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Abstract

We are certain that human activities result in increased emissions of greenhouse gases into the atmosphere, with a consequent increase in their atmospheric concentrations and thence enhanced radiative forcing on the atmosphere.  There is very high certainty that such changes lead to global warming and global sea-level rise. 

Characterisations of future climate changes, and their consequences, for the small islands regions of the world have considerably less certainty.  This is due, in part, to the inability of global climate models to resolve the spatial patterns consistent with the individual and combined groupings of small islands.  However, the available evidence suggests that by the end of this century there will be systematic and significant changes in the mean climate and increases in sea level, resulting in substantial impacts.  But these impacts are likely to be small and of less consequence than the aftereffects of the more frequent extreme events and, especially for the Pacific islands region, relative to the current ENSO-induced interannual variability in climate and oceanic conditions.  Geological processes, leading to uplift and subsidence of the land, also complicate estimates of sea-level rise.

By the end of the century mean temperatures for the small islands regions may increase by around 3 C, except for the Mediterranean where the increase is likely to be over 4 C.  Observed trends in sea level show marked differences between small islands regions and substantial deviations from historic global trends.  Despite this, limitations in modelling location specific sea-level rise require the continued use of projections of global sea-level rise in impact and adaptation assessments for the small island countries and regions. The 'best estimate' of global sea level rise is an increase of about 50cm by 2100.  The uncertainty in this estimate still implies an increase of 1.5 to 3.5 times over the historic rate of rise.

It is now considered likely that global warming will lead to some increase in maximum tropical cyclone wind speeds and lower central pressures, leading to more damaging storm surges.  Sea-level rise and storm surge effects are additive.  Thus the combined effects of increases in cyclone intensities and sea-level rise are one of the major  threats to the future well-being of small island countries. Model-based studies suggest that by 2080 the number of people flooded by these super storm surges in any typical year will be more than five times higher than present.  The islands of the Caribbean and the Indian and Pacific Oceans face the largest relative increase in flood risk, with the number of people at risk being some 200 times higher than in most other parts of the world.

There is no substantive evidence that tropical cyclone numbers will change in a warmer world; nor is a change in regions of formation indicated.  But it is possible that changes in the latter may occur in response to long-term changes in ENSO.  Spatial patterns of occurrence are unlikely to undergo major changes, except that tropical cyclones may track further polewards.  There is low confidence in these projections.  Such high uncertainty, along with the large natural interannual variability, makes it extremely difficult  to attribute to human interference in the climate system to observed and projected changes in atmospheric and oceanic conditions.

A further complication is the conclusion that the interactions, feedbacks and hence indirect effects of global warming are likely to be of greatest consequence for small island countries, given the strong linkages between all natural and human systems in small island countries.  One example relates to the impacts of coral bleaching on the social and economic impacts at community and national levels, including reduced supplies of seafood placing greater pressure on terrestrial food sources and the possibility of detrimental changes in land-use and land-cover.  Another example relates to the relationship between direct human management of terrestrial carbon stocks and the natural responses of these stocks to climate change.  A key reason for this concern is that terrestrial carbon stocks, in the forms of forest and soil carbon, may become progressively degraded as a result of climate or other global changes.  Soil carbon losses increase with temperature.  Increased plant growth, due to the CO2 fertilisation effect, will saturate whereas increased respiration losses will not.  Moreover, some forests are being established at the limits of their viable range and carbon losses due to forest fires are increasing.

The recently completed national greenhouse gas inventories provide quantified, conclusive evidence that, either on a collective or on a per capita basis, the inhabitants of small island states are minor contributors to elevated atmospheric greenhouse gas concentrations.  But this does not mean that the small island states can, or should, sit back and rest on the reputation of being minor emitters of greenhouse gases.  Small island states have many good reasons for taking concerted action now that they have more substantive information on which to base their actions.  Actions may be taken to increase the efficiency of existing energy supply systems and to consider opportunities for substituting less costly fuels.  Information contained in the inventories will help determine the cost effectiveness of the various options and, in turn, guide decision making related to investment and other initiatives. Such rationally based decisions and actions will help countries to achieve sustainable development.

Political factors may also influence the decision to reduce emissions.  Any meaningful efforts by minor emitters to reduce emissions would provide a strong message and give impetus for other countries to take domestic action to reduce their overall emissions. The atmosphere is part of the global commons.  Thus a country may well decide to act as a good global citizen and reduce its emissions, no matter how small the inventory data show those emissions to be.

As noted previously, for small island countries a variety of factors make it extremely difficult to anticipate the specific national and local impacts of climate change.  These include the low resolution of, and confidence in, model-based projections and the sensitivity, complex and hence interactive nature the natural and human systems.  Integrated as opposed to sector-based assessments and responses are essential under such circumstances.  Moreover, especially for small island countries, policy development, planning, and implementation should be driven as much by the need to accelerate sustainable development as by the need to adapt to climate change – many adaptation responses will thus be based on “no regrets” policies.  Critical to meeting the need for adaptation are both the transfer and assimilation of environmentally sound technologies, and enhancing the use of traditional knowledge and skills.  Environmental technology assessment is of growing importance in small island countries.

Policy implications of the foregoing are examined from the perspectives of international negotiations and national development planning.   At the international level, the United Nations Framework Convention on Climate Change seeks to prevent “dangerous interference with the climate system”.  But to date there has been no success in quantifying the specific threshold concentrations of greenhouse gases in the atmosphere that would limit the integrated and critical impacts of climate change to a level that avoids “dangerous interference”.   This is due, in part, to the current inability to anticipate the integrated impacts of climate change at national and community levels in small island countries.  Thus further, targetted and integrated vulnerability research and assessments are required, not only to guide national development planning but also to inform international negotiators.

There is also a need to arrest and reverse the current trend whereby the responsibility of Annex 1 countries to reduce their emissions and enhance sinks is, in both cases, being transferred to non-Annex 1 Parties. Reliance on the enhancement of sinks through management of tropical ecosystems is risky.  The present uptake of atmospheric CO2 by the terrestrial biosphere may diminish over time, and increases in terrestrial carbon stocks may bring with it an increased risk of subsequent release of the carbon to the atmosphere.  One study of risk reduction through implementation of the Kyoto Protocol has shown that the risk of a 50 cm sea-level rise, or an atmospheric concentration of CO2 of 560 ppm (associated with a possible reduction of calcification rates in reef communities), would be reduced by less than 10%.  Achievement of these thresholds would be delayed by less than a decade.  It is clear that the targets in the Kyoto Protocol are incapable of arresting climate change.  All Parties to the Convention must take every reasonable step to reduce the concentrations of greenhouse gases in the atmosphere, rather than abdicating responsibility to developing countries.

In national development planning, climate change is only one of many impediments to achievement of environmentally sound and sustainable development – many others are related to high population growth rates and densities, and the migration of people in-country.  As with all other sources of pressure on natural and human systems, climate change must be mainstreamed in national development planning.

Five conclusions are derived from the review of science-driven policy and policy-drive science:

· The obvious and relatively well characterised consequences of global warming may not pose the greatest climate-related threat to small island countries – the less well understood extreme events, and the indirect effects of changes in mean conditions, are likely to be of far greater significance;

· International policy positions and negotiating strategies under the Convention are placing a growing emphasis on measures implemented by developing countries (e.g. reduced emissions, enhanced sinks), rather than placing the onus of the main contributors to global warming – this is unjustifiable, on both scientific and moral grounds;

· There is insufficient substantive information on which to base analysis of the sufficiency of response measures - this is due, in part, to the current inability to anticipate the integrated impacts of climate change at national and community levels in small island countries; and

· Integration is key to success in addressing climate change; at the national level, addressing climate change is only one of many policy responses required to achieve environmentally sound and sustainable development; integrated assessments and the mainstreaming of climate change policies are critical; integration at the international level can, amongst other benefits, result in synergies from compliance with the various environmental legal agreements; and

· There is a need to strengthen still further the capacity of small island developing states to address the preceding challenges, with sustainable outcomes – we already have several success stories, including CCPAC and PICCAP, along with the support of such organisations and initiatives as GEF, its partner organisations, namely the World Bank, UNDP and UNEP, UNDSD, NCSP and UNITAR.

