by fitting a straight line to a full year of sea level data. As
subsequent months of data are added, the entire data series is re-analyzed
and a new trend value is estimated, and plotted each month. As the data
series lengthens, it appears that the fluctuations in the trend settle down to a
value near zero as shown in Figure 5. An important point here is that when
the sea level records become longer, the trend will be more stable and
reliable. For this reason, the value from FSM should not be included in the
above consideration since the data length is too short to take into account.
It is to be noted that the observed trends in sea level include natural
variability, including events such as El Niño and effects due to several other
atmospheric, oceanographic and geological processes. Longer-term data
sets for all stations are necessary to identify the effects of different signals
and to achieve more meaningful sea level trends.
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Table 1.—Recent Sea Level Trends in the Project Area Based Upon Project Data
Until January 2006

Length of Data
No. Location (in months) Trend (mm/year)

1 Cook Islands 154 +1.0 (+0.9)

2 Samoa* 154 +5.7 (+5.6)

3 Tonga* 155 +8.0 (+8.2)

4 Tuvalu* 152 +6.2 (+5.9)

5 Fiji 159 +2.6 (+2.6)

6 Kiribati* 152 +5.9 (+6.0)

7 Marshall Islands* 147 +5.6 (+5.5)

8 Vanuatu 145 +3.4 (+3.5)

9 Nauru* 149 +6.8 (+7.0)

10 Solomon Islands* 134 +5.2 (+4.8)

11 Papua New Guinea* 121 +7.7 (+7.4)
* Countries seriously threatened by sea level rise; previous monthly values given in brackets.

Source: National Tidal Centre, South Pacific Sea Level and Climate Monitoring Project: Monthly
Data Report, Australian Government: Bureau of Meteorology, No. 127, January 2006, available
online: <http://www.bom.gov.au/fwo/IDO60101/IDO60101.200601.pdf>.

Almost every atoll in the Pacific Ocean is low-lying and therefore
seriously threatened by sea level rise. For example, the sea level trend value
for Fiji in Table 1 (+2.6 mm/year, which is within the global average range)
is only for the main island where our station is situated. It is to be noted that
Fiji has approximately 300 smaller outer islands. Some values listed in Table
1 are very large (+ and rising) in some areas and would be alarming if the
above matters such as El Niño were to be ignored, or not carefully
explained.

Conventional tide gauges have been operating in the South West
Pacific for several decades. These long-term sea level records, annual means
and trends are held at the Permanent Service for Mean Sea Level at the
Proudman Oceanographic Laboratory in the U.K. When we examine these
trends, although the values are scattered, they lie between +4.0 mm/year
and −4.0 mm/year. Some records cannot be considered as long-term trends
since they are heavily distorted by the vertical land movement in the areas. It
is absolutely necessary to correct these values by tracking the land
movement within a geodetic frame, using the latest satellite technologies
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Fig. 5.—Sea Level Trends through January 2006 (in mm/year)

Source: National Tidal Centre, South Pacific Sea Level and Climate Monitoring Project:
Monthly Data Report, Australian Government: Bureau of Meteorology, No. 127, January
2006, available online: <http://www.bom.gov.au/fwo/IDO60101/IDO60101.200601.pdf>.
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such as GPS.14 It is clear at any rate that the sea level trends in the Pacific
region are generally much different from the global trend values of ∼2
mm/year.15

RELATIVE VERTICAL LAND MOVEMENT

The task of measuring sea level is difficult because climate is only one part
of the problem of changing sea levels. Other factors include the movement
of the Earth’s crust due to the movement of continental plates, active
volcanoes and earthquakes in the region. The Pacific region is tectonically
unstable.16 All SEAFRAME stations have been installed on man-made
structures within port and harbor areas. Most of these sites are on unstable
or reclaimed land, and therefore the stations are prone to movement. In
order to separate motion due to oceanic processes from motion due to
crustal processes, the vertical movements of the Earth’s crust need to be
determined. Consequently, a geodetic survey is an integral part of the
Project and is crucial for monitoring the stability of the tide gauges and for
measuring relative land and sea level movement accurately. Accordingly, a
special survey and geodetic team has been in place since the beginning of
the Project.

The tide gauge equipment used in the Project has been specially
designed for datum (the reference level, below which depths on a nautical
chart are measured and from which water levels are measured and tidal
predictions are made) stability and is of sufficiently high resolution to
monitor sea level with respect to a deep-seated tide gauge bench mark (a
bench mark near the tide gauge is used to check leveling (TGBM)). The
survey program monitors the vertical stability of each tide gauge in relation
to the TGBM; this allows the survey to distinguish between vertical crustal
motions at the TGBM and any real sea level movements. Subsequently, the
stability of the TGBM also needs to be monitored. This is regularly done by
surveying between an island array of deep benchmarks and the TGBM.

Relative movement (measured in mm) between SEAFRAME station
Bench Mark and Nearest Deep Bench Mark for the period 1992–2004 is
given in Table 2.

14. See Pugh, n. 12 above.
15. J.T. Houghton, L.G.M. Filho, B.A. Callander, N. Harris, A. Kattenberg and

K. Maskell, ‘‘Climate Change 1995: The Science of Climate Change,’’ (Contribution
of Working Group I to the Second Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC): Cambridge University Press, 1996), Sections 1, 2
and 3.

16. S. Turner, Geodetic Survey: Is the Tide Gauge Stable?, T.H. Aung ed., (Adelaide:
Proceedings of the Ocean and Atmosphere International Conference, 23–27
October 1995), p. 364–365.
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Table 2.—Relative Vertical Land Movement between Station Sensor Bench Mark
and Nearest Deep Bench Mark

Length of Time Movement
No. Location (in months) (mm)

1 Rarotonga, Cook Islands 100 +1.09

2 Apia, Samoa 116 −14.15

3 Nuku’alofa, Tonga 130 −7.64

4 Funafuti, Tuvalu 124 +0.61

5 Lautoka, Fiji 133 +4.19

6 Tarawa, Kiribati 139 +2.19

7 Majuro, Marshall Islands 123 −6.53

8 Port Vila, Vanuatu 122 −32.44 (ship hit the
gauge)

9 Nauru 131 +0.12

10 Honiara, Solomon Islands 115 −1.28

11 Manus, Papua New Guin- 114 −2.79
ea

Legend: ‘‘+’’ rising; ‘‘−’’ sinking.

Source: National Tidal Centre, South Pacific Sea Level and Climate Monitoring Project: Monthly
Data Report, Australian Government: Bureau of Meteorology, No. 127, January 2006, available
online: <http://www.bom.gov.au/fwo/IDO60101/IDO60101.200601.pdf>.

It is to be noted that measurements were not made at every station in
the same year and the resulting data do not cover the whole twelve-year
period. For example, at Apia, Samoa, the total relative movement over ten
years was −14.15 mm. This indicates that the SEAFRAME station area in
Apia sank ∼1.4 mm per year relative to the TGBM. When we consider the
sea level trends in Samoa based upon the 154-month Project data at Apia,
the calculated trend is +5.7 mm/year (see Table 1). Accordingly, the
absolute sea level trend is +4.3 ((+5.7) + (−1.4)) mm/year.

IS THE RATE OF SEA LEVEL RISE ACCELERATING?

As mentioned above, sea level has been rising since long before the global
warming issue was introduced. Science also tends to support the flood
legends rather than deny them. Both catastrophic and gradual inundation
of the land by the sea are now known to have been common in the geologic
past, and it is therefore not unlikely that they have occurred in historic time.
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Evidence suggest that sea level rose significantly about 6,000 years ago, and
although some of the folklore tells of the subsidence of a great flood, the
flood that science found did not subside. Much of what was once dry land
now lies submerged off the coasts of the islands and continents of the
world.17

Accordingly, the issue of rising sea level is not really a new one. The real
danger may be if the rate of sea level rise increases with time. The critical
question that we must answer is whether or not the rate of sea level rise has
been accelerating in the recent past. If that is the case, the real danger is
getting closer, is coming faster, and Pacific islanders might need to find a
new home in the future.