Introduction

Most of the small island states are found in the tropics and sub-tropics, and specifically in the Pacific, Indian and Atlantic Oceans, and the Caribbean Sea.  Almost without exception, they have been shown to be at great risk from projected impacts of climate change, including sea-level rise. While by no means homogeneous in terms of environmental, economic, social, political, cultural and other characteristics, small island states tend to share a number of attributes that emphasise their overall vulnerability to climate and other global environmental changes.  These features include limited natural resources already under pressure as a result of unsustainable human activities, high susceptibility to natural hazards, extreme openness of small economies leading to high sensitivity to external market forces, generally high population growth rates and high population densities, especially for the capital islands, frequently poorly developed infrastructure and limited funds and human resource skills.

This paper presents a popular summary of science-based findings and perspectives, and their links with policy.  Specific climate change related themes to be addressed include observational findings, scenarios, greenhouse gas emissions, mitigation including sinks, vulnerability, adaptation, science-driven policy and policy-driven science, science-based research, science- and technical-based training, education and public awareness and participation.  The final theme is that of the integrated needs of small island states for strengthening their ability to address climate change and related issues.

Observational Findings

In those regions where most of the small island states are found, observational data show that temperatures have been increasing by around 0.1 C per decade and sea levels by approximately 2 mm/yr.  These compare to the Intergovernmental Panel on Climate Change (IPCC) projections of future global average temperature increases in the order of 0.1 to 0.3 C per decade, and a future global mean sea-level rise of 5 mm/yr.

But the following discussion will show there is considerable variation between and within small island regions.

a. Climate

Reliable instrumental records indicate that, on average, Caribbean islands have experienced an increase of temperature exceeding 0.5 C since 1900.  During the same period there was a significant increase in rainfall variability, with mean annual rainfall

 declining by approximately 250 mm.  For the Pacific islands, the post-1900 temperature increase has been slightly less than 0.5 C, with the trends showing substantial spatial variations within the region.  The absence of a clear trend is more notable in the rainfall record. It shows decadal fluctuations of ±200 mm and 50-100 mm for mean annual and mean seasonal totals, respectively (IPCC, 1988).

b. Sea Level

The 'best estimate' of global sea level rise is an increase of about 50cm by 2100. The current rate of sea level increase in the Caribbean and Gulf of Mexico is about 1 mm/yr. For the Pacific, current observational data from tide gauge records adjusted for post-glacial rebound are consistent with global estimates of sea-level rise of about 1-2 mm /yr. It is not possible to state with certainty at the present time whether a clear trend exists, given the limitations of the observational record. However, it is worth noting that based on data from 11 tide gauges, sea levels in the south Pacific have been rising by as much as 25 mm/yr since 1994. This is more than 10 times the global rate of sea level rise this century. This finding is validated by satellite data, which shows an increase of 2-3 mm/yr, particularly in the region from Papua New Guinea southeast to Fiji.  The cause of this variation is not clear, but appears likely to be related to El Nino events. Changes in sea level relative to land vary considerably within the main Hawaiian Islands and some of the South Pacific islands due to geologic uplift and subsidence.
Scenarios

Scenarios are commonly required in climate change studies and for policy development.  They provide alternative views of the future conditions that can be anticipated to influence a given system or activity.  A distinction can be made between climate scenarios that reflect one of the forcing factors in global change, and non-climate scenarios.  The latter provide the context within which the climate forcing operates.  The non-climate scenarios include socioeconomic scenarios and land use and land cover scenarios.  

Changes in environmental factors other than climate will occur in the future, regardless of climate change.  Since these changes may well play an important role in modifying the consequences of future changes in climate, scenarios are also required in order to portray these future environmental conditions.  However, rather than an explicit formulation of such scenarios, the changes are often generated as part of the calculations performed in integrated assessment models.  These models characterise the interactions (including feedbacks) between socioeconomic, climate and other environmental conditions.  

To date most assessments of the consequences of climate change have not included feedbacks whereby the impacts of climate change influence the causes of climate change.  These omissions are currently the subject of intensive research, and major improvements are expected in the near future.

Studies of past assessments have highlighted problems of compatibility in the development, characteristics and application of the various scenarios.  Moreover, the use of non-climate scenarios at regional level, in conjunction with the more conventional climate scenarios, is relatively new.

a. Climate

Projections of future climate are typically based on the results of numerical experiments using state-of-the art coupled atmosphere-ocean global climate models (GCMs), with nearly identical radiative forcing due to increased greenhouse gas (GHG) and sulfate aerosol concentrations.  While the results for seven such models are now widely available, validation studies reveal that only four of these models have reasonable capability in simulating the broad features of present-day climate, including its variability, over the small island regions.

The ensemble results for the four GCMs include projected area-averaged annual mean temperature increases of about 2.0 C and 3.0 C for the decades 2050s and 2080s, respectively, for the small islands regions in the Atlantic and Pacific Oceans and Caribbean Sea.  Somewhat higher values of 2.8 C and 4.3 C are projected for the Mediterranean Sea region.  Increases in air temperature are similar for both NH summer and NH winter seasons for the two time periods, except for the Mediterranean region where projected warming is marginally greater in the summer than in the winter.

The analyses also suggest relatively more pronounced increases in minimum temperatures than in maximum temperatures, on an annual average as well as during the NH winter.  This implies a marginal decrease in the diurnal temperature range, of some 0.3 C to 0.7 C.

For both the 2050s and 2080s it is likely that the frequency of extreme temperatures during the summer season will be enhanced in all four small islands regions.  This implies an increased likelihood of thermal stress.

In general, all the GCMs simulate only a marginal increase or decrease in annual rainfall for all regions.  Most notably, an increase in the area-averaged annual mean precipitation of about 0.3% and 0.7% for the decades 2050s and 2080s, respectively, is projected for the Pacific region.  The projected increase is at a maximum during the local winter.  A marginal decline in precipitation is projected for the other three regions, particularly during the NH summer.

The models project fewer annual rain days, but this is at least partly compensated for by an increase in the intensity of daily precipitation.  These findings suggest an increase in the likelihood of both droughts and floods.

There is still no consensus regarding the behaviour of tropical cyclones in a warmer world, but the balance of evidence indicates a more El Nino-like mean state over the Pacific.  Hence a possible change in the regions of tropical cyclone formation may occur.

The results of a more comprehensive development of climate change scenarios for the Pacific islands region can be found in Annex 1.

b. Sea Level

The most recent estimates of the mean global rise in relative sea level from 1990 to 2100 centre on 5 mm/yr, with a range of 2 to 9 mm/yr. This is two to four times greater than the rate experienced in the previous 100 years. Changes in the highest sea levels at a given location will result from the change in mean sea-level plus changes in storm-surge heights, commonly associated with strong winds and low atmospheric pressures.  Model-based studies suggest that, due to sea-level rise, by 2080 the number of people flooded by storm surges in any typical year will be more than five times higher than present.  The islands of the Caribbean and the Indian and Pacific Oceans face the largest relative increase in flood risk, with the number of people at risk being some 200 times higher than in most other parts of the world.

c.  Other

Numerous difficulties are associated with trying to develop medium- to long-term socioeconomic scenarios, given the short time horizons of the political and economic systems they must reflect.  For developed continental countries in general, large improvements have been made in defining current and historic land-use and land-cover patterns, as well as estimating future scenarios.  Moreover, a large number of land-use and land-cover scenarios have been constructed, though initially most did not address climate change issues explicitly.  Rather, they were oriented towards other issues such as food security and carbon cycling. 

The level of information and understanding is by no means as advanced for small island developing states.

Greenhouse Gas Emissions

A regionally focused synthesis of ten recently completed national greenhouse gas inventories reveals significant variations in GHG emissions for ten Pacific island countries (PICs).  Annual CO2 emissions from the energy sector range from 4.509 Gg of CO2 for Tuvalu to 1196 Gg of CO2 for Fiji (Figure 1).  Per capita equivalent emissions range from 0.23 tonnes of CO2 for Kiribati to 4.60 tonnes of CO2 for Nauru.  The range in per capita equivalent emissions is greater than those based on the equivalent CO2 emissions from petroleum consumption.