If we simply look at the sea level trends over time, shown in Figure 5, it
is quite obvious that, once the length of data is stabilized for trend
calculation, trends in all countries under the Project region are more or less
horizontal since 1999. It clearly indicates that the rate of sea level rise has
not accelerated in the recent past or at least during the Project period.
Based upon the data analyzed, it is difficult to conclude that the rate of sea
level change in the Pacific is increasing gradually. It is against the
expectation of many Pacific Islanders who believe that sea level change is
increasing. Indeed, it is good news for the future generation. However, to
see the reality and to accept the scientific fact, local people need necessary
education. A Pacific-wide capacity-building program is essential.

CAPACITY BUILDING PROGRAM ON CLIMATE CHANGE AND
SEA LEVEL

The climate change debate is still on the international agenda and, through
the process of diffusion and sensational reporting, misleading information
will continue to reach the region and the governments of the region. It is
important that policy advisers, community leaders and journalists receive
regular updates on the latest scientific information, including the results of
the Project.

We are fully aware that teaching and training in ocean- and atmo-
sphere-related science throughout the world is mainly offered at the
university level. In many countries, however, there is little general recogni-
tion among the public of the influence of the atmosphere and oceans on
climate. Introducing and strengthening concepts of climate change and sea
level issues at the primary and secondary levels, at the post-secondary level

17. T.H. Aung, ‘‘Early Results from the South Pacific Sea Level and Climate
Monitoring Project,’’ in Climate and Environmental Change in the Pacific, P.P. Terry ed.
(Suva: University of the South Pacific, 1998): p. 27–48.
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for non-meteorological and non-marine science students, and through
more formal public education, we may be able to fulfill a critical need for
the Pacific region.

Generally, capacity building is a learning process that includes the
acquisition of knowledge and skills, and involves the sharing of skills and
expertise considered relevant to individual, group or community needs. In
order to enhance effective capacity building in the Pacific region, appropri-
ate teaching and training modules were produced on ‘‘Climate Change and
Sea Level,’’ which could be used in general training or easily incorporated
into the existing school courses in the region. These modules were made
available to regional educational institutes all over the Pacific region.

At the same time, it was necessary to prepare more substantial
documentation on the general training program of the South Pacific Sea
Level and Climate Monitoring Project, in terms of perceived needs,
objectives, content, delivery methods and quality evaluation procedures.
Such documentation would facilitate an assessment of the value of the effort
and provide more scope to make suggestions for improvement in relevance
and quality. Then, we aimed to include formal assessment of the knowledge
and skills of all participants in the formal training activities, both pre- and
post-training. Only through such procedures can the effectiveness of the
training activities be properly assessed, and used subsequently to support
initiatives leading to continuing quality improvement. We also structured
training activities using the identified training needs of the participants and
their home governments, based upon formal training need assessments
carried out beforehand. This assessment was used more vigorously than
before as the basis for post-course evaluations of the effectiveness of the
training.

We are fully aware of the importance of the Competency Based
Training (CBT) methodology, which is now becoming widely adopted by
education authorities in Australia and elsewhere, particularly for technical
training. A CBT approach that clearly defines the skills and knowledge
relevant to the performance of particular tasks together with appropriate
evaluation criteria lends itself to clearer documentation and focuses directly
on the training outcomes (in terms of skills and knowledge) to be achieved.
Accordingly, we gave serious consideration to adopting CBT methodologies
in documenting and structuring courses and training materials.

Based upon past experiences, we strongly believe that workshops
related to public awareness raising that educate educators and media on
climate and sea level change issues should be repeated regularly throughout
the duration of Project activities. Presentations need to be at the non-
technical or minimal-science level to ensure maximum understanding of
the issues, and not necessarily the science behind the issues. The mix of
technical specialists, educators and journalists at these presentations can
make for some lively debate. In this way knowledge can be spread to



South Pacific Sea Level and Climate Monitoring 85

governments, agencies and the local community. The goal of the program is
to develop basic science awareness of climate change and sea level; to
develop critical thinking skills; and to improve environmental science
capacity building for communities, teachers, and students in the Pacific
region.