Available national data reveal a per capita equivalent emission of approximately 0.96 tonnes of CO2 per year from the energy sector. On this basis, the total Pacific Island population of 7.1 million in 22 countries produces some 6.816 million tonnes (Mt) CO2 per year.  In contrast, based on International Energy Agency data for 1996, global CO2 emissions arising from fossil fuel combustion only are 22620.46 Mt of CO2 per year, or 4.02 tonnes of CO2 per capita per year.  Thus, on average, individual Pacific islanders are responsible for producing approximately one quarter of the CO2 emissions attributable to the average person worldwide.  Expressed another way, the Pacific islands region as a whole accounts for some 0.03% of the global emissions of CO2 from fuel combustion despite having around 0.12% of the world’s population.

The GHG inventory for the Maldives shows that, on average, the individual Maldivian is responsible for producing around one third of the CO2 emissions attributable to the average person world wide (Figure 1).

By way of comparison, and relative to the global figures, the OECD countries are collectively responsible for nearly three times the per capita production of CO2 through the burning of fossil fuels.  In terms of total CO2 emissions from fuel consumption the 29 OECD countries account for just over 50% of the global total.  The OECD countries account for approximately 20% of the world’s population.  The differences might be reduced somewhat if net emissions from biomass burning and land use changes were also included, but such refinement is not possible due to the current lack of comparable data.

Of the seven PICs reporting methane emissions from solid waste disposal systems, the lowest reported annual emission was for the Cook Islands (0.275 Gg of CH4) while the highest was for Fiji (3.4 GG of CH4).  The equivalent per capita emissions ranged between 0.274 kg of CH4 for the Cook Islands and 42.865 kg of CH4 per capita for Nauru.

Only four countries reported annual carbon release and uptake related to land use change and forestry activities.  Fiji reported 2902 kt per annum of carbon uptake while the three other countries (Cook Islands, Samoa and Solomon Islands) reported values less than 73 kt of carbon uptake a year.  The Solomon Islands inventory shows 2093 kt of carbon are released each year due to land use change and forestry, with the remaining three countries indicating 178 kt per annum, or less.

Three of the four countries indicated that CO2 removals exceeded emissions due to land use change and forestry, by as much as 9,989 Gg of CO2 per annum in the case of Fiji.  The Solomon Islands reported that emissions exceeded removals by 7475.6 Gg of CO2 per annum.

The small number of countries providing information on other emissions and removals does not allow useful comparisons to be made.

Mitigation, Including Sinks

A recently completed mitigation analysis for the Pacific region has identified various options for reducing emissions while at the same time continuing to improve quality of life for the people of the region. The findings of the study included identification of a wide range of options for reducing the region’s greenhouse gas emissions and different measures that could be taken, in the areas both of enhancing renewable energy supply and of improving energy efficiencies.

Demand side options include energy efficiency labelling schemes, appliances appropriately designed for tropical islands, training and education programmes, and various measures directed at reducing emissions from ground transport.  Supply side options include increasing the efficiency of existing energy systems; the use of biomass for heat and electricity, coconut oil fuel, wind power and photovoltaics, and development of a forestry programme designed to provide a sustainable supply of fuel. 
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Figure 1.  CO2 emissions from the energy sector versus population.  Data are for ten Pacific island countries and for the Maldives (indicated). Based on Hay and Sem (1999) and Hay (2000). 

Some short-term measures for national programmes include: 

· Demand side: education on air conditioner and refrigerator installation and operation, and in-country assessment of ground transport; and 

· Supply side: wind energy assessment, sustainable photovoltaic management, and options for efficiency increase in power supply.

A recent IPCCC report on land-use, land-use change and forestry concludes that carbon sink potentials within Annex 1 countries are a small but significant fraction of the total 1990 Annex 1 emissions of carbon.  It further concludes that there is a much larger benefit from avoiding deforestation in tropical countries.  However, there continues to be considerable uncertainty in the estimates of the carbon sequestration potential in Annex 1 countries for both afforestation and reforestation activities, and for other direct human-induced land-use activities.  The estimates of emissions due to deforestation from developing countries are also uncertain.  The net effect of taking a conservative view on the carbon sequestration potential in Annex 1 countries, and a more optimistic view for human-induced increases in carbon stocks in non-Annex 1 countries, is to implicitly shift the emphasis towards avoidance of deforestation activities.

There is also a serious concern about the relationship between direct human management of terrestrial carbon stocks and the natural responses of these stocks to climate change.  A key reason for this concern is that terrestrial carbon stocks, in the forms of forest and soil carbon, may become progressively degraded as a result of climate or other global changes.  Indicators of this concern include the fact that soil carbon losses increase with temperature, and that increased plant growth, due to the CO2 fertilisation effect, will saturate whereas increased respiration losses will not.  Moreover, some forests are being established at the limits of their viable range and carbon losses due to forest fires are increasing.

The overall consequence of these findings are that the present uptake of atmospheric CO2 by the terrestrial biosphere may diminish over time, and increases in terrestrial carbon stocks may bring with it an increased risk of subsequent release of the carbon to the atmosphere.

On the other hand, there are climate change model projections indicating that the total area of land available to support forests will increase, as well as studies suggesting that, in practice, soil carbon respiration is not strongly affected by temperature.  Some experts are also arguing that that managed forests can avoid the degradation anticipated in unmanaged ecosystems.

There is also a view that most of the present uptake of carbon by the terrestrial biosphere is due to CO2 fertilisation effects, and that credits for carbon uptake by new forests should not include this natural effect.  One study claims that if Annex 1 Parties were able to claim 50% of the present net terrestrial biosphere uptake, there would be no need for any reductions below “business as usual” emissions in order to meet commitments under the Kyoto Protocol.  Such a conclusion is potentially misleading as it takes no account of specific mechanisms within the Protocol to limit carbon stock changes to those caused by post-1990 human actions and to changes additional to those that would have occurred in the absence of specific and identifiable human actions.  Of significance is the fact that only a small proportion of the land on which the current carbon uptake is occurring is likely to qualify for credits under Articles 3.3 and 3.4.

The above comments reflect the limited nature of currently available analyses and consequent level of uncertainty.

Vulnerability

Under the auspices of the Pacific Island Climate Change Assistance Programme, ten PICs have recently concluded preliminary national vulnerability assessments.  The assessments were conducted following the IPCC technical guidelines, but with modifications to account for the unique characteristics of the small PICs.

The assessment findings are summarized as follows:

· climate variability, development and social changes and the rapid population growth being experienced by most PICs are already placing pressure on sensitive environmental and human systems; and these impacts would be exacerbated if the anticipated changes in climate and sea level (including extreme events) did materialise;

· the future health and productivity of coral reef and mangrove ecosystems will have a significant influence on the future wellbeing of many PICs – the anticipated detrimental effects on coral reefs arising from higher sea surface temperatures and CO2 levels will be worsened by the degraded nature of these ecosystems;

· land use changes, including settlement and use of marginal lands for agriculture, are decreasing the natural resilience of environmental systems and hence their ability to accommodate the added stresses arising from changes in climate and sea level;

· given the limited area and low elevation of the inhabitable lands the most direct and severe effects of climate and sea level changes will be increasing risks of coastal erosion, flooding and inundation; these effects are exacerbated by the combination of seasonal storms, high tides and storm surges;

· other direct consequences of anticipated climate and sea level changes will likely include: reduction in subsistence and commercial agriculture production of such crops as taro and coconut; decreased security of potable and other water supplies; increased risk of dengue fever, malaria, cholera and diarrhoeal diseases; and decreased human comfort, especially in houses constructed in western style and materials;

· groundwater resources of the lowlands of high islands and atolls may be affected by flooding and inundation from sea level rise; water catchments of smaller, low-lying islands will be at risk from any changes in frequency of extreme events;

· climate and related oceanic variations already have significant impacts on fish catches, both subsistence and commercial; anticipated changes in climate and ocean conditions will reduce the security of this resource;

· the overall impacts of changes in climate and sea level will likely be cumulative and determined by the interactions and synergies between the stresses and their effects; and

· the current lack of detailed regional and national information on climate and sea level changes, including changes in variability and extremes resulted in most assessments being limited to using current knowledge to answer “what if” questions regarding environmental and human responses to possible stresses. 

Adaptation

Specific measures for adapting to the adverse effects of climate change and sea level rise can only be implemented effectively if a number of associated actions are taken, aimed at providing a favourable context for the adaptation measures.  This includes addressing the wider development issues, and hence seeing responses to climate change as an integral part of national planning.  These more comprehensive actions include development of a national policy framework, capacity building (including institutional strengthening) and enhanced public awareness and education as well as provision of resources (funds, skills and technology).

A recent study conducted by PICCAP identified three strategies of adaptation that facilitate inclusion of adaptation options into development:

· incorporating climate change and sea level rise considerations into new development proposals;

· undertaking planning and actions specifically aimed at addressing the potential effects of climate change and sea level rise; and

· undertaking actions related to strengthening the institutional and technical capacities that facilitate successful implementation of the preceding strategies, and hence avoidance and mitigation of the adverse effects of climate change and sea level rise, and enhancement of any positive consequences.

In all three instances, optimal adaptation approaches will be anticipatory and will be harmonized with regional, national and local development planning.

A recently completed synthesis of national adaptation assessments conducted under the auspices of PICCAP identified a number of adaptation strategies that are widely applicable in the Pacific islands region.  The following is a summary.

Where agriculture is practiced in vulnerable, low-lying areas, the breeding and introduction of salt tolerant root crops is seen as an effective measure.  Alternatively, different cultivation practices might have to be considered, such as the use of irrigated, raised-bed systems.  For drought prone upland areas the breeding of more drought resistant cultivars and crops is advocated. One effective adaptation strategy would be to develop a formal plan related to the use of plants and trees, and to selectively plant species that are best suited to a particular physical environment, and to a particular purpose and use.   Improved soil and water conservation practices in both drought and flood prone areas is seen as an important means of maintaining productivity, and hence food security.  Intercropping and increased diversity of crops is also viewed as a strategy for increasing the resilience of the agriculture sector in both coastal and upland areas.  Thus diversification to a wider range of plantation crops would spread the risk of loss from climate change, including increased incidence of extreme events.  Likewise, it is considered prudent to extend the planting of plantation crops to other land areas, or islands.  This would again spread the risk of production losses due to extreme events such as cyclones.

The resilience of traditional agricultural systems could be enhanced by diversifying subsistence crops, promoting agro-forestry, encouraging sustainable practices and developing economic opportunities.  Re-evaluation of the traditional value system of the products and uses of trees and other plants is advocated for appropriate areas.

Quarantine surveillance should be increased against introduced and invasive species that have higher temperature optima, or which may become adapted to environments at higher elevations, and the like.

Introduction of appropriate disincentive policies related to the consumption of imported staple foods (such as price controls on rice and flour) should be reconsidered, and incentive policies for the production and consumption of local foods should be given priority.  This will enhance the security of food supplies.

Agricultural policies, such as subsidies on cash crops, should be evaluated and monitored to ensure they do not undermine the cultural and social systems and the traditional values underlying subsistence agricultural systems.  Such considerations will enhance the resilience of these systems to climate change and other stresses.

Enhanced protection of mangrove areas and sensitive coral reef systems is considered an effective way to ensure these systems can cope with the added stresses arising from climate change and sea level rise.  Integrated catchment and coastal management planning would produce a variety of outcomes that collectively increase the resilience of coastal systems.  In heavily populated areas, or those associated with high value infrastructure or economic activity, foreshore protection measures including revegetation and establishment of setback zones are considered to be cost effective adaptation measures to protect against flooding and erosion.  Measures to protect existing foreshore vegetation and encourage revegetation would help reduce the vulnerability of coastal areas.  Moreover, the replanting of littoral forests would help protect sensitive coastal environments.  On the other hand, sea walls are seen as a high cost adaptation option that would only be of value for very specific areas, and impractical on a large scale.

Preventing the discharge of pollutants in coastal and marine areas is identified as a priority measure to enhance the resilience of coastal and marine ecosystems.

In some areas an appropriate response may be to re-establish traditional systems of ownership and specific rights on coastal areas such as reef patches and shoals.

Measures to control aggregate removal for construction and other uses would also help reduce the risk of erosion and other undesirable impacts of climate change and sea level rise.  Similarly, reclamation should be actively discouraged.

Resettlement options may become necessary for some areas, but the high social, economic and environmental costs associated with resettlement make it an option of “last resort”.

Public awareness programmes related to malaria, dengue fever and other diseases is an essential, low-cost method for reducing the public health risk.  Such programmes have already been initiated and are considered to be relatively effective, as is the use of bed nets and mosquito screens.

Past experience suggests that mosquito eradication is not a practicable option, due to the high financial and environmental costs, and no guarantee of success.  However, biological control may become a viable option some time in the future.  Moreover, reduction of mosquito breeding sites within towns and villages (e.g. informal waste dumps, open water tanks, discarded containers such as cans, tyres) is already considered to be an effective method for reducing local malaria risk.  There are also other benefits from such actions.  Enhanced quarantine measures are also suggested as a priority response.

In general, an improvement in medical services is viewed as an appropriate response strategy, due to the high benefits that accrue to local communities.  Similar reasoning suggests the increased use of traditional medicines.

Improved management and maintenance of existing water supply systems has been identified as a high priority response, due to the relatively low costs associated with reducing system losses and improving water quality.  Centralised water treatment to improve water quality is considered viable for most urban centres but at the village level it is argued that more cost-effective measures need to be developed.  User pay systems may have to be more widespread.  Catchment protection and conservation are also considered to be relatively low cost measures that would help ensure that supplies are maintained during adverse conditions.  Such measures would have wider environmental benefits, such as reduced erosion and soil loss and maintenance of biodiversity and land productivity.  Drought and flood preparedness strategies should be developed, as appropriate, including identification of responsibilities for pre-defined actions.  While increasing water storage capacity through the increased use of water tanks and/or the construction of small-scale dams is acknowledged to be expensive, the added security in the supply of water may well justify such expenditure.  Development of runways and other impermeable surfaces as a water catchment is seen as possible, but an extreme measure in most instances.  Priority should be given to collecting water from the roofs of buildings.

Measures to protect ground-water resources need to be evaluated and adopted, including those that limit pollution and the potential for salt-water intrusion.  The limited ground-water resources that are as yet unutilised in the outer islands of many countries could be investigated and, where appropriate, measures implemented for their protection, enhancement and sustainable use.  The development of desalination facilities is considered to be an option for supplementing water supplies during times of drought, but in most instances the high costs are seen as preventing this being considered as a widespread adaptation option.

The development and extension of marine breeding and re-stocking programmes, for both fish and corals, are seen as effective means of increasing the resilience and sustainability of inshore marine resources.  Similarly, further expansion of marine reserves and other conservation instruments would help protect subsistence fish stocks and coastal marine resources and enhance their ability to withstand the added stresses arising from climate and related changes.  Such measures are capable of reducing the impact of humans on the marine environment and hence enhance the resilience of the marine ecosystem.  Enhanced enforcement of legislation to prevent the use of destructive fishing methods is also advocated as a no-regrets response option.  Community participation in the development and implementation of compliance and enforcement programmes is advocated.  Improved monitoring and quota management systems for migratory fish stocks are considered to be desirable.  Not only would these measures prevent over-exploitation of these resources, but they are also considered to be effective ways of ensuring there is a buffer against climate related stresses.

Measures to “cyclone-proof” houses and other buildings have been identified as desirable.  This would include consideration being given to both structural design and the materials used in construction.  Reductions in heat stress and discomfort may be achieved through the planting of shade tress and by building houses with improved insulation and ventilation.  Air-conditioning is not considered to be a viable response, in general.