DEVELOPMENT OF CURRICULUM MODULES ON CLIMATE
CHANGE AND SEA LEVEL

Until recently, information on climate change and its consequences was
rarely available in the present educational materials in the South Pacific
region. The Phase I review report of the South Pacific Sea Level and Climate
Monitoring Project recommended that a specific effort should be made to
produce appropriate teaching materials on sea level and climate change
issues for schools in the Pacific region during Phase II of the Project. There
are some outstanding projects related to climate change in the Pacific
region. All of these programs have mandates from their funding agencies to
engage in the dissemination of scientific information and to improve
educational and teaching materials in the region. The need to integrate the
information from all these programs is imperative, so that a more complete
and understandable message on climate change and sea level can be
delivered to the Pacific region.18

As a first step, a four-day meeting for the development of curriculum
modules for the Pacific Island countries was held during 3–6 October, 1995
at the National Tidal Facility (NTF). The necessary guidelines were laid
down by personnel from the NTF, the South Pacific Regional Environment
Programme (SPREP) and the Atmospheric Radiation Measurement (ARM)
program of U.S.A. Based upon the decisions made during the meeting, as a
second stage, a two-week long workshop on curriculum development on
climate change and related effects was successfully held during 4–14 June
1996 at Apia, Samoa. Fourteen participants from eleven Pacific Island
countries took part in the workshop along with the six-member resource
team from the NTF, SPREP, the Samoa Teachers’ College and Schools of
the Pacific Rainfall Climate Experiment (SPaRCE). The workshop produced
a draft of eight curriculum modules on climate change and its impacts. It
mainly targets the upper primary and lower secondary levels of Pacific
schools. Subsequent compiling, reformatting, rewriting and editing of the
eight modules were carried out step-by-step by the training coordinator of

18. ‘‘Chairpersons Summary of Findings and Future Needs,’’ in The 3rd South
Pacific Regional Environment Programme (SPREP) Meeting on Climate Change and Sea
Level Rise (Noumea: SPREP, 1998).



86 Climate Change

the NTF and the climate change officer of SPREP simultaneously in
Adelaide and Apia. Their work was closely overseen by the retired director
of the Project. For final publication, further discussion among the NTF,
SPREP, ARM and SPaRCE took place in Noumea, New Caledonia during
the Third SPREP Meeting on Climate Change and Sea Level Rise in the
Pacific between 18–22 August 1997 based upon the edited version of the
curriculum modules and the topics the modules covered. It was decided to
produce two parts, e.g., Part One: Physical Science and Part Two: Social
Science, in text form for both teachers and students.

In February 1998, the NTF published Part One of the curriculum
modules and Part Two was released four months later. In June 1998,
Australian Ambassador for the Environment Ms. Meg McDonald officially
launched the books at the University of the South Pacific, Suva, Fiji, during
the Pacific Regional Conference for Environmental Education and Train-
ing. The books were well received by more than 150 educators from
eighteen Pacific Island countries. More copies were later distributed to our
Project-member countries.

Following the successful launch of the books, in November 1998 the
first curriculum implementation workshop for teachers was conducted in
Nauru by the ARM Project and the NTF.19 In May 1999, the ARM took the
initiative to run a similar curriculum implementation workshop for teachers
in PNG. The second workshop took place in Manus Island, PNG, and the
third was conducted in Port Moresby with great success.

During these workshops, teachers learned how to conduct over half of
the scientific activities in the modules and practiced presenting the ideas
and activities using all the materials in the class. The participants realized
that the basic concepts and scientific activities learned from the workshop
could be incorporated into their existing courses such as general science,
physics and geography. It is to be noted that the introduction of a new
subject to an education system of any country is not an easy task.

In order to achieve the major goal of our program, we do the following:

• Bring awareness of the Project to host communities through public
education relevant to the culture of the region;

• Provide opportunities for teachers and students close to Project sites
to understand the aims and objectives of the Project and have access
to and use of project data for educational programs as technical
resources permit;

19. T.H. Aung and G.W. Lennon, ‘‘The Impacts of Climate Change from a
Viewpoint Two Meters Above Sea Level: The Plight of the Atoll Nations of the
Pacific,’’ in Bulletin of the Geography Teachers’ Association of South Australia, ed. P.J.
Carter, 13, no. 2 (Geography Teachers Association of South Australia, June 1998):
13–17.
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• Increase the knowledge base for basic science and critical thinking
skills using curriculum enrichment activities in climate change and
sea level relevant to the region; and

• Develop and use tools (curricula, teacher’s enrichment, workshops,
science fair support, and high school research projects) and teacher
internships to promote learning and understanding of climate
change and sea level effects.