Conservation of biodiversity is considered to be a viable, no-regrets adaptation measure.  It should be associated with a sharpened recognition of the values of local trees and other plants, and a new sense of ownership for trees and plants.  Community-based forest conservation projects can enhance the resilience of managed and natural forest systems.  Forest management should place a high priority on land and soil conservation, water conservation, nature conservation, wood production, and the quality of the human living experience.  In this way there will be added resilience to the effects of global warming.  The introduction and enforcement of appropriate legislation and policies for the conservation and sustainable use of living resources will also enhance the ability to adapt to climate change.

Science-driven Policy, and Policy-driven Science

Over the past few years small island states have put considerable effort into the preparation of national climate change action plans.  There is now a need to focus on the continued refinement and implementation of these plans, and also on identifying the ways and means to ensuring that these plans are harmonized and mainstreamed with national development plans.

Article 4.5 of the UNFCCC provides for the development and transfer of technologies for mitigating, and adapting to, climate change.  Small island states continue to press for access to appropriate technologies.  The principal issues relate, in part, to matters of scope and accountability.  With regard to the former, there is currently a spectrum of views.  One view would require the technology transfer to be distinctly identified as responding to Article 4.5, with an onus on governments of developed countries to take action to fulfill their responsibilities and report upon their activities and the outcomes.  Another view focuses on the provision of financial resources for technology transfer, on a grant or concessional basis.  A third perspective takes a broader view of technology transfer, believing that sustainable transfer of technology can only occur when there is a partnership between stakeholders in developed and developing countries.  Thus private sector actions, including those facilitated by government activity, would contribute towards meeting the commitments under the Convention.

While there is a general consensus on the need to build capacity for technology transfer and to improve the measuring, reporting and accounting procedures for technology transfer, there is no common view of how best to measure technology transfer under the Convention.  Further, there is no substantive agreement on whether or not meaningful technology transfer goals could be met.

Articles 4.8 and 4.9 concern issues relating to funding, insurance and transfer of technology to meet the specific needs and concerns of developing country Parties, in relation to the adverse effects of climate change and/or the adverse impacts of implementing response measures.  In this respect, the small island developing states are widely recognised as being amongst the most vulnerable to the adverse effects of climate change.

Potential projects under the pilot phase of the Activities Implemented Jointly (AIJ) may be limited to specific sectors of small island states.  But there is a current geographic imbalance with respect to where AIJ pilot phase projects have been implemented.  For example, Pacific island countries have hosted only two projects under this arrangement.  These have provided only limited experience.

There is a need for further opportunities to develop a wider range of experience through the participation of a larger number of countries in AIJ pilot projects.  Further, many AIJ activities could invoke a “learning by doing” approach that would assist small island countries to gain additional experience.  A prerequisite to the successful implementation of successful AIJ projects is the need for adequate human and technical resources and institutional capabilities to be in place in the host country in order to ensure that appropriate and effective monitoring takes place.

The Clean Development Mechanism (CDM) is the only flexibility mechanism of the Kyoto Protocol that may assist small island countries.  Particular interest is being shown in the CDM given the potential for funds to be made available for adaptation projects and for capacity building.  However, little attention has been given to outlining what capacity building is, how it should be defined in the context of CDM and how countries could implement capacity building given that there is a wide range of areas in which capacity building is required.  Capacity building should include strengthening endogenous expertise for identifying technology needs and for enhancing the assimilation of technology.  Expertise related to monitoring, reporting and verifying emissions is also required.  The same applies to the design, implementation and evaluation of project activities.

As noted above, a series of guiding principles for adaptation policies and responses have been developed. These have since been translated into a set of objectives related to the implementation of adaptation activities.  Many small island countries have given lengthy consideration to the elaboration of policies related to adaptation, as national information and priorities became clearer with the evolving understanding of their vulnerabilities as a result of continuing studies.

The regular completion of a national GHG inventory is in the best interest of any developing country.  One reason is that the results of such inventories provide a comprehensive set of national data that can be used in the preparation of national sustainable development strategies and for assessing the success of these strategies over time. The relevance of the inventory to the development, implementation and review of national sustainable development strategies is direct and readily apparent.  For example, the inventory can assist countries to recognise opportunities to increase the efficiency of existing energy supply systems and to consider opportunities for substituting less costly fuels. 

Another reason is that the information gained via the inventory can be used to guide the positions taken in regional and international discussions, negotiations and cooperative programmes related to environmental protection and other aspects of sustainable development.

Regarding GHG emissions from small island states, the message is clear and incontrovertible – these countries and their inhabitants are minor players when it comes to GHG emissions, either on a collective or on a per capita basis.

But this does not mean that the small island states can, or should, sit back and rest on the reputation of being minor emitters of greenhouse gases.  Small island states have many good reasons for taking concerted action now that they have more substantive information on which to base their actions.  Economic factors may, for example, drive the decision to increase the efficiency of existing energy supply systems and to consider opportunities for substituting less costly fuels.  The information available as a result of the GHG inventories will help determine the cost effectiveness of the various options and, in turn, guide decision making related to investment and other initiatives.

Political factors may also influence the decision to reduce emissions through improved efficiencies and/or use of fuels that produce emissions with a lower global warming potential.  For example, the credibility of a country, or the small islands regions as a whole, will be enhanced if there is a demonstrated willingness to act in concert with other countries rather than pleading special circumstances. The efforts of minor emitters of GHG in the small islands regions to reduce GHG emissions would act as a moral imperative and provide impetus for other countries to take some domestic action in reducing their overall emissions. 

Moral considerations may, in themselves, lead to a decision to reduce emissions.  The atmosphere is part of the global commons.  Thus a country may well decide to act as a good global citizen and reduce its emissions, no matter how small the inventory data show those emissions to be.

The available GHG inventory data also reveal that some small island states (notably those with larger volcanic islands as opposed to a predominance of small atolls) have the potential for large GHG removals through appropriate land and forest management practices.  Forests have the potential to provide GHG mitigation through the use of the wood as a cooking and industrial fuel and through increases in the standing biomass.  Hence the re-establishment of forests is an effective mitigation measure, while a mature forest with stable biomass is neutral in terms of emissions and removals.  On the other hand, forests that are being harvested, cleared for agriculture or damaged by fire are net emitters of greenhouse gases.

Continued use of fuel wood, rather than a shift to electricity or fossil fuels for cooking and water heating, is advantageous from a mitigation perspective.  Rural people in particular should therefore be encouraged to maintain adequate supplies of fuelwood.

The inventory data, as it becomes increasingly available, should provide an opportunity to quantify the extent to which land use changes, forestry and use of traditional fuels in small island states are contributing to net increases or decreases in atmospheric GHG concentrations.  Though the magnitude of the resulting changes will inevitably be small from a global perspective, the findings may well be instrumental in setting policies and implementing plans that achieve larger reductions in global net emissions.

Base line and subsequent inventories are fundamental to being able to track the benefits and costs of mitigation strategies that have been implemented.

As already noted, the findings arising from analysis of GHG inventory data at either national or regional level can be influential with respect to foreign policy and intergovernmental negotiations.  Armed with credible and comprehensive information on national and regional GHG emissions, especially in relation to those of the OECD and other countries, representatives of small island states will now be able to substantiate their claims that the residents of their countries are the “innocent victims” of global warming.  The inventory data will provide a sound basis for governments to identify their priorities for foreign assistance and investments related to sustainable development in general, and mitigation in particular.

Science-based Research

A persistent gap is the paucity of targetted research. Most small island developing states lack the resources (infrastructure, institutions and human and financial resources) required to foster research internally. But until some of the more basic understanding is available, the consequential high levels of uncertainty and the inability to differentiate between alternative response options will continue to limit the ability of policy makers and planners who are endeavouring to develop and implement appropriate responses that address climate change and related issues.  Examples of research that will help reduce uncertainties in crucial areas are:

· research leading to the development and refinement of models and tools that will characertise and project for small island countries and regions both the pressures arising from climate change and the individual and integrated consequences of those pressures;

· research, including appropriate field studies, that will enhance understanding of the processes contributing to coastal erosion, and to the identification and implementation of appropriate strategies and technologies to protect valuable coastal habitats and infrastructure;
· research the varied experiences of communities in small island countries in relation to adaptation to, or coping with, climate and other changes - economic, social and environmental, among others; the ultimate goal would be to inform both policy makers and technical experts as to how people and communities in small island countries may adapt to, and cope with, future changes in climate; the development of examples of adaptation/coping at the community level will focus on the process as much as on the outcomes of the adaptive responses;
· research, including appropriate field studies, leading to the determination and application of locally applicable greenhouse gas emission factors for the main activity areas, including the burning of wood and other common fuels; identifying and characterizing the shortcomings in the current methodologies, gaps in current knowledge, data constraints and resulting uncertainties in the compiled inventories; and developing and applying appropriate field methods to address these shortcomings through the determination of locally (i.e. nationally/regionally) applicable activity data and emission factors for biomass burning; this information will assist in developing adaptation responses that lead to the most efficient use of energy while at the same time reducing greenhouse gas emissions and contributing to sustainable development;
· research into, and assessment of, existing and emerging adaptation technologies in terms of their relevance and applicability to the needs and circumstances of small island countries;

· research into the likely impacts of imported technologies, and of the ways in which these might be mitigated through capacity building, the use of appropriate mechanisms for technology transfer and through the appropriate timing of the technology transfer;

· research into the most appropriate institutional and other mechanisms for funding technology transfer and assimilation, and the associated capacity building activities; and

· research into the experiences of central and local government in relevant countries, with respect to natural disaster early warning and response management systems, with respect to identification and transfer of those experiences that will assist small island countries to enhance their preparedness for changes in the magnitude and frequency of extreme events as a consequence of climate change.

Science- and Technical-oriented Training

Examples of the training programmes required by small island states include:

· training related to the Clean Development Mechanism (CDM), including development of the understanding and skills required for quantifying “additionality”  and identifying and implementing best practices for auditing a CDM project for compliance and certified emission reductions;
· training in environmental technology assessment;

· continuing professional development for the graduates of training courses such as those in vulnerability and adaptation assessment and in greenhouse gas inventories;

· training that facilitates implementation of adaptation projects, including transfer of knowledge related to appropriate coastal protection technologies and practices, breeding and cultivation of drought and salt resistant crops, enhancing the capacity of communities to implement adaptation projects and establishment and maintenance of disaster warning systems; and

· training related to emission inventories and mitigation projects, such as determining greenhouse gas emission factors appropriate for use in island countries, information management and archives for activity data, methods for cost benefit analysis of mitigation options, increasing understanding regarding efficiency and labelling of appliances; enhanced awareness of, and access to, appropriate technologies.

A key attribute of some of the training initiatives undertaken in small island countrries has been the sustainability of training outcomes.  Annex 2 provides indicative information that supports this conclusion.  For example, under PICCAP a programme of study leading to the Certificate in Climate Change Vulnerability and Adaptation Assessment has been developed. As shown in Annex 2, of the 33 students (from 11 Pacific island countries) who have acquired the Certificate, the vast majority are now engaged in work that utilizes their expertise in ways that contribute substantively to climate change activities in their country.

Education and Public Awareness

Education initiatives and enhanced public awareness and action are recognised as key elements of a national strategy for addressing climate change and sea level rise issues. In recent years considerable effort has gone into awareness-raising and education, using a variety of means including national and regional meetings, training workshops, radio and television broadcasts and newspaper articles and reports. In at least one country much of this information has been prepared and presented through the local media using the local vernacular.

Most small island countries have public awareness and education programmes operated by many agencies.  However, these are not particularly suited to rural areas where most people live and where they may well be more vulnerable and less able to adapt to climate change. Environmental education is dominated by formal curricula. Climate change and related issues need to be integrated into curricula targeted at school-age children, as well as at policymakers, politicians  and decision-makers
Needs

There is a documented need for the following:

· baseline climatic conditions;

· inceased understanding of the linkages between climate change and its effects;

· additional regional and national climate and sea-level change scenarios of future climate and sea-level conditions; and 

· Information disseminated as widely as possible and in the most appropriate forms. 

A lack of trained staff and skills has been identified as a major constraint, which underpins all of the above issues. There is a need for more local skills development, institutional strengthening, and provision of fellowships and scholarships, and identification of appropriate mitigation and adaptation options. A sound knowledge of impacts of climate change and improved technical understanding and capacity to act is critical in enhancing each small island countries’ capacity to adapt. 

Improved networks for information transfer and coordinated response systems, and incorporation of climate change into formal education, community awareness and preparedness programmes, are all fundamental requirements to increase the capacity of government and non-governmental organisations to take action at appropriate levels (local community, national and regional). 

In general, what is required is human resources development along with strengthening of institutional capacity across a wide spectrum of decision-making and management sectors. On an operational level, further training in vulnerability and adaptation assessment, integrated coastal management systems and technology transfer and assimilation is required to improve the ability of small island countries to respond effectively to future climate change and sea-level rise.

Two of the greatest constraints identified by countries in relation to their national communications are the lack of skilled country capacity to undertake the country studies and the lack of country data and available information to permit the required assessments. Each of these constraints has caused difficulties in the initial national communication. Projects such as PICCAP and CPACC have made great efforts trying to ensure that, for their second communication, countries will have to hand strengthened capacity and improved information and data. Project management was identified as a pre-requisite for undertaking coordination of national climate activities, based upon experiences under PICCAP and CPACC. Improved coordination would benefit in this respect. Working to engender confidence among technically oriented personnel who are involved in policy development would also alleviate constraints in respect of total awareness of governmental processes.

As the above description of major constraints has identified, there are two substantive needs:  increasing capacity for undertaking the activities; and improving the availability of information and data required for reporting. Long-term approaches for the strengthening of capacity at both regional and national levels are a key challenge. From this follows the ability to be able to begin to gather the country information and data required for reporting purposes. Project management is an important element in future activities and must be a component to ensure smooth development and flow of outputs. More focused and improved training to progress technical country studies to the policy development stage is a critical element for inclusion in future activities.

One of the problems confronting previous activities on climate change and other projects  has been the difficulties in gathering, accessing, and using local and national data and other information. The most effective method is to involve those parties, ministries and individuals within the framework of the project requiring the information.  This provides the opportunity for each party to take “ownership” of the process and the information. Experience has shown that this approach of involvement of all relevant stakeholders is the most effective, with information and data willingly shared and collated. However, virtually all countries still face difficulty in gathering data and other information. Much is fragmented amongst departments and ministries, while more importantly there is often no information or data at all on the issue that should be addressed.

As previously noted, one of the key national constraints is the lack of skilled people available to assist in the project. Often those with appropriate skills and experience are already working for their ministries or departments in priority areas and are in reality working on a wide range of portfolios. The lack of data and information available in-country which would assist in building an accurate picture of a country's vulnerability or status on climate change is also an area which contributes to ineffective policy development. Although there are accepted methodologies available (e.g., best guess, extrapolation, etc) none is more accurate than the actual data. Resources and time required gathering field data and information for national reporting in reality involves massive efforts on the part of countries. 

Most small island countries are working towards developing their climate change policies and integrating these into national socio-economic development plans and processes. There is a need to identify how this is best achieved.  The choice of approaches actually used is the prerogative of each respective country. However, the over-riding issue is that considerable effort is required in terms of time, people and resources before there is any semblance of integration of climate change issues into mainstream development planning.

Countries have identified a wide range of training needs including the essential elements of developing policy guidance and advice, informed decision-making and raising awareness and understanding. A number of training programmes in these areas may require improvement and modification in light of the context of the particular situation of small island states. Further discussions in these areas would be a focus for future activities.

Countries often lack the human capacity that would enable the development and undertaking of effective policy-making. This could stem from lack of skills and experience but often is complicated by the fact that skilled and experienced officials often work on not one focused portfolio, but a number of portfolios, across a broad spectrum of issues. Trying to spread such responsibilities to other staff is often difficult because of limited skilled staff within departments and ministries.  This problem often extends to the wider government sector.

Effective climate policy-making demands a blend of technical and policy expertise, and this is not always available in countries.  The development of climate policy requires background data and information. While the people involved in the technical background studies need to have an appropriate technical background in order to be able to undertake the studies, they also need expertise in policy-making so they can adequately advise governments and communicate the implications of their findings in the most useful form. At present there is often a gap between those with technical knowledge and those with policy-making expertise.  This needs to be addressed, preferably through training technical staff in policy development. 