Although the curriculum development was successfully completed by
the end of 1998, there were not many follow-up actions and curriculum
implementation workshops for Pacific teachers due to financial constraints
on the Project. However, in May 2002 ARM took the initiative again to run
one-week-long teachers’ workshops in Manus Island, PNG, and Nauru,
respectively, for the different teacher groups. It is important to point out
why the workshops were conducted only in PNG and Nauru alone out of
many other Pacific island countries. Since ARM has monitoring stations in
Manus Island and Nauru, its education component focuses on these two
areas only. It is unfortunate for other Pacific islands that no funds are
allocated for these educational activities under the South Pacific Sea Level
and Climate Monitoring Project. However, it is to be noted that the first two
volumes are being used in the environmental sciences and geography
program of the School of Natural and Physical Sciences of the University of
Papua New Guinea.

Obviously, the curriculum modules produced in late 1998 need
improvement for future use in the region. In addition, it was later realized
that these modules did not cover some important issues in the region such
as earthquakes, tsunamis, and tropical cyclones. In order to cover these
topics the University of Papua New Guinea has undertaken the initiative to
produce a third volume, ‘‘Climate Change and Sea Level—Part Three:
Environmental Science.’’

CONCLUSIONS

As presented in Table 1, recent sea level trends clearly show that the values
are diverse in the Pacific region and cannot simply be averaged out. Figure 5
demonstrates how sea level trends change month by month over the whole
period of measurement. If we just analyze the trends of a certain time, for
example, during 2000–2005, trends at every station are uniformly positive.
However, due to the huge 1998 sea level drop, trend patterns have been
negative for some months. Although the present trend values shown in
Table 1 represent the whole monitoring period until January 2006, it is
noteworthy that the significant sea level drop took place in 1998. The
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vertical land movement in Apia, Samoa, is quite interesting since the land
sinking rate, 1.4 mm/year, is at nearly the same rate as commonly quoted
estimates of the global sea level trend. However, with only twelve to thirteen
years of SEAFRAME data available, it is still not possible to predict relative
sea level trends with anything close to this level of precision. There are some
long-running sea level records from the conventional tide gauges available
in the Pacific region. Based upon these records, the trend at Honolulu is
+3.1 mm/year; at Wake Island is +2.5 mm/year; at Kwajalein is +1.8
mm/year; at Chuuk is +2.5 mm/year; and the simple average of these values
is +2.5 mm/year. For this reason it is scientifically unreasonable to expect
sea level records less than several decades old to yield realistic sea level
trends estimates.20

As time progresses and as the observed record of SEAFRAME
approaches and surpasses the 20-year target, the sea level trend figure is
expected to stabilize via the automatic filtering of decadal disturbances. By
this time too it is expected that knowledge of the latter El Niño-scale
features will have advanced to allow more precise treatment of their
influence.

It is to be noted that many problems along the coast are due to
increasing numbers of people living along the coast, destruction of beach
berms, mangroves and other natural systems that buffer the coast, and
inappropriate development of infrastructure in areas subject to ‘normal’
erosion and inundation during storms.

For the benefit of all Pacific Island countries, every effort should be
made to introduce the issues of climate change and sea level rise, together
with the consequences of poor management of marine resources and
habitat, to the public. Greater effort is needed to involve local communities
in coastal area management by helping them to develop the necessary
awareness and understanding of the coastal environment. There is a general
consensus that global warming is the consequence of negligence of the
developed countries. Developing countries also contribute to global warm-
ing, as is evident from the recent forest fires in Southeast Asia and the
Amazon River Basin.

Even greater effort may be necessary to develop an awareness program
on the subject of climate change and sea level rise. Appropriate programs of
continuing community education are also recommended. The publication
of a series of state-of-the-art papers, readily available, written in a reader-
friendly manner and incorporating new developments, would be very useful.
This kind of publication must be encouraged and supported. Skilled
scientists and teachers who are good communicators should be encouraged
to write and produce educational packages (books, teaching manuals, and

20. See Mitchell et al., n. 11 above.
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videos, etc.) and general informational material on climate change and
global warming, particularly those relevant to specific regions, to satisfy the
needs of both specialists and generalists.