Global frameworks for action which address climate change are now quite detailed.  However, there remains a strong need for more detailed regional and national strategies.  These regional and national strategies will be by far the most cost effective, and efficient, in terms of implementing the Climate Convention and addressing adverse effects. For example, the Pacific islands region is now considering a regional strategy for action on climate change. The strategy will address a wide range of actions and activities at both regional and national levels, all of which aim to enable countries to understand how climate change must be linked and integrated into current development processes.  Such activities will also reflect the need for national governments and communities to give priority to addressing environmental issues of concern to individual countries, such as inter alia waste management, water quality, and coastal management. 

Resources are becoming scarcer. Activities may need to be considered in light of other similar activities and in the context of planning on climate change over the short to long term. There is a need to identify and implement approaches that lever further financial support from regional, bilateral and multilateral sources. Financing regional programmes and activities is a cost-effective and non-duplicative approach that has great merit, particularly in regions where there are considerable similarities. The private sector is a crucial partner in this respect and emphasis on ensuring their involvement in the climate processes should not be downplayed. 

To build on existing climate change initiatives, society needs to understand what the issue is about. Private and public sector involvement and awareness raising is already indicated as a high priority by countries. On the other hand, additional investment in intensive training initiatives developed specifically for the region is questionable when  government employed graduates who receive additional training tend to then leave for higher-paid jobs.  Graduates must be exposed to opportunities and rewards that maintain or improve job satisfaction.  PICCAP has had notable success in this respect (Annex 2).

There is a need to map pathways to sustainable development that work in limiting conditions with scant human and financial resources. This may involve modifications to the traditional economic model that come with changes in government prioritisation, economic reform processes and a wider and greater understanding of the environment. The national climate change action plans currently under development are a first attempt at trying to find a pathway for these climate change activities to be integrated into the standard developmental processes of small island governments. However, more robust policy frameworks are required. Development plans may also need revision.  Moreover, if understanding is heightened as a result of national and regional initiatives, these tasks may be a little easier and quicker in their implementation.

In order to maximize their value, GHG emissions inventories must be repeated, and the quality of the information and methods continually improved. A number of factors impede the successful undertaking and reporting of emissions inventories in small island countries.  In summary, the impediments include inadequate information acquisition and management systems, limitations on resources (financial, technical and human), institutional shortcomings, inadequacies in the methodologies and a deficiency in the level of governmental and private sector commitment to addressing the negative implications of global warming.  Thus increasing the capacity of small island countries to be more active and fruitful partners in addressing climate change issues requires a comprehensive effort across a variety of fronts.

The analysis conducted as part of the regional synthesis of national GHG inventories suggests that the priority areas relate to ensuring that the necessary information is readily available and there is the required expertise to process and analyse it.  A close second would be improved methodologies and changing government and private sector priorities and practices to ensure climate change response strategies are integrated into national development planning.

Conclusions

The four small islands regions are already experiencing disruptive changes consistent with many of the anticipated consequences of global climate change.  The changes include extensive coastal erosion, persistent alternation of regional weather patterns and decreased productivity in fisheries and agriculture.  Higher sea levels are making some soils too saline for cultivation of crops such as taro, pulaka and yams.  Coastal roads, bridges, foreshores and plantations are suffering increased erosion, even on islands that have not experienced inappropriate coastal development.

Recent devastating droughts have hit export crops and caused serious water shortages in many small island countries.  In other areas serious flooding has been experienced.

There are increasing reports indicating the more widespread and frequent occurrence of mosquito-borne diseases.  For example, these diseases are even being reported in the highlands of Papua New Guinea and the Solomon Islands.  Previously these areas were too cold for mosquitoes to survive.

These precursors of global climate change impacts hint at the serious and wide-reaching consequences climate change will have on small island countries.  While small island countries must develop and apply their own resources to address the impacts of climate change, they cannot be successful if working on their own.  Value can be added to these national efforts through such mechanisms as regional cooperation, alliances of small island states and through bilateral and multilateral assistance.

Annex 1

Climate Change Scenarios for the Small Islands Region of the Pacific

As part of the Pacific Islands Climate Change Assistance Programme, CSIRO Australia has prepared regional climate change scenarios for the South Pacific region. Four regions covering Micronesia, Melanesia, and north and south Polynesia were studied.  Six coupled ocean-atmosphere climate simulations were included in the analysis of regional climate change scenarios.  These regional scenarios can be considered as projections that represent a sizeable range of possible future climates. However, the probability of these changes relative to other outcomes remains unknown, so they cannot be regarded as forecasts. Other possible changes that should also be considered but cannot be quantified, include rapid climate change, and unexpected outcomes from processes not fully understood.

Temperature
When observed and simulated model temperature under current climate are compared, GCMs reproduce spatial temperature patterns reasonably well when model resolution is taken into account. The large grid sizes compared to the size of Pacific Island countries restrict model output to the representation of marine air temperature, so issues relevant to detailed island climatology have not been solved. 

Under climate change, regional warming is mostly below the level of average global warming, as would be expected over the ocean. Higher latitudes of the southern ocean show the least warming in the SPREP region, while the greatest warming tends to occur in the far west and the central and eastern equatorial Pacific.

Regional scenarios for temperature are shown below.

Scenarios of temperature change (°C) for regions defined by the PICCAP Project.

	Region
	Local warming per °C 

of global warming
	Warming in 2050
	Warming in 2100

	
	
	Low
	median
	high
	Low
	Median
	high

	Micronesia
	0.7 to 1.0
	0.4 
	0.8
	1.3
	0.6 
	1.6
	3.5

	Melanesia
	0.7 to 0.9
	0.4 
	0.8
	1.2
	0.6 
	1.6
	3.2

	Polynesia N
	0.8 to 1.0
	0.4
	0.8
	1.3
	0.7 
	1.6
	3.5

	Polynesia S
	0.7
	0.4 
	0.7
	0.9
	0.6 
	1.4
	2.5


Rainfall

Present rainfall patterns over the Pacific; mainly defined by the Intertropical Convergence Zone (ITCZ) and the South Pacific Convergence Zone (SPCZ), were broadly captured by four of the models. The other two produced less realistic results but all were deemed satisfactory for further analysis. All models show an increase in rainfall over the central and eastern Pacific over both half-years of May to October and November to April. Changes over other regions were smaller, tending towards increases. Movements of both the ITCZ and the SPCZ were noted but were not consistent between models. Rainfall invariably increases where warming over the ocean is greatest.

Regional scenarios for rainfall were difficult to construct, given the sometimes-wide range of results. For these reasons, a median value has been included. 

The May to October and the November to April results are shown below. Outliers can be noted in Polynesia N at the high end and Polynesia S at the low end. The November to April results contain no significant outliers. The median values show that most of the scenarios lean towards increases in rainfall, although the possibility of decreases cannot be ruled out in some regions, particularly during the November to April period. The most notable rainfall change is for Polynesia N during both seasons, with substantial changes in the median result. A moderate confidence is attached to the sign of rainfall change in Polynesia N, and a low confidence is attached to the sign of rainfall changes elsewhere.

Scenarios of rainfall change (%) for regions defined by the PICCAP Project for May to October, rounded to the nearest 5% for 2050 and 2100.

	Region
	Response per °C of global warming
	Change in 2050
	Change in 2100

	
	low
	median
	high
	Low
	median
	high
	low
	Median
	high

	Micronesia
	0
	6
	10
	0
	5
	15
	0
	10
	35

	Melanesia
	-4
	2
	6
	-5
	0
	10
	-15
	5
	20

	Polynesia N
	4
	13
	43
	0
	10
	55
	5
	25
	150

	Polynesia S
	-8
	1
	2
	-10
	0
	5
	-30
	0
	5


Scenarios of rainfall change (%) for regions defined by the PICCAP Project for November to April, rounded to the nearest 5% for 2050 and 2100.

	Region
	Response per °C of global warming
	Change in 2050
	Change in 2100

	
	low
	median
	high
	Low
	median
	high
	low
	Median
	high

	Micronesia
	-2
	1
	4
	-5
	0
	5
	-5
	0
	15

	Melanesia
	-3
	2
	6
	-5
	0
	10
	-10
	5
	20

	Polynesia N
	6
	14
	20
	10
	15
	26
	20
	30
	70

	Polynesia S
	-6
	1
	3
	-10
	0
	5
	-20
	0
	10


Rainfall variability

The following types of rainfall variability were assessed:

Interannual variability - an analysis of a single GCM showed no increase in rainfall variability between 1960 to 2100. Model variability is much lower than historical variability, because the model does reproduce the magnitude of ENSO fluctuations and the rain is simulated in a grid box rather than at a point. A low confidence is attached to this result.

Decadal variability - decadal and multi-decadal variations are produced by the CSIRO and other GCMs. Analysis of their behaviour under climate change has yet to be conducted. However, methods need to be developed so that they can be explicitly incorporated into climate scenarios.

Rainfall intensity - increases in daily rainfall intensity are expected in many regions where rainfall increases, remains the same or decreases slightly. Even with an appreciable decrease in average rainfall, reductions in daily rainfall intensity can be negligible. The results concerning rainfall intensity come from a number of models and studies, so have a high confidence attached.

Sea-level rise

Historical sea-level rise over the Pacific from tide gauge records adjusted for post-glacial rebound is consistent with global estimates. Due to the preliminary nature of studies regionally varying sea-level change, it was recommended that projections of global sea-level rise from IPCC (1996) continue to be used in impact and adaptation assessments for the time being.

ENSO

ENSO is the dominant influence on climate variability in the Pacific, producing large oscillations in temperature, winds, rainfall, sea level, surface pressure and a number of other variables. Therefore, knowledge of how ENSO changes under climate change is a key to understanding climate change impacts in the Pacific region. Analyses of model output show that the ENSO phenomenon is likely to continue out to 2100. Patterns and analyses of temperature and rainfall produced for this study show that the GCMs produce a more El-Niño-like mean state over the Pacific under climate change. Rainfall increases are also distributed in an El-Niño-like pattern but they generally increase over most of the Pacific, except where warming is least. These analyses need to extend from the NINO3 and NINO4 regions, which are ±5° from the equator, to the whole of the Pacific to obtain a broader picture of how ENSO may change. 

Tropical cyclones
Numbers - there is no evidence that tropical cyclone numbers may change.

Intensities - a general increase in tropical cyclone intensity, expressed as possible increases in wind speed and central pressure of 10–20% at the time of CO2 doubling, now appears likely. How this affects the risk posed by severe storms needs to be determined on a regional basis. A moderate confidence is attached to this result.

Regions of formation - no significant change in regions of formation were noted in the DARLAM 125-km resolution simulation, although it is possible they may change in response to long-term changes to ENSO. 

Regions of occurrence - There appear to be no major changes in regions of occurrence except to note that tropical cyclones may track further polewards. A low confidence is attached to this result.

Annex 2

Sustainability of PICCAP Training Initiatives

Present Employment Status of PICCAP Trainees
	Country
	Training Course
	Location
	Present Employment

	Cook Islands
	V&A
	IGCI
	Contract with PICCAP pending

	
	V&A
	IGCI
	Further studies

	
	V&A
	USP
	PICCAP – Contractor

	
	V&A
	USP
	PICCAP – Contractor 

	
	GHG
	USP
	Marine Resources

	
	GHG
	USP
	Statistics – PICCAP

	Federated States of Micronesia (FSM)
	V&A
	IGCI
	Fisheries Specialist, Kosrae State Marine Resources

	
	V&A
	IGCI
	Executive Director, Chuuk State Environmental Protection Agency

	
	V&A
	USP
	EPA Specialist, Pohnpei State Environmental Protection Agency

	
	GHG
	USP
	Chief Statistician, Department of Economic

Affairs, Yap, FSM

	Fiji
	V&A
	IGCI
	Senior Agricultural Officer, Environment Dept. of Lands & Water Resources, Ministry of Agriculture, Forests and Fisheries (MAFF)

	
	V&A
	
	Senior Technical Officer, Drafting Dept. of Lands & Surveys General Ministry of Lands, ALTA and Mineral Resources

	
	V&A
	USP
	PICCAP Project Officer, Awareness & Education Dept. of Environment Ministry of Local Government, Housing and Environment

	
	V&A
	USP
	PICCAP Project Officer, V&A & Technical support 

	
	GHG
	USP
	PICCAP Co-ordinator 

	
	GHG
	USP
	Agricultural Landlords & Tenants Agreement Unit Ministry of Lands, ALTA and Mineral Resources

	Kiribati
	V&A
	IGCI
	Senior Public Health Inspector with the Ministry of Health, Kiribati

	
	V&A
	IGCI
	Agricultural Officer – currently studying

	
	GHG
	USP
	Water engineer  - currently studying

	
	GHG
	USP
	Statistician on Kiribati

	Nauru
	V&A
	IGCI
	V&A Assistant, PICCAP Nauru

	
	V&A
	IGCI
	V&A Assistant, PICCAP Nauru

	
	V&A
	USP
	V&A Assistant, PICCAP Nauru

	
	V&A
	USP
	PICCAP Coordinator, Nauru

	
	GHG
	USP
	GHG Trainer, PICCAP, Nauru

	
	GHG
	USP
	PICCAP Coordinator, Nauru


	Republic of Marshall Islands (RMI)
	V&A
	IGCI
	PICCAP Coordinator

	
	V&A 
	IGCI
	Local government employee, outer island

	
	GHG
	USP
	PICCAP Coordinator

	
	GHG
	USP
	Secretary, Ministry of Resources and Development

	Solomon Islands
	V&A
	IGCI
	Senior Climate Officer

Meteorological Service

	
	V&A
	IGCI
	Coordinator

Conservation In Development

Solomon Is. Development Trust (NGO Umbrella Body)

	
	GHG
	USP
	Principal Field Officer, Land Use Change

Department of Agriculture and Fisheries

	
	GHG
	USP
	Senior Forestry Officer (Environment)

Department of Forestry, Environment and Conservation

	Tuvalu
	V&A
	IGCI
	Environment Officer, Environment Unit, Government of Tuvalu, and member of the PICCAP Country Team

	
	V&A
	IGCI
	Government employee currently studying at USP

	
	V&A
	USP
	Meteorological Services, Government of Tuvalu, and member of the PICCAP Country Team

	
	GHG
	USP
	Further studies

	
	GHG
	USP
	PICCAP Coordinator

	Vanuatu
	V&A
	IGCI
	Officer in Vanuatu Meteorological Service

	
	V&A
	IGCI
	Forest Extension Officer, Forestry Department

	
	V&A
	USP
	Formerly V&A Specialist in Government’s Environment Unit, but now employed by PICCAP Vanuatu

	
	V&A
	USP
	Senior Forecast Officer, Vanuatu Meteorological Service

	
	GHG
	USP
	Energy Officer of Government’s Energy Unit, and currently involved in the Rural Electrification Project

	
	GHG
	USP
	Forestry Extension Officer, Forestry Department

	Western Samoa
	V&A
	IGCI
	PICCAP Coordinator

	
	V&A
	IGCI
	

	
	V&A
	USP
	Department of Lands, Surveys and Environment, Government of Samoa

	
	V&A
	USP
	Department of Lands, Surveys and Environment, Government of Samoa

	
	GHG
	USP
	University Lecturer, Australia
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		Population		46.8		105.506		772.655		77.658		43.38		9.919		161.298		285.176		9.043		142.419		244.814
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		Land Use Carbon Uptake (kt C)		421195				2902		0		0		0		184.729		7674

		Land Use and Forestry Emission (kt

		Gasoline (TJ)		143.6		555.2		3723.1		71.2		271				785.6128				0.02		176.1

		jet kerosene		28.2		25.8		2085.9		41.6		254				46.2398				0.02		140.4		157.878

		other kero		2.7		0		1592.2		36.1		32.3				0				0.01		34.8		0.59965

		gas/diesel		275.4		2646.9		8168.9		213.2		1610				616.6292				0.04		829		2859.04
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